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ARTICLE INFO ABSTRACT

Article history: Biotransformation of danazol (1) (17-hydroxy-17a-pregna-2,4-dien-20-yno-[2,3-d]-isoxazole) with
Received 29 August 2015 Cunninghamella blakesleeana yielded three new metabolites 2-4 and a known metabolite 5. These
Received in revised form 22 November 2015 metabolites were identified as 144,17p-dihydroxy-2-(hydroxymethyl)-17«-pregn-4-en-20-yn-3-one
23;?&;‘: iilic;vsenl;lzzri?e? 2015 (2), 10,17p-dihydroxy-17a-pregna-2,4-dien-20-yno-[2,3-d]-isoxazole (3), 6p,17p-dihydroxy-17o-

pregna-2,4-dien-20-yno-[2,3-d]-isoxazole (4), and 17p-hydroxy-2-(hydroxymethyl)-17o-pregn-1,4-
dien-20-yn-3-one (5). Danazol (1) and its derivatives were evaluated against cervical cancer cell line
(HeLa). Compound 1 showed a potent cytotoxicity with ICso = 0.283 + 0.013 nM, as compared to doxoru-
bicin (ICsp=0.506 + 0.015 uM), where compound 3 was also found to be significantly active with
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1. Introduction

Biotransformation is an important tool for the synthesis of
medicinally important organic compounds. The use of biocatalysis
for the stereoselective synthesis of chiral molecules has several
advantages over classical chemical synthesis. Biocatalyzed reac-
tions are generally regio- and stereo-selective, cost effective and
environmental friendly [1-6]. Microbial cultures are frequently
used for biocatalysis. Microorganisms contain a large variety of
enzymes which catalyze many chemical reactions, including oxi-
dation, hydroxylation, and reduction. Fungi can also serve as
microbial models of mammalian steroid drug metabolism.
Microbial cytochrome P450 monooxygenase system facilitates
stereoselective hydroxylation at multiple sites of steroidal skele-
ton. Stereoselective hydroxylation of steroids at non activated
position have been achieved by using various fungi [7-9].

Danazol (1) is a heterocyclic steroidal drug in which an isoxa-
zole ring is fused with ring-A of a steroidal nucleus. It is a synthetic
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analogue of 17a-ethinyltestosterone. Danazol (1) inhibits endome-
trial tumor cell migration and invasive activity [10]. Compound 1 is
orally effective, and used for the treatment of endometriosis, and
for the inhibition of pituitary gonadotropin. It is also used in the
treatment of precocious puberty, and benign fibrocystic mastitis
[11-14].

Cancer is a major cause of human mortality. Many current
chemotherapic agents against cancers, such as doxorubicin, func-
tion by highly toxic, untargeted DNA damage mechanisms. Their
efficacy is now seriously challenged by emerging multidrug-
resistant in cancer cells [15-17]. However, hormonal therapies
targeting cancer do not rely on DNA damage. The Hela cell line
is derived from a human cervical cancer and is a common model
to study preliminary anti-cancer potential of chemical compounds
[18]. Initially, we evaluated danazol (1) against the HeLa cell line,
where it showed an excellent cytotoxic effect. Therefore, we
decided to evaluate the transformed products of 1 against this cell
line. Interestingly, only compound 3 showed some level of
cytotoxicity against HeLa cell line.

This manuscript is in the continuation of our studies on the
biotransformation of bioactive steroidal compounds [19-23]. We
subjected danazol (1) to biotransformation with C. blakesleeana,
which yielded three new metabolites 2-4, and a known metabolite
5 (Fig. 1).
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Fig. 1. Biotransformation of danazol (1) with Cunninghamella blackesleeana.

2. Experimental
2.1. General experimental conditions

Danazol (1) was isolated from a drug Danocrine (brand name),
purchased from local market. The purity of compound was
checked through TLC and 'H NMR spectroscopy. Precoated TLC
plates were used (Merck KGaA, PF,s4, Germany). Silica gel (E.
Merck, Germany) was used in column chromatography. Isolated
compounds were purified on reverse phase recycling HPLC-LC-
908. The HPLC was equipped with JAIGEL-ODS-L-80 column
(L=250 mm, L.D.=20 mm). Buchi M-560 apparatus was used for
determining melting points. Optical rotations of isolated com-
pounds were measured on JASCO P-2000 polarimeter. 'H and
13C NMR experiments were performed on Bruker Avance spec-
trometers. UV (in nm) absorbance were recorded in methanol
on Shimadzu UV 240 spectrophotometer (Shimadzu Corporation,
Tokyo, Japan). Infrared (IR) spectra (in cm~') were recorded with
an FT-IR-8900 spectrophotometer. EI-MS and HREI-MS of isolated
compounds were recorded on Jeol JMS-600H mass spectrometer
(Japan).

2.2. Fungal culture and medium

The fungal culture of Cunninghamella blakesleeana (ATCC
8688A) was acquired from ATCC (American Type Culture
Collection). C. blakesleeana strains were grown on Sabouraud dex-
trose agar, and stored at 4 °C.

Following ingredients were used for one liter of medium for
C. blakesleeana (ATCC 8688A) culture; KH,PO,4 (5.0 g), glucose
(10.0 g), peptone (5.0 g), NaCl (5.0 g), and glycerol (10.0 mL). All
the ingredients were mixed in distilled H,O.

2.3. Fermentation and extraction conditions of danazol (1) with C.
blakesleeana

The experiment was performed in two stages. First small-scale
screening was carried out, followed by preparative scale fermenta-
tion. During small-scale screening, 600 mL culture medium was
prepared by using above mentioned ingredients and transferred
to six flasks of 250 mL (each flasks contain 100 mL of medium).
Among them, four flasks were used as test flasks and two were
used as control flasks. The test flask contained fungal culture,
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and test compound (substrate). The first control flask contained
only fungal culture, and the second contained fungal medium
(without fungal culture) along with substrate. Substrate was incu-
bated in four flasks containing fully grown fungal cultures. Every
4™ day a sample of each flask was removed, filtered, and extracted
with dichloromethane. The solvent was evaporated and degree of
transformation was compared to controls on TLC. After 12 days
of incubation, a number of transformation were observed through
TLC analysis, during small scale screening. Therefore, the experi-
ment continued toward preparative scale.

Five liters of culture medium was prepared and transferred to
50 Erlenmeyer flasks of 250 mL (each flask containing 100 mL of
medium), and autoclaved at 121 °C. Flasks were inoculated with
fungal culture and placed on a shaker (121 rpm) at 26 + 2 °C for
incubation. When suitable growth was observed, 500 mg of sub-
strate 1 was dissolved in 50 mL of acetone, evenly distributed over
50 flasks and then left on a rotary shaker for 12 days at 26 °C. After
12 days, contents of all flasks were combined, fungal cultures were
filtered, and the aqueous layer was extracted with dichloro-
methane (18 L). The extraction process was repeated three times.
The organic layer was made moisture free with anhydrous sodium
sulfate and concentrated over reduced pressure rotary evaporator.
This resulted a gum like material. A comparative TLC of small scale
and large scale experiments were checked, and similar spots were
observed. The gum was fractionated over silica gel column chro-
matography by using hexanes-acetone as mobile phase. Four main
fractions (1-4) were obtained as a result of column chromatogra-
phy. Further purification of metabolites was carried out by using
reverse phase preparative HPLC equipped with L-80 column.
Compound 2 (methanol:water; 70:30, tg =22 min) was obtained
from fraction-1 through reverse phase recycling HPLC. Compound
3 (methanol:water; 70:30, tg =20 min) was purified from frac-
tion-2 with reversed phase HPLC. Similarly, fraction-3 yielded
metabolite 4 (methanol:water; 70:30, tg = 21 min) on purification
with reversed phase HPLC. Whereas, metabolite 5 (methanol:
water; 70:30, tg =21 min) was isolated from fraction-4 through
reverse phase recycling HPLC by using methanol-water as a sol-
vent system. During purification of metabolites, we also recovered
some unconsumed danazol (1) along with several minor trans-
formed products, which we could not purified due to their very
low quantities.

2.3.1. 148,17-Dihydroxy-2-(hydroxymethyl)-17o-pregn-4-en-20-yn-
3-one (2)

White solid; m. p. 228-230 °C; % yield: 1%; [0 = 49.3 (c 0.01,
MeOH); UV (MeOH): Anax (loge)=230 nm (3.1), 248 nm (3.0); IR
(CHCl3): bmax 3281 cm™! (O—H), 1670cm™! (enone); HREI-MS
m/z 358.2152 [M]* (mol. Formula, C,H3;04, calcd. 358.2144); 'H
NMR (CDs0D, 500 MHz); Table 1; '3C NMR (CDs0D, 150 MHz);
Table 2.

2.3.2. 1a,17B-Dihydroxy-17a-pregna-2,4-dien-20-yno-[2,3-d]-
isoxazole (3)

White solid; m. p. 231-233°C; % yield: 1.2%; [«]% = —144.6
(c 0.025, MeOH); UV (MeOH): Anax (loge)=278 nm (2.8); IR
(CHCl3): vmax 3414 (0—H), 1624cm™! (C=C); HREI-MS m/z
353.1974 [M]" (mol. Formula C,,H,7NOs, caled. 353.1991); 'H
NMR (CDs0D, 500 MHz) Table 1; '®C NMR (CDs;OD, 150 MHz)
Table 2.

2.3.3. 6B,17p-Dihydroxy-17a-pregna-2,4-dien-20-yno-[2,3-d]-
isoxazole (4)

White solid; m. p. 232-234°C; % yield: 0.8%; [¢]5 = —67.5 (c
0.008, MeOH); UV (MeOH): Amax (loge) =286 nm (2.9); IR (KBr);
Umax 3400 (O—H s), 1625 (C=C); HREI-MS m/z 353.2000 [M]",

(mol. formula, C5,H,7NOs, caled. 353.1991); 'H NMR (CD50D,
300 MHz) Table 1; '3C NMR (CD50D, 150 MHz) Table 2.

2.3.4. 17B-Hydroxy-2-(hydroxymethyl)-17a-pregn-1,4-dien-20-yn-3-
one (5)

White solid; m. p. 224-226 °C; % yield: 1.2; [cx]f)s =-69.0(c0.01,
MeOH); UV (MeOH): Amax (loge) =248 nm (4.2); IR (CHCl3): bmax
3305 (0O—H), 1663, and 1619 cm™' (cross conjugated enone);
HRESI-MS m/z 340.2042 [M + H]* (mol. formula, C,,H,50s, calcd.
340.2038); '"H NMR (CD30D, 500 MHz); Table 1; *C NMR (CD50D,
125 MHz); Table 2.

2.4. Experimental protocol for cytotoxicity assay

MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyl-tetrazolium
bromide) colorimetric method was used for cytotoxicity evaluation
against a human cervical carcinoma (HeLa) cell line. The cells
(10° cells/mL) were grown in tissue culture flask using Minimum
Essential Eagle’s Medium (MEM), supplemented with fetal bovine
serum (FBS, 5%), penicillin (100IU/ mL) and streptomycin
(100 pg/mL). The cells were then plated onto 96-well plates in
the concentration of 100 pL/well, and incubated overnight in 5%
CO, incubator at 37 °C. The next day medium was replaced with
the freshly prepared 200 puL medium, along with different concen-
trations of test compounds (1-50 uM). The 96-well plate was again
incubated for 72 h. After incubation, 2 pg/mL of MTT was added to
each well. The plate was then incubated for next 4 h. The reaction
was ceased by adding 100 L DMSO to each well. The extent of
MMT reduction to formazan within cells was determined by mea-
suring the absorbance at 570 nm using an ELISA Reader (Spectra
Max Plus, Molecular Devices, CA, USA). The cytotoxicity was deter-
mined at a concentration on which 50% cell growth was inhibited
(ICs0) [24].

3. Results and discussion

Three new 2-4 and one known 5 metabolites were obtained
from the microbial transformation of danazol (1).

Metabolite 2 was obtained as a white powder from the bio-
transformation of dianazol (1) (C;H;7NO;). The HREI-MS of
metabolite 2 displayed the [M]" at mjz 358.2152 (calcd.
358.2144), consistent with the formula C;;H3004, 20 amu greater
than substrate 1, which suggested the loss of a nitrogen atom
and addition of two oxygen and two hydrogen atoms. UV /., at
230 nm suggested the presence of an enone system. The IR spec-
trum showed absorption for OH (3281 cm™!), and «, f-unsaturated
ketone (1670 cm™!). In the 'H NMR spectrum of metabolite 2,
absence of the most downfield olefinic proton (6 8.11) was noted
as compared to substrate 1. Whereas, three additional proton sig-
nals at 6 4.29 (methine), and 3.83 and 3.76 (methylene) were also
observed in the "H NMR spectrum (Table 1). This suggested reduc-
tion of C=C bonds, as well as hydroxylation. Four olefinic carbon
signals were found missing in the >*C NMR spectrum which indi-
cated the reduction of two C=C bonds. In place of these, two addi-
tional downfield carbon signals were found resonating at 6 69.0
and 202.1 in the '>C NMR spectrum of compound 2, which sug-
gested hydroxylation and oxidation, respectively (Table 2). The
COSY-45° spectrum showed cross-peaks between newly formed
methine proton at ¢ 4.20 and signals at ¢ 2.71, 2.03 (H,-16) and
1.41 (H-14). This suggested hydroxylation at C-15. Similarly,
H-22 (6 3.83) showed geminal coupling with H-22 (6 3.83) and vicinal
coupling with H-1 (6 2.56) in COSY spectrum. H,-22 appeared as
AB double doublets at § 3.83 (J22a220=11.0 Hz, J2211a =4.5 Hz),
and 3.76 (Joap22a=11.0 Hz, Joop12 =4.5 Hz), indicating an OH at
C-22. The structure of metabolite 2 was further deduced on the
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Table 1
'H NMR (CD50D) chemical shift assignments (& in ppm, J in Hz) of compounds 1-5.
Position 1 2 3 4 5
1 2.81d (Jae=15.9),2.50d 2.20 overlap, 1.78 overlap 452s 2.82d (Jae =15.9), 7.20s
(Jae=15.9) 2.49d (J,. = 15.9)
2 - 2.56 m - - -
3 — - - - -
4 6.21s 5.69s 6.29s 6.41s 6.05s
5 — - — — -
6 1.78 m, 1.67 m 1.58 m, 1.51 m 1.85 overlap, 4.49 br. s 2.53 ddd,
1.64 overlap (Jea7a = 18.5, Jeage = 12.5, Ja7e = 5.0),
1.77 m
7 243 m, 138 m 220m, 1.10 m 242 m, 1.95 overlap, 2.01 overlap, 1.01 m
1.93 m 1.21 overlap
8 1.54 overlap 2.01m 134 m 1.95m 1.79m
9 1.16 m 140 m 1.84 overlap 1.31m 0.98 m
10 - - - - -
11 1.68 m, 1.53 m 1.68 m, 1.50 m 1.96 m, 1.70 m, 1.62 m 1.89 m, 1.78 overlap
1.80 m
12 1.76 m, 1.67 m 1.63m, 1.73 m 1.84 overlap, 1.79m, 1.69 m 235m, 1.69 m
1.30m
13 - - - - -
14 1.54 overlap 0.99m 1.01 m 1.57 m 149 m
15 1.74m, 140 m 420m 1.36 m, 1.56 overlap, 1.40 m 1.66 overlap, 1.39 m
245 m
16 2.23m, 1.98 ddd (Jige16a =21.6,  2.71dd (Jia16e = 14.5, Jiga15¢ = 7.5),  2.23m, 2.72m,1.97 m 2.22 m, 1.96 overlap
Ji6e15a = 13.5, J16e.15¢ = 3.9) 2.03 overlap 2.01m
17 - - - - -
18 0.89s 1.09s 0.61s 0.90s 091s
19 1.04s 1295 091s 1.19s 1255
20 - - - - -
21 2.87s 2.84s 2.87s 2.90s 2.85s
22 8.11s 3.83 dd (Jazaz2p = 11.0, J22412 = 4.5), 820s 8.15s 4.34dd (Jo24220 = 15.0, J2221 = 1.5),
3.76 dd Uzzb,zza =11.0, Ja2p1a = 4.5) 4.34dd Uzzb,zza =14.5, J22a1 = 1.5)
Table 2 Fig. 3). The NOESY lation of H-2 (5 2.56) with H3-19 (5
13C NMR (CD50D) data of compounds 1-5. (Fig. 3). The ¢ correlation of - (6 2.56) wi 3-19 (
1.29) suggested B-orientation of H-2. Therefore, hydroxymethylene
Carbon 1 2 3 1 5 at C-2 was deduced to be o-oriented (pseudo-equatorially oriented).
1 34.2 404 68.1 35.2 153.2 The structure of new compound 2 was thus deduced as 144,178~
2 109.3 454 1132 1112 137.1 dihydroxy-2-(hydroxymethyl)-17a-pregn-4-en-20-yn-3-one.
3 166.3 2021 166.2 1658 187.8 Metabolite 3 was obtained as a white powder. The [M]" at m/z
4 109.2 124.3 108.6 113.7 123.9 - p : ; A
5 157.1 1742 157.6 155.6 173.0 353.1974 (calcd. 353]991) in the HREI-MS was consistent with
6 32.0 334 33.6 72.6 334 the formula C,,H,7NOs5. The 16 amu increase indicated addition
7 332 323 337 38.6 347 of an oxygen atom as a hydroxyl group. The UV absorbance at
8 382 330 37.9 31.9 373 278 nm indicated the presence of a conjugated triene system.
9 55.6 55.9 44.6 55.3 54.2 h h d absorb for hvd | 4
10 422 405 471 418 44.9 The IR spectrum showe ;’i sorbances for hydroxy .(3414 cm™)
11 22.4 21.7 229 223 23.7 and C=C (1624 cm™!). The '"H NMR spectrum of 3 distinctly resem-
12 33.9 34.9 31.6 335 33.7 bled with the substrate 1, with an additional methine singlet at §
13 47.8 47.1 48.1 49.8 484 4.52 (Table 1) due to hydroxylation. The '>*C NMR spectrum
14 >1.2 257 >14 510 510 showed an additional downfield methine carbon signal at § 68.1
15 24.0 69.0 24.2 24.0 24.1 SIg :
16 39.8 522 39.8 39.8 39.7 (Table 2), as compared to the substrate 1. The position of OH was
17 80.2 79.9 82.5 80.3 80.0 deduced on the basis of long-range HMBC correlations between
18 13.2 15.8 13.2 133 133 H-19 and C-1 (6 68.1), and C-5 (6 157.5), suggesting an OH at C-1
19 191 179 184 211 19.1 (Fig. 2). The HMBC correlations of H-1 (5 4.52) with C-3
20 73.2 88.3 88.7 80.7 88.4 . .
1 386 746 740 748 748 (6 166.2), C-5 (6 157.5), and C-10 (6 48.5) further supported this
22 149.8 62.1 150.0 149.9 59.8 inference. The stereochemistry of OH at C-1 was deduced through

basis of long range HMBC correlations. The HMBC correlations of
H-16 (5 2.03) and H-14 (5 1.41) with C-15 (5 69.0), and HMBC of
H-15 (6 4.20) with C-17 (5 79.9), further indicated an OH at C-15
(Fig. 2). The newly formed oxymethylene protons (5 3.83, 3.76)
showed HMBC correlations with C-1 (6 40.4), and C-2 (¢ 45.4),
and with newly formed ketonic carbonyl carbon (§ 202.1). This
suggested oxidation at C-3. The relative stereochemistry of newly
formed stereogenic centers was deduced on the basis of NOESY
correlations. H-15 (6 4.20) showed NOESY cross peaks with H-14
(6 1.41). As H-14 is o-oriented in substrate 1, therefore its NOESY
correlation with H-15 suggested a pB-hydroxylation at C-15

the NOESY correlations. H-1 showed NOESY correlations with
Hs-19. As CH3-19 is p-oriented in substrate 1, its correlation with
H-1 suggested an «-hydroxylation (Fig. 3). The structure of new
metbolite 3 was thus deduced as 1,178-dihydroxy-17a«-pregna-
2,4-dien-20-yno-[2,3-d]-isoxazole.

Metabolite 4 was also obtained as a white powder from the bio-
transformation of dianazol (1). The HREI-MS of compound 4
showed the [M]" at m/z 353.2000 (calcd. 353.1991), consistent
with Cy,H,7NOs, and 16 amu greater than danazol (1). This indi-
cated addition of an oxygen atom in the form of OH. The /.« in
UV spectrum at 286 nm indicated the presence of a conjugated tri-
ene system [25]. The IR spectrum showed absorbance for OH
(3400 cm™!) and C=C (1625 cm™!). The 'H NMR spectrum of
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Fig. 2. Key HMBC correlations in compounds 2-5.

Fig. 3. Key NOESY correlations in compounds 2-5.

metabolite 4 showed an additional methine signal at § 4.49, which
indicated hydroxylation of danazol (1) (Table 1). The '*C NMR
spectrum also showed signals for an oxymethine carbon at § 72.6
(Table 2). This supported hydroxylation of substrate 1. The position
of OH at C-6 was deduced through HMBC correlations of H,-7
(6 1.95 and 1.21) with C-6 (5 72.6) and C-5 (6 155.6) (Fig. 2). The
stereochemistry of OH at C-6 was deduced through NOESY

correlations between H-6 and H-4. The H-6 can only show correla-
tion with H-4, if it is equatorially oriented. Therefore a f-OH was
placed at C-6 (Fig. 3). The structure of new compound 4 was thus
deduced as 6p,178-dihydroxy-17o-pregna-2,4-dien-20-yno-[2,3-
d]-isoxazole.

Metabolite 5 was obtained as a white powder. The molecular
formula C;,H,303 of compound 5 was deduced on the basis of
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Table 3
Cytotoxicity of compounds 1-5 against HeLa cancer cell line.

Compounds IC50  SD (pg/mL)
1 0.283 +£0.013

2 >30

3 13.427 £ 0.819

4 >30

5 >30

Standard (doxorubicin) 0.506 +0.15

HREI-MS, which showed the [M]* at mjz 340.2042 (calcd.
340.2038). The /max in UV spectrum at 248 nm indicated the pres-
ence of a cross conjugated dienone system [26]. The IR spectrum
displayed absorbance for OH (3305 cm™!'), and a cross conjugated
dienone moiety (1663, and 1619 cm™!). The '"H NMR spectrum of
metabolite 5 was distinctly similar to substrate 1, except for a
downfield signal at § 4.30 (Table 1). The signal for one olefinic car-
bon was also found missing in the '3C NMR spectrum of metabolite
5. This indicated the reduction of one C=C bond, out of three. It
also showed ketonic carbonyl carbon at § 187.8 (Table 2). The
structure of compound 5 was further deduced based on HMBC
correlations. H-19 (6 1.25) showed HMBC correlations with C-1
(6 153.2) and C-5 (6 173.0), indicating the presence of a C=C
between C-1/C-2 (Fig. 2). The C-1/C-2 C=C resulted from the iso-
merization of C-2/C-3 double bond. Whereas, isoxazole ring was
hydrolytically cleaved leaving an OH at C-22. The newly formed
oxymethylene protons (6 4.29 and 4.34) showed HMBC correla-
tions with C-1 (6 153.2), and C-2 (6 137.1), further supporting iso-
merization of C=C, and hydroxylation at C-22. The stereochemistry
of compound 5 was found to be similar to substrate 1 (Fig. 3). The
structure of compound 5 was thus deduced as 17p8-hydroxy-2-
(hydroxymethyl)-17a-pregn-1,4-dien-20-yn-3-one. It was previ-
ously reported by Choudhary et al., from the biotransformation
of substrate 1 with Fusarium lini, Cephalosporium aphidicola, and
Aspergillus niger [27].

3.1. Cytotoxicity against cancer cell line

Danazol (1) showed strong cytotoxicity against the human cer-
vical cancer cell line (HeLa) with ICso value of 0.283 £ 0.013 pM in
preliminary screening, more cytotoxic than the anticancer drug
doxorubicin (standard) (ICso=0.506%0.015 uM). We therefore,
decided to evaluate the transformed products of danazol (1)
against HelLa cell line. Interestingly only metabolite 3 was found
to be active with ICso = 13.427 £ 0.819 uM (Table 3).

Danazol (1) has an isoxazole ring fused with the ring-A of ster-
oidal skeleton. The cytotoxic potential of danazol (1) may be due to
isoxazole ring. It showed no cytotoxic potential due to loss of isox-
azole ring, as observed in compounds 2 and 5. Hydroxylation at
various positions of danazol (1) also decreased its activity or even
made it inactive. C-1 hydroxylation (compound 3) decreased cyto-
toxic potential of danazol (1) (ICsp = 13.427 + 0.819 puM). Similarly,
B-hydroxylation at C-6 (as in compound 4) made it inactive against
HeLa cancer cell lines.

4. Conclusion

In conclusion, the microbial transformation of danazol (1) with
C. blakesleeana yielded three new 2-4 and a known metabolite 5.
This involves hydroxylation at C-1, C-6 and C-15, whereas oxida-
tion at C-3, and N—O bond cleavage was also occurred. Danazol
(1) exhibited a strong cytotoxicity against cervical cancer cell line
(HeLa) with ICsq value of 0.283 £ 0.013 pM, two-fold stronger than
the standard anticancer drug doxorubicin (ICso=0.506+0.015
M). One of the transformed product i.e., metabolite 3 also showed

some activity with ICsq value of 13.427 + 0.819 pM. Whereas, com-
pounds 2, 4, and 5 were found to be inactive. Apparently hydrolytic
cleavage of isoxazole ring and hydroxylation of steroidal skeleton
decrease the cytotoxicity. Strong cytotoxicity of danazol (1) against
cervical cancer cell line (HelLa) is an interesting finding which
deserves further research.
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