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Abstract

Objectives: Dihydrotestosterone (DHT') is known as the main cause of androgenetic alopecia (AGA). We previously reported that sulforaphane (SFN), a compound
extracted from broccoli, promotes hair regeneration in ob/ob mice by lowering plasma DHT levels. The aim of this study was to assess whether SFN could decrease
plasma DHT in human.

Methods: We conducted a randomized, double-blind trial to evaluate the effect of SFN on participants following oral intake of SFN-rich broccoli sprouts compared
with alfalfa sprouts (control). Eighty-seven healthy male participants between the ages of 30 and 60 years were divided into two groups: broccoli or alfalfa sprouts
daily intake for one month. Serum testosterone and DHT were determined before and after intervention.

Results: Sixty-eight males were enrolled; 34 in the broccoli sprouts group and 34 in the alfalfa sprouts group. Neither testosterone nor DHT levels were decreased in
the broccoli sprouts group. While in the alfalfa sprouts group, testosterone, free testosterone and DHT levels were significantly increased. The change in DHT level
of the alfalfa sprouts group was significantly greater than in the broccoli group.

Conclusions: We conducted the study to observe the effect of broccoli sprouts on plasma androgen levels, but there was no effect of broccoli sprouts. We showed that
oral alfalfa sprouts, but not broccoli sprouts, intake could increase plasma androgen levels in males. Alfalfa sprouts intake can be expected to prevent male late onset
hypogonadism (LOH). Further research is needed to reveal whether oral SFN (broccoli sprouts) intake can result in improved AGA.

Trial registration: The study registered in the University Hospital Medical Information Network (UMIN) clinical trial report system (identifier: UMIN000022523).

Introduction

Dihydrotestosterone (DHT) is known as the main cause of
androgenetic alopecia (AGA), which is the most common type of
hair loss [1-3]. The binding of DHT to androgen receptors is the main
processes of androgen-dependent alopecia [3]. DHT shortens the
anagen (growth) phase and elongates the telogen (resting) phase of hair
growth, resulting in increased immature hair [1] and decreased new
hair [4]. We previously reported that sulforaphane (SFN), a compound
extracted from broccoli, promotes hair regeneration in ob/ob mice
by decreasing plasma DHT levels [5]. To the best of our knowledge,
no studies have focused on the effects of SEN on androgen profiles in
humans.

DHT is converted from testosterone by 5a-reductase, and is
degraded to 3p,17p-androstanediol (3B-diol) by 3a- hydroxysteroid
dehydrogenases (3a-HSDs). Currently, 5a-reductase inhibitors that
suppress the conversion of testosterone to DHT are widely used to treat
AGA [6,7]. Lowering DHT levels is expected to produce similar effects
as existing AGA therapeutic agents. However, the activation of DHT
degrading enzymes and the consequent effects on AGA have not been
tested clinically.

Plants contain various substances, termed phytochemicals, which
may have beneficial effects on health. SEN is one of the phytochemicals
extracted from broccoli [8]. We previously demonstrated that SFN
affects plasma androgen levels in ob/ob mice by enhancing DHT-
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degrading enzymes, such as aldo-keto reductase (AKR) 1c21 and
dehydrogenase/reductase (SDR family) member 9 [5]. These enzymes
convert DHT to 3B-diol under reduced (NADPH-rich) conditions [9].
SEN is known to have anti-oxidative effects through activation of the
nuclear factor erythroid 2 (NF-E2)-related factor 2 (Nrf2) pathway,
including NADPH-producing genes [10,11]. Therefore, SFN promotes
the degradation of DHT.

The ultimate goal of this study is to obtain evidence that SFN
produces hair regenerative effects in humans. However, since
confirmation of such regenerative effects in participants is a long-term
undertaking, a first step is to determine whether SFN can decrease
plasma DHT. This is a pilot study for the effect of SEN-rich broccoli
sprouts on androgen levels in middle-aged males, and was carried
out in a randomized and double-blind, and comparison-controlled
manner.
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Material and methods
Study design

This was a single-center, randomized, double-blind, pilot study
comparing the effects of broccoli sprouts to control (alfalfa sprouts) in
middle-aged healthy men. The study was conducted at Tokyo Medical
and Dental University in Tokyo, Japan. The study was approved by the
Committee on Clinical Investigation at Tokyo Medical and Dental
University (approval number: M2016-047) and participants provided
written informed consent prior to enrollment. The trial was registered in
the University Hospital Medical Information Network (UMIN) clinical
trial report system (identifier: UMIN000022523) and was sponsored by
Murakami Farm Corporation, Japan. The trial was investigator-initiated
and the sponsor was not involved in the study design or conduct, and
had no role in manuscript preparation.

Participants

Volunteer adults were recruited by the CX Medical Japan Co., Ltd.
Eligibility criteria were healthy males between 30 and 60 years of age who
did not take supplemental vitamins or mineral pills. Participants did not
consume any topical or oral medication such as minoxidil, dutasteride,
finasteride, steroids or supplements that may affect androgen profiles
before the study. Participants were excluded if they had serious diseases
such as diabetes and cancer, or if they had an allergy against broccoli
or alfalfa sprouts. Randomization was performed at a 1:1 ratio using
number cards. The study treatment was randomly assigned and labeled
with the participant numbers before initiation of the study. A total of 86
participants were randomly assigned to either of the two study groups:
broccoli or alfalfa sprouts daily intake for one month.

Intervention

We established the starting dose of SFN in humans using the
formula of translation from animal to human equivalent dose [12].
Based on this formula and our previous study [5], about 0.36 mg/
kg body weight per day SEN is required. The daily intake of broccoli
sprouts based on the required dose of SEN was determined in reference
to the following two papers. Broccoli super sprouts® contain 6 pmol/g
SEN [13], and the bioavailability of SEN from broccoli sprouts is about
60% [14]. Therefore, we calculated that about 50 g per day broccoli
sprouts was required for this study. We chose alfalfa sprouts as the
control because the total amounts of genistein and daizein (isoflavones)
content is same as broccoli sprouts, but alfalfa sprouts do not contain
significant amounts of SFN [15]. In order to resemble the appearance
of broccoli sprouts, alfalfa sprouts were irradiated with sunlight, and
the color and form was made the same as broccoli sprouts. Comparison
group was given 50 g per day alfalfa in other reports of human subjects
in comparison with broccoli sprouts [16-18]. Participants did not know
which sprouts they were taking daily.

Broccoli and alfalfa sprouts industrially produced by Murakami
Farm Corporation were used in the present study. Broccoli and alfalfa
sprouts were grown from specially selected seeds for 2 days following
germination. The sprouts were then provided to participants twice
a week so that participants could consume them within 5 days of
germination. Participants were instructed to consume one pack (50 g)
daily for 4 weeks with meals. They were also asked to maintain their
regular diet and lifestyle, during the study period. Participants were
required to record their compliance to sprouts intake and general health
condition. Based on the participants’ compliance to sprouts intake, if
adverse reactions such as gastrointestinal events (including diarrhea and
vomiting) were observed, the trial was stopped immediately.
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Biochemical analysis

At baseline and 4 weeks after intervention, 12 h fasting blood
samples were collected into tubes with or without EDTA before noon.
Samples were centrifuged at 4°C and 1,000 x g for 15 min to separate
plasma or serum. Plasma total testosterone was measured with solid
phase radioimmunoassay, free testosterone was measured with a
chemiluminescent immunoassay (BML, Tokyo, Japan), and DHT was
measured with a Dihydrotestosterone ELISA KIT (Alpha Diagnostics,
San Antonio, TX). DHT level was re-measured using a diluted sample
when the result was beyond the detection limit of the kit. However,
some samples showed extremely high DHT levels with this ELISA
kit because of hemolysis; thus, we re-confirmed the high DHT level
samples above 2,500 pg/ml (and also some normal samples for assay
confirmation) using radio-immunoassay conducted by LSI Medience
(Tokyo, Japan). We excluded hemolyzed samples from the assay. At
baseline, fasting blood glucose, white blood cell count, red blood cell
count, hematocrit, total protein, albumin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH),
alkali phosphatase (ALP), and creatinine were automatically measured
using an Auto Blood Biochemistry Analyzer (BML).

Statistical analysis

The trial was designed for an enrollment of 80 participants (40
per group) in order to achieve 80% power to detect a 25% change in
plasma DHT level with a two-sided type 1 error rate of 0.05 to account
for comparisons. Standard deviation of the plasma DHT level was
calculated as 230 pg/ml based on assessments in Japanese males for
dutasteride [19]. Statistical analysis was performed using JMP, version
13 (SAS Institute Inc., Cary, NC). Data are presented as the mean +
SEM or median + quartiles, depending on the normality of the data. A
p-value < 0.05 was considered statistically significant.

Results

General participant characteristics

A total of 86 participants were randomized into the 2 study groups.
Of those, 79 participants completed the study (broccoli sprouts group,
n=40; alfalfa sprouts group, n=39) (Figure 1). Broccoli and alfalfa
sprouts were well tolerated and the participants reported no serious
adverse reactions. In the broccoli sprouts group, minor side effects
including gastrointestinal disorder (n=3) were reported. A total of 9
participants were excluded post-randomization because of minor side
effects (n=3), fever (n=1), or hemolysis (n=5). In the alfalfa sprouts
group, gastrointestinal disorder (n=3) was reported. There were no
significant differences between the baseline characteristics of the
broccoli sprouts group (n=34) and the alfalfa sprouts group (n=34)
(Table 1).

Plasma androgen levels

Testosterone, free testosterone and DHT levels at baseline and
post intervention are shown in Table 2. Plasma concentration of DHT
measured with an ELISA kit included some abnormal values. Hence,
we re-analyzed the samples that showed abnormal values using another
method (radio-immunoassay). These samples showed reasonable
values (within the normal range; 200-1000 pg/ml). Therefore, we
excluded 10 participants (broccoli sprouts group, n=>5; alfalfa sprouts
group, n=5) from each group because of the limitations of the ELISA
assay. The broccoli sprouts group did not show a significant reduction
in androgen levels. On the other hand, the alfalfa sprouts group showed
a significant increase in androgen (Figure 2). The change in DHT level
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Figure 1. Consort 2010 flow diagram for recruitment and randomization of participants

Table 1. Baseline data of study groups. There were no differences between the alfalfa and broccoli sprouts groups. Values are expressed as the mean + SEM. The differences in each
parameter were evaluated by a two-tailed, non-paired Student’s t-test

Alfalfa sprouts group (n=34) Broccoli sprouts group (n=34)
Body Weight (kg) 77.8+12.2 71.4+10.4
Height (cm) 173.3+6.7 171.0 £ 6.6
BMI (kg/m?) 249+39 244+34
Age (years) 47.6 +8.1 48.5+9.7
White blood count (counts/pl) 5764.0 = 1346.7 5597.9+1313.5
Red blood count (counts/pl) 487.6 +41.1 493.0 +42.5
Hematocrit (%) 47.4+3.0 48.0+£3.0
Total protein (mg/dl) 73+04 7.3+0.44
Albumin (mg/dl) 44+02 44+03
AST (IU/L) 28.0+11.5 29.3+28.1
ALT (IU/L) 33.5+18.8 32.6+29.4
LDH (IU/L) 190.8 +30.3 193.3+394
ALP (IU/L) 212.3+454 206.1 +56.5
Creatinine (mg/dl) 0.81+0.10 0.83+0.10

Table 2. The effect of alfalfa sprouts intake on plasma androgen levels. Plasma androgen levels were analyzed before and after intervention. There were significant differences between
before and after intervention with alfalfa sprouts intake. There were no differences between alfalfa and broccoli sprouts groups in plasma testosterone and free testosterone. N=34 participants
per group. *p<0.05, **p<0.01 vs. baseline

Alfalfa sprouts group (n=34) Broccoli sprouts group (n=34)
Before
592.0 (417.6-735.0)
10.6 (8.6-12.9)

557.4 (471.6-734.4)

After
583.3 (499.3-759.2)*
11.8 (9.7-12.7)*
662.3 (547.7-761.7)**

Before
587.9 (439.9-703.7)
10.2 (8.4-12.5)
535.6 (455.3-726.0)

After
591.0 (435.2-790.8)
11.8 (9.4-13.1)
623.3 (476.5-756.3)

Testosterone (pg/ml)

Free testosterone (pg/ml)
DHT (pg/ml)

*Values with continuous values are expressed as median (interquartile range). Differences in each parameter of the same group was evaluated by a two-tailed, Wilcoxon signed-rank test
and between groups were evaluated by a two-tailed, Mann—Whitney U test
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of the alfalfa sprouts group was significantly greater than in the broccoli
group (Figure 3). However, there were no significant differences in
testosterone and free testosterone between the groups (Figure 3).

Discussion

In this study, we demonstrated that the daily intake of alfalfa
sprouts, but not broccoli sprouts, influences androgen levels in human
male participants. To the best of our knowledge, this is the first report
to demonstrate that alfalfa sprouts have an androgen-inducing effect
in humans. In this study, broccoli sprouts were not observed to have a
DHT-reducing effect. In addition, there were no severe side effects or
allergic reactions such as rash.

We expected that broccoli sprouts would have a DHT-reducing
effect in humans. In contrast to our previous report [5], we could not
demonstrate the effect of SFN on androgen profiles in human male

subjects. There are some possible reasons why we did not observe a
plasma androgen-decrease effect of SEN in human subjects. First, the
method of SFN treatment differed from the previous report; mice
were treated with an intraperitoneal injection of SFN, whereas human
subjects obtained SFN by oral intake of broccoli sprouts. We estimated
the intake dose of broccoli sprouts (SFN) in humans using a formula
for determining human equivalent dose and previous studies [12-14].
However, individual variation in chewing, time of intake and ingestive
function may have influenced the results. In addition, purified SFN
alone was not given to human subjects; therefore, we could not rule out
the possibility that other hormone-like components such as isoflavones
(e.g., genistein, daizein and quercetin) masked the effects of SFN.
Secondly, the number of participants was not sufficient to demonstrate
a significant change in androgen levels, since androgen levels varied
greatly among the participants, and the estimated change ratio (25%)
was too large to detect significant differences. It is important to note
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Figure 2. The effect of broccoli sprouts intake on plasma androgen levels. Plasma testosterone (A), free testosterone (B) and dihydrotestosterone (C) were analyzed before and after
intervention. There were significant differences with alfalfa intake on androgen levels compared to before intervention. No differences were observed with broccoli sprouts intake. The red
lines indicate increased, the blue lines indicate decreased compare with baseline (before). N=34 participants per group. *p<0.05, **p<0.01 vs. baseline. N.S. not significant. The differences
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Figure 3. The effect of alfalfa sprouts intake on plasma dihydrotestosterone levels. Changes in levels of plasma testosterone (A), free testosterone (B) and dihydrotestosterone (C) were
analyzed between the alfalfa and broccoli sprouts groups. A significant difference in dihydrotestosterone levels was observed with alfalfa intake. There were no differences for plasma
testosterone and free testosterone levels. *Values showing median and error bars indicate the interquartile range. N=34 participants per group. *p<0.05, vs. broccoli sprouts group. N.S. not
significant. Differences in androgen levels were evaluated by a two-tailed, Mann—Whitney U test
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that the genetic background of human subjects varies to a larger extent
relative to the genetically homogenous mice strain, and the effect of
SFN may have not produced the same effect in humans. Thirdly, we
could not exclude the influence of alcohol. Based on our hypothesis,
SEN induces 3a-HSDs in the liver, and these enzymes subsequently
decompose DHT. These enzymes are also induced by alcohol via the
Nrf2 pathway [20]; therefore, participants who habitually drink alcohol
might have limited ability to induce these enzymes. In fact, plasma
levels of DHT tended to decrease with broccoli sprouts intake, with
the exception of participants who appeared to show alcohol-associated
impacts on liver function (y-GTP < 50 IU/L and ALP < 260 IU/L) (S1
Table).

In this study, we did not observe a reduction in DHT with oral
intake of broccoli sprouts. Similarly, we were not able to confirm the
effect of hair regeneration by oral intake of broccoli sprouts. It has been
reported that SEN also activates Nrf2 in the skin (mice keratinocytes)
[21]. Therefore, a hair growth promoting effect can be expected even if
systemic DHT concentrations are not decreased. Notably, the human
life span (as well as the hair cycle) is longer than that of mice. Thus,
long-term observations are needed to elucidate whether SFN has a hair
growth promoting effect via the oral intake of broccoli sprouts.

We also showed an unexpected effect of alfalfa sprouts on plasma
androgen levels. Free testosterone is known to decrease with age, and
is one of the indicators of male late onset hypogonadism (LOH) [19].
The intake of alfalfa sprouts increased the 70% average value of free
testosterone of participants in their 40-50s to the 70% average value
seen in 20-30 year olds [19] (Table 2). Thus, alfalfa sprouts intake can be
expected to prevent LOH. Alfalfa is known to contain phytoestrogens,
such as genistein and daizein, which act as agonists of estrogen
receptors [15,22]. Broccoli sprouts also contain daizein; however, the
total amount of both isoflavones (genistein and daizein) was the same
in both sprouts [15]. Therefore, we suggest that the effects of isoflavones
could be ignored within both groups when comparing the effects of
SEN. On the other hand, both sprouts contain quercetin, a one of
isoflavone [22,23]. There are conflicting reports that quercetin has
anti- and/or estrogen-like effects [24-28]. Quercetin has been reported
to inhibit testosterone-mefigureolizing enzymes and to increase
blood testosterone concentration [27]. Moreover, quercetin has been
reported to increase testosterone production in rat Leydig cells [28].
Therefore, the blood androgen increasing effect of alfalfa is possibly due
to quercetin. We have thought that an increase in androgens was not
observed in the broccoli sprouts group because the effect of SEN was
negated by the effect of quercetin.

We believe that this is the first report to suggest that the oral intake
of alfalfa sprouts may contribute to increasing androgen levels in
middle-aged males. Further research on the mechanism of this effect as
well as human health safety implications is needed.

Conclusions

In this study, we demonstrated that the daily intake of alfalfa
sprouts, but not broccoli sprouts, increased androgen levels in human
male subjects. Alfalfa sprouts intake can be expected to prevent LOH,
however, further research on the mechanism of effect of alfalfa as well
as human health safety implications is needed.
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