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Alternative Pharmacological Approach to Male Infertility: 
Anti-Aromatase Compounds: A Systematic Review 
Erkek İnfertilitesine Alternatif Farmakolojik Yaklaşım:  
Anti-Aromataz Bileşikler: Sistematik Derleme 
     Münevver Nazlıcan ZENGİNa,     Yasemin ŞAHİNa,     Osman ÇİFTÇİa 
aDepartment of Pharmacology, Pamukkale University Faculty of Medicine, Denizli, Türkiye

ABS TRACT Infertility is a reproductive system disease in which preg-
nancy does not occur despite long-term, regular and unprotected sex-
ual intercourse. In the near future, it is estimated that approximately 
15% of the world population will be affected by infertility and the ma-
jority of this will be male-induced infertility. In male infertility, 90% 
defective sperm production is effective and it is known that in infertile 
men, as a result of the increase in estrogen levels due to aromatase ac-
tivity, the testosterone/estradiol ratio may decrease and spermatogene-
sis is impaired. Therefore, research on increasing intratesticular 
testosterone levels and improving impaired spermatogenesis has fo-
cused on aromatase inhibitors. However, since the efficacy and safety 
of aromatase inhibitors have not been clarified, it has been thought that 
anti-aromatase compounds with fewer side effects and stronger effi-
cacy can be used as alternative therapeutic agents in the treatment of in-
fertility. Phytoestrogens are estrogenic plant-derived compounds. Many 
have been shown to have aromatase inhibition, thereby increasing 
testosterone levels. In addition, it is known that there are different 
mechanisms that affect spermatogenesis apart from binding to estro-
gen receptors in their effects on the male reproductive system. There-
fore, our aim is to review the latest developments and treatment 
approaches to natural polyphenolic compounds with anti-aromatase ac-
tivity in male infertility. According to the literature, the most commonly 
used anti-aromatase compounds include resveratrol, quercetin, api-
genin, and naringenin. All the compounds in this review were found to 
have positive effects on male infertility. 
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ÖZET İnfertilite; uzun süreli, düzenli ve korunmasız cinsel ilişkiye 
rağmen gebeliğin oluşmadığı bir reprodüktif sistem hastalığıdır. Yakın 
gelecekte ise dünya nüfusunun yaklaşık %15’inin infertiliteden etkile-
neceği ve bunun çoğunluğunun erkek kaynaklı infertilite olacağı tahmin 
edilmektedir. Erkek infertilitesinde %90 oranında kusurlu sperm üre-
timi etkilidir ve infertil erkeklerde, aromataz aktivitesine bağlı östro-
jen seviyelerindeki artış sonucunda testosteron/östradiol oranının 
azalabildiği ve spermatogenezin bozulduğu bilinmektedir. Bu nedenle 
intratestiküler testosteron seviyelerinin artırılması ve bozulmuş sper-
matogenezin iyileştirilmesine yönelik araştırmalarda aromataz inhibi-
törleri üzerine odaklanılmıştır. Ancak aromataz inhibitörlerinin etkinliği 
ve güvenirliliği netlik kazanmadığı için infertilite tedavisinde daha az 
yan etki ve daha güçlü etkinliğe sahip anti-aromataz bileşikleri alternatif 
terapötik ajanlar olarak kullanılabileceği düşünülmüştür. Fitoöstrojen-
ler, östrojenik bitkisel kaynaklı bileşiklerdir. Birçoğunun aromataz in-
hibisyonuna sahip olduğu ve bu şekilde testosteron düzeyini artırdığı 
gösterilmiştir. Bunun yanında, erkek üreme sistemi üzerindeki etkile-
rinde östrojen reseptörlerine bağlanmanın dışında spermatogenezi et-
kileyen farklı mekanizmaların olduğu da bilinmektedir. Bu yüzden 
amacımız, erkek infertilitesinde anti-aromataz etkinliğe sahip doğal 
polifenolik bileşikler hakkında son gelişmeleri ve tedavi yaklaşımla-
rını derlemektir. Literatüre göre en yaygın kullanılan anti-aromataz 
bileşikler arasında resveratrol, kuersetin, apigenin ve naringenin yer 
almaktadır. Bu derlemede yer alan tüm bileşiklerin ise erkek infertili-
tesinde olumlu etkiler gösterdiği belirlenmiştir. 
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Infertility is a reproductive system disease in 
which pregnancy does not occur despite long-term, 
regular and unprotected sexual intercourse. Accord-
ing to data from the World Health Organization, 48 
million couples and 186 million people have infertil-

ity problems. It is estimated that approximately 15% 
of the world population will be affected by infertility 
in the near future.1 The absence of sperm, morphol-
ogy, and motility are among the most effective fac-
tors in male infertility, and defective sperm 
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production is effective at a rate of 90%.2 In the male 
reproductive system, leydig and sertoli cells have a 
vital role in spermatogenesis.3 It is known that as a 
result of high aromatase expression, spermatogen-
esis is disrupted and infertility problems occur. 
Aromatase is an enzyme of the cytochrome P450 
class, encoded by the CYP19A1 gene, responsible 
for the conversion of testosterone to estrone and an-
drostenedione to estradiol in estrogen biosynthesis.4 
The dominant role of homeostasis between estrogen 
and androgen in male fertility also supports the role 
of the aromatase enzyme in infertility.5 

Testicular development and maintenance of 
spermatogenesis are under the control of go-
nadotropins and testosterone. Estrogen plays a role in 
the regulation of pubertal growth, spermatogenesis, 
and gonadal functions.6,7 In men, estrogen hormone is 
synthesized in the range of 35-45 µg per day on av-
erage as a result of the aromatization of androgen in 
adipose tissue and testicles.8 There is a balance be-
tween estradiol, the most common form of estrogen, 
and testosterone, which is maintained by endocrine 
and paracrine factors.9 Testosterone and estradiol re-
duce the production of follicle-stimulating hormone 
and luteinizing hormone with a negative feedback 
mechanism on the pituitary and hypothalamus.10,11 It 
has been reported that in infertile men, as a result of 
the increase in estrogen levels due to aromatase ac-
tivity, the testosterone/estradiol ratio may decrease 
and spermatogenesis may be impaired.12 Therefore, 
therapeutic approaches to increase intratesticular 
testosterone levels have been developed and focused 
on aromatase inhibitors. 

However, since the efficacy and safety of aro-
matase inhibitors are not clear, anti-aromatase com-
pounds with fewer side effects and stronger efficacy 
can be used as alternative therapeutic agents in the 
treatment of infertility.13-15 Therefore, our aim is to 
review the latest developments and treatment ap-
proaches to natural polyphenolic compounds with 
anti-aromatase activity in male infertility. 

 AROMATAsE INhIBITORs 
Aromatase inhibitors can be classified in 2 different 
ways according to their structure (steroidal and non-

steroidal) or effects (first, second, and third-genera-
tion). Steroidal inhibitors mimic androstenedione 
substrate and bind aromatase irreversibly (formestane 
and exemestane). Non-steroidal inhibitors, on the 
other hand, bind to heme iron in the enzyme struc-
ture and inhibit enzyme activity reversibly (anastro-
zole and letrozole). First-generation aromatase 
inhibitors (aminoglutethimide) are weak efficacy and 
non-specific, whereas third-generation aromatase in-
hibitors (letrozole and anastrozole) are more potent 
and more specific.16 The efficacy, specificity, and 
toxicity of second-generation aromatase inhibitors 
(formestane and fadrozole) are between the other 2 
generations.17 Letrozole and anastrozole, which are 
non-steroidal inhibitors classified as the third-gener-
ation, are widely used in the treatment of breast can-
cer and polycystic ovary today. 

When aromatization of androgens to estrogens 
is inhibited as a result of its use in men, the negative 
feedback effect of estradiol on the hypothalamo-pi-
tuitary-gonadal axis is eliminated, resulting in an in-
crease in testosterone levels.18 Therefore, it can be 
preferred as an alternative therapeutic way to reduce 
estrogen levels in the treatment of hypogonadism and 
gynecomastia.16 Although its use in male infertility 
has been reported in many clinical studies and case 
reports, infertility has not completely disappeared.17 
In addition, many side effects such as loss of libido 
have been seen in clinical studies, especially for 
letrozole. In long-term use, it may increase the risk 
of osteoporosis by decreasing bone mineral den-
sity.18 For this reason, studies on the efficacy and 
safety of aromatase inhibitors in male infertility 
continue (Figure 1). 

Phytoestrogens are plant-derived compounds 
that can bind to estrogen receptors due to their estro-
gen-like chemical structure and are classified into 
subclasses such as hydroxybenzoic acids, antho-
cyanins, flavonols, isoflavones, stilbenes, and lig-
nans. It has been reported that it is found in the seeds, 
roots, stems, leaves, and fruit parts of many plants 
and therefore is widely consumed in the diet of hu-
mans.19 Due to its anti-inflammatory and antioxidant 
properties, its use in the treatment and prophylaxis of 
obesity, diabetes, and cardiovascular diseases is being 
investigated.20 It has been reported that there are dif-

Münevver Nazlıcan ZENGİN et al. J Reconstr Urol. 2023;13(1):28-37

29



ferent mechanisms affecting spermatogenesis apart 
from binding to estrogen receptors in their effects 
on the male reproductive system.21 Obtaining both 
positive and negative results between a regular diet 
containing phytoestrogen and sperm morphology 
supports that it is effective through different mecha-
nisms.22 Studies with phytoestrogens mostly focused 
on inhibition of aromatase, and some compounds 
were evaluated in vivo on testicular activity. As men-
tioned above, although aromatase inhibitors show a 
better effect profile, they usually cause serious side 
effects such as decreased bone mineral density, os-
teoporosis, musculoskeletal disorders, and changes 
in lipid profiles. Therefore, natural products that have 
a long history of use in traditional medicine and also 
exhibit aromatase inhibitory activity may offer in-
creased clinical efficacy and reduced side effects over 
aromatase inhibitors. 

REsVERATROL 
Resveratrol was first detected in veratrum grandiflo-
rum resins; is a natural polyphenol found in high lev-
els in grapes, blueberries, blackberries, and peanuts. 
Resveratrol is in the structure of phytoalexin and is 
synthesized by the stilbene synthase enzyme.23 It has 
been reported to have curative effects in many dis-
eases such as obesity, hypertension, stroke, diabetes 
mellitus, Alzheimer’s, and male infertility due to its 
antioxidant, anti-inflammatory, and antitumoral prop-
erties.24 Recent studies; reported that resveratrol pro-
tects fertilization capacity, and regulates sperm 

motility and morphology by activating adenosine 
monophosphate-activated protein kinase. However, 
the molecular effect mechanism showing 
positive/beneficial effects on sperm parameters has 
not been fully elucidated.25,26 Studies evaluating the 
effects of resveratrol on male infertility are summa-
rized in Table 1. In addition to all these positive as-
pects, resveratrol also has disadvantages. Despite a 
great deal of preclinical research, little progress has 
been made in clinical trials, greatly limiting the ap-
plication of resveratrol in the situation.27 The long-
term risks and pharmacological mechanisms of 
resveratrol supplementation are not fully understood, 
so more randomized controlled trials are needed.28 In 
addition, its clinical therapeutic efficacy is greatly 
limited due to its low absorption rate, rapid 
metabolism, and low bioavailability. Therefore, var-
ious strategies, including nano drug delivery systems, 
are being developed to increase the bioavailability 
and pharmacological activity of resveratrol. In addi-
tion, extraction of resveratrol from plants is very dif-
ficult and costly. It has a low purity rate. Therefore, 
a way to produce high purity resveratrol from cheap 
raw materials is sought.29,30 

ChRYsIN 
Chrysin; is a natural flavonoid that is found in high 
levels in plant extracts, honey, and propolis, and 
shows antitumoral, antioxidant, anti-inflammatory, 
and cardioprotective properties.31,32 It has also been 
shown to have strong aromatase inhibitory properties 
and, accordingly, to prevent the decrease in testos-
terone levels in aged rats. Therefore, it can be applied 
prophylactically for the testosterone level that de-
creases with aging.33,34 In a study on experimental an-
imals, it was reported that it protected the testicular 
antioxidant capacity and increased semen quality in 
rats.31 Studies evaluating the effects of chrysin on 
male infertility are summarized in Table 2. Like 
resveratrol, chrysine has several disadvantages that 
limit its therapeutic use. These include poor absorp-
tion, rapid metabolism, short circulatory stability, and 
poor bioavailability. To overcome the mentioned dis-
advantages of chrysin, new chrysin formulations such 
as nanoparticles, nanofibers and liposomes play an 
important role in enhancing its therapeutic activity.35 
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FIGURE 1: Aromatase inhibitors on the hypothalamus-pituitary-gonadal axis.
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APIGENIN 
Apigenin, also known as 4,5,7-trihydroxy flavone, is a potential 
therapeutic agent with antioxidant, anti-inflammatory, antibacte-
rial, and antiviral properties that has been investigated in the treat-
ment of cancer due to its high anti-tumoral activity.36-39 By 
inhibiting the aromatase enzyme, apigenin can cause changes in 
semen parameters, androgen levels, and the hypothalamo-pituitary-
gonadal axis in the male reproductive system. Therefore, it can be 
used as a therapeutic agent in male infertility alone or in combina-
tion therapy.40 Antioxidant activity of apigenin has been demon-
strated in rat testis tissue.41 Its protective effects in the male 
reproductive system are thought to affect testosterone secretion 
through the cyclic adenosine 3’,5’-monophosphate (cAMP)-de-
pendent protein kinase-A (cAMP) signaling pathway.42 Therefore, 
it is necessary to elucidate the molecular mechanisms of action on 
different pathways. Studies evaluating the effects of apigenin on 
male infertility are summarized in Table 3. 

The low solubility and poor bioavailability of apigenin limit in 
vivo studies. Various drug delivery systems, including liposomes, 
micelles, nanoparticles, and nanogels, have been used to increase 
the solubility of apigenin and prolong the pharmacological dura-
tion of action. Moreover, for apigenin to be used as an effective 
therapeutic agent, it is necessary to determine its exact dose and 
further clinical trials are needed for this. In addition, the duality 
functions of apigenin should be considered due to the functional 
variation between antioxidant and prooxidant activities depending 
on the cell/tissue type and experimental models.43 

NARINGENIN 
Naringenin is a natural flavanone commonly found in many citrus 
fruits, especially grapefruit.44 The high antioxidant capacity and re-
active oxygen species (ROS) scavenging activity of naringenin was 
confirmed in invivo and in vitro experimental models.45,46 It has 
also been shown to be effective in the treatment of diabetes, 
atherosclerosis, and insulin resistance due to its effects on lipopro-
tein metabolism.47 Due to the various pharmacological activities of 
naringenin, it continues to be investigated in many areas including 
sepsis, fibrosis, and cancer in the literature.48,49 In an in vivo study 
using the Ehrlich ascites tumor model, it was shown that naringenin 
decreased the expression of aromatase.50 Demonstration of narin-
genin’s anti-aromatase activity has led to its prophylactic and ther-
apeutic use in male infertility like other phytoestrogens.51 In a study 
by Al‐Oanzi et al., it was shown that naringenin’s anti-inflamma-
tory and antioxidant activity in testicles improves diabetes mellitus-
based sexual dysfunction.52 Thanks to its anti-aromatase and 
antioxidant activity, naringenin can be used as an adjuvant in male 
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infertility by showing an improving effect on sperm parame-
ters. Studies evaluating the effects of naringenin on male in-
fertility are summarized in Table 4. 

Although naringenin has many different pharmacologi-
cal activities, some disadvantages should be considered. 
Chief among these is the inhibitory effect of the activity of 
some cytochrome P450 isoforms. If drugs metabolized by cy-
tochrome P450 are taken together with grapefruit, the bioac-
tive substances in citrus will reduce the enzyme activity and 
change the bioavailability of the drugs. However, the clinical 
use of naringenin is largely limited due to its low water sol-
ubility and bioavailability. In addition, the use of doses that 
cannot be administered to humans in animal studies is one of 
the factors limiting its clinical use. Although various ap-
proaches such as various enzymatic condensation techniques 
have been proposed to overcome the disadvantages that limit 
the clinical use of naringenin mentioned above, it is still not 
possible to sufficiently dissolve naringenin in water.53 There-
fore, the search for an effective and non-toxic carrier for 
naringenin will be an important step for clinical applications. 

QuERCETIN 
Quercetin is a vegetable flavonoid found in many plants and 
vegetables such as red onions, cabbage, and cabbage. It has 
strong antioxidant, anti-inflammatory, anti-tumoral, and 
metal chelating properties.54 Studies conducted with quercetin 
in cancer cell lines have shown that the anti-apoptotic effect 
occurs as a result of inhibition of the PI3K/AKT pathway.55 
It has also been reported to have a role in the prevention of 
DNA damage due to oxidative stress.56 Quercetin is known 
for its various pharmacological activities as well as a ROS 
scavenger in male infertility. In studies on streptozocin-in-
duced testicular dysfunction, improvement was observed due 
to its ROS scavenging properties and antioxidant effects.57 In 
a different study in the literature; Quercetin and resveratrol 
have been shown to reduce mitochondrial membrane poten-
tial in ram sperm and minimize sperm loss under sperm stor-
age conditions.58 Due to its anti-aromatase activity, quercetin 
is thought to contribute to spermatogenesis by increasing 
serum testosterone levels, improving sperm quality, and im-
proving sexual organ functions.59 Ranawat et al. reported that 
high dose quercetin showed pro-oxidant properties, affecting 
germ cells and impairing spermatogenesis.60 For this reason, 
it is necessary to examine dose-dependent activities and to 
conduct researches that illuminate the mechanisms of action. 
Several studies evaluating the effects of quercetin on male in- Ty
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fertility are summarized in Table 5. The metabolism of quercetin in the 
body is quite rapid, and as a result, the circulating time and bioavail-
ability of the active quercetin molecule are limited. This creates great 
differences between the in vitro pharmacological activity of quercetin 
and its in vivo activity. Also, quercetin has low water solubility, fur-
ther affecting its therapeutic potential. Since quercetin has a very low 
solubility in gastric and intestinal fluid, studies are needed to increase 
its aqueous solubility in order to maintain its levels in the blood and 
other tissues for a long time. In some studies, the effects of quercetin 
such as pro-oxidant activity, mutagenicity, genotoxicity, inhibition 
of enzymes responsible for hormone metabolism and mitochondrial 
toxicity have been evaluated.61 Toxicity and safety analyzes are 
needed for quercetin before it can be applied as a therapeutic 
molecule in clinics. 

 CONCLusION 
It has been reported that plant-derived polyphenolic compounds have 
many pharmacological activities. In particular, research on the mech-
anism of action on cancer, obesity, diabetes, cardiovascular, and neu-
rodegenerative diseases continues. In male reproductive system 
diseases, they can be used as pharmacological agents in the treatment 
of pathological conditions that cause infertility, such as insufficiency 
of leydig cells, decreased testosterone level, and impaired spermato-
genesis. According to the literature, the most widely used anti-aro-
matase compounds include resveratrol, quercetin, apigenin, and 
naringenin. All the compounds in this review were found to have pos-
itive effects on male infertility. However, it was determined that the 
studies were based on histopathological or biochemical methods and 
were insufficient to elucidate the mechanism of action. For this reason, 
more specific effects should be investigated by molecular methods, 
different combinations should be tried, various pharmacological forms 
should be compared and safety studies should be done. Thus, it can 
contribute to the presence of more effective and safe alternative phar-
macological agents in the use of natural resources in the treatment of 
diseases. 
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