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Chrysin is a plant-derived polyphenol that has the potential to increase endogenous testosterone levels both by
inhibiting the aromatase enzyme and by stimulating testicular steroidogenesis. The effects of chrysin on the
prostate are unknown, especially during its development and functional maturation. Thus, the aim of this study
was to evaluate the effects of chrysin prepubertal exposure on the male and female prostates of both pubertal and
adult gerbils. To evaluate the possible androgenic responses of chrysin, gerbils were also exposed to testosterone.
Male and female gerbils were exposed to chrysin or to testosterone cypionate from postnatal day 15 to 42. Male
and female gerbils were euthanized at either 43 days or 90 days age. The prostates were collected for biome-
trical, morphological and immunohistochemical analysis. The results showed that prepubertal exposure to
chrysin had differential effects on the prostate of both pubertal and adult animals. The prostates of male and
female pubertal gerbils showed no histological alterations, although there was increased frequency of androgen
receptor (AR) in males and females, and estrogen receptor alpha (ERa) in females. Adult males and females
presented developed prostate glands, with higher cell proliferative rate. In addition, AR and ERa frequency
remained high in the prostate of adult animals. These results demonstrated that prepubertal exposure to chrysin
disrupts steroid receptors regulation in the prostate, potentiating the response of this gland to the biological
effects of endogenous steroids. In this context, excessive consumption of phytoestrogens during the critical stages
of development should be considered with caution.

1. Introduction upregulating the expression of StAR gene with concomitant increase of

testosterone production [5,6]. Moreover, chrysin also boosts testos-

Chrysin (5, 7-dihydroxyflavone) is an active compound of the fla-
vone class, naturally found in several plant foods, such as medicinal
herbs, propolis, honey, chamomile, mushrooms and fruit bark [1,2].
This flavone has been considered beneficial for health due to its anti-
inflammatory, antioxidant, anti-allergic, antiviral, anxiolytic and an-
ticancerogenic properties [3,4].

Food supplements rich in chrysin are related to improving serum
testosterone levels. Chrysin stimulates testicular steroidogenesis by

terone via inhibition of aromatase, an enzyme that converts testos-
terone to estradiol [7,8].

Based on its hormonal properties, chrysin has been employed for the
treatment of reproductive disorders. Studies with rodents have de-
monstrated that chrysin causes a delay in testosterone decline during
aging, increases either the libido or the quantity and motility of seminal
sperms [3,5,9]. Indeed, due to its potential to inhibit the bioavailability
of endogenous estrogens, chrysin has been suggested for gynecomastia,
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Fig. 1. Schematic representation of the experimental pro-
tocol employed in this study.
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breast and prostate cancer treatment [10,11]. Despite its promising
benefits, the studies regarding chrysin effects upon male and female
reproductive systems are scarce. Thus, the effects of chrysin on the
reproductive accessory glands, especially the prostate, are unknown.

The prostate is an accessory gland of the mammal reproductive
system, and its function is to synthesize and to secrete an alkaline liquid
that promotes nutrition and sperm survival [12]. Contrary to classical
descriptions, the prostate is not a male-exclusive organ, since it can also
be found in women and in several rodent species (also termed as Skene's
paraurethral gland) [13,14]. Hormonal regulation and prostate func-
tional identity acquirement are established either during intrauterine or
postnatal development [15]. Thus, the early exposure to biologically
natural compounds may change the intrinsic developmental prostate
program, leading to permanent morphophysiological disorders.

Since chrysin is able to increase testosterone levels and also to de-
crease estrogen bioavailability, we hypothesize that intake of flavonoid-
enriched foods may change the prostate morphophysiology, especially
in critical phases of glandular development. Therefore, the purpose of
this study was to evaluate the effects of chrysin prepubertal exposure on
the male and female prostates of both pubertal and adult gerbils.
Indeed, in order to investigate the androgenic potential of chrysin, we
analyzed, comparatively and under the same experimental conditions,
the effects of testosterone upon gerbil prostate.

2. Material and methods
2.1. Chemical procedures

The chrysin synthesis was performed in two steps, according to
protocols described by Ramesh and co-authors, with modifications
[16]. First, we have prepared chalcone intermediate by using Claisen-
Schmidt condensation between trihydroxyacetophenone and benzal-
dehyde [17]. This reaction was performed in 60% sodium hydroxide in
ethanol at room temperature for 24 h. The reaction mixture was poured
into crushed ice and acidified with HCI at pH 3. The crude product was
subject to liquid-liquid partition with ethyl acetate. The combined or-
ganic phases were concentrated under reduced pressure and chroma-
tographed over silica gel, to furnish 2’,4’,6’-trihydroxychalcone in 44%
yield. Second, the conversion from chalcone to flavone was achieved by
intramolecular nucleophilic substitution [18]. Solution of 2’,4’,6’-tri-
hydroxychalcone in glycerol and iodine was refluxed for 8 h. After
complete conversion confirmed by TLC analysis, the reaction mixture
was extracted with ethyl acetate by liquid-liquid partition. The crude
product was purified over silica gel, yielding chrysin (23%). Chrysin
was obtained as pale yellow solid. 'H NMR (600 MHz, DMSO-dg): 12.82
(br s, 1H), 8.06 (d, 2H), 7.59 (m, 3H), 6.96 (s), 6.54 (d) and 6.23 (d).
3C NMR (125 MHz, DMSO-dg): 182.3, 164.9, 163.7, 161.9, 157.9,
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132.5, 131.3, 129.6, 126.8, 106.6, 105.0, 99.5 and 94.6.
2.2. Animals

The male and female gerbils were maintained in the
Histophysiology Laboratory of the Federal University of Goias (UFG;
Goiania — GO) under controlled room temperature (25°C) on a 12h
light/dark cycle. All animals were housed in new polyethylene cages
and filtered water was provided from glass bottles. Gerbils were fed
with standard rodent food ad libitum (Labina-Purina®; composition:
23% protein, 4% fat, 5% fiber and 12% minerals). Animal handling and
experiments were performed according to the ethical guidelines of the
Federal University of Goids (CEUA/UFG, protocol n° 110/15), following
the Guide for Care and Use of Laboratory Animals.

2.3. Experimental design

We used 30 adult female and 30 adult male gerbils (Meriones un-
guiculatus), all between 90 and 120 days old, for mating. We randomly
matched one male to one female to form independent families. The
mating day was determined by the presence of spermatozoa in the
vaginal smears; this day was considered as day zero, being the initial
day of the gestational period [19]. After birth, pups (48 male and 48
female) were destined to form the following groups: Control group (C) —
animals received oral doses of the dilution vehicle (corn oil; 100 pL/
animal) from the 15th until 42nd day of postnatal life (impubertal or
prepubertal phase according to Pinto-Fochi et al. [20]; Chrysin group
(Chr) — animals received oral doses of chrysin (25 mg/kg/day; ac-
cording to the dose used by Darwish et al. [6]) from the 15th until the
42nd day of postnatal life; Testosterone group (T-positive control
group) — animals received subcutaneous injections of testosterone cy-
pionate (1 mg/kg/week; Deposteron/EMS) from the 15th until the
42nd day of postnatal life. Male and female gerbils were euthanized at
either 43 days (puberty onset) or 90 days (adult onset) of postnatal life.
In this way, 12 experimental subgroups were formed (Fig. 1). All ani-
mals (n = 8/subgroup) were euthanized by a lethal dosage of an-
esthesia (100 puL/100 g), which was prepared with a mixture (propor-
tion of 1/1) of anesthetic (Cetamin, Syntec) and muscle relaxant
(Xylazine, Vetbrands). The body, gonadal and whole prostatic complex
(correspondent urethral segment, ventral, dorsolateral and dorsal
prostate lobes in males; and vaginal segment, corresponding urethral
segment and prostatic tissue in females) were weighed.

2.4. Light microscopy

The whole prostatic complex (n = 8 glands/group) were fixed by
immersion in methacarn (proportions: methanol 60%, chloroform 30%,
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'Body, prostate complex and testicular weight in all experimental groups (n = 8/group). *Stereological data obtained for the ventral prostate in all experimental groups (n = 30 fields in

+

3 animals/group). Values are means

standard error of mean. Superscript letters (a,b,c) represent statistically significant differences between the experimental groups (p < 0.05).

PUB ADULT

C Chr T C Chr T
'Biometry
Body weight (g) 27.2 + 2.4 296 + 1.8 252 + 1.4 64.4 + 3.2 57.6 = 1.5 68.4 = 3.5
Prostate complex weight (g) 0.06 = 0.01 0.07 * 0.01 0.06 = 0.01 0.8 + 0.04 0.6 + 0.03 0.8 + 0.02
Testes weight (g) 0.04 + 0.01 0.04 + 0.01 0.04 + 0.01 1.0 = 0.06 0.7 = 0.05" 1.5 = 0.10°
2Stereology (%)
Epithelium 28.3 = 1.0 28.7 = 0.9 26.9 + 1.4 17.9 = 0.8% 253 = 1.5° 28.7 = 1.1°
Lumem 7.4 + 0.6 7.9 + 0.7° 29.7 + 2.6° 56.4 + 1.5% 48.6 + 2.2° 41.0 + 2.1°
Muscle stroma 27.4 * 1.1* 25.5 + 1.4 21.1 = 1.7° 8.1 = 0.5° 10.9 + 0.6° 11.4 * 0.5°
Non-muscle stroma 36.8 = 1.3% 37.8 = 1.42 221 + 1.9° 17.4 = 1.3 15.1 = 1.0 18.6 * 1.8

Table 2

'Body, prostate complex and ovarian weight in all experimental groups (n = 8/group). *Stereological data obtained for the female prostate in all experimental groups (n = 30 fields in 3

+

animals/group). Values are means

standard error of mean. Superscript letters (a,b,c) represent statistically significant differences between the experimental groups (p < 0.05).

PUB ADULT

C Chr T C Chr T
Biometry
Body weight (g) 26.0 + 1.5 28.4 + 1.0 25.6 + 0.7 46.8 + 4.0 51.6 + 2.3 54.4 + 1.2
Prostate complex weight (g) 0.07 + 0.006 0.04 + 0.008 0.06 = 0.006 0.14 + 0.03 0.14 + 0.03 0.31 + 0.01
Ovary weight (g) 0.01 * 0.002 0.02 + 0.001 0.02 + 0.004 0.02 + 0.003 0.03 + 0.001 0.01 + 0.003
2Stereology (%)
Epithelium 26.7 + 1.1° 23.7 + 1.5*° 28.2 + 1.0°¢ 22.6 + 0.9° 33.3 + 1.3° 27.8 + 1.3°
Lumem 26.2 + 2.8% 28.07 + 3.4° 385 + 1.8° 34.9 + 222 24.4 + 2.2° 26.0 = 1.8°
Muscle stroma 20.4 + 1.2° 22.2 + 1.5° 13.8 = 0.5° 125 = 0.6 12.0 = 0.5 11.4 = 0.6
Non-muscle stroma 27.2 + 2.2° 259 + 2.2° 19.7 = 1.4° 29.7 + 1.8 301 + 1.7 346 + 1.1

and acetic acid 10%) for four hours at 4 °C, or in 4% paraformaldehyde
(buffered in 0.1 M phosphate, pH 7.2) for 24 h. Then, the tissues were
dehydrated through an ethanol series, embedded in paraffin (Histosec,
Merck, Darmstadt, Germany), and sectioned at 5pum on a Leica mi-
crotome (Leica RM2155, Nussloch, Germany). The sections were
stained by hematoxylin-eosin (HE). The specimens were analyzed and
digitized using a Zeiss Axioscope Al light microscope (Zeiss, Germany).

2.5. Stereology

The stereological analyses were carried out using Weibel's multi-
purpose graticulate with 130 points and 10 test lines [21]. The relative
frequency of each component of the prostatic tissue (epithelium, lumen,
non-muscle stroma and muscle stroma) was determined. We chose 30
microscopic fields at random from each experimental group (six fields
per animal; n = 5). We determined the relative frequency by counting
the coincident points in the test grid and dividing them by the total
number of points. Stereological analysis was performed using Image-
Pro Plus software v6.1 for Windows (Media Cybernetics Inc., Silver
Spring, MD, USA).

2.6. Immunohistochemistry

Female and ventral male prostate sections were subjected to im-
munohistochemistry to detect androgen receptor (AR), estrogen re-
ceptor-alpha (ERa) and proliferating cell nuclear antigen (PCNA)
(n = 3 animals/group). The sections were deparaffinized in xylene and
rehydrated through a decreasing alcohol series. Antigen retrieval was
performed in a citrate buffer (pH 6.0). For detection of primary anti-
bodies, the Leica BIOSYSTEMS NovoLink Polymer Detection System
(RE7150-K, United Kingdom) kit was used. Endogenous peroxidase
activity was neutralized with Novocastra Peroxidase Block, and after-
wards Novocastra Protein Block was used to reduce non-specific
binding of the primary antibody and polymer. Primary antibodies
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reactive to AR (rabbit polyclonal IgG, N-20, sc-816, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), ERa (rabbit polyclonal IgG, MC-
20, sc-542, Santa Cruz Biotechnology), and PCNA (mouse monoclonal
IgG2a, SC 56, Santa Cruz Biotechnology, CA, USA) were employed at a
dilution of 1:100 overnight at 4 °C. On the next day, Novocastra Post
Primary and Polymer were used as secondary antibodies. The sections
were stained with DAB Chromogen and DAB Substrate Buffer (in a
proportion of 1:20), and finally counterstained with hematoxylin. The
histological sections were analyzed using a Zeiss Axioscope Al light
microscope (Zeiss, Germany).

2.7. AR, ERa and PCNA quantification

For AR, ERa, and PCNA quantification, 30 microscopic fields (n = 3
animals/group; magnification of 400 x) were used for each experi-
mental group. In each field, the total number of positive epithelial and
stromal cells was obtained as a relative frequency (%) in relation to the
total number of cells. All these analyses were performed using the
image analysis system previously described.

2.8. Statistical analyses

The hypothesis tests employed to determine statistical significance
were the Kruskal-Wallis test for non-parametric distributions and the
ANOVA for parametric distributions. Further determination of the sig-
nificant statistical differences between experimental groups was done
using Dunn's test for non-parametric distributions and the Tukey's test
for parametric distributions. The data were analyzed using Statistica 7.0
(StatSoft, Inc., Tulsa, OK, USA). The level of significance was set at 5%
(p < 0.05). Values are presented as mean * standard error of the
mean (SEM).
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Fig. 2. Histological sections of ventral male prostate stained by HE method. Epithelium
(Ep), lumen (L), stroma (S). Scale bar: 20 pm.
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Fig. 3. Histological sections of female prostate stained by HE method. Epithelium (Ep),

lumen (L), stroma (S), epithelial hyperplasia (arrows), stromal reshuffling (*). Scale bar:
20 pm.
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Fig. 4. AR immunolocation in male ventral prostate. Arrowheads indicate AR-positive
cells in epithelium (Ep) and stroma (S)Lumen (L). Scale bar: 10 pm.

2.9. Plasma total testosterone dosage

Blood samples were obtained immediately after the euthanasia, by
cardicac puncture of gerbils. Considering the small size of gerbils, this
procedure allows to obtain an adequate volume to perform the serum
dosages. The serum was separated by centrifugation (3000 rpm) and
stored at — 20 °C for subsequent hormone analysis. Circulating serum
testosterone levels were determined by Competitive Enzyme im-
munoassay (Monobind Inc., AccuBind, Lake Forest, USA). The sensi-
tivity was 0.0576 ng/mL.

3. Results
3.1. Biometry

Pubertal exposure to chrysin and to testosterone did not change
body, testicular and prostatic weight in pubertal males (Table 1).
However, testosterone-treated adult males showed increased testis
weight, whereas chrysin-treated adult males had a reduction of this
organ (p < 0.05). We found no biometrical changes for the analyzed
females (Table 2).

3.2. Morphology and stereology

Prepubertal exposure to chrysin did not change ventral prostate
morphology in pubertal male gerbils (Fig. 2a-b, Table 1). However,
testosterone exposure caused an increase in the prostate alveolus in
pubertal males (Fig. 2c, Table 1). In adult males, either chrysin or
testosterone promoted an increase in epithelium and muscle stroma
frequency, besides a reduction in the luminal compartment (Fig. 2d—f;
Table 1).

In pubertal females, only testosterone changed morphological and
stereological parameters of the prostate, increasing the luminal
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Table 3
Frequency (%) of AR and PCNA-positive cells in the male ventral prostate of all experimental groups. Values are means *+ standard error of mean. Superscript letters®™™ represent
statistically significant differences between the experimental groups (p < 0.05).

PUB ADULT

C Chr T C Chr T
AR
Epithelium 72.7 = 0.8% 78.8 + 0.6" 89.1 + 0.6 72.9 + 0.7% 80.9 + 0.6" 84.8 + 0.5¢
Stroma 329 + 1.6% 282 + 1.0° 382 + 1.5° 21.4 + 1.1° 26.7 + 1.3° 259 + 0.9°
PCNA
Epithelium 8.3 + 0.4 9.2 + 0.3° 11.4 = 0.3° 6.2 + 0.2° 9.0 + 0.3° 7.6 £ 0.2¢
Stroma 6.5 + 0.5° 7.6 + 0.3° 8.6 + 0.2° 7.5 + 0.3° 8.3 + 0.2° 9.6 + 0.3°

FEMALE FEMALE

Fig. 5. AR immunolocation in female prostate. Arrowheads indicate AR-positive cells in Fig. 6. ERa immunolocation in female prostate. Arrowheads indicate AR-positive cells in
epithelium (Ep) and stroma (S)-Lumen (L). Scale bar: 10 pm. stroma (S).Epithelium (Ep), Lumen (L). Scale bar: 10 pm.

compartment, and decreasing muscle and non-muscle stroma 3.3. Androgen receptor

(Fig. 3a—c; Table 2). However, in adult females, both drugs promoted

similar alterations, including epithelial hyperplasia and stromal re- Prepubertal exposure to chrysin increased AR immunostaining in
shuffling (Fig. 3d—f; Table 2). epithelium of the pubertal and adult males, and in the stroma of adult

males. However, pubertal and adult testosterone-treated males showed

Table 4
Frequency (%) of AR, ERa and PCNA-positive cells in the female prostate of all experimental groups. Values are means + standard error of mean. Superscript letters®® represent
statistically significant differences between the experimental groups (p < 0.05).

PUB ADULT

C Chr T C Chr T
AR
Epithelium 49.4 + 1.3° 63.2 + 1.0° 79.2 + 0.9 50.3 + 0.7° 74.6 * 0.9° 84.6 + 0.9
Stroma 24.0 = 1.5% 31.0 = 1.5° 329 + 2.1° 19.7 * 1.0° 31.7 = 1.1° 27.2 + 1.0°
ERa
Stroma 18.3 + 0.8% 30.1 = 1.0° 22.7 + 0.6 20.6 = 0.8% 28.9 + 0.9° 25.3 + 0.5°
PCNA
Epithelium 8.8 + 0.3° 9.8 + 0.3% 11.0 * 0.4° 5.9 + 0.3% 9.7 * 0.3° 7.1 * 0.2¢
Stroma 8.9 + 0.3° 12.6 + 0.5° 10.2 * 0.3¢ 6.7 + 0.3 7.4 * 0.2 6.9 + 0.1

141
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Fig. 7. Immunohistochemistry for PCNA in male ventral prostate of the all experimental
groups. Arrowheads indicate PCNA-positive cells in epithelium (Ep) and stroma (S).
Lumen (L). Scale bar: 10 pm.
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Fig. 8. Immunohistochemistry for PCNA in female prostate of the all experimental
groups. Arrowheads indicate PCNA-positive cells in epithelium (Ep) and stroma (S).
Lumen (L). Scale bar: 10 pm.
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higher epithelial immunostaining for AR when compared with the
control and chrysin groups (Fig. 4; Table 3).

In females, either chrysin or testosterone were able to increase AR
immunostaining in both the epithelium and prostate stroma of pubertal
and adult animals (Fig. 5; Table 4). However, testosterone exposure
promoted a superior increase in AR-positive epithelial cells when
compared with chrysin treatment (Table 4).

3.4. Estrogen receptor alpha

In this study, we did not succeed in achieving ERa reactions in male
gerbils. In females, either chrysin or testosterone caused a significant
increase in stromal immunostaining in pubertal and adult glands
(Fig. 6; Table 4). However, pubertal and adult females exposed to
chrysin showed an increased ERa immunostaining when compared
with testosterone-exposed females (Table 4).

3.5. Proliferating cell nuclear antigen receptor

PCNA-positive cells were observed in both epithelium and stroma
compartments of all experimental groups (Figs. 7 and 8). In pubertal
males, we observed that chrysin did not change the proliferative rate of
the ventral prostate (Fig. 7a-b; Table 3). However, animals exposed to
testosterone showed an increase of epithelial and stromal PCNA-posi-
tive cells (Fig. 7c; Table 3). Adult males exposed to chrysin showed an
increase in epithelial PCNA, whereas testosterone-exposed males had
an increase in epithelial and stromal PCNA immunostaining (Fig. 7d—f;
Table 3).

Pubertal females exposed to chrysin showed an increase in stromal
PCNA, whereas females exposed to testosterone had an increase in
epithelial and stromal immunostaining (Fig. 8a—c, Table 4). In adult
females, only the epithelial compartment showed an increase in the
frequency of PCNA-positive cells, with this increase being more ex-
pressive in females exposed to chrysin (Fig. 8d—f, Table 4).

3.6. Testosterone plasma levels

Chrysin supplementation did not cause statistically significant
changes in the testosterone serum levels of the male and female gerbils
(pub and adult). However, testosterone treatment caused a significant
increase of the testosterone levels in males and females of the pub group
(Fig. 9; p < 0.05).

4. Discussion

In this study we demonstrated the morphology, and the im-
munolocation of AR, ERa, and PCNA in the prostate of pubertal and
adult gerbils exposed to chrysin or testosterone during prepubertal
development. As expected and also reported in previous assays re-
garding androgenization of gerbil prostate development [22,23], pub-
ertal males and females exposed to testosterone during the prepubertal
phase showed an increase in cellular proliferation, intense prostate
development and higher testosterone plasma levels. However, in the
present study we did not observe similar results for the pubertal animals
exposed to chrysin. Male and female pubertal gerbils exposed to chrysin
did not show changes of body, prostate, or gonadal weight. Testos-
terone plasma levels also did not change in Chr-treated gerbils. The
prostate of the Chr animals did not show any structural or proliferative
change, but exhibited a higher AR (male and female) and ERa (female)
immunostaining.

Several in vivo studies have shown that chrysin causes increased
bioavailability of testosterone, both by inhibiting the conversion of
testosterone to estrogen by the aromatase enzyme [3,7,8,11] and by
stimulating androgen synthesis via increased StAR gene expression in
Leydig cells [5,6]. However, in pubertal gerbils treated with chrysin we
did not find testosterone boosting or histological alterations similar to
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those observed in rodents submitted to androgenic stimuli [24,25].
Studies demonstrated an increase in serum testosterone levels when
rodents were exposed to chrysin doses ranging between 25 and 80 mg/
kg/day [3,6,26]. Still, in a recent study, roosters supplemented with
chrysin (25, 50 or 75 mg/kg/day) during 12 weeks showed a testos-
terone increase only when exposed to the higher dosage (75 mg/kg)
[27]. Thus, we hypothesized that the chrysin dose employed in this
study (25 mg/kg/day) was not sufficient to cause testosterone boosting
and consequent prostate development in male and female pubertal
gerbils.

On the other hand, interestingly, the pubertal gerbils exposed to
chrysin showed upregulation of AR (males and females) and ERa (fe-
males). This increase in the frequency of AR and ERa immunostaining
appears to be permanent, since males and females of adult gerbils that
were exposed to chrysin during prepubertal development also had a
higher frequency of AR- and ERa-positive cells. The interaction of
chrysin with hormone receptors is poorly understood, but some in vitro
studies have demonstrated the effects of flavonoids on androgenic and
estrogenic receptors [28,29,30]. Studies with other flavonoid types
(quercetin, apigenin, naringenin) have demonstrated that these com-
pounds may act as an antagonist of AR, through direct competition with
endogenous androgens [30,31]. In addition, several studies have shown
that chrysin can bind to both forms of estrogen receptors (ERa and
ERp), triggering estrogenic or anti-estrogenic responses [28,29], [32].
In this study, the upregulation of AR and ERa in pubertal gerbils ex-
posed to chrysin did not promote immediate morphofunctional changes
in the prostate, since these glands had histology similar to the control
group. However, the persistence of high AR- and ERa-positive cell rates
during adult life promoted a significant alteration in gerbil prostate
morphophysiology. Thus, adult males and females exposed to chrysin
showed tissue changes similar to those observed in animals treated with
testosterone. These changes include increased cell proliferation, epi-
thelial hyperplastic development and increased secretory capacity. In
this context, we believe that the prostate overstimulation has resulted
from the interaction of chrysin with AR and ERa during prepuberal
development.

Although the health benefits of the polyphenols are widely de-
monstrated, the most abundant flavonoids in the human diet are not
necessarily the most bioactive [1]. Gambelunghe and colleagues
showed that the intake of chrysin-rich foods (propolis and honey) for
21 days does not alter the testosterone levels in adult men [33]. Since
the bioavailability of chrysin from plant foods is low, the intake of
flavonoid-rich supplements has grown greatly in recent years, mainly
due to its anticancer, antioxidant and anti-inflammatory properties
[4,10]. However, many studies suggest that excessive chrysin intake
can be harmful to health, particularly in specific populations, such as
pregnant women, newborns and patients with hormone-dependent tu-
mors, since chrysin can interfere with biological responses evoked by
estrogens [1,27]. In rodents, postnatal development and maturation of
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the prostate extends to the end of puberty end (~3 months old) [34].
During this process, several genes are expressed at specific sites and
times, under the precise regulation of androgens and estrogens [12,15].
Thus, any disruption of the endogenous hormonal environment during
this period may cause irreversible changes in prostate morphology. In
this context, the results of this study demonstrate that chrysin exposure
during prepubertal development permanently alters the regulation of
androgenic and estrogenic receptors in the male and female prostate,
allowing the formation of proliferative and super activated adult
glands. These findings suggest that chrysin consumption should be
carried out with caution, especially at critical stages of the development
of hormone-dependent organs.

5. Conclusion

In conclusion, chrysin exposure during prepubertal development
disrupted the regulation of androgenic and estrogen receptors in the
prostate, potentiating the response of this gland to the biological effects
of endogenous steroids. As a result, the prostates, in adult animals, have
become more proliferative and developed. Thus, excessive phytoes-
trogen consumption during critical development stages should be con-
sidered with caution, since chrysin may permanently alter the mor-
phophysiology of hormone-dependent organs.
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