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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 supplementation 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 breakfast, 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
report to show an increase level of free testosterone after boron consumption.
© 2010 Elsevier GmbH. All rights reserved.

Introduction
Boron has not been generally accepted as being essential for
humans; however, it is accepted as being a beneﬁcial bioactive
element for humans. In summary, the biochemical function of
B is still speculative. Future research should be focus on determining this function, as this would help research in other areas,
such as identifying B-status indicators and the nutritional importance of B in some pathological conditions, such as arthritis and
osteoporosis. Even without this deﬁned function, however, it is
apparent that B enhances optimal function throughout the life
cycle. It is reported that boron is necessary for the formation of speciﬁc steroid hormones. A clinical trial has demonstrated that both
17-beta-estradiol and testosterone levels signiﬁcantly increase in
postmenopausal women consuming 3 mg/day of boron for 7 weeks.
In this study, boron supplementation caused a twofold increase in

∗ Corresponding author.
E-mail address: naghiimr@yahoo.com (M.R. Naghii).
0946-672X/$ – see front matter © 2010 Elsevier GmbH. All rights reserved.
doi:10.1016/j.jtemb.2010.10.001

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 decahydrate, 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 supplements 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 concentration (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-
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term (weekly) supplementation of boron may exert such a function.
While boron supplementation can alleviate arthritic and inﬂammation signs [4–6] and may have anti-carcinogenic properties [7–11];
therefore its effect on proinﬂammatory biomarkers (cytokines) in
plasma was assessed.
Materials and methods
This study was approved by the Research Ethics Committee of
the University and informed consent was obtained from each subject at the time of recruitment to the study.
Subjects
Eight apparently healthy male volunteers from academic staff
and students participated in the study. They were non-smokers
with a mean age of 41.3 ± 7.5 (range 29–50) years and body mass
index (BMI) of 25.5 ± 2.2 kg/m2 . None of the volunteers was adhering to any form of special diet or taking medications or dietary
supplements, and had no previous history of endocrine disease.
Initially, we started with 10 subjects and had 2 exclusions; due
to the hyperandrogenecity in one subject and sudden back pain in
other one. Other reason was lack of funding which allowed us to
design the study with only 10 subjects.
Study design
This study was an experimental (pre and post supplemental)
controlled design. Subjects attended the laboratory on three occasions (days 0, 1 and 7), each following an overnight fast for 12 h. (1)
On the ﬁrst day (day 0), they were admitted at 8.00 A.M, blood was
collected and was followed by ingestion of a capsule containing
lactose powder as placebo along with their breakfast. (2) On the
next day as the ﬁrst day of supplementation (day 1), they were
admitted at 8.00 A.M, blood was collected and was followed by
ingestion of a capsule containing 10 mg of boron as sodium tetra
borate along with their breakfast. The boron supplements were prepared from sodium tetra borate and lactose (Sigma Chemical Co.,
St. Louis, Mo). Samples of blood were collected every 2 h for the
next 6 h. Each sample was centrifuged, separated and plasma then
fractionated and stored at −20 ◦ C until hormone assay. (3) Subjects were requested to maintain their habitual diet and activity
throughout the next week and consume a capsule of 10 mg boron
everyday with their breakfast. Upon arrival at the center on day 7,
one blood collection was carried out at 8.00 A.M after an overnight
fasting and plasma were also stored at −20 ◦ C, again. Adherence of
the subjects with supplementation was determined in a way that
boron capsules were provided in 1-week lots with a number of surplus capsules and the subjects were asked to return the leftovers
so as to allow gauging the number of capsules returned, the degree
of apparent adherence could be estimated.
Biochemical analysis
Pre samples of the day 0, and daily supplemented samples of
the day 1 and weekly supplemented plasma samples were analyzed for boron. Boron concentration in plasma was determined
using inductively coupled plasma-optical emission spectrometry
[(ICP-OES), Perkin Elmer-Optima 2100 DV, USA]; with the operating conditions of plasma gas ﬂows (L/min): plasma 15, auxiliary 0.2,
nebulizer 0.5; Rf power at torch of 1300 watts and pump ﬂow rate
of 1.5 ml/min. Samples were diluted with 1 ml of 200 mM nitric acid
without heating as described in Usuda et al. (1997). The detection
limit of the assay for boron was 0.01 g/g for the plasma samples
[12].
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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 hormone (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 coefﬁcients 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 signiﬁcant hourly mean (average of 3 measurements) of day 0 vs.
day 1, mean of the three time intervals in day 0 vs. day 1 (supplemented 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 investigation 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 elevated 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 concentrations. 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 inﬂammatory 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 concentration 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)

Total testosterone (ng/ml)
Free testosterone (pg/ml)
Dihydrotestosterone (pg/ml)
Estradiol (pg/ml)
Sex hormone binding globulin (nmol/L)
Cortisol (g/dl)
Luteinizing hormone (IU/L)
Vitamin Db (nmol/L)
hsCRP (ng/ml) (n = 7)
IL-6b (pg/ml)
TNF-␣b (pg/ml)

2.52
9.42
645
36.90
32.20
4.63
2.29
36.20
1372
1.32
10.50

±
±
±
±
±
±
±
±
±
±
±

Mean ± SD (day 1)

0.62
4.59
137
13.50
9.40
2.29
1.42
15.90
1182
0.65
4.14

2.60
9.58
658
35.80
29.70
4.07
2.16
35.70
909
1.17
8.58

±
±
±
±
±
±
±
±
±
±
±

P value*

0.52
4.32
142
13.30
8.00
1.73
1.21
12.60
783
0.65
3.86

0.30
0.70
0.40
0.70
0.000
0.06
0.70
0.9
0.005
0.6
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).
Samples 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 only one blood sample taken at 14.00 P.M (mean of 8 readings; one outlier value excluded
for hsCRP).
*
A value of P ≤ 0.05 was considered statistically signiﬁcant.

levels showed a signiﬁcant decrease (P = 0.04) in the average 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) hormones 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 corresponding time point in day 1 for each variable showed no
signiﬁcant difference, except for SHBG and TNF-␣ showing signiﬁcantly (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 supplementation on the corresponding time point for the variables shown
in Table 2.
(4) The comparison of the baseline (placebo/day 0) and weekly supplemented 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

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 balance has not been determined. However, past studies by Nielsen
et al. (1987) indicate that dietary boron repletion in postmenopausal women, who were previously on a low-boron diet,
increased their serum 17B-estradiol (E2) and testosterone levels, 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

Table 2
Hourly comparison of hormones and inﬂammatory biomarkers (mean ± SD, n = 8) following placebo (day 0) and boron supplementation (day 1).
Variable

Placebo (h)
8.00 A.M

Total
testosterone
(ng/ml)
Free
testosterone
(pg/ml)
Dihydrotestosterone
(pg/ml)
Estradiol
(pg/ml)
Sex hormone
binding
globulin
(nmol/L)
Cortisol (g/dl)
Luteinizing
hormone (IU/L)
Vitamin D
(nmol/L)
hsCRP (ng/ml)
(n = 7)
IL-6 (pg/ml)
TNF-␣ (pg/ml)
a
*

Boron supplementation (h)
10.00 A.M

12.00 P.M

14.00 P.M

8.00 A.Ma

10.00 A.M

12.00 P.M

14.00 P.M

3.20 ± 0.60

2.59 ± 0.61

2.48 ± 0.68

2.48 ± 0.64

–

2.63 ± 0.44

2.48 ± 0.52

2.69 ± 0.62

11.83 ± 4.60

9.45 ± 5.10

9.01 ± 4.80

9.81 ± 4.30

–

8.55 ± 4.30

8.92 ± 4.20

11.25 ± 4.30

741 ± 152

652 ± 145

641 ± 155

643 ± 129

–

636 ± 131

631 ± 119

707 ± 176

42.33 ± 16.47

40.30 ± 16.00

33.50 ± 13.00

36.80 ± 12.30

–

41.60 ± 12.90

32.0 ± 11.20

33.80 ± 15.30

32.99 ± 9.97

31.90 ± 10.10

32.50 ± 9.80

32.30 ± 9.40

–

30.08 ± 9.50*

29.50 ± 7.60*

29.40 ± 7.60*

4.18 ± 1.69
2.47 ± 1.62

4.01 ± 2.12
2.22 ± 1.40

–
–

4.55 ± 1.71
2.16 ± 1.35

3.70 ± 1.52
2.13 ± 1.38

3.96 ± 2.05
2.20 ± 1.35

36.27 ± 15.30

–

1284 ± 1175

–

1.32 ± 0.65
10.50 ± 4.10

–
–

7.93 ± 4.62
1.74 ± 0.70
35.82 ± 13.49
1460 ± 1233
1.55 ± 1.05
12.32 ± 3.13

5.70 ± 2.80
2.18 ± 1.39
–
1545 ± 1342
–
–

–
1287 ± 1192
–
–

–
942 ± 874
–
–

8.0 A.M is baseline (unsupplemented) time point in day 1.
Signiﬁcantly different P ≤ 0.05 from corresponding (similar) time point in placebo (day 0); placebo vs. supplemented time point.

–
894 ± 831
–
–

35.70 ± 12.60
892 ± 767
1.17 ± 0.65
8.50 ± 3.80*
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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)

Total testosterone (ng/ml)
Free testosterone (pg/ml)
Dihydrotestosterone (pg/ml)
Estradiol (pg/ml)
Sex hormone binding globulin (nmol/L)
Cortisol (g/dl)
Luteinizing hormone (IU/L)
Vitamin D (nmol/L)
hsCRP (ng/ml) (n = 7)
IL-6 (pg/ml)
TNF-␣ (pg/ml)
FT/T (pg/ml/ng/ml)
FT/E2 (ng/ml)
T/E2 (ng/ml)
T/SHBG (ng/dl)
DHT/T (ng/ml)

3.20
11.83
741
42.33
32.99
7.93
1.74
35.82
1460
1.55
12.32
3.62
0.31
91.68
31.13
0.23

*

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.60
4.60
152
16.47
9.97
4.62
0.70
13.49
1233
1.05
3.13
1.02
0.15
54.8
14.7
0.01

Mean ± SD (day 7)
3.32
15.18
791
25.81
31.44
10.10
2.06
38.36
795
0.87
9.97
4.66
0.67
148.8
33.21
0.24

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.56
3.07
120
11.25
9.06
4.88
1.01
12.09
734
0.15
3.23
1.08
0.29
58.7
13.4
0.02

P value*
0.73
0.02
0.34
0.01
0.27
0.25
0.4
0.32
0.11
0.09
0.05
0.001
0.004
0.009
0.48
0.29

A value of P ≤ 0.05 was considered statistically signiﬁcant.

increasing the synthesis and/or actions of sex hormones. Nevertheless, because boron treatment appears to increase serum E2
level in postmenopausal women, it has been suggested that dietary
boron supplementation may reduce some of the adverse effects
of E2 deﬁciency that is associated with menopause and cessation of ovarian function, such as bone mineral deﬁcits and bone
loss. On the other hand, in as much as the possibility that the
effect of boron on bone mineral homeostasis is mediated through
interaction between boron and sex hormones (particularly E2) is
attractive, supporting evidence for this hypothesis is currently lacking [13]. Estrogen levels drop after menopause causing osteoclasts
to become more sensitive to parathyroid hormone, which signals
them to break down bone. Recent evidence, suggests that boron
modiﬁes the action of the hormones (estrogen and vitamin D) at the
cell membrane level, which ultimately might affect bone turnover.
It is reported that dietary boron inﬂuences the activity of several micronutrients, including calcium, magnesium, and vitamin D,
and boron supplementation in rats and chicks has been shown to
increase bone strength [14]. In athletic subjects boron supplementation modestly affected mineral status, and exercise modiﬁed the
effects of boron supplementation on serum minerals [15]. However,
it was also found that 3 mg boron/d for 10 months altered serum
mineral levels but did not affect circulating hormones [16].
In this study, it was found that boron is bioavailable and effectively absorbed. Generally, there was several folds increase in
plasma boron from fasting conditions. The ﬁndings for hourly supplementation were in keeping with results of study reported by
Wallace et al. [3]. Supplementation of healthy males with 10 mg/d
after one week resulted in a signiﬁcant rise in plasma free testosterone concentration. Based on recent clinical data, this is the ﬁrst
human study report to show an increase level of free testosterone
after boron consumption. Previously, supplementation of healthy
males with 10 mg/d after several weeks resulted in a signiﬁcant rise
in plasma 17-B estradiol concentration [17] and the increase was
consistent with some animal reports, as well [18,19]. It was shown
that 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,
which appear to be time- and dose-dependent [21]. However, the
signiﬁcant decrease in plasma estradiol after one week supplementation indicates a higher rate of conversion of total testosterone to
free testosterone in the testosterone metabolic pathway. In support of the above ﬁndings, the ratios of FT/T, T/E2, and FT/E2 were
all signiﬁcantly increased, indicating an androgen ampliﬁer condition. It is known that the major circulating androgen in males is
testosterone and about 98% of testosterone molecules are bound
to proteins in the blood, principally to sex hormone-binding glob-

ulin (SHBG) and also to albumin and cortisol-binding globulin, as
well. It is assumed that bound hormones cannot exit blood capillaries and are therefore not bioavailable. Thus, elevation of unbound
free testosterone by boron supplementation supports the hypothesis 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 hypothesis is likely to be valid for free testosterone showing its level to
be under the inﬂuence of boron. This free testosterone is considered 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 concentrations [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 significant decrease in plasma TNF-␣ concentration (12.32 pg/ml vs.
9.97 pg/ml) and a remarkable decrease (about 50%) in plasma concentration 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 proliferation [9,10] and ingestion of boron in drinking water decreases
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the incidence of cervical cancer-related histopathological ﬁndings
[11]. Hormone replacement therapy (HRT) is known to reduce lung
cancer and dietary boron may also have actions similar to those of
HRT. In a study on the joint effects of boron intake and HRT use on
lung cancer risk, it was reported for the ﬁrst time that boron intake
was inversely associated with lung cancer in women, whereas
women who consumed low boron and did not use HRT were at
substantially increased odds [30]. Also, evidence exists that boron
may have antioxidants and anti-inﬂammatory properties [31,32].
It might be interesting to study further the above effects simultaneously with alterations in steroid hormone concentrations as a
result of boron deﬁciency or supplementation states.
In healthy persons, lowering the level of C-reactive protein, a
key biomarker of inﬂammation, has been shown to elicit a reduction in cardiac events. Therefore, the decreased level of hsCRP after
boron supplementation is clinically plausible. Drug companies are
actively developing medications aimed speciﬁcally at reducing CRP
levels [33]. In addition, both TNF-␣ and IL-6 which are considered
as risk factors for coronary heart disease and cardiovascular function and morphology, shown as ectopic fat accumulation in various
tissues [34–36], were reduced by boron supplementation in this
study, as well.
Among several nutrients, the role of boron on sex hormone
status is not completely known; however, increased levels of sex
steroids have been demonstrated in both males and females after
boron supplementation and it seems to be required for the formation of activated (hydroxylated) forms of certain steroid hormones.
The mechanism of action and its function seems to be time and
dose dependent. Based on available data, experts have concluded
that the level of testosterone and estradiol have been changed after
long term therapy, however, the present study showed an increase
level of free testosterone and decreased level of estradiol, after
short term consumption. Based on systemic review, there seems to
be a possible association between endogenous steroids and boron
which is found rich in nuts, legumes, dried/fresh fruits and vegetables.
Finally, further studies are required (a) to establish the feasibility of modulating steroid hormones by boron supplementation in
males and females, especially in older adults, and (b) decreasing
proinﬂammatory cytokines and in turn (c) the possible impacts or
protective roles in a number of diseases or pathological conditions.
Thus, additional research is necessary to further clarify boron’s
inﬂuence in a 6–8 weeks supplementation trial with a weekly blood
sampling.
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