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Biotransformation of a steroidal contraceptive drug, etonogestrel (1), (13-ethyl-17-hydroxy-11-methy-
lene-18,19-dinor-17o-pregn-4-en-20-yn-3-one) was investigated with Cunninghamella blakesleeana and
C. echinulata. Five metabolites 2-6 were obtained on incubation of 1 with Cunninghamella blakesleeana,
and three metabolites, 2, 4, and 6 were isolated from the transformation of 1 with C echinulata.
Among them, metabolites 2-4 were identified as new compounds. Their structures were deduced as
68-hydroxy-11,22-epoxy-etonogestrel (2), 11,22-epoxy-etonogestrel (3), 105-hydroxy-etonogestrel (4),

Iéfg ::)mgssérel 64-hydroxy-etonogestrel (5), and 14a-hydroxy-etonogestrel (6). Compounds 1-6 were evaluated for var-
Contragceptive ious biological activities. Interestingly, compound 5 was found to be active against S-glucuronidase

enzyme with ICsq value of 13.97 £0.12 puM, in comparison to standard compound, p-saccharic acid
1,4-lactone (ICso=45.75 +2.16 uM). Intestinal bacteria produce p-glucuronidase. Increased activity of
B-glucuronidase is responsible for the hydrolyses of glucuronic acid conjugates of estrogen and other
toxic substances in the colon, which plays a key role in the etiology of colon cancer. Inhibition of
p-glucoronidase enzyme therefore has a therapeutic significance. Compounds 1-6 were also found to
be non cytotoxic against 3T3 mouse fibroblast cell lines.

Biotransformation
Cunninghamella blakesleeana
Cunninghamella echinulata
pB-Glucuronidase inhibition
Colon cancer

© 2016 Published by Elsevier Inc.

1. Introduction

Biocatalysis is extensively used for the stereoselective synthesis
of chiral molecules. The reactions catalyzed by biocatalysts are
regio- and stereo-selective. Many of such reactions are not possible
through conventional chemical methods [1-6]. Microbial cells are
factories of enzymes that catalyze a number of chemical reactions,
such as oxidation, reduction, hydroxylation, and epoxydation.
Microorganisms, particularly fungi, contain cytochrome P450
monooxygenase systems, which are responsible for stereoselective
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hydroxylation at various sites of the steroidal skeleton. Fungi are
also used as models for the study of drug metabolism [7-9].
Etonogestrel (1) is used as a hormonal contraceptive. It is a ster-
oidal progestin available as subdermal implant. Nexplanon and
implanon are two well known products of etonogestrel, marketed
as subdermal contraceptive implants that provide effective contra-
ception for several years [10,11]. They have excellent reversibility:
fertility is restored within a month after removal. Implanon is also
safe for breastfeeding mothers, has an estrogen-sparing effect, and
does not affect the bone mineral density [12,13]. It is a drug of
choice for adolescents and women with diabetes mellitus, systemic
hypertension, endometriosis, and anemia [14-17]. In order to syn-
thesize new derivatives of 1, we subjected etonogestrel (1) to
transformation with Cunninghamella blakesleeana and C. echinulata.
This was in continuation of our research on biotransformation of
bioactive compounds [18-20]. The biotransformation of etono-
gestrel (1) with these fungi has yielded three new (2-4), and two
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Fig. 1. Biotransformation of etonogestrel (1) with Cunninghamella blakesleeana and C. echinulata.

known (5 and 6) metabolites (Fig. 1). All isolated metabolites, and
substrate 1, were evaluated for g-glucuronidase inhibitory activity.
Compound 5 was found to be active against p-glucuronidase
enzyme.

p-Glucuronidase is an exoglycosidase enzyme. Its increased
levels create problems in detoxification of various toxic substances
in body. Increased activity of -glucuronidase is also associated
with colon cancer. A number of carcinogenic substances along
with endogenously produced toxic metabolites, such as steroids,
undergo metabolism in the liver. These substances are then conju-
gated with glucuronic acid before their excretion into the small
intestine via the bile. These conjugates undergo hydrolyses in the
colon, catalyzed by g-glucuronidase enzyme produced by intestinal
bacteria. Therefore, g-glucuronidase plays a key role in the etiology
of colon cancer [21-25]. The inhibition of g-glucuronidase enzyme
could help to overcome such types of complications. Interestingly,
compound 5 was found to be a potent inhibitor of g-glucuronidase
with ICsq value of 13.97 £ 0.12 puM, whereas metabolite 3 showed a
weak activity (ICsq = 222.80 + 5.60 nM), in comparison to standard
compound p-saccharic acid 1,4-lactone (IC50 = 45.75 + 2.16 uM).

2. Experimental
2.1. General experimental conditions

Etonogestrel (1), C;,H,50,, was purchased from Haihang Indus-
try Co., Ltd. (Jinan, China). Silica gel, TLC plates (PFas4; 20 x 20,
0.25 mm) were acquired from Merck (Darmstadt, Germany). Ceric
sulfate was used to visualize compounds on TLC. Column
chromatography was carried with silica gel (70-230 mesh, Merck,
Darmstadt, Germany). A recycling preparative HPLC (JAI LC-908W,
Japan), equipped with YMC M-80 (4-5 pm, 20 x 250 mm i.d.),

was used to purify etonogestrel metabolites. A JEOL JMS-600H
(Japan) mass spectrometer was used to record EI-MS and high
HREI-MS. Bruker Avance NMR spectrometers were used to record
'H and C NMR spectra (Bruker, Wissembourg, France). UV
absorptions were recorded on Evolution 300 spectrophotometer
(Thermo Scientific, England). Melting points were observed using a
Buchi-560 apparatus (Japan). Optical rotations were measured in
methanol with a JASCO P-2000 polarimeter (Japan). IR spectra
(cm™!) were recorded on Vector 22 spectrophotometer (Bruker,
France).

2.2. Fungal cultures and media

Fungal cultures of Cunninghamella blakesleeana (ATCC 8688A),
and Cunninghamella echinulata (ATCC 9244) were obtained from
ATCC, grown on Sabouraud dextrose agar, and stored at 4 °C. Cul-
ture media were prepared by dissolving following ingredients in
1 L of solvent; glucose (10.0 g), peptone (5.0 g), KH,PO4 (5.0 g),
NaCl (5.0 g), and glycerol (10.0 mL) for each liter.

2.3. Biotransformation etonogestrel (1) with Cunninghamella
blakesleeana and Cunninghamella echinulata

Growth media (6 L for each fungus) was prepared in distilled
H,0 by using above chemicals, transferred into 60 conical flasks
of 250 mL equally (each containing 100 mL) and autoclaved at
121 °C. One seed flask for each fungus was inoculated, and incu-
bated for 3 days with shaking (128 rpm) at 26 °C. Once grown,
the seed cultures were distributed to the remaining flasks, and
incubation was continued with shaking at 26 °C for four days.
Compound 1 (0.500 g) was dissolved in 60 mL of methanol, and
evenly dispensed to 60 flasks containing mature growths of
Cunninghamella blakesleeana. The cultures were incubated with
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shaking for 12 days at 26 °C. The transformation was monitored
using two controls, conducted parallel under the same experimen-
tal conditions. The negative control comprised of growth medium
and fungal culture, and the positive control contained only
medium, and test compound 1. After incubation for 12 days, the
contents were collected, filtered, and extracted with dichloro-
methane (DCM) (18 L). Dichloromethane extracts were dried over
anhydrous sodium sulfate, and concentrated to obtain a dark-
brown gum-like material (2.4 g). This gum was loaded to a silica
gel column, and eluted with the mobile phase comprised of hex-
anes and acetone. The polarity of mobile phase was increased by
an increasing gradient of acetone. Column chromatography yielded
five main fractions (1-5) that contained most of the major trans-
formed products. Final purification of transformed compounds
was achieved with reversed phase HPLC. Upon purification with
HPLC (reverse phase), fraction 1 yielded metabolite 2 (M-80,
methanol-water 70:30, R; = 32 min). Metabolite 3 (M-80, metha-
nol-water 70:30, R,=52 min) was purified from fraction 2 with
reverse phase HPLC. Similarly, metabolite 4 (M-80, methanol-
water 50:50, R¢=42 min) was obtained from fraction 3, and
metabolite 5 (M-80, methanol-water 50:50, R,=122 min) from
fraction 4 on purification through preparative reverse phase HPLC.
Metabolite 6 was isolated from fraction 5 (M-80, methanol-water
70:30, R¢ = 26 min).

The same experimental procedures were adopted for the bio-
transformation of 1 with Cunninghamella echinulata, which yielded
compounds 2, 4, and 6.

2.3.1. 13-Ethyl-6p,17p-dihydroxy-18,19-dinor-11-spirooxiran-17o-
pregn-4-en-20-yn-3-one (2)

White solid; m. p. 243-249 °C; [0 = —86 (c 0.001, MeOH),
Amax (log €)=230nm (5.3); IR (CHCl3): vmax 3327 (OH), 1653
(C=0); HREI-MS m/z 356.1994 [M]" (Cy;H,504, calcd. 356.1988);
'H NMR (CD;0D, 500 MHz) Table 1; '3C NMR (CD0D, 100 MHz)
Table 1.
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2.3.2. 13-Ethyl-17B-hydroxy-18,19-dinor-11B-spirooxiran-17a-
pregn-4-en-20-yn-3-one (3)

White solid; m. p. 212-214 °C; [¢]> = —33 (c 0.00089, MeOH),
Amax (log €) =242 nm (5.3); IR (CHCl5): vmax 3423 (0O-H), 1639
(C=0); HREI-MS m/z 340.2051 [M]* (Cy5H,50s, calcd. 340.2038);
'H NMR (CD50D, 600 MHz) Table 1; '*C NMR (CDs0D, 75 MHz)
Table 1.

2.3.3. 13-Ethyl-11-methylene-108,17 -dihydroxy-18,19-dinor-17o.-
pregn-4-en-20-yn-3-one (4)

White solid; m. p. 219-221 °C; [0]% = —333 (c 0.00072, MeOH),
Amax (log €)=230nm (5.4); IR (CHCl3): Umax 3421 (OH), 1653
(C=0); HREI-MS m/z 340.2070 [M]" (Cy,H,505, calcd. 340.2038);
'H NMR (CD50D, 400 MHz) Table 1; '*C NMR (CDs0D, 100 MHz)
Table 1.

2.3.4. 13-Ethyl-11-methylene-6,17 B-dihydroxy-18,19-dinor-17c-
pregn-4-en-20-yn-3-one (5)

White solid; m. p. 230-232 °C; [¢]2° = —280 (c 0.00092, MeOH),
Amax (log €) = 230 nm (5.3); IR (CHCl3): vmax 3348 (0O-H), 3342
(0-H), 1651 (C=0); HREI-MS m/z 340.2032 [M]" (C3H,503, calcd.
340.2038); 'H NMR (CD50D, 500 MHz) Table-S1 (Supplementary
data); '*C NMR (CD;0D, 150 MHz) Table-S1 (Supplementary data).

2.3.5. 13-Ethyl-11-methylene-150,173-dihydroxy-18,19-dinor-17o-
pregn-4-en-20-yn-3-one (6)

White solid; m. p. 224-228 °C; [¢]5 = —151 (c 0.00098, MeOH),
*max (log €) =243 nm (5.3); IR (CHCl3): vmax 3419 (O-H), 1661
(C=0); HREI-MS m/z 340.2057 [M]" (Cy;H,503, calcd. 340.2038);
H NMR (CDs0D, 500 MHz) Table-S1 (Supplementary data); '>C
NMR (CD30D, 100 MHz) Table-S1 (Supplementary data).

Table 1
H and '>C NMR chemical shifts of compounds 2-4, recorded in CD30D.
Position ~ 2° 30 4
S¢ du (J in Hz) S¢ dy (J in Hz) dc dy (J in Hz)
1 283 232m,1.85m 295 2.58m, 1.67 m 32.7 2.73m, 2.25m
2 40.1 231m,2.11m 36.8 248 m, 2.24m 34.9 2.60m, 227 m
3 2034 - 203.1 - 2023 -
4 126.0 5.85s 1256 5.80s 1245 5.73s
5 1685 - 1704 - 169.1 -
6 723 428 br s 40.1 2.15m, 1.67 m 335 193 m, 1.05m
7 39.0 1.98 dt (J7aga = 14.0, J7a6e = 3.0), 1.24 td (J7ege = 13.2, 31.9 1.88m, 1.09 m 34.2 255m,2.25m
Jresa= 2.5)
8 334 217 m 393 1.67 m 38.8 1.99 m
9 51.1 1.51m 51.8 148 m 54.1 1.54m
10 35.0 2.61m 40.3 1.61m 71.8 -
11 61.8 - 61.7 - 1451 -
12 40.2 230m, 1.60 m 40.1 231m, 1.60m 43.2 2.65m,230m
13 51.2 - 51.1 - 51.2 -
14 524 1.85m 52.6 1.86 m 57.8 1.52 m
15 22.8 1.65m, 1.45m 22.8 1.67m, 1.48 m 23.0 1.78 m, 1.40 m
16 36.9 220m, 234 m 37.3 249m,2.25m 40.4 2.26 m, 2.08 m
17 81.5 - 81.5 - 81.5 -
18 21.6 1.59m, 1.09 m 21.6 1.55m, 1.05m 20.8 1.42- 1.58 m
(2H)
19 108 1.08 t (115 =7.5) 108 1.08 t (io15=7.2) 93 105t
(J1918=7.2)
20 88.7 - 88.7 - 88.9 -
21 75.1 2.96 75.1 2.98s 74.9 291s
22 49.9 3.08 d (Jo2.22 =1.5), 2.70 d (J22.22 = 4) 49.9 3.10 q (J22.22=3.6, J2212=1.8), 2.70 d 113.8 5.49s5,5.125
U2222=4.2)

2 =14 NMR (500 MHz) and 3C NMR (100 MHz).
> - 1H NMR (600 MHz) and *C NMR (75 MHz).
= 'H NMR (400 MHz) and "3C NMR (100 MHz).
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2.4. Assay protocol for p-glucuronidase inhibition

Inhibitory effect of compounds on pg-glucuronidase (E.C.
3.2.1.31, from bovine liver, G-0251) was measured by monitoring
the extent of hydrolysis of chromogenic substrate, p-nitrophenyl-
p-p-glucuronide. 250 uL was the total reaction volume which
contains; acetate buffer (185 pL of 0.1 M), 5 pL of test compound
solution (0.4 mM) (in 100% DMSO), and 10 pL of (1 U) enzyme
solution were incubated at 37 °C for 30 min in a 96-well plate
(5 pL in each well). Similar conditions were used for standard inhi-
bitor p-saccharic acid 1,4-lactone. 50 pL of 0.4 mM p-nitrophenyl-
p-p-glucuronide was added to reactions mixture and reaction
was monitored with a multiplate reader (Spectra Max plus 384,
Molecular Devices, CA, USA). The absorbance of p-nitrophenol, pro-
duced from the substrate, was measured at 405 nm. All assays
were run in triplicate. ICsq values were calculated using EZ-Fit soft-
ware (Perrella Scientific Inc., Amherst, MA, USA). These values are
the mean of three independent readings.

2.5. Cytotoxicity assay

Cytotoxicity of substrate 1 and its derivatives 2, and 4-6 were
evaluated by using 3T3 cells line (normal mouse fibroblast)
through a standard MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-
diphenyltetrazolium bromide) colorimetric assay [26]. 3T3 cells
were grown in DMEM (Dulbecco’s modified Eagle’s medium), hav-
ing 10% FBS, 100 IU/mL and 2% antibiotic (streptomycin penicillin).
It was then incubated at 37 °C in a 5% CO,, for 24 h. Cell concentra-
tion of 1 x 10° cells/mL were plated into 96-well plates and
incubated for 24 h. Various concentrations of test compounds
(1-100 M) were prepared, and transferred to cell containing wells.
Plate was then incubated for 48 h. Four hours before the completion
of incubation period, 50 pL of MTT (2 mg/mL) was added to each
well and incubation was then continued. After removing reagents,
100 puL of DMSO was added to each well and mixed thoroughly till
the crystals of formazan were dissolved. The absorbance at 570 nm
was recorded on a microplate ELISA reader (Spectra Max Plus,
Molecular Devices, CA, USA). After that, cytotoxicity of test com-
pounds was calculated through 50% growth inhibition for all cell
lines. The standard compound was cycloheximide.

3. Results and discussion
3.1. Identification of metabolites

Metabolite 2 was obtained as a white solid. Molecular formula
C,,H,504 was deduced through HREI-MS [M*] m/z 356.1994 (calcd
for 356.1988). This suggested addition of two oxygen atoms to
substrate 1. The UV Any.x at 230 nm indicated an «,p-unsaturated
carbonyl system. IR spectrum showed absorbances for OH
(3327 cm™'), and «,f-unsaturated carbonyl (1653 cm™!). In the
TH NMR spectrum of 2, two olefinic protons were missing as com-
pared to the substrate 1, whereas new proton signals correspond-
ing to a new methine (6 4.28) and two methylene protons (6 3.08,
2.70) appeared (Table 1), as compared to the 'H NMR spectrum of
substrate 1 (Table-S1, supplementary data). This suggested
hydroxylation, and epoxidation in substrate 1. Two olefinic carbon
signals were also missing in '*C NMR spectrum (Table 1), indicat-
ing the conversion of C=C into an epoxide. The '*C NMR spectrum
showed signals for a new oxy-methine carbon ( 72.3), and an oxy-
methylene carbon (6 49.9), suggesting the presence of two more
oxygen atoms as OH and epoxide. HMBC correlations helped in
deducing the positions of OH and epoxide. The proton signal at §
5.85 (H-4) showed HMBC correlations to the carbon resonances
at § 35.0 (C-10), and at 6 72.3 (C-6), indicating an OH at C-6. The
HMBC correlations of methine proton at § 4.28 to C-5 (5 168.5)
and C-10 (6 35.0) further supported the C-6 position for OH. Simi-
larly, an epoxide between C-11/C-22 was deduced from the HMBC
correlations of H-9 and H-12 with C-11 (6 61.8) (Fig. 2). Hy-22 (¢
3.08, 2.70) also displayed HMBC correlations with C-11 (6 61.8)
and C-12 (5 40.2), which supported an epoxide between
C-11/C-22. Relative stereochemistry of OH-6 was assigned based
on the NOESY correlations of oxymethine H-6 with the olefinic
H-4 (Fig. 2). H-6 also displayed NOESY correlations with both pro-
tons of C-7, this supported an equatorial orientation of H-6. H-6
was appeared as a broad singlet, which further supported an axially
oriented C-6 OH. This is only possible if H-6 is equatorially oriented.
Therefore, a geminal p-OH at C-6 was inferred. C-22 protons
showed NOESY correlations with p-oriented CHs-19. Therefore,
the CH,-22 was deduced as axially oriented, with attached
epoxide. Thus the structure of new metabolite was deduced as
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Table 2

B-Glucoronidase inhibitory activity and cytotoxicity of etonogestrel (1), and its metabolites.

Compounds % Inhibition of B-Glucoronidase inhibition Cytotoxicity on 3T3 cell
p-glucoronidase enzyme 1C50 £ SD [UM] lines ICsp = SD [uM]

1 37.9 NA Non cytotoxic

2 35.9 NA Non cytotoxic

3 68.3 222.80 £5.60 -

4 39.2 NA Non cytotoxic

5 95.7 13.97 £0.12 Non cytotoxic

6 34.1 NA Non cytotoxic

Standard (for g-glucoronidase inhibition) p-Saccharic acid 1,4-lactone 89.4 ICs0=45.75+2.16 -

Standard (for cytotoxicity) Cycloheximide - - 0.60£0.17

NA = Not active.

13-ethyl-68,17 8-dihydroxy-18,19-dinor-11-spirooxiran-17a-pregn-
4-en-20-yn-3-one (6p-hydroxy-11,22-epoxy-etonogestrel) (2).

Compound 3 was obtained as a white amorphous solid. The
molecular formula C;H,505 was deduced through the HREI-MS
spectrum ([M]* m/z 340.2051, calcd for 340.2038). This suggested
addition of an oxygen atom to substrate 1. The UV i at 242
(nm) was due to an a,g-unsaturated carbonyl system. The 'H NMR
spectrum showed signals for two new methylene protons (§ 3.10,
2.70) (Table 1) suggesting an epoxidation in substrate 1. Two olefi-
nic carbon signals were also missing in the >*C NMR spectrum, as
compared to substrate 1 (Table 1). The *C NMR spectrum of 3
showed signals for a new oxy-methylene carbon (5 49.9), also sug-
gesting the presence of an epoxide. Position of the epoxide on the
steroidal skeleton was deduced through HMBC correlations
(Fig. 2). The epoxide was placed between C-11/C-22 based on the
HMBC correlations of H-9 and H,-12 with C-11 (6 61.7). The HMBC
correlations of H,-22 with C-11 and C-22 further helped to deduced
the position of oxirane between C-11/C-22. CH,-22 protons showed
NOESY correlations with g-oriented CH3-19. Therefore, 22-CH, was
deduced as axially oriented with a geminal epoxide (Fig. 2). Thus the
structure of new metabolite 3 was deduced as 13-ethyl-17p-
hydroxy-18,19-dinor-11-spirooxiran-17o-pregn-4-en-20-yn-3-one
(11,22-epoxy-etonogestrel).

Compound 4 was obtained as a white solid, more polar than the
substrate 1 on TLC. Its [M]" appeared at m/z 340.2070 (Cy,H505,
calcd for 340.2038) in the HREI-MS. The 16 amu increase in the
mass was due to addition of an oxygen atom. The UV absorption
at 230 nm was due to o,p-unsaturated carbonyl system. The 'H
NMR spectrum of compound 4 was found to be similar to substrate
1 (Table 1). The *C NMR spectrum showed a new downfield qua-
ternary carbon signal (6 71.8) (Table 1) indicating the introduction
of an OH at a quaternary position. The position of the OH at C-10
was deduced on the basis of HMBC correlations of H-4 with newly
formed quaternary carbon at § 71.8 (C-10) (Fig. 2). The newly intro-
duced C-10 OH (6 5.13) (DMSO-dg) was deduced as p-oriented
based on its NOESY correlations with H-22 {§ 5.44, (DMSO-dg)}
(Fig. 2) [27]. Thus the structure of this new metabolite was deter-
mined as 13-ethyl-11-methylene-108,178-dihydroxy-18,19-dinor-
170-pregn-4-en-20-yn-3-one (10p-hydroxy-etonoge-strel) (4).

The structures of metabolites 5, and 6 were identified by
comparing their spectroscopic data with data reported in
the literature, as 13-ethyl-11-methylene-6p,173-dihydroxy-18,
19-dinor-17a-pregn-4-en-20-yn-3-one  (68-hydroxy-etonogestrel)
(5), and 13-ethyl-11-methylene-150,173-dihydroxy-18,19-dinor-
170-pregn-4-en-20-yn-3-one  (14o-hydroxy-etonogestrel) (6),
respectively. Compounds 5, and 6 were previously reported as
metabolites of 1 in animal microsomes by Verhoeven et al. [28].

3.2. B-Glucuronidase inhibitory activity and cytotoxicity

Etonogestrel (1), and its transformed products were evaluated
for p-glucuronidase inhibitory activity. Compound 5 showed a

potent activity against the enzyme, while metabolite 3 displayed
a weak inhibition. Metabolite 5 was even more active (ICsg=
13.97 £0.12 uM) than the standard pg-glucuronidase inhibitory
compound, p-saccharic acid 1,4-lactone (ICsq=45.75%2.16 uM)
used in this assay as positive control (Table 2). This is an interest-
ing finding towards the identification of new p-glucuronidase
inhibitors.

Etonogestrel (1) is a hormonal progestin, which belongs to an
important class of steroidal compounds. Initially we evaluated
the cytotoxic effect of substrate 1 against 3T3 mouse fibroblast cell
lines. Compound 1 did not show cytotoxicity (Table 2). Its metabo-
lites were also evaluated against 3T3 cell line, and were found non
cytotoxic.

4. Conclusion

In conclusion, five derivatives were synthesized through micro-
bial transformation of etonogestrel (1) with C. blakesleeana, and
C. echinulata. Hydroxylation and epoxidation of steroidal skeleton
occurred during microbial transformation. Hydroxylation took
placed at C-6, C-10, and C-15, whereas epoxide was formed
between C-11 and C-22. Etonogestrel (1), and its transformed
products were evaluated for their -glucuronidase inhibitory activ-
ity during random screening. Only the metabolites 5 and 3 were
found to be active against S-glucuronidase enzyme.
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