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Biotransformation of melengestrol acetate (MGA, 17a-acetoxy-6-methyl-16-methylenepregna-4,
6-diene-3,20-dione) (1) was investigated for the first time by using fungal cultures. Incubation of
compound 1 with Cunninghamella blakesleeana yielded a new major metabolite, 17a-acetoxy-11p-
hydroxy-6-methyl-16-methylenepregna-4,6-diene-3,20-dione (2). The metabolite 2 was purified by
using HPLC, followed by characterization through 'H- and >*C-NMR and other spectroscopic techniques.
Single crystal X-ray diffraction analysis was used to deduce the three dimensional structures of melen-
gestrol acetate (1) and metabolite 2 for the first time. T-cell proliferation assay was employed to evaluate
the immunosuppressant effect of compounds 1 and 2 with ICso = 0.5 £ 0.07 and 0.6 + 0.08 pg/mL, respec-
tively. The results indicated that these compounds possess sixfold potent T-cell proliferation inhibitory
activity as compared to the standard prednisolone (ICso < 3.1 pg/mL). Both compounds were found to
be non-toxic in a 3T3 (mouse fibroblast) cell-based cytotoxicity assay. This discovery of potent
anti-inflammatory activity of compounds 1 and 2 can lead the way to develop new immunosuppressant
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compounds for clinical application.
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1. Introduction

Inflammation is a complex series of physiological events for the
repair of damage due to injury or infection. The typical signs of
inflammation include redness, warmth, swelling and pain [1].
Inflammation is involved in many other prevalent human diseases.
Chronic inflammation leads to common inflammatory diseases,
such as rheumatoid arthritis and osteoarthritis. Usually, non-ste-
roidal anti-inflammatory drugs (NSAIDs) and glucocorticoids are
used for the treatment of various kinds of inflammatory disorders.
Many of these drugs possess serious adverse effects.

Steroids are among the most extensively marketed pharmaceu-
tical products used as anti-inflammatory, antiandrogenic, progesta-
tional, anabolic, contraceptive and anticancer agents. Melengestrol
acetate (MGA) is an orally active progestagenic steroid used as a
feed additive for feedlot heifers. In several meat-exporting coun-
tries, MGA is licensed as growth promoters for farm animals. It
improves the feed efficiency and promotes rapid muscles growth.
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It helps in development of ovarian follicular, proliferation of endo-
material, and delays estrual activity and ovulation [2]. The meta-
bolic rate of MGA is high in women, as well as in animals such as
cattle and rabbits [3]. MGA also has glucocorticoid activity as deter-
mined by anti-inflammatory assays in rats which was analogous of
hydrocortisone [4,5]. The effects of melengestrol acetate and hydro-
cortisone acetate were also compared in rats. MGA was in general
superior to hydrocortisone acetate in the treatments of inflamma-
tion with lesser side effects [6]. During the current study a fungus
Cunninghamella blakesleeana was used for biotransformation of
MGA 1 into a new metabolite 2. The anti-inflammatory activities
of both the compounds were also evaluated.

Microbial transformation is a reliable and efficient tool for the
synthesis of new oxygenated compounds, which are difficult to
synthesize by conventional synthetic methods. In addition, micro-
organisms are commonly used as a model to study drug metabo-
lism and for the production of new metabolites with diverse
bioactivities. This approach has played a key role in modern drug
discovery and development [7,8].

There are broad applications of microorganisms in the biotrans-
formation of steroids into chemo-, regio- and stereoselective prod-
ucts through environment friendly and cost effective manner.
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Table 1
"H NMR (CD50D, 300 MHz) and '*C NMR (CDs0D, 75 MHz) chemical shift data of compounds 1 and 2.
1 2
Carbon dc Multiplicity oy (J=Hz) dc Multiplicity oy (J=Hz)
1 34.0 CH, 1.73, m; 2.01, m 335 CH, 2.60, m; 2.45, m
2 33.7 CH, 2.43, m; 2.56, m 333 CH, 1.84, m;, 2.21, m
3 199.8 C - 199.9 C -
4 121.5 CH 5.86, s 120.4 CH 5.80, s
5 144.4 C - 144.6 C -
6 131.6 C - 131.5 C -
7 137.6 CH 5.90, s 137.7 CH 5.93,s
8 36.5 CH 225, m 32.6 CH 2.68, m
9 50.2 CH 1.30, m 53.2 CH 1.29,d,/=24
10 36.1 C - 36.4 C -
11 20.2 CH, 1.42, m; 1.70, m 67.6 CH 4.45, br. s
12 30.7 CH, 157, m; 1.99, m 39.9 CH, 1.64, dd, J; = 144, J,=2.1; 2.18, m
13 48.2 C - 47.5 C -
14 45.8 CH 1.97, m 47.0 CH 1.89, m
15 32.2 CH, 2.23, m; 2.62, m 323 CH, 2.33, m; 2.64, m
16 163.9 C - 164.9 C -
17 93.9 C - 93.0 C -
18 143 CH3 0.77 s 16.8 CH3 0.99, s
19 16.4 CHs3 1.08, s 19.0 CHs3 1.32,s
20 2024 C - 202.5 C -
21 27.7 CH3 2.12,s 28.1 CHs3 2.17,s
22 170.1 C - 170.0 C -
23 213 CHs3 2.02,s 21.2 CHs3 2.00, s
24 199 CHs; 1.83,s 199 CH3 1.84, s
25 120.3 CH, 5.47,s; 558, s 120.6 CH, 5.00, s; 5.20, s

Fig. 1. Biotransformation of melengestrol acetate (1) with Cunninghamella blaksleeana.

These transformations generally include hydroxylation, oxidation,
reduction, dehydrogenation, isomerization, and esterification
[9,10]. We have extensively employed microorganisms for the
structural modifications of a number of steroids to produce new
and novel bioactive compounds in our research [11-16]. Herein
we report the microbial transformation of melengestrol acetate
(1) for the first time.

2. Experimental
2.1. General

Melengestrol acetate (1) was obtained from Sigma-Aldrich.
Precoated TLC plates (silica gel, PF,s4; 20 x 20, 0.25 mm) were
purchased from Merck, Germany. Ceric sulfate was used as visual-
izing reagent to stain TLC. Column chromatography was utilized
for fractionation by using silica gel (70-230 mesh, Merck).
Recycling preparative HPLC was used to purify metabolite on a
JAI LC-908 W instrument, attached with YMC L-80 (4-5 pm,
20-250 mm i.d.) and UV detection at 254 nm. JEOL (Japan)
JMS-600H mass spectrometer was used to measure electron
impact mass spectra (EI-MS) and high-resolution mass spectra

(HREI-MS) in m/z (rel.%). A Bruker Avance NMR spectrometer was
used to record 'H- and '>C-NMR spectra at 300 and 75 MHz in
CDCl;s, respectively. Standard pulse sequences were used to record
DEPT and 2D-NMR experiments. Melting point was observed on
Buchi-560 and for measuring the optical rotation in methanol JAS-
CO P-2000 polarimeter was used. UV spectra (in nm) were
recorded on Hitachi U-3200 spectrophotometer. FT-IR-8900 and
Bruker VECTOR 22 spectrophotometers were employed to record
IR spectra (cm™!). X-ray data were collected on Bruker Smart APEX,
single-crystal X-ray diffractometer fitted with CCD detector [17].
The data were analyzed by using SAINT program, solved with the
aid of direct method [18], and finally refined with the help of SHEL-
XTL-PC package [19]. ORTEP program was used to support the plot-
ting of figures [20].

2.2. Fungi and culture medium

Fungal cultures of C. blakesleeana ATCC 8688A were maintained
on Sabouraud dextrose agar (SDA) at 25 °C and stored at 4 °C. The
growth medium for C. blakesleeana ATCC 8688A was prepared by
adding glucose (60.0 g), glycerol (60.0 mL), peptone (30.0 g), yeast
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Fig. 2. Key HMBC (——») and NOESY (-a—3») correlations of compound 2.

extract (30.0 g), KH,PO4 (30.0 g), and NaCl (30.0 g) into distilled
H,0 (6.0L).

2.3. General fermentation and extraction conditions

Media (6 L) was autoclaved at 121 °C after transferring into 60
conical flasks of 250 mL containing 100 mL each. Inoculation was
carried out to prepare seed flasks and left for 3 days on a shaker
at 26 °C. The little amount of aliquots was distributed to the other
flasks and incubation was continued on a rotary shaker (128 rpm)
at 26 °C. After 4 days, compound 1 in acetone was equally distrib-
uted among 60 flasks, and fermentation was continued on rotary
shaker. Two control experiments were also conducted in parallel
under the same conditions. Negative control was medium with
fungal culture in order to exclude metabolites secreted by microor-
ganism, while positive control was medium with compound 1 to
check whether compound 1 was decomposed or transformed
spontaneously. After fermentation, the culture medium was fil-
tered to separate mycelia. The extraction of this medium was car-
ried out three times by using three portions of dichloromethane.
Anhydrous sodium sulfate (Na,SO4) was added to dry the extract.
The drying agent was filtered and filtrate was concentrated under
reduced pressure to obtain a brown gum.

2.4. Fermentation of melengestrol acetate (1) with C. blakesleeana
ATCC 8688A

Compound 1 (0.72 g) was dissolved in 60 mL of acetone and
evenly dispersed among 60 flasks containing mature growth of C.
blakesleeana ATCC 8688A and placed on rotary shaker for 14 days
at 26 °C. The substrate concentration of 12 mg/mL was added in
each flask and time course studies were carried out after 4, 8,
and 14 days to observe the consumption of substrate. After that
fermentation media was filtered and then extracted three times
with dichloromethane (DCM) (18 L). Anhydrous sodium sulfate
was added to the dichloromethane extract to remove water and
the drying agent was filtered and the filtrate was concentrated
under reduced pressure on rotary evaporator yielded gummy
material (0.8 g). This gum was subjected to column chromatogra-
phy on silica gel, with increasing polarity of hexane and ethyl
acetate to obtain fractions. One main fraction (MLACB-1) was
obtained with EtOAc:pet ether (5.5:4.5) was further purified by
using reversed phase-high performance liquid chromatography
(RP-HPLC) (L-80, methanol-water 85:15, R =22 min) to obtain
compound 2 (20 mg). The compound 2 was characterized as 17a-
acetoxy-11p-hydroxy-6-methyl-16-methylenepregna-4,6-diene-3,20-
dione (2) by spectroscopic techniques. Table 1 presents the 'H- and
13C-NMR data of compound 2 while Fig. 1 shows the proposed
metabolic pathway for melengesterol acetate (1).

Fig. 3. The ORTEP generated view of compound 1. The ellipsoids are drawn at 30%
probability unit.

Fig. 4. The molecular packing diagram of compound 1.

2.4.1. Melengesterol acetate (1)

Crystalline solid: M.p.: 202-204 °C, [«]p = —180 (¢ = 0.2, CHCl5),
UV (MeOH) Amax nm (loge): 288 (5.8). IR (CHCl3) Vinax cm™': 1738
(C=0), 1660 (C=C), IR (KBr) Vimax cm™': 1735 (C=0), 1664 (C=C).
Re: 0.40 (Pet. ether/acetone=9:1, 'H NMR (CDCl;, 300 MHz):
Table 1, '3C NMR (CDCls, 75 MHz): Table 1. EI-MS: 396 [M']
(5.8), 370 (61), 354 (20.4), 337 (72), 311 (43), 293 (100), 187
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Fig. 5. The ORTEP generated view of compound 2. The ellipsoids are drawn at 30%
probability unit.

(64), 43 (51). HREI-MS m/z (mol. formula, calcd value): 396.2310
(C25H3204, 3962295) Crystal data: Cy5H3,04, Mr =396.51, ortho-
rhombic, space group P2:2:2;, a=8.1480(5)A, b=9.9685(6)A,
c=27.2726(19)A, V=22152(2)A3, Z=4, peyc=1.189 mg/m>,
F000)=856, u(Mo Ko=0.71073A, max/min transmission
0.9906/0.9571 crystal dimensions 0.56 x 0.21 x 0.12,
1.49° < 0 < 25.5° a total of composed reflections were 13,185, of
which 2372 were examined (R, =0.0305). The R values were:
R1=0.0353, wR2=0.0922 for [>20(I)) and R1=0.0394,
WR2 =0.0957 for all data; max/min residual electron density:
0.142/-0.112 eA=3. Crystallographic data for compound 1 was
deposited at the Cambridge Crystallographic Data Center. CCDC
data center is used to obtain the crystallographic information free
of charge (CCDC 949960 reference code).

2.4.2. 17a-Acetoxy-11p-hydroxy-6-methyl-16-methylenepregna-4, 6-
diene-3,20-dione (2)

White solid (20 mg): M.p.: 280-284 °C, [a]p=-108 (c=0.1,
CHCl3), UV (MeOH) /max nm (loge): 287 (5.9). IR (CHCl3) Viax
cm™': 3502 (OH), 1737 (C=0), 1653 (C=C), IR (KBr) Viax cm™':
3418 (OH), 1735 (C=0), 1664 (C=C), Ry 0.44 (Pet. ether/ace-
tone =8:2, '"H NMR (CDCl;, 300 MHz): Table 1, *C NMR (CDCls,
75 MHz): Table 1. EI-MS: 412 [M*] (27), 370 (61), 353 (100), 309
(80), 309 (80), 291 (60), 276 (54), 175 (24.3) 43 (38). HREI-MS
m/z (mol. formula, calcd value): 412.2238 (Cy5H3,05, 412.2244).
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Fig. 6. The molecular packing diagram of compound 2.

Crystal data of 2: CsH3;05, Mr=412.51, Orthorhombic, space
group P2,2:2;, a=8.1116(6) A, b=9.9651(7) A, c =27.6450(19) A,
V=22346(3)A3, Z=4, peuc=1.229 mg/m>, F000)=892, u(Mo
Ko=0.71073 A, max/min transmission 0.991/0.9752 crystal
dimensions 0.30 x 0.25 x 0.10, 1.47° <0< 25.5°, total number of
reflections were 13,332, out of which 2396 reflections were exam-
ined (Rjn: = 0.0496). The R values for all the data were: R1 =0.0427,
WR2 =0.1082 for I > 2¢(I), and R1 = 0.0513, wR2 = 0.1144; Residual
electron density max/min: 0.201 and —0.292 eA 3. Crystallo-
graphic data for compound 2 can be obtained from the Cambridge
Crystallographic Data Center (CCDC) and which provides the crys-
tallographic information free of charge (CCDC 949961 reference
code).

2.5. Biological activity

2.5.1. Effect on T-cell proliferation
T-cell proliferation activity was measured by protocol of Niel-
sen et al. (1998), by using H? thymidine incorporated for this pur-

Blpg/mL NO0.2pg/mL

+ve Control -ve Control

Concentration (ug/mL)

Fig. 7. Dose dependent effects of compounds 1 and 2 on phytomagglutinin (PHA)-activated T-cell proliferation, as compared to standard prednisolone (control).
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Table 2
Inhibitory effect of compounds 1 and 2 on the T-cell proliferation in vitro.

Compounds ICsp + SD (pg/mL)
1 0.5+0.07
2 0.6 £ 0.08
Prednisolone (Standard) <3.1

Table 3

In vitro cytotoxicity of compounds 1 and 2 against 3T3 cells.

Compounds ICs50 + SD (pg/mL)
1 >30
2 >30

Doxorubicin (Standard) 0.912+0.12

pose [21]. Briefly heparinized venous blood of healthy human vol-
unteers was used for the isolation of peripheral blood mononuclear
cells (PBMC) by Ficoll-Hypaque gradient centrifugation. Cell count-
ing was performed using Neubauer counting chamber, briefly
equal volume of cell suspension and trypan blue dye were mixed
and chamber was charged with 10 pL of this mixture, viable cells
were then counted in four large squares using inverted microscope
and 20X magnification, concentration of cells per mL was then cal-
culated using formula: No. of cells/mL = No. of cells x dilution fac-
tor x 10%/No. of squares counted. RPMI-1640 media supplemented
with 5% FBS (fetal bovine serum) was used to adjust the concentra-
tion of cells 2 x 106 cells/mL. The cells were then induced with
5 pg/mL phytohemagglutinin (PHA) and treated with four different
concentrations of compounds (0.2, 1, 5 and 25 pg/mL), each used in
triplicate. Positive control wells received cells and PHA, whereas
negative control contained cells alone without PHA. 5% CO, was
used to incubate plate at 37 °C for 72 h, with the final volume of
200 pL per well. After 72 h cells were pulsed with 25 pL of H3 thy-
midine (0.5 pici/well) and plate incubation was continued for fur-
ther 18 h. A cell harvester system was used to collect cells on a
glass fiber filter. Liquid B-scintillation counter was used to check
the effect of compounds on proliferation quantitatively. Results
were measured as counts per minute (CPM). The inhibitory effect
of compounds was determined in comparison to the control.

2.5.2. Cytotoxicity assay on 3T3 cells

The MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyl-tetrazo-
lium bromide) colorimetric assay was used to evaluate the cyto-
toxicity of compounds on 3T3 (mouse fibroblast) cells in 96-well
plates [22,23]. Dulbecco’s Modified Eagle Medium (DMEM), sup-
plemented with 5% FBS (fetal bovine serum), penicillin (100 IU/
mL) and streptomycin (100 pg/mL), was added to cultured cells.
The cells were incubated at 37 °C in 5% CO, incubator for 24 h.
Haemocytometer was used for counting the exponentially growing
cells after harvesting them. Cell concentration was adjusted to
5 x 10* cells/mL in 96-well plates. Fresh media (200 pL) along with
different concentrations of compounds (1-30 pM) were added in
each well. After 48 h, the media was carefully removed and
200 pL of MTT (0.5 mg/mL) was added into each well and incuba-
tion was continued further for 4 h. Afterwards 100 pL of DMSO was
also transferred to each well. Micro plate reader (Spectranx plus,
Molecular Devices, CA, USA) was used to measure the absorbance
at 540 nm. The formation of formazan in the cell was indicated
by reduction of MTT. The cytotoxicity for 3T3 cells was measured
as concentration causing 50% growth inhibition (ICsq). The results
(% inhibition) were processed by using Soft-Max Pro software
(Molecular Devices, CA, USA).

3. Results and discussion

Small scale screening experiment with C. blakesleeana ATCC
8688A showed that this fungus has a capability of transforming
melengestrol acetate (1). Fermentation of compound 1 was carried
out on a large scale to obtain a new hydroxylated derivative (Fig. 1).

Single-crystal X-ray diffraction studies unambiguously estab-
lished the structure of compound 1 (Fig. 3). The structure contains
four fused rings C1-C5/C10, C5-C10, C8-C9/C11-C14 and C13-
C17, exist in half chair, half chair, chair and envelop conformations,
respectively. The methyl acetate and acetyl substituents on five
membered ring was found to be equatorial and axial, respectively.
No significant intra- or inter-molecular interactions were observed
for compound 1. However, in the crystal, molecules are arranged to
form columns along c-axis (Fig. 4). All the lengths and bond angles
were in the normal range, and found to be similar with the struc-
turally related steroidal compounds [24,25].

The structure of compound 2 was characterized by using spec-
troscopic techniques. HREI-MS of metabolite 2 showed an M* at
m[z 412.2238 (C5H3,05, 412.2244), 16 a.m.u. which is greater than
the substrate 1. Absorptions bands in IR spectrum at 3502 and
1737 cm™ ! indicated the presence of OH and ketone functionalities,
respectively. Znax at 287 nm for a conjugated ketone showed by the
UV spectrum. The "H NMR spectrum (Table 1) of 2 showed a down-
field methine at § 4.45 (br. s) indicating hydroxylation. An addi-
tional hydroxyl-bearing methine carbon appeared at 6 67.6 in the
13C NMR spectrum (Table 1), as compared to substrate 1. The pres-
ence and position of OH- bearing methine was deduced on the basis
of J> HMBC correlations of H-12 (8 1.64 and ¢ 2.18) with C-11 (&
67.6). Furthermore, J2and J> HMBC correlations of H-19 (5 1.32)
with C-9 (6 53.2) and C-10 (6 36.4) indicated the hydroxylation at
C-11. The NOESY correlations of H-11 (J§ 4.45) with H-9 (6 1.29)
were used to find the relative stereochemistry at C-11 (Fig. 2).

Single-crystal X-ray diffraction technique was also employed to
deduce the structure of compound 2 (Fig. 5). The structure of com-
pound 2 is composed of three six membered rings C1-C5/C10, C5-
10, C8-C9/C11-C14 existing in half chair, half chair and chair con-
formations, respectively. Whereas the five membered ring, C13-
C17, was found to exists in an envelope conformation with equa-
torially oriented acetyl, and axially oriented methyl acetate groups
at the C-17. In the crystal, molecules are packed in columns run-
ning parallel to c-axis (Fig. 6), without any significant inter and
intra-molecular interactions. All the bond angles and lengths
showed the normal range, similar to the previously reported struc-
turally related compounds [24,25].

3.1. T-cell proliferation inhibitory activity

Melengestrol acetate (1) is 6-methyl progesterone acetate with
reported glucocorticoid activity. Glucocorticoids function through
interaction with the glucocorticoid receptor.

Compounds 1 and 2 were evaluated on T-cell proliferation
assay. The blood sample from healthy human volunteers was used
to isolate human peripheral mononuclear cells (PBMCs) and acti-
vated by using PHA. The results indicate that substrate 1 and its
metabolite 2 possess potent inhibitory potential with ICso values
0.5 and 0.6 pg/mL, respectively. The standard immunosuppressive
drug prednisolone (ICsg < 3.1 pg/mL) was used to compare these
results (see Table 2 and Fig. 7).

3.2. Cytotoxicity assay

Compounds 1 and 2 were assessed for their cytotoxicity against
3T3 (mouse fibroblast) cells and they were found to be non toxic
against 3T3 (mouse fibroblast) cells (see Table 3).
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In conclusion, this is the first report on the fungal transforma-
tion of melengestrol acetate (1) with C. blakesleeana, which pro-
vided an efficient route for the mono-hydroxylation of the
substrate 1 at C-11. Metabolite 2 was identified as new compound.
X-ray diffraction analyses of 1 and 2 are also reported here for the
first time. On the basis of previously reported anti-inflammatory
activity of 1, we evaluated its anti-inflammatory potential against
T-cell. The results indicated that these compounds have significant
T-cell proliferation activity with no cytotoxicity.
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