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ABSTRACT
Objective: The present study was aimed at developing a rapid, cost effective and accurate method for quantification of exemestane using thin layer
chromatography (TLC) separation followed by image analysis and to test it for monitoring the accumulation of exemestane during microbial bioconversion.

Methods: After microbial bioconversion and TLC separation of products formed, exemestane was quantified using ImageQuant TL v2003 image
analysis software and the results were compared with high performance liquid chromatography (HPLC) analysis.

Results: The percentage error between TLC and HPLC analyses was ranged from (-) 5.18 to (+) 5.51. Bacterial strains Arthrobacter simplex IAM
1660, Nocardia sp. MTCC 1534, Pseudomonas putida MTCC 1194 and Rhodococcus rhodochorus MTCC 291 respectively yielded 79.7 (72 h), 63.9 (72
h), 69.8 (96 h) and 83.2 (96 h) mole percent bioconversion of 6-methylene androstenedione to exemestane.

Conclusion: Rhodococcus rhodochorus MTCC 291 was found to be the most suitable organism for the bioconversion and may be used to develop an
eco-friendly route to replace chemical synthesis that eliminates the use of toxic chemicals and side products.
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INTRODUCTION
Exemestane, a third generation steroidal aromatase inhibitor, is a
widely used drug for the treatment of breast cancer in
postmenopausal patients [1-3]. The synthesis of exemestane is
based on chemical conversion of a variety of steroid substrates [4-9].
However, the chemical synthesis involves multiple steps and use of
hazardous chemicals during the final step of C-1(2)dehydrogenation, making it undesirable. Alternative route of
microbial C-1(2)-dehydrogenation of 6-methylene androstenedione
(6-MeAD) to yield exemestane has been developed and patented [10,
11]. The later is an eco-friendly route that eliminates the use of toxic
chemicals and side products formed during chemical synthesis.
Recently, Patil et al. [12, 13] have reported C-1(2)-dehydrogenation
of 6-MeAD to exemestane by of several bacterial strains.

Number of methods have been employed for quantification of
exemestane in samples of human urine by gas chromatography/mass
spectrometry [14-15] and liquid chromatography/tandem mass
spectrometry [16], in human plasma by LC-MSMS [17], in various
pharmaceutical dosage forms and stability testing by HPTLC, HPLC and
RP-HPLC [18-22]. All these methods are time-consuming and involve
sophisticated instrumentation.
Thin-layer chromatography (TLC) is an important tool for
qualitative analysis of various analytes because of its inherent
advantages. Many samples can be analyzed simultaneously and
quickly by TLC. It does not require UV activity, paramagnetic
properties or volatility as mandatory for LC, NMR and GC
quantification respectively, making TLC one of the most powerful
and general analytical tool. Detection limits of TLC are often low and
quantitative densitometric methods are accurate.

Common office scanners are frequently used as densitometers for
scanning stained TLC plates followed by processing the digital image by
image analysis software [23-27]. Quantification of α-tocopherol and
ergocalciferol by TLC, scanning and processing of the chromatogram
with video densitometry software has also been reported [28].
C-1(2)-dehydrogenation of steroids is an important bioconversion
reaction catalyzed by microorganisms. A number of bacterial genera

have been reported to dehydrogenate various steroidal precursors
to their C-1(2)-dehydrogenated products [29-32]. During laboratory,
pilot and industrial fermentations; timely analysis of bioconversion
product formed in the medium is crucial for terminating the
fermentation for maximum yield of the product and requires a
suitable method for qualitative and quantitative analysis of
exemestane accumulated in the medium. Few reports based on
quantification of steroid drug intermediates formed during
bioconversion of soysterols are available [33-35]. However,
quantification of exemestane during C-1(2)-dehydrogenation of 6MeAD has not been reported so far. The aim of present work was to
develop a simple, accurate, cost effective and rapid method for
monitoring this bioconversion using TLC separation followed by
quantification of exemestane using image analysis software.
MATERIALS AND METHODS

Thin layer chromatography
TLC analysis was carried out in triplicate on a pre-coated silica gel
plate (silica gel 60 F Merck, Darmstadt). The plate was activated at
100 °C for 10 min, cooled and spotted with chloroform solutions
containing 2, 3 and 4 µg of authentic 6-MeAD synthesized in the
laboratory as described earlier [12] and exemestane procured from
Cipla Ltd., Mumbai, India. Similarly, the spots of known amount in
different proportions of both compounds (3+1, 2+2 and 1+3 µg of
exemestane and 6-MeAD respectively) were spotted in the centre of
the same plate. The plate was developed in benzene: ethyl acetate
(5:2). The spots were visualized by spraying the plate with 50 %
sulphuric acid followed by heating at 110 °C for 5 min.
Scanning, calibration and quantification by image analysis
software

After cooling, the plate was scanned using HP Laser Jet (model
M1005 MFP) office scanner. The compounds were quantified by
using Image Quant TL v2003 image analysis software (Amersham
Biosciences). This software converts the scanned digital image in
grey scale, enables selection of the desired spot, determines the area
and intensity of spots and averages the pixel values using area and
profile-based tools. The calibration plots were prepared by loading
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three known concentrations of authentic samples and their mixtures
in different proportions on the plate and quantities of individual
compounds were calculated by referring the calibration plots and
compared with concentrations obtained by HPLC analysis.
Detection range and scanning error

Chloroform solution containing 0.5, 2 and 3 µg of each of 6-MeAD
and exemestane were spotted on TLC plate to determine the lower
detection range. Similarly, 10, 20 and 30 µg of each of these
compounds were spotted on another plate to determine higher
range of detection. Three plates of both ranges were developed and
processed as described above to determine detection range and
linearity. To determine the scanning error, each plate was scanned
three times on an office scanner at 300, 600 and 1,200 dpi resolution
and the results were analyzed by image analysis software.
HPLC quantification

HPLC method described earlier [19] was used for quantification of
exemestane simultaneously to assess validity of quantification by
image analysis software. The specifications of JASCO (Model 1580)
equipment were-column: ODS HYPERSIL C 18 (250 X 4.6 mm),
column temperature 45 °C, detection wavelength-245 nm, mobile
phase acetonitrile: water (60:40), flow rate 0.45 ml/min and total
run time 20 min. Chloroform solutions of 6-MeAD and exemestane
prepared for spotting on the TLC plate were injected with a fixed
loop of 20 µl Rheodyne injector.
Microorganisms

Bacterial strains used in this study were procured from Microbial
Type Culture Collection and Gene Bank (MTCC), Institute of
Microbial Technology, India; Institute of Applied Microbiology
(IAM), University of Tokyo, Japan and Northern Regional Research
laboratory (NRRL), Agricultural Research Service, USA. All
organisms were grown on nutrient agar slants and preserved at 4 °C.
Bioconversion, extraction and quantification of exemestane

Bioconversion with each organism was carried out in triplicate
flasks of 150 ml capacity Erlenmeyer flasks. Pre-weighed 30 mg of 6MeAD was transferred in a flask, dissolved in 0.5 ml soybean oil and
30 ml nutrient broth (pH 7.2) was added to it with continuous
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stirring on a magnetic stirrer. After sterilization at 121 °C for 15 min,
the flasks were inoculated aseptically with 1 ml overnight cultures of
bacterial strains grown in nutrient broth and the flasks were
incubated at 32±2 °C on a gyratory incubator shaker (200 rpm, 1.5
cm eccentric throw). Samples of the incubation medium were
aseptically drawn for quantification after regular intervals of 24 h,
centrifuged and upper oil phase (100 µl) was transferred in an
eppendroff tube, thoroughly mixed with 1 ml methanol on a
cyclomixer and centrifuged at 10,000 rpm for 10 min. The upper
methanolic phase was dried over sodium sulphate and 10 µl extract
was spotted on TLC plate along with 1, 2 and 3 µg exemestane for
analysis as described above.
RESULTS AND DISCUSSION

Detection range and scanning error
The detection range of spots of exemestane was better than that of
6-MeAD at lower concentrations (0.5–3.0 µg) used for image
analysis. At higher concentrations (10–30 µg), both compounds
exhibited a linear relationship between the amounts and spot area
with r2 values greater than+0.99. The resolution used for scanning
the plates (300-1,200 dpi) did not affect the relative intensities of
spots and r2 values obtained for linear relationship between spot
area and concentration.
Calibration, quantification and validation

Depicts TLC chromatogram of standard concentrations of 6-MeAD,
exemestane and mixtures of both in different proportions [A]. The
spot area on the plate and concentrations of 6-MeAD and
exemestane determined by image analysis software yielded a linear
response for three point calibration. For both the compounds, r2
values were greater than+0.99 (fig. 1, [B and C], indicating the
validity straight line equation obtained by software. Although the
visual chromogenecity of spots of 6-MeAD was less than exemestane,
both these compound could be quantified at concentrations as low
as 1µg. Using the image analysis, the amounts of 6-MeAD and
exemestane separated on TLC plate were in good agreement with
the results obtained with HPLC (table 1). When compared with
HPLC, the quantification by TLC image analysis showed percentage
error within an acceptable limits of (-) 5.18 to (+) 5.51 for 6-MeAD
and (–) 4.04 to (+) 3.04 for exemestane.

Fig. 1: TLC chromatogram of standard concentrations (2, 3 and 4 µg) of 6-MeAD (left), exemestane (right) and mixtures (1+3, 2+2 and
3+1 µg) of these compounds respectively (center) [A] and response curves between spot area and concentration of 6-MeAD [B] and
exemestane [C] obtained by image analysis software
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Table 1: Amounts of 6-MeAD and exemestane quantified by image analysis software and HPLC
6-MeAD
TLC (µg)
98.39±6.67
197.46±10.62
315.13±19.55

HPLC (µg)
103.76±8.69
206.46±6.87
298.67±23.22

Data are Mean of triplicates±Standard deviation.

Error (%)
-5.18
-4.36
5.51

After confirmation of essential criteria for quantification including
selectivity, linearity, limit of detection and repeatability, the validity
of image analysis method was tested using some bacterial strains
reported in the literature to dehydrogenate various steroidal
precursors to their C-1(2)-dehydrogenated products. Exemestane
accumulated in the fermentation broth during the bioconversion of
6-MeAD were estimated by HPLC as well as image analysis after
separation of these compounds on TLC plate (fig. 2). It was observed
that out of five strains selected for the study, three organisms
accumulated exemestane at 48 h incubation period. At 48 h,
Arthrobacter simplex IAM 1660, Nocardia sp. MTCC 1534 and

Exemestane
TLC (µg)
298.97±31.29
205.33±23.74
102.76±6.56

HPLC (µg)
311.56±23.87
197.12±18.25
99.73±5.62

Error (%)
-4.04
4.16
3.04

Rhodococcus rhodochorus MTCC 291 yielded about 73.4, 55.9 and
16.4 mole percentage bioconversions respectively. Comamonas
testosteroni NRRL 2611 failed to accumulate exemestane in the
incubation medium throughout the course of fermentation. Except
Comamonas testosteroni NRRL 2611, the bioconversion by other
bacterial strains increased at 96 h incubation period and a maximum
mol % bioconversion was recorded in case of Rhodococcus
rhodochorus MTCC 291. The percentage error between all
estimations by image analysis and HPLC of 6-MeAD and exemestane
was found to range between an acceptable experimental error of (-)
5.38 to (+) 4.71 (table 2).

Fig. 2: TLC chromatogram of exemestane (red spot) accumulated in the fermentation broth during the bioconversion of 6-MeAD (greygreen spot) by microorganisms

Table 2: Mole percentage bioconversion of 6-MeAD to exemestane accumulated in fermentation broth by some bacterial strains and
quantified by TLC using image analysis software and HPLC
Organism

Arthrobacter simplex
IAM 1660
Nocardia sp.
MTCC 1534
Pseudomonas putida
MTCC 1194
Comamonas testosteroni
NRRL 2611
Rhodococcus rhodochorus
MTCC 291

Mol % bioconversion after incubation period±SD (h)
24
48
TLC
HPLC
Error
TLC
HPLC
Error
(%)
(%)
58. 56
56.98
2.77
73.39
75.44
-2.72
±5.23
±4.18
±7.76
±3.57
11.23
10.95
2.56
55.89
56.73
-1.48
±1.93
±2.04
±6.33
±3.05
5.09
4.87
4.52
4.02
3.92
2.55
±0.32
±0.49
±0.70
±0.12
0.04
0.00
----0.23
0.00
----±0.02
±0.08
6.68
7.06
-5.38
16.45
15.71
4.71
±0.23
±0.22
±2.12
±0.92

Data are mean of triplicates±Standard deviation

For better understanding and timely termination, a rapid method for
monitoring the progress of fermentation is a prerequisite. TLC image
analysis based methods for quantification of steroid drug
intermediates formed during bioconversion of soysterols and
phytosterols have been described for monitoring the fermentation

72
TLC
79.67
±5.97
63.93
±4.88
7.81
±0.56
0.13
±0.04
21.79
±1.37

HPLC
82.25
±4.92
61.27
±0.97
8.23
±0.41
0.00
22.82
±1.67

Error
(%)
-3.14
4.34

-5.10
----

-4.51

96
TLC
78.04
±8.98
61.67
±4.54
69.82
±3.90
0.09
±0.06
83.16
±13.39

HPLC
78.67
±5.57
60.45
±4.38
68.23
±5.49
0.00
81.09
±6.90

Error
(%)
-0.80
2.02
2.33
----

2.55

processes [34-36]. The TLC separation followed by image analysis
software presented here enabled fairly accurate and rapid
quantiﬁcation of exemestane in a short time. Moreover, this method
is superior to other available methods based on spectrophotometry,
LC, and GC as the cost of solvents and instrumentation is minimum.
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It also enables simultaneous processing of multiple samples on
single TLC plate along with standards, leading to better analytical
precision. No prior treatment of solvents like ﬁltration or degassing
is required. There is no possibility of interference from the previous
analysis, as fresh stationary and mobile phases can be prepared for
each analysis. The method proved fairly accurate when applied to
authentic compounds and to samples of fermentation medium.

The present work revealed the capacity of C-1(2)-dehydrogenation
of Nocardia sp. MTCC 1534, Pseudomonas putida MTCC 1194, and
Rhodococcus rhodochorus MTCC 291 for the bioconversion of 6-MeD
to exemestane, which has not been reported so far. Besides
developing a rapid, cost effective and accurate method to quantify
exemestane, it reports the suitability of Rhodococcus rhodochorus
MTCC 291 for this bioconversion to develop an eco-friendly route
that eliminates the use of toxic chemicals and side products formed
during chemical synthesis of this widely used drug. Also the TLC
image analysis method presented in this study may be standardized
and adopted to quantify exemestane in various body fluids like
human urine and plasma.
CONCLUSION

A rapid, sensitive and cost effective method for quantification of
exemestane was developed and tested to follow the progress of C1(2)-dehydrogenation of 6-MeAD to exemestane by microorganisms.
This is the first report on quantitation of exemestane using image
analysis software. The method may be used to quantify exemestane
in blood/urine samples of breast cancer patients without the
requirement of sophisticated instrumentation. Furthermore, three
unreported bacterial strains were identified to catalyze C-1(2)dehydrogenation of 6-MeAD to yield exemestane.
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