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a b s t r a c t

Boron possesses widespread properties in biochemistry and nutrition. Acute supplementation with
11.6 mg of boron resulted in a significant increase in plasma boron concentration. Given such a fast
bioavailability, the objective was to determine whether acute (hourly or daily), and weekly supple-
mentation could have any significant biological effects on the steroid hormones and further on some
inflammatory biomarkers. Eight healthy male volunteers attended the laboratory on three occasions
(days 0, 1 and 7). On the first day (day 0), a blood sample collection at 8.00 A.M was followed by ingestion
of placebo with the breakfast. On the next day (supplementation-day 1), similar procedure was followed
by ingestion of a capsule containing 10 mg of boron. On both occasions blood was collected every 2 h for
the next 6 h. Subjects were requested to consume a capsule of 10 mg boron every day with their break-
fast, and on the day 7, the blood collection was carried out at 8.00 A.M, again. Boron in plasma increased

significantly following hours and weekly consumption. Six hours supplementation showed a significant
decrease on sex hormone binding globulin (SHBG), high sensitive CRP (hsCRP) and TNF-� level. After one
week (in samples taken at 8.00 A.M, only), the mean plasma free testosterone increased and the mean
plasma estradiol decreased significantly. Dihydrotestosterone, cortisol and vitamin D was elevated. Also,
concentrations of all three inflammatory biomarkers decreased after supplementation. Of note, despite
decreased proinflammatory cytokines, based on recent clinical data, this must be the first human study

e lev
report to show an increas

ntroduction

Boron has not been generally accepted as being essential for
umans; however, it is accepted as being a beneficial bioactive
lement for humans. In summary, the biochemical function of
is still speculative. Future research should be focus on deter-
ining this function, as this would help research in other areas,

uch as identifying B-status indicators and the nutritional impor-
ance of B in some pathological conditions, such as arthritis and
steoporosis. Even without this defined function, however, it is
pparent that B enhances optimal function throughout the life
ycle. It is reported that boron is necessary for the formation of spe-

ific steroid hormones. A clinical trial has demonstrated that both
7-beta-estradiol and testosterone levels significantly increase in
ostmenopausal women consuming 3 mg/day of boron for 7 weeks.

n this study, boron supplementation caused a twofold increase in
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el of free testosterone after boron consumption.
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testosterone concentrations and a significant increase in calcium
retention [1]. In another study, men given 10 mg of boron a day
for 4 weeks experienced a significant increase in 17-beta-estradiol
levels and an increase in plasma testosterone [2]. The results of
a study by Wallace et al. [3] suggest that acute supplementation
with 11.6 mg of boron, as 102.6 mg sodium tetra borate decahy-
drate, given in combination with meal, resulted in a significant
increase in plasma boron concentration compared with placebo in
healthy middle-aged men. This showed that boron in the supple-
ments was bioavailable and effectively absorbed. Overall, there was
a 10-fold increase in plasma boron from fasting concentrations.
Plasma boron was significantly elevated from baseline values 1 h
after consumption of the boron supplement and the concentration
peaked at 4 h postprandial. At 6 h postprandially, the plasma boron
concentration was still significantly higher than the baseline con-

centration (0.124 ± 0.02 mg/l vs. 0.008 ± 0.01 mg/l; P ≤ 0.001) [3].

Having such a fast bioavailability, the objective of the present
study was to determine if acute or daily supplementation with
boron could have any significant biological effects on the synthesis
of steroid hormones and to rule out the possibility that longer-

dx.doi.org/10.1016/j.jtemb.2010.10.001
http://www.sciencedirect.com/science/journal/0946672X
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erm (weekly) supplementation of boron may exert such a function.
hile boron supplementation can alleviate arthritic and inflamma-

ion signs [4–6] and may have anti-carcinogenic properties [7–11];
herefore its effect on proinflammatory biomarkers (cytokines) in
lasma was assessed.

aterials and methods

This study was approved by the Research Ethics Committee of
he University and informed consent was obtained from each sub-
ect at the time of recruitment to the study.

ubjects

Eight apparently healthy male volunteers from academic staff
nd students participated in the study. They were non-smokers
ith a mean age of 41.3 ± 7.5 (range 29–50) years and body mass

ndex (BMI) of 25.5 ± 2.2 kg/m2. None of the volunteers was adher-
ng to any form of special diet or taking medications or dietary
upplements, and had no previous history of endocrine disease.

Initially, we started with 10 subjects and had 2 exclusions; due
o the hyperandrogenecity in one subject and sudden back pain in
ther one. Other reason was lack of funding which allowed us to
esign the study with only 10 subjects.

tudy design

This study was an experimental (pre and post supplemental)
ontrolled design. Subjects attended the laboratory on three occa-
ions (days 0, 1 and 7), each following an overnight fast for 12 h. (1)
n the first day (day 0), they were admitted at 8.00 A.M, blood was
ollected and was followed by ingestion of a capsule containing
actose powder as placebo along with their breakfast. (2) On the
ext day as the first day of supplementation (day 1), they were
dmitted at 8.00 A.M, blood was collected and was followed by
ngestion of a capsule containing 10 mg of boron as sodium tetra
orate along with their breakfast. The boron supplements were pre-
ared from sodium tetra borate and lactose (Sigma Chemical Co.,
t. Louis, Mo). Samples of blood were collected every 2 h for the
ext 6 h. Each sample was centrifuged, separated and plasma then

ractionated and stored at −20 ◦C until hormone assay. (3) Sub-
ects were requested to maintain their habitual diet and activity
hroughout the next week and consume a capsule of 10 mg boron
veryday with their breakfast. Upon arrival at the center on day 7,
ne blood collection was carried out at 8.00 A.M after an overnight
asting and plasma were also stored at −20 ◦C, again. Adherence of
he subjects with supplementation was determined in a way that
oron capsules were provided in 1-week lots with a number of sur-
lus capsules and the subjects were asked to return the leftovers
o as to allow gauging the number of capsules returned, the degree
f apparent adherence could be estimated.

iochemical analysis

Pre samples of the day 0, and daily supplemented samples of
he day 1 and weekly supplemented plasma samples were ana-
yzed for boron. Boron concentration in plasma was determined
sing inductively coupled plasma-optical emission spectrometry
(ICP-OES), Perkin Elmer-Optima 2100 DV, USA]; with the operat-
ng conditions of plasma gas flows (L/min): plasma 15, auxiliary 0.2,

ebulizer 0.5; Rf power at torch of 1300 watts and pump flow rate
f 1.5 ml/min. Samples were diluted with 1 ml of 200 mM nitric acid
ithout heating as described in Usuda et al. (1997). The detection

imit of the assay for boron was 0.01 �g/g for the plasma samples
12].
Medicine and Biology 25 (2011) 54–58 55

Baseline and all hourly (2 h intervals; day 1) and weekly plasma
samples were analyzed for testosterone (T), free testosterone (FT),
dihydrotestosterone (DHT), estradiol (E2), sex hormone binding
globulin (SHBG), cortisol, 25-hydroxy vitamin D, luteinizing hor-
mone (LH), Interleukin-6 (IL-6), high sensitive CRP (hsCRP) and
tumor necrosis factor-alpha (TNF-�).

T, FT, DHT, E2, SHBG, cortisol, LH, and hsCRP were analyzed
by ELISA (Diagnostics Biochem Canada Inc., Ontario, Canada). The
intra-assay coefficients of variation (CVs) % and assay sensitivity
were 5.1 and 0.022 ng/ml for T; 2.0 and 0.17 pg/ml for FT; 2.1 and
6 pg/ml for DHT; 6.1 and 10 pg/ml for E2; 4.8 and 0.1 nmol/L for
SHBG; 3.1 and 0.4 �g/dl for cortisol; 5.4 and 0.2 IU/L for LH; and 1.4
and 10 ng/ml for hsCRP, respectively.

25-Hydroxy vitamin D was analyzed by EIA (Immuno Diagnostic
Systems Ltd., Boldon, Tyne Wear, UK), with the intra-assay coeffi-
cients of variation (CVs) % and assay sensitivity of 6.9 and 5 nmol/L;
and IL-6 and TNF-� were analyzed by ELISA, Diaclone, Besancon,
France, with the intra-assay coefficients of variation (CVs) % and
assay sensitivity of 4.2 and <2 pg/ml for IL-6, and 3.3 and <8 pg/ml
for TNF-�, respectively.

Statistical analysis

Data are expressed as mean ± SD and a statistical package (SPSS
17.0) was used to perform all comparisons. The paired sample
Student’s t-test was used to determine the statistical significance
between mean values for boron concentrations and to test for sig-
nificant hourly mean (average of 3 measurements) of day 0 vs.
day 1, mean of the three time intervals in day 0 vs. day 1 (sup-
plemented time points), and mean of samples of 8.00 A.M in day 0
vs. day 7 (weekly) variation in pre and post treatment occasions for
hormones and inflammatory biomarkers.

Results

(1) All subjects participated in this study completed the investiga-
tion with full adherence on boron consumption. They reported
no adverse effects. The baseline and supplemented mean ± SD
of plasma boron concentrations (ppm) of subjects are shown as
follow:

Plasma boron:
At baseline or unsupplemented period (placebo):
0.036 ± 0.021 ppm;
After hourly or daily supplementation of boron (10 mg):
0.066 ± 0.028 ppm;
After weekly supplementation of boron (10 mg/d):
1.32 ± 0.057 ppm.

Plasma boron increased significantly (P = 0.002) following
hours consumption of boron compared to the placebo. It ele-
vated from baseline values 4–6 h after consumption. After one
week, the plasma boron concentration peaked largely and was
significantly (P = 0.000) higher than the baseline and daily con-
centrations. The magnitude of the boron elevation for baseline
vs. daily and weekly supplement was 1.83 and 36-fold and for
daily vs. weekly supplement was 20-fold, respectively.

(2) The average baseline (placebo/day 0) and average hourly (day
1) supplemented mean ± SD of plasma hormones and inflam-
matory biomarkers are shown in Table 1. For Vit. D and
inflammatory biomarkers, the results of the blood samples
taken only at 14.00 P.M are presented.
Six hours boron supplementation had no major effect on
hormone concentrations except SHBG showed significantly
(P = 0.000) lower concentrations following boron consumption.
Among the inflammatory biomarkers, plasma hsCRP concen-
tration decreased significantly (P = 0.005). Also, the TNF-�
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Table 1
Mean ± SDa of 6 h unsupplemented baseline (placebo/day 0) and boron supplemented periods (day 1) for the hormones and inflammatory biomarkers.

Variable Mean ± SD (day 0) Mean ± SD (day 1) P value*

Total testosterone (ng/ml) 2.52 ± 0.62 2.60 ± 0.52 0.30
Free testosterone (pg/ml) 9.42 ± 4.59 9.58 ± 4.32 0.70
Dihydrotestosterone (pg/ml) 645 ± 137 658 ± 142 0.40
Estradiol (pg/ml) 36.90 ± 13.50 35.80 ± 13.30 0.70
Sex hormone binding globulin (nmol/L) 32.20 ± 9.40 29.70 ± 8.00 0.000
Cortisol (�g/dl) 4.63 ± 2.29 4.07 ± 1.73 0.06
Luteinizing hormone (IU/L) 2.29 ± 1.42 2.16 ± 1.21 0.70
Vitamin Db (nmol/L) 36.20 ± 15.90 35.70 ± 12.60 0.9
hsCRP (ng/ml) (n = 7) 1372 ± 1182 909 ± 783 0.005
IL-6b (pg/ml) 1.32 ± 0.65 1.17 ± 0.65 0.6
TNF-�b (pg/ml) 10.50 ± 4.14 8.58 ± 3.86 0.04

a Values are mean of the average of the 3 measurements for each subjects (n = 8) obtained from blood samples taken at 10.00 A.M, 12.00 and 14.00 P.M (24 readings).
S

nly on
f

(

(

T
H

amples of the 8.00 A.M excluded due to unsupplementation.
b Analysis for Vit. D, IL-6, and TNF-� was conducted with the data obtained from o

or hsCRP).
* A value of P ≤ 0.05 was considered statistically significant.

levels showed a significant decrease (P = 0.04) in the aver-
age readings of the two different days (10.50 ± 4.1 pg/ml vs.
8.58 ± 3.8 pg/ml).

3) The comparison of the mean ± SD of baseline (placebo) hor-
mones and inflammatory biomarkers concentration vs. boron
supplementation of the three time intervals (every 2 h) in day
0 vs. day 1 are shown in Table 2.

Comparison of each time interval in day 0 with the cor-
responding time point in day 1 for each variable showed no
significant difference, except for SHBG and TNF-� showing sig-
nificantly (P ≤ 0.05) lower concentrations, hours after boron
consumption. The above data indicated that except these two,
there was no significant hourly effect for boron supplementa-
tion on the corresponding time point for the variables shown
in Table 2.

4) The comparison of the baseline (placebo/day 0) and weekly sup-

plemented mean ± SD of plasma hormones and inflammatory
biomarkers plus hormone ratios of the subjects (samples taken
at 8.00 A.M, only) are shown in Table 3.

The mean plasma FT concentration increased significantly
from 11.83 ± 4.60 to 15.18 ± 3.07 pg/ml, and the mean plasma

able 2
ourly comparison of hormones and inflammatory biomarkers (mean ± SD, n = 8) followi

Variable Placebo (h)

8.00 A.M 10.00 A.M 12.00 P.M 14.00 P.

Total
testosterone
(ng/ml)

3.20 ± 0.60 2.59 ± 0.61 2.48 ± 0.68 2.48 ±

Free
testosterone
(pg/ml)

11.83 ± 4.60 9.45 ± 5.10 9.01 ± 4.80 9.81 ±

Dihydrotestosterone
(pg/ml)

741 ± 152 652 ± 145 641 ± 155 643 ±

Estradiol
(pg/ml)

42.33 ± 16.47 40.30 ± 16.00 33.50 ± 13.00 36.80 ±

Sex hormone
binding
globulin
(nmol/L)

32.99 ± 9.97 31.90 ± 10.10 32.50 ± 9.80 32.30 ±

Cortisol (�g/dl) 7.93 ± 4.62 5.70 ± 2.80 4.18 ± 1.69 4.01 ±
Luteinizing
hormone (IU/L)

1.74 ± 0.70 2.18 ± 1.39 2.47 ± 1.62 2.22 ±

Vitamin D
(nmol/L)

35.82 ± 13.49 – – 36.27 ±

hsCRP (ng/ml)
(n = 7)

1460 ± 1233 1545 ± 1342 1287 ± 1192 1284 ±

IL-6 (pg/ml) 1.55 ± 1.05 – – 1.32 ±
TNF-� (pg/ml) 12.32 ± 3.13 – – 10.50 ±
a 8.0 A.M is baseline (unsupplemented) time point in day 1.
* Significantly different P ≤ 0.05 from corresponding (similar) time point in placebo (da
e blood sample taken at 14.00 P.M (mean of 8 readings; one outlier value excluded

E2 concentration decreased significantly from 42.33 ± 16.47
to 25.80 ± 11.25 pg/ml after one week supplementation, while
DHT, cortisol and Vit. D showed a non significant, but higher
level at weekly post supplementation period. Also, all three
inflammatory biomarkers decreased after supplementation,
showing a significant difference for TNF-� levels (P ≤ 0.05),
and a marked non-significant decrease (approximately 50%) for
hsCRP and IL-6 levels. The reason for this non-significancy may
lie within the broad value of the standard deviations.

Discussion

The mechanism whereby boron influences bone mineral bal-
ance has not been determined. However, past studies by Nielsen
et al. (1987) indicate that dietary boron repletion in post-
menopausal women, who were previously on a low-boron diet,

increased their serum 17B-estradiol (E2) and testosterone lev-
els, particularly in those whose dietary Mg intake was low [1].
Similar increase in serum E2 levels was found in healthy males
after 4 weeks of dietary boron supplementation [2]. Accordingly,
it is possible that boron may modify bone mineral balance by

ng placebo (day 0) and boron supplementation (day 1).

Boron supplementation (h)

M 8.00 A.Ma 10.00 A.M 12.00 P.M 14.00 P.M

0.64 – 2.63 ± 0.44 2.48 ± 0.52 2.69 ± 0.62

4.30 – 8.55 ± 4.30 8.92 ± 4.20 11.25 ± 4.30

129 – 636 ± 131 631 ± 119 707 ± 176

12.30 – 41.60 ± 12.90 32.0 ± 11.20 33.80 ± 15.30

9.40 – 30.08 ± 9.50* 29.50 ± 7.60* 29.40 ± 7.60*

2.12 – 4.55 ± 1.71 3.70 ± 1.52 3.96 ± 2.05
1.40 – 2.16 ± 1.35 2.13 ± 1.38 2.20 ± 1.35

15.30 – – – 35.70 ± 12.60

1175 – 942 ± 874 894 ± 831 892 ± 767

0.65 – – – 1.17 ± 0.65
4.10 – – – 8.50 ± 3.80*

y 0); placebo vs. supplemented time point.
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Table 3
Hormones and inflammatory biomarkers concentration (mean ± SD) plus hormone ratios following consumption of placebo (day 0) and weekly boron supplementation (day
7) [comparison was performed for the samples taken at 8.00 A.M, n = 8].

Variable Mean ± SD (day 0) Mean ± SD (day 7) P value*

Total testosterone (ng/ml) 3.20 ± 0.60 3.32 ± 0.56 0.73
Free testosterone (pg/ml) 11.83 ± 4.60 15.18 ± 3.07 0.02
Dihydrotestosterone (pg/ml) 741 ± 152 791 ± 120 0.34
Estradiol (pg/ml) 42.33 ± 16.47 25.81 ± 11.25 0.01
Sex hormone binding globulin (nmol/L) 32.99 ± 9.97 31.44 ± 9.06 0.27
Cortisol (�g/dl) 7.93 ± 4.62 10.10 ± 4.88 0.25
Luteinizing hormone (IU/L) 1.74 ± 0.70 2.06 ± 1.01 0.4
Vitamin D (nmol/L) 35.82 ± 13.49 38.36 ± 12.09 0.32
hsCRP (ng/ml) (n = 7) 1460 ± 1233 795 ± 734 0.11
IL-6 (pg/ml) 1.55 ± 1.05 0.87 ± 0.15 0.09
TNF-� (pg/ml) 12.32 ± 3.13 9.97 ± 3.23 0.05
FT/T (pg/ml/ng/ml) 3.62 ± 1.02 4.66 ± 1.08 0.001
FT/E2 (ng/ml) 0.31 ± 0.15 0.67 ± 0.29 0.004
T/E2 (ng/ml) 91.68 ± 54.8 148.8 ± 58.7 0.009
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T/SHBG (ng/dl) 31.13 ± 14.7
DHT/T (ng/ml) 0.23 ± 0.01

* A value of P ≤ 0.05 was considered statistically significant.

ncreasing the synthesis and/or actions of sex hormones. Never-
heless, because boron treatment appears to increase serum E2
evel in postmenopausal women, it has been suggested that dietary
oron supplementation may reduce some of the adverse effects
f E2 deficiency that is associated with menopause and cessa-
ion of ovarian function, such as bone mineral deficits and bone
oss. On the other hand, in as much as the possibility that the
ffect of boron on bone mineral homeostasis is mediated through
nteraction between boron and sex hormones (particularly E2) is
ttractive, supporting evidence for this hypothesis is currently lack-
ng [13]. Estrogen levels drop after menopause causing osteoclasts
o become more sensitive to parathyroid hormone, which signals
hem to break down bone. Recent evidence, suggests that boron

odifies the action of the hormones (estrogen and vitamin D) at the
ell membrane level, which ultimately might affect bone turnover.

It is reported that dietary boron influences the activity of sev-
ral micronutrients, including calcium, magnesium, and vitamin D,
nd boron supplementation in rats and chicks has been shown to
ncrease bone strength [14]. In athletic subjects boron supplemen-
ation modestly affected mineral status, and exercise modified the
ffects of boron supplementation on serum minerals [15]. However,
t was also found that 3 mg boron/d for 10 months altered serum

ineral levels but did not affect circulating hormones [16].
In this study, it was found that boron is bioavailable and effec-

ively absorbed. Generally, there was several folds increase in
lasma boron from fasting conditions. The findings for hourly sup-
lementation were in keeping with results of study reported by
allace et al. [3]. Supplementation of healthy males with 10 mg/d

fter one week resulted in a significant rise in plasma free testos-
erone concentration. Based on recent clinical data, this is the first
uman study report to show an increase level of free testosterone
fter boron consumption. Previously, supplementation of healthy
ales with 10 mg/d after several weeks resulted in a significant rise

n plasma 17-B estradiol concentration [17] and the increase was
onsistent with some animal reports, as well [18,19]. It was shown
hat changes in plasma testosterone is achievable by boron in rats
20] and also in rats fed a range of dietary boron for 30 or 60 days,
hich appear to be time- and dose-dependent [21]. However, the

ignificant decrease in plasma estradiol after one week supplemen-
ation indicates a higher rate of conversion of total testosterone to
ree testosterone in the testosterone metabolic pathway. In sup-

ort of the above findings, the ratios of FT/T, T/E2, and FT/E2 were
ll significantly increased, indicating an androgen amplifier condi-
ion. It is known that the major circulating androgen in males is
estosterone and about 98% of testosterone molecules are bound
o proteins in the blood, principally to sex hormone-binding glob-
33.21 ± 13.4 0.48
0.24 ± 0.02 0.29

ulin (SHBG) and also to albumin and cortisol-binding globulin, as
well. It is assumed that bound hormones cannot exit blood capillar-
ies and are therefore not bioavailable. Thus, elevation of unbound
free testosterone by boron supplementation supports the hypothe-
sis that boron has an important biological role or change in steroid
utilization. The free hormone hypothesis states that the biological
activity of a given hormone is affected by its unbound (free) rather
than protein-bound concentration in the plasma. This hypothe-
sis is likely to be valid for free testosterone showing its level to
be under the influence of boron. This free testosterone is consid-
ered the biologically active form of the hormone, as this portion
of the hormone can interact at the target tissue receptors. Given
the effect of boron on plasma steroid hormone concentrations and
their diverse roles in metabolism, it is not surprising that boron
has been implicated with a number of diseases. It might have a
role in some disorders of unknown etiology, such as osteoporosis
in post-menopausal women that exhibit disturbed major mineral
metabolism [1] under the influence of hormonal variations. Boron
is beneficial for optimal calcium and bone metabolism [22,23] and
in particular via hormonal elevations in post-menopausal women
[1] and vitamin D synthesis or up-regulation [24,25].

In cross-sectional and longitudinal studies of men aged 30
or 40 years and above, total, bioavailable and free testosterone
concentrations fall with increasing age with a steeper decline in
bioavailable and free compared with total testosterone concentra-
tions [26,27]. In older men above the age of 65 or 70 years, the
changes in total testosterone are overshadowed by more significant
declines in free testosterone levels [28,29].

The fact that boron changed steroid levels suggests that boron
may now appear to play a role in human nutrition, particularly in
relation to bone health, as well.

Furthermore, one week supplementation resulted in a signif-
icant decrease in plasma TNF-� concentration (12.32 pg/ml vs.
9.97 pg/ml) and a remarkable decrease (about 50%) in plasma con-
centration of hsCRP (1460 ng/ml vs. 795 ng/ml) and IL-6 (1.55 pg/ml
vs. 0.87 pg/ml), respectively. This is also, the first human study
reporting the effect of boron supplementation on reducing the
inflammatory biomarker levels. The observed lack of significance
for hsCRP and IL-6, regardless of 50% decrease might have been
due to the broad values of the standard deviations obtained for the
two variables.
Recent findings also indicate that boron and borates have
attracted scientific attention due to recent reports indicating that
they may possess anti-carcinogenic properties [7,8]. It has also been
reported that boric acid inhibits human prostate cancer cell prolif-
eration [9,10] and ingestion of boron in drinking water decreases
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he incidence of cervical cancer-related histopathological findings
11]. Hormone replacement therapy (HRT) is known to reduce lung
ancer and dietary boron may also have actions similar to those of
RT. In a study on the joint effects of boron intake and HRT use on

ung cancer risk, it was reported for the first time that boron intake
as inversely associated with lung cancer in women, whereas
omen who consumed low boron and did not use HRT were at

ubstantially increased odds [30]. Also, evidence exists that boron
ay have antioxidants and anti-inflammatory properties [31,32].

t might be interesting to study further the above effects simulta-
eously with alterations in steroid hormone concentrations as a
esult of boron deficiency or supplementation states.

In healthy persons, lowering the level of C-reactive protein, a
ey biomarker of inflammation, has been shown to elicit a reduc-
ion in cardiac events. Therefore, the decreased level of hsCRP after
oron supplementation is clinically plausible. Drug companies are
ctively developing medications aimed specifically at reducing CRP
evels [33]. In addition, both TNF-� and IL-6 which are considered
s risk factors for coronary heart disease and cardiovascular func-
ion and morphology, shown as ectopic fat accumulation in various
issues [34–36], were reduced by boron supplementation in this
tudy, as well.

Among several nutrients, the role of boron on sex hormone
tatus is not completely known; however, increased levels of sex
teroids have been demonstrated in both males and females after
oron supplementation and it seems to be required for the forma-
ion of activated (hydroxylated) forms of certain steroid hormones.
he mechanism of action and its function seems to be time and
ose dependent. Based on available data, experts have concluded
hat the level of testosterone and estradiol have been changed after
ong term therapy, however, the present study showed an increase
evel of free testosterone and decreased level of estradiol, after
hort term consumption. Based on systemic review, there seems to
e a possible association between endogenous steroids and boron
hich is found rich in nuts, legumes, dried/fresh fruits and vegeta-

les.
Finally, further studies are required (a) to establish the feasibil-

ty of modulating steroid hormones by boron supplementation in
ales and females, especially in older adults, and (b) decreasing

roinflammatory cytokines and in turn (c) the possible impacts or
rotective roles in a number of diseases or pathological conditions.
hus, additional research is necessary to further clarify boron’s
nfluence in a 6–8 weeks supplementation trial with a weekly blood
ampling.
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