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ABSTRACT

Biotransformation of an orally active contraceptive drug, desogestrel (1), with Cunninghamella elegans yielded a
new metabolite, 13f-ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-20-yn-17f-ol-3,6-dione (2), along with
five known metabolites, ie., 13B-ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-20-yn-33,68,17p-triol (3),
13B-ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-20-yn-6f3,173-diol-3-one  (4), 13f-ethyl-11-methylene-
18,19-dinor-17a-pregn-4-en-20-yn-17p-ol-3-one  (5), 13p-ethyl-11-epoxy-18,19-dinor-17a-pregn-4-en-20-yn-
17B-0l-3-one (6), and 13B-ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-20-yn-1083,17B-diol-3-one (7). The
structure of new metabolite 2 was elucidated by using 'H-, *C-, and 2D-NMR, EI-, and HREI-MS, IR, and UV
spectroscopic data. Compounds 1-7 were evaluated for anti-inflammatory activities, i.e., inhibition of T-cell
proliferation, and pro-inflammatory cytokine (TNF-a). Compounds 1 (ICso = 1.12 0.03 pg/mL), 2
(ICso = 1.15 * 0.05 pg/mL), 3 (ICso = 1.15 * 0.05 pg/mL), 4 (ICso = 1.40 0.03 pg/mL), 5
(ICsp = 1.78 = 0.08 ug/mL), and 6 (ICsp = 1.36 * 0.07 pug/mL) were identified as potent inhibitors of T-cells
proliferation, in comparison to the standard drug, prednisolone (ICso = 3.51 * 0.03 pg/mL). Compound 7
(ICsp = 6.18 =+ 0.04 pg/mL) showed a good activity. In addition, substrate 1 (ICso < 1 pg/mL), and its
metabolites 2 (ICsp = 4.1 * 0.60 pg/mL), and 6 (ICso = 6.8 * 0.8 pg/mlL) also showed a potent inhibition of
pro-inflammatory cytokine (TNF-a) production, as compared to the standards drug, pentoxifilline
(ICs0 = 94.8 = 2.1 ug/mL). Whereas compounds 3 (ICso = 57.9 * 7.6 ug/mL), and 5 (ICso = 27.2 * 6.8 ug/
mL) showed a moderate inhibition of TNF-a production, while compounds 4 and 7 showed no inhibition.
Compounds 1-7 were found to be non-cytotoxic to 3T3 normal cell line (mouse fibroblast).
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1. Introduction

produce structurally altered polar, and sometimes less polar metabo-
lites with improved pharmacodynamic profiles in comparison to their

Microbial transformation is one of the most effective tools for the
stereo-, regio-, enantio-, chemo-selective oxidation of inert hydro-
carbon-containing molecules, i.e., steroids, terpenes, etc. Fungi in par-
ticular have been extensively used as a model for mammalian meta-
bolism due to similarities in their cytochrome P450 (CYPs) systems. The
higher multiplication, metabolic and growth rates, and smaller size of
fungi also make them as an efficient choice for the bio-catalytic
syntheses, and derivatization of existing drugs, as compared to con-
ventional synthetic approaches. The technique is successfully used to

parent molecules. Additionally, fungal-mediated structural transfor-
mation of existing drugs is a cost-effective, and eco-friendly method,
which is successfully used in drug discovery and development [1-7].

As compared to chemical syntheses, biotransformation techniques
do not involve the use of protection, deprotection, and functional group
activation steps. This can derivatize almost all types of organic mole-
cules efficiently. Generally biotransformations are carried out at am-
bient temperature, pressure, and pH without using expensive, ha-
zardous, and toxic catalysts [6-9].
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Fig. 1. Biotransformation of desogestrel (1) with C. elegans.

Inflammation is an inherent process to protect the body from pa-
thogens or irritants, and to activate the healing cascade. However,
chronic infections, irritations, and inflammations may cause cancer, as
inflammatory mediators, present in tumors, stimulate the growth and
progression of tumor cells. Tumor necrosis factor (TNF) is the main
mediator of inflammation, which selectively inhibits the blood vessels
formation in tumors. However, when produced chronically by the ac-
tivated T-lymphocytes, it acts as an endogenous promoter of tumors,
and contributes in the remodeling of tissues, and stromal development.
Therefore, T-lymphocytes play a vital role in the pathogenesis of many
autoimmune disorders, and tumors [10-14].

In continuation of our biotransformation studies [6,7,12-19], C.
elegans-mediated structural transformation of an oral contraceptive
steroidal drug desogestrel (1) was carried out, which afforded one new
2, and five known metabolites 3-7 (Fig. 1). Compounds 1-7 were
evaluated for their anti-inflammatory activities, such as inhibition of
cytokine TNF-a, and T-cell proliferations, where they showed potent to
no activity.

2. Experimental
2.1. Fungal cell cultures and media

Cunninghamella elegans (ATCC 36114) was used for the bio-catalytic
structural modifications of a contraceptive steroidal drug desogestrel
(1). Culture of C. elegans was grown on Sabouraud Dextrose Agar (SDA),
and preserved at 4 °C.

For the maximum growth of C. elegans, media ingredients (1 L) were
used as follows:

10 g glucose, 5 g peptone, 5 g NaCl, 5 g KH,PO,, 10.0 mL glycerol,
and 1 L distilled water.

2.2. General experimental

Desogestrel (1) was acquired from the Haihang Industry Co., Ltd.
(China). Ingredients used for the preparation of media were purchased
from Oxoid Ltd. (England), Dae-Jung Chemicals and Metals Co., Ltd.
(Korea), and Sigma-Aldrich (Germany). The transformations, and purity
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of compounds were analyzed by silica coated TLC plates (PFasq4,
Germany). The crude material was fractionated through silica gel
(70-230 mesh, Germany) column chromatography. Final purification of
metabolites was performed by recycling RP-HPLC (LC-908, Japan),
equipped with YMC L-80 (20-250 mm i.d. 4-5 pm) using acetonitrile/
water. The 'H- (600 MHz), and *3C- (150 MHz)-NMR spectra of a new
compound 2 were recorded in deuterated chloroform on Bruker
Avance-NMR (Switzerland), while its EI-, and HREI-MS were de-
termined on Jeol JMS-600H mass spectrometer (Japan). UV absor-
bances of a new metabolite 2 were recorded on Evolution 300
UV-visible spectrophotometer (Hitachi, Japan) and its IR absorbances
were recorded on Bruker Vector 22 spectrophotometer (Bruker,
France).

2.3. Fermentation of desogestrel (1)

C. elegans-mediated biotransformation of 1 was carried out at am-
bient conditions. Media (10 L) was prepared, transferred 400 mL in
each 1000 mL flask, and cotton plugged. The media was then auto-
claved, and cooled at room temperature. The sterilized media was then
inoculated with the spores of C. elegans under sterilized conditions, and
placed on a rotary shaker for four days. After maximum growth of C.
elegans, drug 1 (2 g in 25 mL methanol) was dispensed in each fungal
culture containing flask. The flasks were again placed on a rotary
shaker for 14 days.

2.4. Extraction and isolation protocol

After an incubation period of 14 days, the reaction was stopped by
adding ethyl acetate, and filtered. The filtrate was extracted thrice with
ethyl acetate, and concentrated under high vacuum. The resulting
gummy crude extract was fractionated by silica gel column chromato-
graphy, using mixtures of hexanes-acetone gradients, followed by silica
gel thin layer chromatography. Metabolites 2 (acetonitrile-water; 7/3,
Rr = 26 min, 11.4 mg), 3 (acetonitrile-water; 6/4, Rr = 19 min,
13.2 mg), 4 (acetonitrile-water; 6/4, Rr = 21 min, 7.3 mg), 5 (acet-
onitrile-water; 8/2, Rr = 31 min, 9.7 mg), 6 (acetonitrile-water; 7/3,
Rr = 28 min, 5.9 mg), and 7 (acetonitrile-water; 7/3, Rr = 23 min,
7.3 mg) were purified from fractions 1-6, respectively, by recycling RP-
HPLC.

2.5. 13B-Ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-20-yn-17p-ol-
3,6-dione (2)

White solid; UV Apyax (c 0.001 g, log €): 248 (12.4); IR (CH3CD): 0pax
(cm™1) 3433 (OH), 2943 (CH), 1637 (a,B-unsaturated ketone); HREI-
MS m/z 338.1872 [M] " (Cy2Ho603, caled. 338.1832); EI-MS m/z (%)
338.3 [M]* (64), 312 (40), 309 (42), 283 (27), 239 (29), 199 (33), 136
(20); 'H NMR (CDCls, 600 MHz) Table 1; '3C NMR (CDCls, 150 MHz)
Table 1.

2.6. Anti-inflammatory activity evaluation

2.6.1. T-cell proliferation inhibition

The inhibition potential of T-cell proliferation of compounds 1-7
was assessed by following the protocol reported by Ahmed et al. (1998)
[20]. The PBMC (peripheral blood mononuclear cells) were taken from
the healthy human donor with informed consent, and collected by Fi-
coll-Hypaque density gradient centrifugation. The present research
work was carried out after the approval from the institutional in-
dependent ethics committee (ICCBS-UoK, No: ICCBS/IEC-008-BC-
2015/Protocol/1.0).

In this assay, blood (10 mL) was mixed with RPMI-1640 (10 mL)
(Sigma Aldrich, St. Louis, USA). The mixture was then gently layered on
lymphocyte separation medium (5 mL) (LSM) (MP Biomedicals,
1llkirch, France), and tubes were centrifuged at 25 °C for 20 min at 400
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Table 1
H-, and '*C NMR chemical shifts of 3,6-dioxodesogestrel (2).
Carbon Number Sc Su
1 30.5 2.64, overlap; 1.67, overlap
2 40.4 2.72, m; 2.36, overlap
3 199.6 -
4 128.7 6.46, d (Jso = 2.2)
5 154.6 -
6 199.7 -
7 45.1 2.63, overlap; 2.16, overlap
8 39.1 1.84, overlap
9 52.5 1.92, m
10 38.8 295, m
11 144.8 -
12 38.2 2.58, m; 2.42, overlap
13 50.2 -
14 49.8 1.84, overlap
15 21.7 1.66, overlap; 1.38, m
16 39.5 2.38, overlap; 2.14, overlap
17 80.7 -
18 19.8 1.40, m; 1.32, m
19 110.1 5.13,s; 4.88, s
20 8.8 1.03, t (J2018 = 7.3)
21 87.2 -
22 74.7 2.64, s

g. The resulting buffy layer was mixed with RPMI-1640, and centrifuged
for 10 min at 4 °C at 300 g. The pellet with peripheral blood mono-
nuclear cells was resuspended in RPMI (1 mL), containing FBS (5%)
(Gibco, California, USA). Proliferation of cells was conducted by
Alamar Blue Assay. PMBCs (2 x 10° cells/mL) were plated in a round
bottom 96-well tissue culture plates (Iwaki, Chiba, Japan). T-cells were
activated with phytohemagglutinin-L. (7.5 pg/mL) (PHA-L; Sigma,
Missouri, USA). Compounds 1-7 were added with three different con-
centrations (1, 10 and 100 pg/mL) in triplicates, and plates were in-
cubated at 37 °C for 48 h in 5% CO,. Alamar Blue dye (a one-tenth
volume) was added, and the incubation was further continued for 4 h.
Absorbance was read at wavelengths of 570 and 600 nm using spec-
trophotometer.

2.6.2. Cytokines inhibition

Human leukemia cell line (THP-1) were purchased from the
European Collection of Cell Cultures (ECACC 85011428, UK).
Endotoxin free RPMI-1640 media, containing 50 pmol/L mercap-
toethanol, 5.5 mmol/L glucose, 2 mmol/L 1-glutamine, 10% FBS,
1 mmol/L sodium pyruvate, and 10 mmol/L HEPES, was used to
maintain and preserve the cells. After reaching to 70% confluency, cells
(2.5 x 10° cells/Ml) were plated in 24-well tissue culture plates. The
cells were distinguished by using 20 ng/mL PMA (phorbol myristate
acetate) for 24 h. The cells were then stimulated by addition of
Escherichia coli lipopolysaccharide B (50 ng/mL) (DIFCO Laboratories,
USA), and treated with samples (25 pg/mL). The incubation was done
at 37 °C for 4 h in 5% CO,. The supernatants were examined for the
level of cytokine (TNF-a), and the quantification was done by human
TNF-a kit, according to the instructions of manufacturer (R & D
Systems, Minneapolis, USA).

3. Results and discussion

Biotransformation of desogestrel (1) yielded six metabolites 2-7.
Among them, metabolite 2 was identified as new compound.

New analogue of desogestrel (1) was isolated as a white solid. It
showed the [M™] in the HREI-MS at m/z 338.1872 (Cy3H,¢03, caled.
338.1882), suggesting addition of two oxygen atoms, along with the
loss of four hydrogen atoms from the substrate 1 (m/z 310.3). The IR
absorbances at 1637, 2943, and 3433 cm ™! were due to the presence of
a,B-unsaturated C=0, CH, and OH groups, respectively. The ‘H-,
(Table 1), and the '*C NMR (Table 1) spectra of metabolite 2 were
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Fig. 2. Key HMBC correlations in a new metabolite 2.

distinctly similar to the substrate 1, and metabolite 3. Signals for CH,-3,
and CH,-6 were also found missing in the 'H-, and the '*C NMR spectra
of 2. Additional downfield signals in the *C- NMR spectrum at § 199.6,
and 199.7 were observed, indicating the presence of ketone groups in
the substrate 1. Oxidation at C-3, and C-6 (C=O groups) was de-
termined by the key HMBC correlations of H-4 (5 6.46, d, J4 » = 2.2 Hz)
with C-3 (6 199.6), and C-6 (6 199.6). Similarly, H»-2 (§ 2.72, m; 2.36,
overlap) also showed 2J HMBC correlation with C-3, and Hy-7 (8 2.63,
overlap; 2.16, overlap) with C-6 (Fig. 2). Thus the structure of the new
metabolite was deduced as 13B-ethyl-11-methylene-18,19-dinor-17a-
pregn-4-en-20-yn-17p-ol-3,6-dione (2).

Compounds 13S-ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-
20-yn-3f,68,173-triol (3), and 13pB-ethyl-11-methylene-18,19-dinor-
17a-pregn-4-en-20-yn-65,17f3-diol-3-one (4) were identified as known
compounds, previously reported by our research group via bio-
transformation of desogestrel (1) with Cunninghamella blakesleeana [6].

Metabolites 13f-ethyl-11-methylene-18,19-dinor-17a-pregn-4-en-
20-yn-17B-o0l-3-one (5), 13p-ethyl-11-epoxy-18,19-dinor-17a-pregn-4-
en-20-yn-17B-ol-3-one (6), and 13fB-ethyl-11-methylene-18,19-dinor-
17a-pregn-4-en-20-yn-10f3,17B-diol-3-one (7) were also identified as
known compounds. Compounds 6, and 7 was previously reported by
our research group through the biotransformation of etonogestrel (5)
with C. blakesleeana, and C. echinulata, respectively [19].

In immune system various cells and soluble mediators interact in
complex manner to provide protection against foreign pathogens as
well as cancers. The immune system consists of innate and adaptive
immune responses and, both participates in the generation of acute and
chronic inflammation. The innate immune system provides rapid re-
sponse involving the release of proinflammatory cytokines including
TNF-a and eventually leads to the activation of the adaptive immunity
including T-cell response. Desogestrel (1), and its metabolites 2-7 were
evaluated for their anti-inflammatory activities by assays for pro-in-
flammatory cytokine (TNF-a) and, T-cell proliferation in order to
evaluate their effect on both innate and adaptive immune responses,
respectively. The human monocytic leukemia (THP-1) cells (myeloid
origin) were used as representative of innate immunity as they secrete
proinflammatory cytokines upon activation with LPS whereas T-lym-
phocytes (lymphoid origin) were used as cells of adaptive immunity.
Compounds 1-6 were identified as the most potent inhibitors of T-cells
proliferation with ICs, = 1.12 = 0.03, 1.15 * 0.05, 1.15 =
0.05, 1.40 = 0.03, 1.78 + 0.08, and 1.36 * 0.07 ug/mL, respec-
tively in comparison to the standard drug, prednisolone
(ICsy = 351 + 0.03 pg/mL), while compound 7
(ICsp = 6.18 = 0.04 ug/mL) showed a good activity. In addition,
substrate 1 (ICsp < 1 pug/mL), and its metabolites 2
(ICsp = 4.1 = 0.60 pg/mL), and 6 (IC5o = 6.8 = 0.8 pg/mL) also
showed a potent inhibition of pro-inflammatory cytokine (TNF-a)
production, as compared to the standards drug, pentoxifilline
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(ICs0 = 94.8 = 2.1 ug/mL). Compounds 3 (ICso = 57.9 * 7.6 pg/
mL), and 5 (IC5p = 27.2 = 6.8 ng/mL) showed a moderate inhibition
of TNF-a production, while compounds 4, and 7 showed no inhibition.
The compound 1, 2, and 6 showed strong anti-inflammatory potential
by inhibiting both innate and adaptive immune responses. Compounds
1-7 were non-cytotoxic against 3 T3 normal cell line (mouse fibro-
blast). This led to the synthesis of potent inhibitors against T-cell pro-
liferation, and cytokine TNF-a production.

4. Structure-activity relationships (SARs)

Apparently, variations in the structures of compounds 1-6 did not
significantly affect their inhibition potential against T-cell proliferation.
Whereas compound 7 with $-OH at C-10, along with a,-unsaturation,
showed lower inhibition of T-cells proliferation, as compared to com-
pounds 1-6, and standard prednisolone. Interestingly structural varia-
tion of compounds 1-7 have rendered significant variations in their
activities against the production of TNF-a. The presence of ketonic
groups at C-3 and C-6, along with dehydrogenation between C-4 and C-
5 in metabolite 2, and similarly the presence of a,f-unsaturation be-
tween C-3, C-4 and C-5, along with epoxidation at C-11 in compound 6
have not affected their activities against production of TNF-a, as com-
pared to substrate, desogestrel (1). Oxidation at C-3, and dehy-
drogenation between C-4, and C-5 in compound 5 has decreased its
activity. Likewise, hydroxylations at C-3 and C-6, along with dehy-
drogenation between C-4, and C-5 in compound 3 further decreased its
anti-inflammatory activity, as compared to compounds 1, 2, 5, and 6.
The presence of a,-unsaturation between C-3, C-4 and C-5, and -OH at
C-6 in compound 4, and a,-unsaturation between C-3, C-4 and C-5, and
B-OH at C-10 in compound 7 have diminished their anti-inflammatory
activity.

5. Conclusion

Microbial biotransformation of an oral contraceptive steroidal drug,
desogestrel (1) with Cunninghamella elegans was carried out at ambient
conditions by using aqueous media. This afforded six compounds 2-7.
Among them, metabolite 2 was identified as a new compound.
Compounds 1 (ICsq = 1.12 + 0.03  nug/mlL), 2
(ICsp = 1.15 += 0.05 pg/mL), 3 (IC5o = 1.15 = 0.05 ug/mL), 4
(ICso = 1.40 = 0.03 pg/mL), 5 (ICso = 1.78 + 0.08 pg/mlL), and 6
(ICsp = 1.36 = 0.07 pg/mL) showed a potent inhibition of T-cells
proliferation, as compared to the standard drug, prednisolone
(ICs0 = 3.51 * 0.03 pg/mL). In addition, compounds 1 (ICsp < 1 pg/
mL), 2 (IC5o = 4.1 * 0.60 ug/mL), and 6 (IC5o = 6.8 = 0.8 pg/mL)
also showed a several fold more potent inhibition of pro-inflammatory
cytokine (TNF-a) production, as compared to the standard drug, pen-
toxifilline (ICso = 94.8 * 2.1 pug/mL). In conclusion, compound 1, 2,
and 6 showed strong anti-inflammatory potential by inhibiting both
innate and adaptive immune responses. Thus the present research has
identified several potent anti-inflammatory hits for further studies.
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