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ARTICLE INFO ABSTRACT

Keywords: Testosterone is an anabolic steroid and the principal sex hormone in males. Maintaining adequate levels of
Honey testosterone throughout the life span of male is very desirable, especially it is now well-known that low levels of
Testosterone testosterone is associated with various aging diseases/disorders. Therefore, still, so many research studies have
];Illtg::iﬁ:ft:wrmone focused on enhancing serum levels of testosterone in males. Here, we intended to systematically discuss and

present the impact of honey on serum levels of testosterone in males. This was conducted by searching PubMed,
Scopus, and Embase electronic databases for research articles from May 1993 through April 2019 using the
keywords “honey” and “honeybee” versus “testosterone”. Moreover, references from relevant published articles
were also reviewed and cited to frame an integral discussion, conclusion, and future research needs. In conclusion,
the collective evidence, which is mainly based on in vivo system studies, reveals that oral administration of honey
increases serum testosterone level in males. Mechanistically, honey may increase serum level of testosterone by
increasing the production of luteinizing hormone, enhancing the viability of Leydig cells, reducing oxidative
damage in Leydig cells, enhancing StAR gene expression, and inhibiting aromatase activity in the testes. However,
further research studies on humans, mainly clinical trials, in this specific research approach are still needed to

Oxidative stress
Leydig cells
Food science

confirm the effect of honey on testosterone.

1. Introduction

Testosterone is an anabolic steroid considered as the foremost sex
hormone in males [1, 2]. Chemically, testosterone belongs to the
androstane class, which is a 19-carbon tetracyclic hydrocarbon structure
[3]. It contains a hydroxyl and keto groups at the seventeen and the three
positions, respectively.

Since 1935, where the name “testosterone” was firstly coined, as per
Scopus and PubMed data bases, to date, there are more than one hundred
thousand research studies on testosterone and its biological perspectives;
more than one-third of these studies were published in the last decade.
One important factor behind such increased research intention is the
impact of testosterone on humans' health, particularly males. Studies
have shown that testosterone is not only a key contributor/controller of
male reproduction and maturation of external genital features [4], but
also it is associated with well-being and general health of males [5]. Low
serum levels of testosterone were found to be associated with wide-range
of aging disorders/diseases such as diabetes [6, 7], Alzheimer [8, 9],
atherosclerosis [10, 11], cancer [12], osteoporosis [13, 14], and infer-
tility [15, 16]. Other disorders of deficient levels of testosterone include
depression [17, 18], anxiety [17, 19], and fatigue [20].
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Aging in males is accompanied by a reduction in free levels of
testosterone [21]. Therefore, collectively, based on the above evidence,
numerous research studies have intended to present the role of specific
types of foods or herbs on serum testosterone level. One such example in
this specific research context was to explore the effectiveness of honey-
bee on testosterone, especially various honeybee products are used in
folk medicine to treat numerous diseases/disorders [22, 23, 24].

In general, regardless of its variety, honey is a natural product and an
ancient part of humans' food [25]. It composes mainly form sugars such
as fructose (~38%), glucose (~32%), maltose (~7.1%), sucrose
(~1.3%), maltodextrin and other sugars (~1.5%), in addition to other
constituents such as amino acids, enzymes (e.g., invertase [26], catalase
[27], a-and p-glucosidase [28], acid phosphatase, glucose oxidase [29],
and diastase [30]), vitamins (e.g., pyridoxine, thiamine, riboflavin,
niacin, and pantothenic acid), minerals (iron, calcium, copper, magne-
sium, manganese, zinc, and phosphorus), carotenoids, and aromatic
substances [31, 32]. Moreover, honey is rich with natural antioxidants
such flavonoids and phenolic acids, which exerts a wide range of bio-
logical properties [31]. Furthermore, the color and the flavor of honey is
due to presence of various organic acids such as gluconic acid, Levulinic
acid, formic acid, citric acid, lactic acid, aspartic acid, fumaric acid,
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butyric acid, malic acid, succinic acid, and others [31, 33]. However, it is
worth mentioning that the exact composition of honey depends on its
floral source as well as the environmental and seasonal factors [34].
Here, we intended to systematically discuss and summarize the
impact of honey on serum levels of testosterone. This was conducted by
searching Scopus, PubMed, and Embase electronic databases for research
articles (published only in English language) from May 1993 through
April 2019 using the keywords “honey” and “honeybee” versus “testos-
terone”. Moreover, references from relevant published articles were also
discussed and cited to accomplish an integral review and conclusion.

Main text
2.1. Effect of honey on serum testosterone

Table 1 demonstrates the direct research studies conducted on honey
and its reported effects on testosterone. As shown in the table, the target
of these studies was serum testosterone; only one study was targeted
urinary testosterone (marked by UT). The studies were conducted on
different honey varieties from different countries (India, Malaysia,
Turkey, Iran, Nigeria, and Italy). Up to the present time, the majority of
these studies were animal studies, in particular, in rodent studies; only
two studies were conducted on human males.

As illustrated in the Table 1, all summarized studies that show the
effect of honey on testosterone were conducted on male population. Only
one in-vivo study was conducted on ovariectomized female rats. The
honey doses that are utilized in the in-vivo system studies were vary from
~80 mg to 14.5 g kg ! of body weight per day. These doses, in humans,
for an adult male of 60 kg weight, equals to approximately 13 mg to 2.35
g kg~ of body weight [35]. And, the duration of supplementation in
these studies were ranged from ~14 days to ~50 days. While, in both
human studies, the dose used was 20 g per day over approximately 3-12
weeks duration.

Collectively, as a result, the main stream of this specific research
context reveals that oral administration of honey increases serum
testosterone level in males. As summarized in the table, the effect of
honey on testosterone is ranging from “positive” (+) to “no change” (+);
there is no any “negative” (-) influence of honey administration on
testosterone level. However, still, there is lack of human studies in this
specific research approach.
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2.2.1. Effect of honey on luteinizing hormone

Luteinizing hormone, a glycoprotein also named lutropin, is released
from the anterior pituitary in response to the pulses by gonadotropin-
releasing hormone [36, 37]. uteinizing hormone acts on Leydig cells,
polyhedral epithelioid cells located adjacent to the seminiferous tubules,
in the testes [36]. Luteinizing hormone regulates the expression of
17p-hydroxysteroid dehydrogenase, an enzyme catalyzes the conversion
of androstenedione [38], a steroid hormone also termed androst-4-ene-3,
17-dione, to testosterone, which induces certain genes in testicular Ser-
toli cells and enhances the differentiation of spermatogonia [5, 39].
Therefore, mechanistically, serum testosterone level is directly influ-
enced by the amount of luteinizing hormone produced.

In this particular discussion, the effect of honey on luteinizing hor-
mone has been revealed in a number of studies; for example, the study
conducted by Kolawole et al. have shown that nicotine-treated Wistar
rats orally administered honey at 100 mg kg ™! of body weight, for 35
days, had higher serum level of luteinizing hormone compared with the
control [40]. In addition, honey supplemented at 1 g kg~* day ™, for 40
days, was found to upregulate luteinizing hormone in both normal and
diabetes-induced male rats [41]. Moreover, male rats with ischemia/r-
eperfusion induced testicular injury fed honey at 5% of the diet had
higher serum levels of luteinizing hormone compared with the control
[42]. According to this evidence, the positive effect of honey on serum
testosterone level is modulated by increased production of luteinizing
hormone.

2.2.2. Effect of honey on testicular tissue

A study conducted by Mohamed et al. (2011) showed that honey at
1.2 g kg~! day~!, for 13 weeks, increases the number of Leydig cells,
seminiferous tubules diameter, and epithelial heights of the testes in male
rats with cigarette smoke-induced testicular damage [43]. In addition,
assessed by electron micrograph, honey was found to maintain viable and
normal structure (e.g., normal cellular organelles and nucleus) of Leydig
cells in the testes of male marmosets [44]. Moreover, bee products
mixture (80 mg honey, 60 mg pollen, 20 mg larvae, 20 mg royal jelly, and
2 mL propolis) twice a day (30 and 60 mg) protected against
pentylenetetrazole-induced testicular damage (particularly Leydig cells
and seminiferous tubules) in male Wistar rat [45]. Accordingly, it can be
suggested that honey administration is beneficial, at least, to maintain

Table 1
A summary of the research studies conducted on honey and its reported effects on serum and urinary levels of testosterone.
Honey variety Dose Duration Population Effect on Ref.
(source) testosterone
Honey (India) 2 mL day ! 30 days Male bonnet monkeys (£) ST [78]
Honey (Aboca, Italy) 20 g day ! 21 days Human males (H) UT [79]
Tualang honey 02g kg’1 2 weeks Ovariectomized female rats (+) ST [80]
(Malaysia)
Honey (Iran) 1 g kg 'day! 40 days Diabetes-induced male rats (+) ST [41]
Honey (Iran) lg kg’lday’1 40 days Male rats (+) ST [41]
Tualang honey 20 g (Control: 250 g of Tribulus terrestris) ~ 12 weeks Oligospermic males (+) ST [81]
(Malaysia)
Honey (Nigeria) 100 mg kg~ ! of body weight 35 days Wistar rats (+) ST [40]
Honey (Nigeria) + 100 mg kg~ of body weight +1 mgkg™! 35 days Wistar rats (+) ST [40]
nicotine body weight
Mad honey (Turkey) 80 mg kg ! 30 days Male rats (+) ST [82]
Persian honey (Iran) 5% of diet During ischemia +50 days Male rats with ischemia/reperfusion induced (+) ST [42]
reperfusion testicular injury
Honey (Nigerian) 10 mL kg ! day ! 4 weeks Sucrose-fed male rats (+) ST [83]
Persian honey (Iran) 5% of diet During ischemia +50 days Chemotherapy (Busulfan)-treated male rats (+) ST [84]
reperfusion
Persian honey (Iran) 5% of diet During ischemia +50 days Male rats with ischemia/reperfusion induced (4+) ST [84]
reperfusion testicular injury
Tualang honey 1.2 gkg ! day! 13 weeks Adult male rats exposed to cigarette smoke (+) ST [56]

(Malaysia)

(+) Increase; (-) Decrease; (+) No effect; ST: serum testosterone; UT: urinary testosterone.
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normal testicular tissue, which afterwards positively influence the pro-
duction of testosterone.

2.2.3. Antioxidant activity of honey: effect on serum testosterone

The antioxidant activity of honey has been revealed in various oc-
casions [46, 47, 48]. Above and beyond, it was suggested to be a useful
marker for determining the variety of honey (i.e., botanical origin of
honey) [34]. In fact, the antioxidant activity of honey is attributable to
the presence of various phenolic compounds (flavonoids and
non-flavonoids (mainly phenolic acids)) such as caffeic acid, vanillic
acid, p-coumaric acid, syringic acid, ferulic acid, quercetin, myricetin,
kaempferol, pinobanksin, chrysin, pinocembrin, ellagic acid, 3-hydroxy-
benzoic acid, galangin, 4-hydroxybenzoic acid, chlorogenic acid, ros-
marinic acid, hesperetin, gallic acid, and others [31, 49].

In general, accumulation of free radicals, in particular reactive oxy-
gen species [50, 51], in live cells over antioxidants leads to formation of
oxidative stress [52]. It is well-known that the state of oxidative stress
diminishes the function of the cell [53, 54], which may be attributable to
increased levels of oxidative injury to the main functional biomolecules
(e.g., proteins) [55]. In particular, such oxidative stress state, when oc-
curs in Leydig cells in the testes, may reduce testosterone synthesis [6],
and hence the level of serum testosterone. It was reported that oxidative
stress reduces both enzymatic and non-enzymatic antioxidant reservoir
in Leydig cells [41]. Accordingly, given that honey is very rich with
antioxidants, administration of honey may enhance the performance of
Leydig cells, and hence the production of testosterone, mainly by
enhancing the antioxidant defense mechanism.

Indeed, for example, it has been shown that adult male Sprague-
Dawley rats exposed (whole body exposure) three times daily to

Quercetin
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cigarette smoke for 13 weeks had higher testicular levels of lipid per-
oxidation (high thiobarbituric acid reactive substances) and oxidative
stress (lower total antioxidant capacity, reduced superoxide dismutase
activity, and reduced catalase activity) [43], and honey supplementation
at 1.2 g7! kg™! day~! during the same period of time significantly
reduced the testicular lipid peroxidation (low thiobarbituric acid reactive
substances) and oxidative stress (higher levels of total antioxidant ca-
pacity and restored levels of superoxide dismutase and catalase activ-
ities) [43]. Directly, adult male rats exposed to cigarette smoke
supplemented, for 13 weeks, with Tualang honey at 1.2 g~ kg™ * day !
had higher level of serum testosterone compared with the control [56]. In
addition, another in-vivo system study conducted by Nasrolahi et al.
concluded that administration of honey at 1.0 g kg~ day ™!, for 40 days,
inhibits diabetes-induced oxidative damage in testicular tissues and in-
creases serum level of testosterone.

2.2.4. Effect of bioactive molecule chrysin on aromatase (estrogen synthase)
enzyme

Chrysin (5,7-dihydroxyflavone) is a flavonoid presents at high levels
in propolis and honey [57]. It has a wide range of pharmacological
properties, mainly antioxidant [58], anticancer [59], and
anti-inflammatory [60]. It has been shown that chrysin, orally supple-
mented at 50 mg kg™! day~?, for 2 months, significantly increased the
testicular level of glutathione as well as the activity of the antioxidant
enzymes (catalase, glutathione peroxidase, and superoxide dismutase)
[61]. Chrysin has been recognized as a potent inhibitor of the enzyme
aromatase, which is an enzyme catalyzes the conversion of testosterone
to estradiol [62, 63]. Such biological properties has let chrysin, especially
when used at high doses, to be used as a testosterone-boosting agent [61,

Non-flavonoids
(Phenolic acids)

Caffeic acid
Ellagic acid
Rosmarinic acid
p-Coumaric acid

(+) StAR gene
expression

(=) Aromatase
activity

(=) Chemical toxicity

(-) Oxidative Stress

(=) Lipid peroxidation

(+) Antioxidant defense
Mechanism

Ferulic acid

(+) Activity

(+) Number and
viability

Testosterone

Fig. 1. Mechanisms of honey on testosterone level. LH, luteinizing hormone; (+), increase; (-), decrease.
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64, 65, 66]. Accordingly, administration of honey, as a rich source of
chrysin, may enhance, albeit partially, the production of testosterone.

Several researches have demonstrated the effect of chrysin on the
upregulation of the StAR gene [65, 67]. Chrysin was found to stimulate
testicular steroidogenesis by enhancing the expression of the StAR gene,
which is encoding for steroidogenic acute regulatory protein (StAR
protein) [65]. StAR protein plays an important role in the steroidogenesis
process by facilitating the transport of cholesterol from the outer mito-
chondrial membrane to the internal mitochondrial membrane [65].
Thus, cholesterol cleavage occurs into pregnenolone in Leydig cells,
which increases the synthesis of testosterone.

2.2.5. Effect of certain bioactive molecules in honey on testosterone
production

Quercetin, a potent antioxidant flavonoid, was found to be present in
honey. The effect of quercetin on testosterone has been explored in
various occasions. For example, quercetin supplemented for 15 days at
approximately 50 mg kg~ 'day ! was found to enhance serum level of
testosterone in male rats with arsenic-induced reproductive toxicity [68].
In addition, quercetin supplemented at approximately 10 mg ™' kg ! for 3
weeks significantly enhanced testosterone level in male rats with
atrazine-induced reproductive damage [69]. Moreover, male rats with
di-(2-ethylhexyl) phthalate-induced reproductive damage administered
quercetin at 0.09 g~ ! kg~ day !, for 15 days, had higher serum levels of
testosterone compared with the control [70]. Further, quercetin at 20
mg ! kg™, for 14 days, restored the plasma levels of testosterone in male
rats with sulphasalazine-induced reproductive toxicity [71]. Further-
more, quercetin at 20 mg~! kg™?, for 4 weeks, attenuated testosterone
depletion in male Wistar rats induced by cadmium compared with the
control [72]. This evidence underscores the role of quercetin, and hence,
albeit partially, the role of honey, in enhancing testosterone production,
especially in chemical-induced reproductive toxicity conditions.

Caffeic acid, another phenolic compound present in honey, was found
to enhance serum testosterone. For example, it was shown that male al-
bino Wistar rats orally supplemented with caffeic acid at 50 mg kg ! had
higher serum levels of testosterone and luteinizing hormone compared
with the control [73]. In addition, caffeic acid phenethyl ester, given
intraperitonially at 10 pmol kg1, for 30 days, enhanced serum testos-
terone level in male rats with cadmium-induced reproductive toxicity
[74].

Also, ellagic acid, rosmarinic acid, p-coumaric acid, and ferulic acid
are phenolic compounds present in honey and were found, whether
directly or indirectly, to have positive effects on serum testosterone.
Ellagic acid and rosmarinic acid at 10 mg kg 'day™! and 75 mg
kg lday~!, respectively, for 2 weeks, were found to attenuate
doxorubicin-induced testicular damage in male Sprague-Dawley rats
[75]. p-coumaric acid at 50, 100, and 200 mg kg~ ?, for 4 weeks, signif-
icantly increased testosterone in male rats with ethanol-induced repro-
ductive toxicity [76]. Administration of ferulic acid at 50 mg kg™, for 8
weeks, restored serum testosterone levels in male rats with lead-induced
testicular damage [77]. Collectively, it is evident that honey is rich with
potent biomolecules that have a positive effect on testosterone
production.

3. Conclusion

In conclusion, collectively, the main stream of this specific research
approach reveals that oral administration of honey enhances serum
testosterone level in males. The mechanisms by which honey increases
serum testosterone may be by enhancing the production of luteinizing
hormone, enhancing the viability of Leydig cells, reducing testicular
oxidative injury, enhancing StAR gene expression, and inhibiting aro-
matase activity in the testes (Fig. 1). In addition, honey has been found to
contain various bioactive compounds (e.g., phenolic acids) that may
improve testosterone production. However, still, there is lack in the
number of human studies in this research context. Therefore, conducting
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clinical trials that reveal the mechanisms of honey on serum testosterone
level will be of great importance.
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