Academic Science Journal

Appraisal the Importance of Dehydroepiandrosterone, Metabolites, and

Genus Aspergillus in Cancer Research

Raghda Mahmood Abdulghafoor Al-ani”
Department of Chemistry, Institute of Natural Science, Sakarya University, Turkey
“raghda.alani996@gmail.com

This article is open-access under the CC BY 4.0 license(http://creativecommons.org/licenses/by/4.0)

Received: 17 December 2024 Accepted: 19 February 2025
Published: October 2025

DOI: https://dx.doi.org/10.24237/ASJ.03.04.948A
Abstract

Steroids are natural compounds found in animals, plants, fungi, and some bacteria. Microbial

transformation plays a critical role in the biotransformation of steroids, enabling the production
of compounds with high regional and spatial selectivity. Cancer remains one of the most
significant scientific challenges, causing millions of deaths each year. Consequently, major
research efforts are focused on discovering new therapies, particularly due to the emergence of
certain fungi that exhibit anticancer properties, which could lead to innovative treatments.
Metabolites, which are intermediate products of biochemical processes in living organisms, are
essential for clinical diagnosis. Therefore, accurate detection of their concentrations is crucial.

In this work, 1 will describe an experiment published at the 1st International Karatekin Science
and Technology Congress, held from September 1-3, 2022 in Cankiri, Turkey. The aim is to
clarify the inputs, outputs, and processes to enhance the understanding of the key concepts
discussed here. The experiment focused on incubating dehydroepiandrosterone (DHEA) with
Aspergillus glaucus, which primarily resulted in the production of several hydroxylated
metabolites. Discussing this experiment as one of the experiments that produces metabolites as
a result of the biotransformation of steroids may have a major role in the development of
promising treatments for cancer.
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Introduction

Biotransformation means the alteration of chemical molecules in a biological system and the
produced metabolites may reach higher concentrations in the system than their parent
compounds. Living cells such as bacteria, filamentous fungi, animals, plants, algae, yeast, and
actinomycetes have been used as such biological systems [1].

The most effective and common application of biotransformation in manufacturing various
biologically active compounds is the microbial transformation of steroids [2].

Steroids are compounds with similar structures that can be found in both animals and plants.
They include cholesterol, vitamin D, bile acids, hormones produced by the adrenal cortex, and
sex hormones.

Historically, the term "sterol” referred specifically to crystalline alcohols and is derived from
the Greek word "stereos," which means solid.

Steroids have a molecular structure made up of four fused rings and play various roles in the
body, making them important in biology and chemistry [3].

The basic structure of all steroids is identical: cyclopentanoperhydrophenanthrene, composed
of four fused rings (Nes, 2011).

In the 18th century, the first therapeutic use of steroids was established by the English physician
William Withering, who treated edema using digitalis, a compound derived from the leaves of
the foxglove plant. Research on steroids progressed in the early 19th century with studies
focused on unsaponifiable substances, particularly cholesterol, animal fats, gallstones, and bile
acids. Cholesterol and some bile acids were isolated with a reasonable degree of purity, leading
to the discovery of significant properties related to their structure [4].

Biotransformation in the current integrated drug discovery landscape offers opportunities to
utilize insights from early-stage metabolic studies before selecting the final candidate for
development. Research has consistently highlighted the significance of biotransformation as a
crucial field of study, particularly in the conversion of natural bioactive compounds. [5].
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Microorganisms are capable of performing complex reactions that are often economically
unfeasible, such as chemical synthesis, due to their remarkable regioselectivity, chemo
selectivity, photo reactivity, and reversibility. Many specific microbial transformations have
been successfully integrated into steroid drug formulations and key mediators. This application
of microorganisms in steroid biotransformation has garnered significant attention within the
steroid chemistry community. Well-documented steroid transformations, including
hydroxylation, dehydrogenation, redox reactions, and Baeyer-Villiger oxidation, have been
identified in various microorganisms. Biotransformation methods are generally superior to
traditional chemical synthesis, particularly when it comes to the challenge of attaching an
oxygen atom to an inactive carbon atom in the steroid structure. As a result, these developments
have enabled the creation of methods that yield high quantities of functional steroid compounds
widely used in commercial production, such as corticosteroids [6].

Metabolomics are essential for the early detection and diagnosis of cancer, as well as for the
assess of medical interventions and cancer treatments. A key aspect of cancer metabolism is the
heightened dependence on aerobic glycolysis. This phenomenon has led to significant
advancements in analytical techniques and statistical methods within metabolomics, allowing
for a more in-depth exploration of cancer metabolism [7]. In the study published in
Multidisciplinary Digital Publishing Institute (MDPI), the researchers highlighted the
importance of marine natural products as major sources of bioactive molecules that have been
shown to modulate a variety of biological functions, including as antioxidant, antimicrobial, and
anticancer properties [8]. Scientists and researchers are trying to search nature for future drugs.
The intriguing world of endophytic fungi is one potential area of research because fungi have
been shown to make a variety of bioactive molecules with a wide range of biological effects. It
could be a source of bioactive chemicals because some of it have antioxidant and anticancer
capabilities [9].

In the study published in Frontiers in Oncology [10]. Researchers show that the main factors
that influence tumor metabolic patterns are the activation of oncogenes genes and the

inactivation of tumor suppressor genes. These changes lead to metabolic rewiring. In addition,
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tumor metabolism can vary greatly depending on the cancer-causing changes present in different
tumors.

DHEA (Dehydroepiandrosterone)

Dehydroepiandrosterone (DHEA) is a hormone that occurs naturally in the adrenal glands,
gonads, and mental levels in every organ decrease as one ages [11].

This hormone is important in pharmacology, and its biological activities can vary based on
hydroxylation at different positions. For instance, hydroxylation at the 9o and 16a positions is
crucial for the biological functions of glucocorticoids like dexamethasone. Similarly,
hydroxylation at the 11a position is vital for the anti-inflammatory effects of prednisolone [12].
It is essential to note that numerous earlier studies on the biotransformation of DHEA analogs
discovered a diverse array of metabolites [13].

The genus Aspergillus

Fungi are widely used in research on microbial steroid conversion. Their diverse set of
multifunctional enzymes can convert a large number of different types of steroids [14].

Fungi are a rich source of biologically active compounds with therapeutic potential. The genus
Aspergillus is particularly noteworthy in biological research due to its capacity to produce a
wide range of secondary metabolites. Many of these compounds demonstrate significant
biological activities, including antibiotic and anticancer properties. Aspergillus species produce
various compounds, such as alkaloids and butenolides, which are known for their anticancer
activity [15].

Aspergillus glaucus is a resilient xerophilic fungus capable of thriving in various environments
due to its physiological adaptations. This fungus may represent a mild pathogenic risk to humans
[16].

Material and Methods
In previous biotransformation experiment towards DHEA-analog steroids aimed at obtaining

new metabolites, they prepared a fungal growth medium by mixing 200 g of glucose, 5 g of
peptone, 3 g of malt extract, and 3 g of yeast extract in one liter of distilled water. This mixture
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was evenly distributed into ten 250 ml conical flasks and sterilized in a pressure vessel at 121
°C for 20 minutes.

After sterilization, aspergillus fungi were inoculated into each flask. The flasks were then
incubated for three days at 25 °C while shaking at 150 rpm. Following the incubation period, 1
g of substrate dissolved in 10 ml of dimethyl formaldehyde was added aseptically to each flask.
All flasks underwent the same conditions for an additional five days.

At the end of the incubation, the fungi were separated from the broth using vacuum filtration.
For further analysis, chromatography was performed on silica gel using concentrations of ethyl
acetate in n-hexane as a solvent. The outcomes from the incubation and column chromatography
were evaluated using 0.2 mm TLC plates, with a solvent mixture of ethyl acetate and n-hexane
in a 1:1 (v/v) ratio. For chromatographic development, the TLC plates were immersed in a
reagent mixture of anisaldehyde and H2SO4 and then heated at 120 °C for 3 minutes.

Infrared (IR) spectra were recorded, and 1H NMR spectra were acquired in chloroform solvent
CDCls at 300 MHz in addition to, 13C NMR spectra.

Results and Discussion

The outcomes derived from the incubation DHEA (1) (1 g) (in 10 mL of Dimethylformamide
DMF as a co-solvent) with A. glaucus MRC 200914 resulted in the generation of a certain
amount of starting material (122 mg) along with two metabolites: 33,1 1a-dihydroxyandrost-5-
en-17-one (2) and 3B,7a-dihydroxyandrost-5-en-17-one (3). This is illustrated in Fig. 1.
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Figure 1: Biotransformation of the substrate by A. wentii MRC 200316 [17].
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The result of elution with 70% ethyl acetate in n-hexane led to the production of 3B,11a-
dihydroxyandrost-5-ene-17-one (compound 8) in an amount of 338 mg, which corresponds to a
yield of 32%.

The acetylation using pure ethyl acetate resulted in the production of 3f,7a-hydroxyandrost-5-
en-17-one (compound 9) in an amount of 317 mg, at a concentration of 30%.

The metabolites obtained from the experiment are considered to be metabolites of the
biotransformation process of DHEA and have been the subject of extensive research in drug
development and cancer research and has been the subject of further clinical trials.

DHEA and its metabolites affect estrogen receptors a or 3, so evaluating the role of DHEA and
its metabolites in activating estrogen receptors is essential to understanding the biological events
of estrogen-mediated gene regulation in both normal and diseased tissues [18]. The differences
in the effects of DHEA on cells are because steroids may be metabolized differently in different
types of cells.

The Biological Significance of Dehydroepiandrosterone (DHEA)

Dehydroepiandrosterone is the most abundant steroid hormone found in human blood plasma.
Sterol hormone DHEA is obtained from the mitochondria in the cells of the gonads and adrenal
cortex. It has both preventive and therapeutic effects in treating major age-related diseases,
including cancer, atherosclerosis, diabetes, and obesity. Additionally, DHEA helps to counteract
the harmful effects of excessive cortisol exposure. Research has shown that low levels of DHEA
are associated with an increased risk of death from all causes [19].

Some studies have shown that DHEA and DHEA biotransformation are associated with
increased life expectancy and decreased life expectancy with age. Several studies have reported
that serum DHEA levels decline almost linearly as people age, although there is significant
inter-individual variability [20].

Anti-cancer agents from Aspergillus species

Dehydroepiandrosterone is one of the most abundant steroids in human blood. It is considered
a substrate that can be transformed using many types of microorganisms. It can also perform

various biological reactions, this result in a metabolism with beneficial biological activities and
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It is characterized by being many times more active than DHEA especially with regard to the
immune protection and immune regulation properties [21].

Several fungi have been used as a source of anticancer agents, and among fungi, species
belonging to the genus Aspergillus have received increasing attention, because these fungal
species have the ability to produce several secondary metabolic products with anticancer
properties against a variety of cancer cells [22].

Fungi play a crucial role in drug discovery due to their diverse medicinal properties, particularly
their anticancer and antioxidant activities. Bioactive natural products derived from marine fungi
frequently demonstrate anticancer effects, offering new therapeutic options for the treatment of
different types of cancer. Furthermore, fungal extracts have the potential to exhibit both
antibacterial and anticancer properties through various mechanisms [9]

Various Aspergillus species produce a variety of active secondary metabolites, such as
butanolides, alkaloids, terpenoids, and anthraquinone derivatives, all of which are of great
importance in the pharmaceutical and commercial industries. Metabolites produced by different
Aspergillus species have shown different biological activities, such as anti-inflammatory, anti-
cancer, antibacterial, and antiviral activities [23].

Aspergillus species have garnered research interest to focus on novel anticancer agents. Their
unique metabolic capabilities allow for the synthesis of a diverse array of biologically active
compounds, which have proven to be highly effective against various types of cancer. The
secondary metabolites of Aspergillus species, including terpenes, alkaloids, and polyketides,
have demonstrated cytotoxic activity against specific cancer cell lines, such as those associated
with colorectal cancer [24].

The Role of Metabolism in Cancer

Cancer cells are known for their rapid proliferation and their ability to constantly modify their
metabolism to support tumor growth and enhance their energy supply.

These metabolic changes involve several pathways, including altered glycolysis, imbalanced

lipid synthesis, excessive glutamine utilization, a shift toward the pentose phosphate pathway,
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and mitochondrial dysfunction. Together, these changes are referred to as metabolic
reprogramming.

This research has demonstrated that metabolic reprogramming in cancer cells is a hallmark of
cancer and plays a significant role in drug resistance [10].

Conclusion
Biotransformation of steroid compounds is a simple way to obtain hydroxy derivatives at

inactive positions. Although microbial strains capable of hydroxylation at any steroid position
are known, a new organism that can perform the desired transformations still needs to be
searched for.

Biotransformation of fungal steroids is an important process for creating novel steroid
derivatives with potential pharmacological activities, owing to their high regioselectivity and
stereoselectivity. There is a close relationship between the structure of the compound of steroids
and its biological activity, so it has become important to work on developing effective methods
to create active pharmaceutical ingredients, key intermediates and new derivatives, and
biotransformation are good substitute to chemical synthesis in getting steroid derivatives
Fungi have emerged as a promising source of bioactive organic compounds with antioxidant
and anticancer properties. Some Aspergillus species have shown the ability to generate
biochemicals with high antioxidant resistance, as well as the ability to produce antioxidants with
anticancer effects. A great deal of effort has been devoted to the analysis of natural compounds,
especially those derived from fungi.

Fungi have emerged as a rich source of bioactive compounds with therapeutic potential. The
genus Aspergillus occupies a special place in bioprospecting endeavors. Aspergillus species
have been recognized for their ability to produce a myriad of secondary metabolites, many of
which exhibit potent biological activities. These metabolites range from antibiotics and
immunosuppressant’s to agents with anticancer properties. Researchers should continue to
conduct studies that define the role of receptors in cancer and elucidate the mechanisms that
could lead to promising cancer treatments.

Source of funding: This research did not receive any funding from any source.

Volume: 3, Issue: 4, October 2025 P-ISSN: 2958-4612
197 E-ISSN: 2959-5568



Academic Science Journal

Conflict of Interest: The authors declare that they have no conflicts of interest.
Ethical clearance: This article does not contain any studies involving animals performed by
the author.
References
[1] V. H.O. Semih Otles, Biotransformation in the production of secondary metabolites,(2021),
DOI(https://doi.org/10.1016/B978-0-12-819485-0.00007-4)
[2] A. Cano-Flores, J. Gémez and R. Ramos, Biotransformation of Steroids Using Different
Microorganisms,(2020), DOI(https://doi.org/10.5772/intechopen.85849)
[3] R.B. Clayton, R. H. Kluger, steroid, References & edit history, (2025),
https://www.britannica.com/science/steroid
[4] R.B.C.Ronald, H. Kluger, steroid, (2024),
https://www.britannica.com/science/steroid

[5] K. Valentova, Biotransformation of Natural Products and Phytochemicals:
Metabolites, Their Preparation, and Properties, Int. J. Mol. Sci., 24(9), 8030 (2023),
DOI(https://doi.org/10.3390/ijms24098030)

[6] E. Koztowska, N. Hoc, J. Sycz, M. Urbaniak, M. Dymarska, J. Grzeszczuk, E.
Kostrzewa-Sustow, L. Stepien, E. Plaskowska & T. Janeczko, Biotransformation of
steroids by entomopathogenic strains of Isaria farinosa, Microb Cell Fact 17, 71
(2018), DOI(https://doi.org/10.1186/512934-018-0920-0)

[7] RD. Beger, A review of applications of metabolomics in cancer, Metabolites, 3(3):552-
74(2013), DOI(https://doi.org/10.3390/metabo3030552)

[8] N.N. Tamzi, M. M. Rahman, & S. Das, Recent Advances in Marine-Derived
Bioactives Towards Cancer Therapy, International Journal of Translational
Medicine, 4(4), 740-781(2024), DOI(https://doi.org/10.3390/ijtm4040051)

[9] A. G. Schwartz, Dehydroepiandrosterone, Cancer, and Aging, Aging and disease,
13(2), 423-432(2022), DOI(https://doi.org/10.14336/AD.2021.0913)

Volume: 3, Issue: 4, October 2025 P-ISSN: 2958-4612
108 E-ISSN: 2959-5568


https://doi.org/10.1016/B978-0-12-819485-0.00007-4
https://doi.org/10.5772/intechopen.85849
https://www.britannica.com/science/steroid
https://doi.org/10.3390/ijms24098030
https://doi.org/10.1186/s12934-018-0920-0
https://doi.org/10.3390/metabo3030552
https://doi.org/10.3390/ijtm4040051
https://doi.org/10.14336/AD.2021.0913

Academic Science Journal

[10] I. Giacomini, M. Montopoli, Editorial: Metabolism Meets Function: The Multifaced
Role of Metabolism in Cancer, Front Oncol., 4(12),906421(2022),
DOI(https://doi.org/10.3389/fonc.2022.906421)

[11] S. Charoensin, P. Pothacharoen, O. Wanachewin, P. Kongtawelert, M. Suttajit, Functional

foods in improving bone health during aging, chapter 15, (Elsevier, 2023),
DOI(https://doi.org/10.1016/B978-0-323-90581-7.00009-8)
[12] E. Koztowska,J. Sycz, and T. Janeczko, Hydroxylation of Progesterone and Its

Derivatives by the Entomopathogenic Strain Isaria farinosa KCh KW1.1., Int. J. Mol.
Sci. , 23(13), 7015(2022), DOI(https://doi.org/10.3390/ijms23137015)

[13] T. A. Fedotcheva, M. E. Uspenskaya, D. N. Ulchenko, and N. L. Shimanovsky,
Dehydroepiandrosterone and Its Metabolite 5-Androstenediol: New Therapeutic

Targets and Possibilities for Clinical Application, Pharmaceuticals , 17(9), 1186
(2024), DOI(https://doi.org/10.3390/ph17091186)

[14] T. Hosseinabadi, H. Vahidi, B. Nickavar, F. Kobarfard, Biotransformation of
Progesterone by Whole Cells of Filamentous Fungi Aspergillus brasiliensis, Iran J
Pharm Res., 14(3),919-24(2015)

[15] F.S. Youssef, E. Alshammari, and M. L. Ashour, Bioactive Alkaloids from Genus
Aspergillus: Mechanistic Interpretation of Their Antimicrobial and Potential SARS-
CoV-2 Inhibitory Activity Using Molecular Modelling, Int. J. Mol. Sci. , 22(4),
1866(2021), DOI(https://doi.org/10.3390/ijms22041866)

[16] C.Paulussen,J. E. Hallsworth, S. Alvarez-Pérez, W. C. Nierman, P. G. Hamill, D.

Blain, H. Rediers, B. Lievens, .Ecology of aspergillosis: insights into the pathogenic

potency of Aspergillus fumigatus and some other Aspergillus species, Microb
Biotechnol, 7, 10(2), 296-322(2016), DOI(https://doi.org/10.1111/1751-7915.12367)

[17] R. M. A. Al-ani, Dehidroepiandrosteron bilesiginin aspergillus glaucus kiifii ile
biyotransformasyonu = Biiotransformation of dehydroepiandrosterone by aspergillus
glaucus, (2023)

[18] K. K. Michael Miller, N. Al-Rayyan, M. M. lvanova, K. A. Mattingly, S. L. Ripp, C.

Volume: 3, Issue: 4, October 2025 P-ISSN: 2958-4612
199 E-ISSN: 2959-5568


https://doi.org/10.3389/fonc.2022.906421
https://doi.org/10.1016/B978-0-323-90581-7.00009-8
https://doi.org/10.3390/ijms23137015
https://doi.org/10.3390/ph17091186
https://doi.org/10.3390/ijms22041866
https://doi.org/10.1111/1751-7915.12367
https://www.sciencedirect.com/author/7004207221/carolyn-m-klinge

Academic Science Journal

M. Klinge, R. A. Prough, DHEA metabolites activate estrogen receptors alpha and
beta, Steroids, 78(1), January, Pages 15-25(2013),
DOI(https://doi.org/10.1016/].steroids.2012.10.002)

[19] A. G. Schwartz, Dehydroepiandrosterone, Cancer, and Aging, 13(2), 423-432(2022),
DOI(https://doi.org/10.14336/AD.2021.0913)

[20] R. T. Chatterton, Functions of dehydroepiandrosterone in relation to breast cancer,
Steroids, 179, March, 108970(2022),

DOI(https://doi.org/10.1016/j.steroids.2022.108970)
[21] Li-Hua Huang, Juan Li, Gong Xu, Xiang-Hua Zhang, Yang-Guang Wang, Ye-Lin Yin,

Hong-Min Liu, Biotransformation of dehydroepiandrosterone (DHEA) with
Penicillium griseopurpureum Smith and Penicillium glabrum (Wehmer) Westling,
Steroids, 75(13-14), 1039-1046(2010),
DOI(https://doi.org/10.1016/j.steroids.2010.06.008)

[22] E. Noman, M. M. Al-Shaibani, M. A. Bakhrebah, R. Almoheer, M. Al-Sahari, A. Al-
Gheethi, R. Mohamed, R. M. S., Y. Q. Almulaiky, & W. H. Abdulaal, Potential of
Anti-Cancer Activity of Secondary Metabolic Products from Marine Fungi, Journal of
Fungi, 7(6), 436(2021), DOI(https://doi.org/10.3390/jof7060436)

[23] H.Jangid, S. Garg, P. Kashyap, A. Karnwal, A. Shidiki, and G. Kumar,)
Bioprospecting of Aspergillus sp. as a promising repository for anti-cancer agents: a

comprehensive bibliometric investigation, Front. Microbiol., 15, 1379602(2024),
DOI(https://doi.org/10.3389/fmicb.2024.1379602)

[24] E. Koztowska, M. Urbaniak, N. Hoc, Cascade biotransformation of dehydroepiandrosterone
(DHEA) by Beauveria species, Sci Rep 8, 13449(2018), DOI(https://doi.org/10.1038/s41598-
018-31665-2)

Volume: 3, Issue: 4, October 2025 P-1SSN: 2958-4612
200 E-ISSN: 2959-5568


https://www.sciencedirect.com/author/7004207221/carolyn-m-klinge
https://www.sciencedirect.com/author/7005555537/russell-a-prough
https://doi.org/10.1016/j.steroids.2012.10.002
https://doi.org/10.14336/AD.2021.0913
https://doi.org/10.1016/j.steroids.2022.108970
https://doi.org/10.1016/j.steroids.2010.06.008
https://doi.org/10.3390/jof7060436
https://doi.org/10.3389/fmicb.2024.1379602
https://doi.org/10.1038/s41598-018-31665-2
https://doi.org/10.1038/s41598-018-31665-2

