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Abstract The ability of five fungal species belong-

ing to two genera of Aspergillus and Fusarium has

been examined in the microbial transformation of

androst-4-ene-3, 17-dione (AD). Furthermore, the

biotransformation of nandrolone decanoate (2) by F.

fujikuroi has been studied. AD (1) was converted by

cultures of Aspergillus sp. PTCC 5266 to form 11a-
hydroxy-AD (3) as the only product, with a yield of

86% in 3 days. Moreover, two hydroxylated metabo-

lites 11a-hydroxy-AD (3, 65%) and 7b-hydroxy-AD
(4; 18%) were isolated in biotransformation of AD by

A. nidulans. On the other hand, it was metabolized by

F. oxysporum to produce 14a-hydroxy-AD (5; 38%)

and testosterone (6; 12%). Microbial transformation of

AD by F. solani led to the production of 11a-hydroxy-
AD (3; 54%) and testosterone (6; 14%). AD was

reduced at the 17-position by F. fujikuroi to produce

testosterone in the yield of 42%. Finally, nandrolone

decanoate was transformed by F. fujikuroi via hydrol-

ysis and oxidation at the 17-position to produce two

metabolites namely 17b-hydroxyestr-4-en-3-one (7,

25.4%) and estr-4-en-3,17-dione (8, 33%), respec-

tively. The all metabolites were purified and subse-

quently identified based on their spectra data analysis

and comparing them to the literature data.

Keywords Biotransformation � Androst-4-ene-3,17-
dione �Nandrolone decanoate � Aspergillus � Fusarium

Introduction

Steroids, many of which are hormones, are a highly

valuable class of organic compounds because of their

important pharmacological attributes and their key

role in the pharmaceutical industry as the primary

precursors (Kolet et al. 2013). It has been established

that they possess many interesting medicinal, phar-

maceutical and agrochemical activities and many of

them are widely used in the treatment of chronic

inflammatory diseases (Sultana 2018). Among ster-

oidal compounds, androst-4-en-3,17-dione (AD) is a

useful steroid intermediate and used as an important

starting material to prepare the several invaluable

pharmaceutical compounds. It has been for decades a

key precursor to synthesis of testosterone and other

androgens and anabolic steroids (Malaviya and Gomes
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2008). In addition, nandrolone is a natural anabolic

steroid which is applied for the treatment of autoim-

mune hemolytic anemia and memory impairment

(Iqbal Choudhary et al. 2008). Decanoate ester of

nandrolone is also used to treat breast cancer (Bibby

et al. 1981). The valuable pharmaceutical medicinal

properties of these compounds have encouraged many

researchers to modify their structures with the aim of

producing more effective derivatives using various

chemical and microbial transformations (Baydoun

et al. 2014; Yazdi et al. 2006; Wilds and Nelson 1953;

Kolet et al. 2013; Li et al. 2019).

The production of steroids and their derivatives

through traditional synthetic procedures involves

several steps and they are usually expensive and

uneconomical processes. Furthermore, considering

the complex structure of the steroids, the production

and modification of them by these methods often

requires the protection and de-protection of labile

functional groups to achieve adequate product selec-

tivity (Kolet et al. 2013; Ye and Guo 2005). The other

drawbacks related to the conventional synthetic routes

are using nonspecific chemical catalysts and toxic

organic solvents (Holland 1999; Koshimura et al.

2010). On the other hand, biocatalytic transformation

of steroids is a powerful tool to overcome these

limitations and is used to produce bioactive com-

pounds and introduce functional groups to them

(Nassiri-Koopaei and Faramarzi 2015; Wang et al.

2019; Janeczko et al. 2009). Among microorganisms

that used in the biotransformation of the steroids,

fungal species have shown a remarkable ability to

perform a diverse range of chemical reactions such as

reduction, hydrolysis, hydroxylation, and double bond

formation on these compounds (Fernandes et al. 2003;

Abourashed et al. 1999; Basso et al. 2016). Especially,

fungal species related to the Aspergillus and Fusarium

genera are widely distributed and have been success-

fully applied in the production of steroid derivatives

with therapeutic use and commercial value in phar-

maceutical industry (Parshikov and Sutherland 2015;

Donova and Egorova. 2012; Ghasemi et al.

2014a, 2014b; Al-Aboudi et al. 2017).

As an extension of our previous work, which

described the microbial transformaton of AD by three

fungal species (Heidary and Habibi 2016), herein, its

biotransformation by two fungal species of the genus

Aspergillus including A. nidulans and Aspergillus sp.

PTCC 5266 as well as three fungi species of the genus

Fusarium including F. solani, F. oxysporum,

and F. fujikuroi has been investigated for first time.

Furthermore, the ability of F. fujikuroi to convert

nandrolone decanoate (2) has been studied.

Materials and methods

Instrumental methods

Proton and carbon-13 spectra were recorded using a

Bruker Avance-300 and the chemical shifts (d) were
reported in ppm relative to tetramethylsilane (TMS) as

an internal reference. The measurement of optical

rotation was performed on a Perkin-Elmer 341

polarimeter at the D line of sodium (589 nm).

Preparative thin layer chromatography (TLC) plates

were based on silica gel 60 mesh GF254 plates

(20 9 20 cm) and were viewed under UV light (at

254 nm). Melting points were recorded using an

Electrothermal 9100 apparatus and were uncorrected.

Materials, microorganisms and conditions

of cultivation

AD (1) and nandrolone decanoate (2) were purchased

from Sigma Chemical Co. (St. Louis, MO, USA) and

Iran Hormone Company (Tehran, Iran), respectively.

The culture media ingredients were supplied by

Scharlau (Barcelona, Spain). All solvents and inor-

ganic salts used for in this study were obtained from

Merck (Darmstadt, Germany). Five fungal species

namely Aspergillus sp. PTCC 5266, A. nidulans PTCC

5014, F. fujikuroi PTCC 5144, F. oxysporum PTCC

5115, and F. solani complex PTCC 5285 were

employed in the present study. They were obtained

in the Persian Type Culture Collection (PTCC),

Iranian research organization for science and technol-

ogy. The potato-dextrose agar plates (15.0 g agar/L,

300 g diced potatoes, 20 g glucose) were used for

cultivation of them. The experiments were carried out

in ten 250 mL Erlenmeyer flasks for each fungal

species. Then, the autoclaved and pre-cooled broth

medium was distributed among them (100 mL in

each). In the next step, they were inoculated with

freshly obtained spores from well grown agar slope

cultures. After cultivation at 25 �C under constant

shaking on an orbital shaker at 120 rpm, 100 mg of the

steroidal substrate dissolved in DMSO was added to
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each of the cultures. Furthermore, control samples

consisting of non-inoculated sterile medium and the

substrate were prepared.

Isolation and purification of products

The obtained products were extracted three times with

chloroform (3 times) and dried over anhydrous sodium

sulfate. Then, ethyl acetate/n-hexane (1:3 (v/v)) was

used as the solvent system to purify of each extracts

obtained from the biotransformation of AD by

repeated preparative thin layer chromatography. A

chloroform/acetone (8:2 (v/v)) solvent system was

used for separation of the metabolites 7 and 8 from the

unreacted starting material. Identification of the puri-

fied metabolites was performed by analysis of their

spectral data.

Time course study

In order to investigate time course study of the

metabolites, sampling was carried out every 12 h. For

this purpose, in each sampling, 20 mL of the broth was

taken and extracted with chloroform (3 9 20 mL),

then the combined organic phases were dried over

Na2SO4 and the solvent was evaporated under reduced

pressure. Then, the best timing has been determined by

TLC with detection by UV at 254.

Spectral data

Nandrolone decanoate (2), White powder; 1H NMR

(300.13 MHz, CDCl3) d 5.87 (s, 4-H), 4.66 (t,

J = 7.9 Hz, 17 a-H), 0.99 (brs, 28-H); 0.86 (s,

18-H); The 13C NMR spectral data (75.47 MHz) are

shown in Table 1.

11a-Hydroxy-AD (3), Crystallized from chloro-

form as colorless crystals; mp: 238–240 �C (lit

(Choudhary et al. 2004) 240–241 �C), [a]D20 ? 139�
(c = 8.0, CHCl3) (lit (Choudhary et al. 2004)

[a]D
20 ? 145� (c = 0.8, CHCl3);

1H NMR

(300.13 MHz, CDCl3) d 5.73 (s, 4-H), 4.01 - 4.11

(m, 11b-H), 1.35 (s, 19-H), 0.96 (3H, s, H-18); The 13C

NMR spectral data (75.47 MHz) are shown in Table 1.

7b-Hydroxy-AD (4), White powder: mp

212–216 �C (lit (Kolet et al. 2013) 215–217 �C),
[a]D

20 ? 181� (c = 1.0, CHCl3) (lit (Ghasemi et al.

2014b) [a]D
20 ? 178� (c = 1.0, CHCl3);

1H NMR

(300.13 MHz, CDCl3) d 5.80 (1H, s, H-4), 3.51 (brs,

7 a-H), 1.26 (s, 19-H), 0.94 (s, 18-H); The 13C NMR

spectral data (75.47 MHz) are shown in Table 1.

14a-Hydroxy-AD (5), Crystallized from chloro-

form as colorless crystals; mp 256–259 �C (lit (Kal-

basi et al. 2009) 257–262 �C), [a]D20 ? 158� (c = 1.0,

CHCl3) (lit (Kalbasi et al. 2009) [a]D
20 ? 160�

(c = 1.0, CHCl3));
1H NMR (300.13 MHz, CDCl3) d

5.76 (s, 4-H), 1.23 (s, 19-H), 1.06 (s, 18-H); The 13C

NMR spectral data (75.47 MHz) are shown in Table 1.

Testosterone (6), Colorless crystals; mp

152–155 �C (lit (Swizdor et al. 2017) 151–153 �C),
[a]D

20 ? 104� (c = 1.0, MeOH) (lit (Kolet et al. 2013)

[a]D
20 ? 106� (c = 1.0, MeOH)); 1H NMR

(300.13 MHz, CDCl3) d 5.74 (1H, s, H-4), 3.66 (t,

J = 8.5 Hz, 17a-H), 1.20 (s, 19-H), 0.81 (s, 18-H);

The 13C NMR spectral data (75.47 MHz) are shown in

Table 1.

17b-Hydroxyestr-4-en-3-one (7), White powder:

mp 116–118 �C (lit (Yazdi et al. 2005) 112–115 �C),
[a]D

20 ? 53� (c = 1.0, CHCl3) (lit (Yazdi et al. 2005)

[a]D
20 ? 55� (CHCl3);

1H NMR (300.13 MHz,

CDCl3) d 5.83 (s, 4-H), 3.67 (t, J = 8.4 Hz, 17 a-H),
0.82 (s, 18-H); The 13C NMR spectral data

(75.47 MHz) are shown in Table 1.

Estr-4-en-3,17-dion (8), White powder: mp

166–169 �C (lit (Yazdi et al. 2005) 168–170 �C),
[a]D

20 ? 139.5� (c = 1.0, CHCl3) (lit (Yazdi et al.

2005) [a]D
20 ? 138� (CHCl3);

1H NMR

(300.13 MHz, CDCl3) d 5.87 (s, 4-H), 0.93 (s,

18-H); The 13C NMR spectral data (75.47 MHz) are

shown in Table 1.

Results

Incubation of AD (1) by Aspergillus sp. PTCC 5266

for 3 days resulted in 11a-hydroxy-AD (3) with the

excellent yield of 86% (91 mg) along with recovery of

about 14% of the starting material. Moreover, it was

hydroxylated with fungus A. nidulans at the 11 and

7-positions to produce 11a-hydroxy-AD (3) as the

major product (68 mg, 65%) and 7b-hydroxy-AD (4)

in low yield 18% (19 mg) (see Fig. 1). In addition to

the metabolites 3 and 4, a number of other metabolites

were also produced which could not be identified by

NMR spectroscopy because of their very low concen-

tration. Under these conditions, no unreacted precur-

sor remained.
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Table 1 13C NMR data for

metabolites (d in ppm down

field from TMS, in CDCl3)

Androst-4-ene-3, 17-dione

(AD, 1), 11a-hydroxy-AD
(3), 7b-hydroxy-AD (4),
14a-hydroxy-AD (5),
testosterone (6), 17b-
hydroxyestr-4-en-3-one (7),
and estr-4-en-3,17-dione (8)

Atom Compounds

1 2 3 4 5 6 7 8

1 25.7 26.1 35.7 35.7 36.6 37.2 27.4 35.6

2 36.5 36.3 35.6 33.1 34.2 34.5 36.4 33.8

3 199.9 200.2 199.6 199.5 202.1 200.2 199.7 199.2

4 124.9 124.5 123.9 124.2 125.2 124.6 124.5 124.0

5 165.9 167.0 171.3 170.0 171.2 170.6 166.2 170.2

6 35.3 35.5 33.9 33.1 39.5 33.3 35.3 32.5

7 31.3 30.7 32.8 25.6 75.1 30.2 31.7 31.2

8 39.9 40.4 35.7 37.9 43.5 34.1 40.1 35.0

9 49.5 49.7 53.9 46.8 52.1 59.0 49.4 53.7

10 42.4 42.6 38.7 38.7 39.5 39.9 42.4 38.5

11 26.6 26.6 20.6 19.1 21.2 68.4 26.5 20.2

12 29.9 36.5 36.4 24.5 32.8 42.7 36.5 30.7

13 47.7 43.0 42.8 52.5 49.4 47.9 42.6 47.4

14 50.1 49.6 50.5 80.7 51.8 49.9 49.3 50.7

15 21.7 23.2 23.3 30.3 25.6 21.6 23.2 21.6

16 35.8 30.3 31.5 33.9 36.6 35.7 30.5 35.6

17 220.4 81.6 81.6 218.3 224.2 218.8 82.1 220.0

18 13.8 11.1 11.0 17.9 14.6 14.6 12.0 13.6

19 - - 17.4 17.3 17.6 18.2 - 17.2

Aspergillus sp.PTC
C 5266

O
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Fig. 1 Biotransformation of AD (1) with A. sp.PTCC 5266 and A. nidulans
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For the biotransformation of AD by three species of

the genus Fusarium, time of 5 days was considered as

the best time because the maximum amounts of the

products were obtained during this time. A mixture of

14a-hydroxy-AD (5; 40 mg, 38%) and testosterone (6;

12 mg, 12%) were obtained from the bioconversion by

F. oxysporum. In this case, a significant portion of AD

(about 47%) remained unreacted at the end of the

biotransformation. Furthermore, it was transformed by

F. solani into two metabolites 3 with a yield of 54%

(57 mg) and testosterone (6; 14 mg, 14%). The yield

for this biotransformation was not 100%; a high

concentration of unreacted starting material (29%) and

an additional unknown product (3%) were also

detected in the final products. It is worth noting that

testosterone (6) as the only product was isolated in

42% yield from transformation of AD by F. fujikuroi.

Almost 50% of starting material was recovered at the

end of the reaction (Fig. 2).

The biotransformation of nandrolone decanoate (2)

by F. fujikuroi led to the production derivatives of

17b-hydroxyestr-4-en-3-one (7, 25.4%)) and estr-4-

en-3,17-dione (8) with a yield of 33% in 8 days

(Fig. 3), Approximately 40% of unreacted nandrolone

decanoate was observed at the end of the reaction time.

It seems that the first step of this biotransformation

occurred via the hydrolysis of the ester bond to 17b-
hydroxyestr-4-en-3-one (7), followed by oxidation at

C-17 to yield estr-4-en-3,17-dione (8). In biotransfor-

mation of nandrolone decanoate by other fungal

species some metabolites were produced, but attempts

to identify their structures by NMR spectroscopy were

unsuccessful due to the low concentration of them.

The structure of the obtained metabolites was

determined based on spectroscopic analysis and

comparison with literature data.

In the 1H NMR spectrum of the metabolite 3, a

downfield chemical shift for a methine proton at d
4.06 ppm (ddd, J11a,12b = 14.7 Hz, J11a,9a = 10.4 Hz,

O
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+

O
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O

OH

F. oxysp
orum.

+
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F. fujikuroi

 (5)

O

 (6)

OH

O
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Fig. 2 Biotransformation of AD (1) by genera of Fusarium
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J11a,12a = 4.8 Hz) was appeared (Supplementary

Fig. 3). Furthermore, the 13C NMR spectrum (Sup-

plementary Fig. 4), revealed a carbon resonance at d
68.4 ppm. These data indicated that in 3, comparing

with AD (1), one of the methylene carbons was

hydroxylated. The investigation of splitting pattern

and coupling constants enable us to assign the

stereochemistry of H-11 as a. In addition, the

comparison of the 1H NMR, 13C NMR data, melting

point, and optical rotation, with those described in the

literature confirmed the metabolite 3 to be 11a-
Hydroxy-AD (Choudhary et al. 2004).

The introduction of a hydroxyl group to the parent

structure and production of metabolite 4 by the strain

of A. nidulans was confirmed by the presence of a new

downfield proton signal at d 3.51 ppm as a broad

singlet in the 1H NMR spectrum (Supplementary

Fig. 5). Its 13C NMR spectrum (Supplementary

Fig. 6) also supported the presence of the hydroxyl

group by the downfield shift of C-7 (d75.1 ppm).

Melting point, optical rotation, chemical shifts, and

assignments for 4 were in totally agreement with

previously published data for 7b-hydroxy-AD (Kolet

et al. 2013).

The chemical shift at 80.7 ppm in the 13C NMR

spectrum of 14a-Hydroxy-AD (5) suggested the

presence of a new hydroxyl group. The 1H NMR

spectrum of this metabolite showed no peak in the

range of 3.5–4.5 ppm, therefore the existence of the

new hydroxyl group with tertiary nature was proposed.

In the 13C NMR spectrum of 14a-Hydroxy-AD, the
resonance of Me-18 appeared at lower field than the

corresponding one in AD (4.5 ppm comparing with

AD). These data suggested that the new hydroxyl

group should be connected to a tertiary carbon near the

Me-18. Based on these findings and comparing of 1H

and 13C NMR data (see Supplementary Figs. 7 and 8)

with that reported in the literature, metabolite 5 was

identified as 14a-Hydroxy-AD (Kalbasi et al. 2009;

Faramarzi et al. 2008).

The reduction of 17-carbonyl group was confirmed

by the lack of the characteristic signal at d 220 ppm in
13C NMR spectrum of the metabolite 6 and the

appearance of a new signal at 81.6 ppm. The structure

of testosterone (6) was further corroborated by the

presence of a characteristic signal for proton H-17 as a

triplet (3.66 ppm, J = 8.5 Hz). The NMR data (see

Supplementary Figs. 9 and 10) of the obtained

metabolite were consistent with those reported for

testosterone in the literature (Kolet et al. 2013;

Swizdor et al. 2017).

The enzymatic ester hydrolysis of nandrolone

decanoate into nandrolone was approved by the lack

of the characteristic signal of the ester carbonyl group

(C-19) in 13C NMR spectrum (Supplementary

Fig. 13). Furthermore, the 1H NMR spectrum of 7

(Supplementary Fig. 12) showed the H-17 signal at

3.67 ppm that it was about 0.8 ppm more shielded

than the corresponding one (d 4.5 ppm) of nandrolone

decanoate (2), indicating the hydrolysis of the ester

group. The spectral data, melting point, and optical

rotation of the structure of 7 were in accordance with

literature data (Yazdi et al. 2005).

No peak was observed in the range of 3.5–4.5 ppm

according to H-17 in 1H NMR spectrum of the

metabolite 8 (Supplementary Fig. 14), which indi-

cated the oxidation of C-17. Further evidence for

oxidation of C-17 was provided by the appearance of a

new signal at 220.4 ppm in 13CNMR spectrum of estr-

4-en-3,17-dion (8) (Supplementary Fig. 1).

A summary of the current biotransformation of AD

and nandrolonedecanoate by genera ofAspergillus and

(2)

O

CH3

12

3 4
5 6 7
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16

18

1112
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O

CH3
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OH

O

CH3

 (8)

O

+

(CH2)8CH3

F. fujikuroi

O
19

Fig. 3 Biotransformation of nandrolone decanoate (2) by Fusarium fujikuroi
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Fusarium as well as the obtained metabolites and their

respective yields have been given in Table 2.

Discussion

The ability of different microorganisms to convert of

steroid compounds into their modified derivatives has

been subjects of research for many years (Sultana

2018; Zoghi et al. 2019). AD and nandrolone

decanoate are two steroid compounds that many

attempts have been made to produce their derivatives

by some microorganisms due to their pharmaceutical

properties (Koshimura et al. 2010; Fernandes et al.

2003; Choudhary et al. 2004; Faramarzi et al. 2008;

Kollerov et al. 2020). Most metabolites that result

from the microbial biotransformations of these com-

pounds, especially the hydroxylated derivatives,

exhibit a wide range of biological activities (Kolet

et al. 2013). For example, 14a-hydroxy-AD deriva-

tives that significantly inhibit aromatase activity have

been widely used as starting materials to prepare of

some steroidal drugs such as proligestone (Andryush-

ina et al. 2013; Hu et al. 1995). Furthermore,

7-hydroxy derivatives of these compounds have been

used to prepare of diuretic compounds (Faramarzi

et al. 2008; Heidary and Habibi 2016). Despite the

great progresses in this area, in many cases, metabo-

lites are produced in considerable number and in very

low yields. For instance,Curvularia lunatawas able to

convert AD into several hydroxylated metabolites and

one reductive compound (Choudhary et al. 2004).

Biotransformation of AD by Mucor 881 afforded four

hydroxylated metabolites: 11a -hydroxy-4-an-

drostene-3,17-dione, 6b -hydroxy-4-androstene-3,17-

dione, 6b,11a-dihydroxy-4-androstene-3,17-dione
and 7b-hydroxy-4-androstene-3,17-dione (Kolet

et al. 2013). The conversion of AD by Neurospora

crassa andMucor racemosus was also investigated, in

which the hydroxylation of various positions resulted

in the production of different metabolites (Faramarzi

et al. 2008).

In most previous studies on AD biotransformation,

a large number of metabolites with low yield was

obtained; however, in the current study, due to the

biotransformation of AD by two species of the genus

Aspergillus 11a-hydroxy-AD (3) was produced with a

yield of over 60% and in a stereoselective manner.

Especially Aspergillus sp. PTCC 5266 which resulted

in the production of metabolite 3 as the only product

with the desirable yield of 86% could be considered

for the commercial preparation of 11a-Hydroxy-AD.
Furthermore, F.fujokouri has stereoselectively cat-

alyzed the production of testosterone from AD.

Although, various microorganisms have been applied

to reduce AD to testosterone, most of them produced

the oxidated products beside the reduction of carbonyl

group (Choudhary et al. 2004; Xiong et al. 2006; Hu

et al. 1995). The selective reduction of AD to

testosterone has been previously reported by Fara-

marzi et al., that in order to improve the bioconversion

yield, microalga Nostoc muscorum cells were immo-

bilized in various matrices (Arabi et al. 2010).

Table 2 A summary of AD and nandrolonedecanoate biotransformation by genera of Aspergillus and Fusarium

Entry Substrate Microorganism Product Yield (%)

1 AD Aspergillus sp.PTCC 5266 11a-hydroxy-AD 86

2 AD A. nidulans 11a-hydroxy-AD 65

7b-hydroxy-AD 18

3 AD F. oxysporum 14a-hydroxy-AD 38

Testosterone 12

4 AD F. solani 11a-hydroxy-AD 54

Testosterone 14

5 AD F. fujikuroi Testosterone 42

6 Nandrolonedecanoate F. fujikuroi 17b-hydroxyester-4-en-3-one 25.4

Ester-4-en-3,17-dione 33
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Similar efforts have also been made toward struc-

ture modification of nandrolone and nandrolone

decanoate with the aim of preparing more effective

derivatives by microbial transformations.Nandrolone,

19-norandrost-4-en-3,17-dione, and their hydroxy-

lated derivatives at various positions (6 a and b, 9a,
10 b,12 b, 15a, 16a and b) were frequently obtained as
a result of these biotransformation reactions (Yazdi

et al. 2006, 2005; Baydoun et al. 2014).

Conclusion

Biotransformation of AD which is the key intermedi-

ate for synthesis of steroid drugs and nandrolone

decanoate (2) catalyzed by two Aspergillus and three

Fusarium species was investigated in this study. Due

to the biotransformation of AD four products (3–6)

were isolated and precisely identified by spectral

methods. The applied Aspergillus species preferred to

catalyze hydroxylation reaction at the C-11a position

of AD, especially for Aspergillus sp. PTCC 5266 with

a high yield of 86%. Moreover, it was transformed

regio-, and stereoselectively by the mentioned Fusar-

ium species. Particularly, testosterone was produced as

the only product due to the reduction of AD by F.

fujikuroi with 42% yield. In biotransformation of

nandrolone decanoate (2) by F. fujikuroi two metabo-

lites 17b-hydroxyestr-4-en-3-one (7) and estr-4-en-

3,17-dione (8) was produced. This is the first study on

the microbial transformation of these compounds by

these fungal strains which could be applied as the

efficient and environmentally friendly biocatalysts for

production of pharmaceutical steroid compounds.
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