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The aim of the present study was to examine the effect of prolonged use of finasteride on
serum levels of dihydrotestosterone (DHT), estradiol (E2), progesterone, testosterone and
androstenedione in women during the menstrual period. Further, to screen and compare
the 5a-reductase activities through the expression of SRD5A1, SRD5A2 and AR gene and
to determine the level of VEGF, VKOR and SAA gene expression and DNA damage. A total
of 30 Saudi women aged between 25 and 35 years were enrolled in the study. The selected
women were divided into two groups. The first group (n = 15) received 5 mg finasteride/day
for prolonged period of one year and second group (n = 15) was taken as a healthy con-
trol. ELISA technique was used for measuring the serum levels of the targeted hormones,
and Comet assay was used for checking the DNA integrity. Our findings revealed signifi-
cant decrement of DHT, E2, progesterone and androstenedione levels and elevated levels
of testosterone in group treated with daily oral doses of 5 mg finasteride/day compared with
the control subjects. MRNA expression suggested that finasteride has concrete effects on
the gene expression of the selected genes from the treated group in comparison with the
control group. In addition, finasteride induced DNA damage, and heavy menstrual bleeding
was noted in women treated with finasteride. In conclusion, the present findings revealed
that finasteride has adverse health effects in women associated with gonadal sex steroids
alterations, DNA damage and heavy menstrual bleeding with no consensus in the treatment
of androgenetic alopecia in women.

Introduction

Female androgenetic alopecia (hair loss) is known to be a common problem in females that is diffi-
cult to understand and treat. Female alopecia involves a reduction in vertex hair density with the front
hairline being retained [1-2]. Messenger and Sinclair (1) and Price (2) reported that about 10 percent
of pre-menopausal in women have some evidence of androgenetic alopecia and the incidence increases
(50-75 percent) in women 65 years or older menopausal women.

Finasteride slows down the process of the type II 5x-reductase enzyme that converts testosterone to
dihydrotestosterone (DHT). This is the androgen that is responsible for developing the male pattern hair
loss in genetically predisposed men. Drake et al. [3] recorded that 1 mg/day of oral finasteride significantly
reduced serum DHT levels by a median 71.4% and reduced scalp DHT levels by 64.1% in men and the male
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It was observed that oral finasteride 0.2-5 mg/day given for 4-6 weeks reduced DHT levels by up to 65% in the
scalp and the desired site of action of finasteride in men with male pattern hair loss. Oliveira-Soares et al. [4] re-
ported that finasteride treatment did not have any effect on the serum luteinizing hormone or follicle-stimulating
hormone responses to gonadotropin-releasing hormone stimulation in healthy people. In addition, finasteride ap-
peared not have influence on the hypothalamic-pituitary-testicular axis and the drug did not alter serum prolactin,
sex hormone-binding globulin, aldosterone or cortisol levels in healthy people. It was reported that the level of serum
estradiol slightly increased, but the level of testosterone remained within the normal range. The ratio of testosterone
to estradiol was the same. The volume of ejaculation or the other measures of testosterone-mediated semen produc-
tion such as sperm motility, morphology and number were not affected when finasteride 1 mg/day was used. Robic et
al. [5] also reported that the dose of finasteride used had no effect on the volume of prostate in healthy men who are
less than or equal to 41 years. The dose caused slightly reduced the level of serum prostate-specific antigen. Ceponis
etal. [6] and Isidori et al. [7] showed evidences to support that finasteride has no effect on lipid or bone metabolism.

Certain medications that act on the hormones of women may cause abnormal uterine bleeding through vagina and
during normal menstrual period (Menorrhagia). Abebe [8] reported that these drugs or medications such as some
herbal medications may interact with the mechanism of the steroid hormones and change the body’s level of hormones
such as estrogen and progesterone. The main work of finasteride is to reduce the process in which 5-« reductase type I
converts testosterone into DHT whereby there is a reduction fat tissues that surrounds the hair follicle that leads to the
skin dehydrated, shrinking hair follicle, reducing blood flow and nutrients as shown in Figure 1. A DHT/AR complex
is formed from a ligand-dependent transcription factor when DHT enters the cells and then selectively binds to the
androgen receptor (AR). This complex is translocated into the ovaries and promotes the androgen response elements
in women. Both isoforms of 5-reductasethe I and IT (SRD5A1 and SRD5A2) with AR gene play an important role in
the androgen metabolism cascade. SRD5A2 has demonstrated with protection against PCOS and androgen disorder
in women. Fluctuations in the activity of this enzyme (increased/decreased) in ovaries have been evaluated of affected
women with endocrine dysfunction. The activity of the enzyme is influenced by different external and or internal
factors that might be caused genetic alterations. It is therefore clear that the use of high concentration of hormonal
drugs for a long period leads to irregular or heavy bleeding during the menstrual period. There is a balance between
the estrogen and progesterone hormones in a normal menstrual cycle that regulates the building up of the lining
of the uterus which eventually leads to bleeding during menstruation. The uterus produces excess of heavy flow
of menstrual bleeding if there is hormonal imbalance. The SAA is the common serum biomarker of dysfunctional
uterine bleeding. The properties and biological functions of angiogenic growth factors such as VEGF and VKOR
have been demonstrated in several studies [9-12]. Testosterone, which is the main circulating androgen, must be
converted into dihydrotestosterone by the 5x-reductase enzyme as shown in Figure 1 [13]. Messenger and Sinclair
[1] and Robic et al. [5] record that most of the dihydrotestosterone in the prostate arise from testicular precursors
while some may arise from adrenal precursors. Abebe [8], Baskind and Balen [14], Roberge et al. [15] and Traish et al.
[16] also reported that the ovary and adrenal contribute to the intracellular dihydrotestosterone and the production of
testosterone in women. The main objectives of this study are: (1) to determine the expression of SRD5A1, SRD5A2
and AR genes with VEGE VKOR and SAA genes, (2) to evaluate the relationships between the targeted genes and
the levels of biochemical and hormonal parameters in women patients that used 5 mg/day of finasteride, (3) to assess
the effect of 5 mg/day of finasteride in women for prolong period on DNA integrity using Comet assay.

Materials and methods

Study subjects
A total of 30 Saudi women aged 25-35 years in Riyadh, Saudi Arabia were involved in the study. Healthy women have
normal body weights were precipitated. The subjects were divided into two groups:

Group I - Women who did not use finasteride (normal control group) and taking no hormonal medications (n =
15).

Group II - Women who used oral daily doses (5 mg/day) of finasteride (positive control group) for prolonged period
up one year and have also diagnosed with irregular and heavy menstrual bleeding (n = 15).

The Ethics Committee of Princess Nourah bint Abdulrahman University in Riyadh (Saudi Arabia) approved the
present study (IRB long number: h-01-R-0659-2018-329), performed in accordance with the guidelines of the Dec-
laration of Helsinki. Informed consents were obtained from all participated donors before entering the study.
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Figure 1. Flow diagram showing hair loss mechanism in male and female

Sample collection and preparation

Blood samples (5 ml) were collected in the morning during the menstrual period at the second day on an empty stom-
ach. The samples were mixed with anticoagulants, sterilized, and then allowed to stand for 1 h at room temperature.
Afterward, the samples were centrifuged at 10,000 x g for 30 min at 4°C. Sera were collected, packaged and stored at
—80°C for future use. Another set of 5 ml menstrual blood specimen were collected and mixed with anticoagulants,
sterilized, and then allowed to stand for 20 min at room temperature. Afterward, the samples were centrifuged at 2000
x g for 30 min at 4°C. Sera were collected, and the supernatants were packaged and stored at —80°C until use. All
the specimens used in the study were coded, and the patient’s confidentiality was preserved in accordance with the
guidelines for studies of human subjects.
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Figure 2. Figure shows three clusters in different colors with significant correlation among the hormone levels between
both groups that were assigned into hierarchical clusters

RNA isolation and cDNA synthesis

RNA was extracted from the whole blood with TRIzol (Invitrogen) and total RNA was extracted according to the
manufacturer’s instructions (Promega). Briefly, cells were lysed with guanidinium thiocyanate, followed by RNA ex-
traction with acid phenol and chloroform-isoamyl alcohol (24:1). RNA, which was present in the top aqueous phase,
was purified by adsorption to an RNA matrix. About 2 pg of total RNA was reversed into cDNA using QuantiTect
Reverse Transcription kit (Qiagen, cat No: 205313), as a template for qPCR as described.

RT-PCR

About 2 pg of cDNA was added as triplicate for each sample in the RT-PCR system to quantity the relative mRNA
levels of -actin, SRD5A1, SRD5A2 AR, VEGE, VKOR and SAA genes. PCR was performed using the primers
shown in Table 1. The following PCR conditions were used: 95°C for 5 min, followed by 30 cycles at 95°C for 30 s,

56°C for 20 s, and 72°C for 40 s, and a final step of 72°C for 10 min. All qPCR reactions were performed in triplicate.
Sequences of primers used are listed in Table 1.

ELISA

The sera that were collected from different groups, DHT, E2, progesterone, testosterone and androstenedione were
analyzed using ELISA kits according to manufacturer’s instructions.
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Figure 3. Finasteride-induced DNA damage in lymphocytes from female who used only oral daily doses (5 mg/day) of

finasteride

(A) Control (normal diet). (B) female who used oral daily doses (5 mg/day) of finasteride. (C) Showing quantified data of head DNA
length, tail length, head intensity, tail intensity and moment. All values are represented as mean + SE (n = 15). Differences were
considered statistically significant at ** P < 0.01.

Table 1 Sequences of target primers and associated genes in women

Gene symbol

Gene name/function

Forward primer

Reverse primer

-Actin
SRD5A1
SRD5A2
AR
VEGF
VKOR
SAA

3-Actin
Steroid 5 a-reductase 1
Steroid 5 a-reductase 2
Androgen receptor
Vascular endothelial growth factor A
Making a vitamin K epoxide reductase
Serum amyloid A protein

5-GGC ATC CAC GAA ACT ACC T-3
5-GAA GCC TGA CTT GAG AAC CCT-&
5'-GAT GCA GGT TCA GTG CCA GC-&
5'-CAT GTG GAA GCT GCA AGG TCT-3'
5-GGA GGC TGG CAA CAT AAC-3
5-GCA GAC TTC ATT TCC CTT-3
5'-CTT GCC AGG TAG ACG C-&

5-TCG TCC TCA TAC TGC TCA GG-3
5-AAA TTA AGC ACC GAT GCC CG-3'
5-CAG GGC ATA GCC GAT CCATT-8'
5-GTG TAA GTT GCG GAA GCC AGG-3
5-TGG CTC TTAAACTAC TTT T-&
5-TTT GGC TCA CTT GGC A-3

5-TTT TCA GTT GGT CGC G-

Determination of DNA strand breakage
A volume of 20 pl of whole blood was mixed with 1 ml RPMI 1640 in a microcentrifuge tube, to which 100 pl
Ficoll histopaque was added below the blood/media mixture. The contents were centrifuged for 3 min at 2000 x g
as described by Al-Gabely [17]. Thereafter, 100 pl of bottom of the media/top of Ficoll layer was removed and 1 ml
media and contents were added, mixed and centrifuged for 3 min at 2000 x g to get a pellet of lymphocytes. The
supernatant was poured off and the pellet was re-suspended in 75 pl of low melting point agarose (LMPA). The cells
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Figure 4. Relative mRNA expression for SRD5A1, SRD5A 2 and AR, the gene expression was normalized using the most
stable housekeeping gene GAPDH
All values are represented as mean + SE (n = 15). Differences were considered statistically significant at * P < 0.05 and ** P < 0.01.

(1 x 107 cells) were collected and equal volume of cell suspension (4 x 10°) was mixed with 0.7% (w/v) low melting
agarose (LMA). The mixture was pipetted onto the frosted slides pre-coated with 1.0% (w/v) normal melting agarose.

After solidification of agarose, the slides were covered with another 100 ml of 0.7% (w/v) LMA and immersed in
lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris—-HCI buffer, 0.1% SDS and 1% Triton X-100 and 10% DMSO;
pH 10.0) for 90 min to lyse the cellular and nuclear membranes. The slides were then washed twice with neutralizing
buffer (0.4 M Tris—-HCl; pH 7.5) for 10 min and treated with ethanol for another 5 min. The slides were stained with 40
ml of SYBR green (20 mg/ml) and DNA damage was visualized by using fluorescence microscope (Olympus, Japan”
equipped with Cool SNAP1 Pro color digital camera).

The damage appeared as a ‘Comet’ with fragmented DNA (tail) being separated from undamaged nuclear DNA
(head), and measurements were made by a Comet 5 image analysis software developed by Kinetic Imaging, Ltd.
(Liverpool, UK.) linked to a CCD camera to assess the quantitative and qualitative extent of DNA damage in the
cells by measuring the tail length of DNA migration (m) and the percentage of migrated DNA. Finally, the program
calculates tail moment. Generally, 50-100 randomly selected cells were analyzed per sample.

Statistical analysis

Statistical analysis was carried out by using two statistical approaches; two-way ANOVA approach was performed
to check the effect of finasteride on DNA damage from the results that obtained by the Comet assay method and
Tukey multiple comparisons test was performed to check the effect of finasteride on hormone levels using GraphPad
Prism software (version 3.0 cx; GraphPad Inc., San Diego, CA). We have also used cluster analysis approach to show
the correlation of finasteride effects on the hormone levels and the gene expression across both studied groups. Each
experiment was repeated at least three times. Values were considered statistically significant at P < 0.05.

Results

Menstruation pattern

The majority of women in finasteride group noticed menorrhagia, also known as heavy menstrual bleeding (HMB)
and/or metrorrhagia, a uterine bleeding at irregular intervals between the menstrual periods, with increased in days
of period.

(© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Table 2 Table shows the effect of finasteride on the sera levels of targeted hormones from female group who used oral
daily doses (5 mg/day) of finasteride

Hormones Control patients Finasteride group
DHT (pg/ml) 39.6 +9.29 8.4+ 0.89"

E2 (estradiol) (pg/ml) 41.4+8.85 11.2 4+ 1.31*
Progesterone (nmol/l) 2.18+0.24 0.22 +0.03*
Testosterone (pg/ml) 2.72+0.36 8.8 + 0.58"
Androstenedione (ng/ml) 214+0.38 0.53 + 0.06*

Values are expressed as means + SD; n = 15 for each group. (*): significant difference compared to the control group.

Table 3 Table shows the effect of finasteride on P-values of the sera ratio of targeted hormones from female group who
used oral daily doses (5 mg/day) of finasteride in comparison with the control group

Hormones P-values
DHT-Androstenedione 0.20
E2-Androstenedione 0.00
Progesterone-Androstenedione 0.999
Testosterone-Androstenedione 0.999
E2-DHT 0.00
Progesterone-DHT 0.184
Testosterone-DHT 0.12
Progesterone-E2 0.00
Testosterone-E2 0.00
Testosterone-Progesterone 0.999

Cluster analysis for sera steroid hormone levels in mid-luteal phase

The result gives P-values of 0.00, 0.00 and 0.00 for the hormones levels, category of use of finasteride (that is normal
and use of finasteride) and an interaction effect. These values show that there are effects of using finasteride and there
are also difference among the hormone levels and the women who used or did not use finasteride. For instance, the
Tukey test was used to check for the actual hormone levels that differed. Tables 2 and 3 show the P values of the Tukey
test that was used to check for the hormone levels and ratio, respectively, which differed.

We will note that P-values greater than 0.05 are taken to show differences in the hormone levels. Cluster analysis
was also performed for the hormone levels of normal woman and women who had used finasteride. The aim was
to see if there are clusters of women who had more similar patterns. We have used the “hierarchical clustering” to
identify clusters as shown in Figure 2.

DNA damage data by Comet assay
The Comet assay revealed that finasteride induced DNA damage in lymphocytes from female group who used oral
daily doses (5 mg/day) of finasteride for prolonged period up one year compared with control groups (Figure 3).
However, finasteride induced a slight DNA damage in lymphocytes in comparison with the control group.

Tail length from female group who used oral daily doses (5 mg/day) of finasteride was significant higher (P <
0.01) as compared with the control group. On other hand, a non-significant fluctuation in the head-length of the
DNA, head and tail intensity, length and moment of the DNA tail was observed in both groups.

mRNA expression profiling of both sets of target selected genes

The results on mRNA expression levels of SRD5A1, SRD5A2 and AR genes were recorded a significant decrease in
SRD5A1 and SRD5A2, while AR gene expression revealed a significant increase with P-values of 0.000, 0.000 and
0.0004 respectively for the gene types, category of use of finasteride (which is control and use of finasteride) and an
interaction effect. These values show that there are effects of using finasteride and there are also difference among
the gene and the women who used or did not use finasteride. The Tukey test was used to check for the actual gen
that differed. The P-values of 0.00, 0.00 and 0.00 show that the all gene types (SRD5A1, SRD5A2 and AR) differed
as shown in Figure 4.
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Figure 5. Relative mRNA expression for VEGF, VKOR and SAA, the gene expression was normalized using the most stable

housekeeping gene GAPDH
All values are represented as mean + SE (n = 15). Differences were considered statistically significant at * P < 0.05, ** P < 0.01

and ** P < 0.001.

' 1.5 Group
Control
ARc y finasteride
05
SRD5A2¢ _ o
=05
ARf P
-15
SRD5A1c
SRDSA1f
SRD5A2f
il Nl
£ 3 3 3 3 3
= ok = =2 =
@ (] @ (] (]
%] w =S - o

Figure 6. Figure shows three clusters in different colors with significant correlation among the mRNA expression of SRD5A1,
SRD5A2 and AR genes between both groups that were assigned into hierarchical clusters

We have also used a two-way ANOVA to check whether there is effect of finasteride on gene (VEGE, VKOR and
SAA). The result gives P-values of 0.000, 0.000 and 0.000 for the gene types, category of use of finasteride (which
is control and use of finasteride) and an interaction effect. These values were showed that there are effects of using
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Figure 7. Figure shows three clusters in different colors with significant correlation among the mRNA expression of VEGF
VKOR and SAA genes between both groups which were assigned into clusters

finasteride and there are also difference among the gene and the women who used or did not use finasteride, where
VKOR and VEGF gene expression were showed markedly induction, in contrast SAA gene expression was recorded
a significant increase in female who administrated finasteride treatment for prolonged period as compared with the
control group. The Tukey test was used to check for the actual gene that differed. The P-values of 0.00, 0.00 and 0.00
show that the all gene types (VEGE, VKOR and SAA) differed as shown in Figure 5.

Cluster analysis was performed to validate the clusters correlation that reflected finasteride effect on the mRNA
expression levels of first set genes; SRD5A1, SRD5A2 and AR genes for the control and those who had used finasteride.
As well as, Cluster analysis was applied on second set genes; VEGFE, VKOR and SAA genes for the same aim and there
were mix up of “hierarchical clustering” with all observations that were assigned into clusters on the studied groups
as shown in Figures 6 and 7, respectively.

Discussion
The aim of the present study was to validate whether the finasteride was associated with specific adverse effects like
heavy menstrual bleeding, irregular menstrual cycles and abnormal levels in the steroid hormones such as DHT, E2,
progesterone, testosterone and androstenedione in women who administrated finasteride for androgenetic alopecia
treatment for prolonged period. Finasteride drug is known to be one of the inhibitor drugs used to treat people with
prostatic hyperplasia, prostate cancer and pattern hair loss [18-19] but the effect of finasteride in women has not
been well studied. In the present study, finasteride is seen to have caused DNA damage and menstrual bleeding in
women who used finasteride (5 mg/day) as compared with women who did not use it. The enzyme 5-« reductase is
produced in many male and female tissues like the reproductive tract, testes and ovaries. There are three isoenzymes
of 5-« reductase; SRD5A 1, SRD5A2 and SRD5A3 [5,20].

The present study showed a significant decrease in the levels of DHT, E2 (estradiol), progesterone and androstene-
dione while in studies like Fruzzetti et al. [21], Kaufman et al. [19], Martyniuk et al. [20] and Moghetti et al. [22]
recorded a marked increase in testosterone due to the effect of finasteride on 5-« reductase activity that prevents the
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conversion of testosterone to DHT. The present study has also used RT-PCR to demonstrate that vascular endome-
trial genes, functional gene clusters and upstream or downstream expression regulators are different among women
who used finasteride with irregular menstrual cycles and heavy menstrual bleeding as compared with women have
not used any hormonal medications. The mRNA expression showed increase in the AR levels and reduction in both
SRD5A1, SRD5A2. This supports studies like Luo et al. [23], Stanbrough et al. [24] and Thomas et al. [25], which
showed that the effect of finasteride inhibits 5-« reductase in order to treat hair loss in both men and women.

The present study also suggests that the mRNA expression of VKOR and VEGF were lower in the samples from
female group who administrated finasteride as compared with the control group. It also suggested that VKOR and
VEGF are associated with the irregular menstrual cycles and heavy menstrual bleeding (dysfunctional uterine bleed-
ing) that confirms the findings by the study by Bao et al. [9].

Moreover, mRNA expression of SAA showed increase in women who used finasteride in comparison with the
normal levels in control group. Thus, up-regulated expression of SAA levels could be a cause of uterine bleeding
[9,11,12] and as aresult of irregular uterine bleeding for prolonged periods [9,12]. The mRNA expression profiling was
also validated using hierarchical clustering that revealed the effect of finasteride in women for long-term treatment.

Some studies showed complex changes of cellular and molecular mechanisms participating in the DNA damage,
which are mediated by a diversity of abnormal regulation of aromatase [10,22,26-28]. Also, some other studies con-
sidered SAA gene as stress protein marker for DNA damage and cancer, which also support our findings on the DNA
damage [10,28-30]. Furthermore, Alkahtane et al. [31] were recently found that finasteride administration to female
mice has adverse effects within both the short and the long periods in female mice associated with apoptosis induc-
tion. Tu and Zini [32] also reported that low-dose finasteride may exert a harmful influence on sperm DNA integrity
and sperm DNA injure in men, resulting in increased pregnancy losses.

In conclusion, the 5-« reductase inhibitor drug as finasteride is associated with common adverse health effects in
women with long-term treatment for androgenetic alopecia such as; irregular menstrual cycle, aromatase disorder,
high cholesterol, heavy menstrual bleeding and induced DNA damage. Long-term-treatment follow-up revealed that
(5 mg/day) effects on hair growth are sustained in most women. Finally, the study recommended that finasteride
should not be administrated as treatment for androgenetic alopecia in women.
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