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Densitometry Application for Evaluation of the
Visualizing Agents for Dehydroepiandrosterone

K. Bober

Faculty of Pharmacy, Department of Analytical Chemistry,
Medical University of Silesia, Sosnowiec, Poland

Abstract: In our research the dehydroepiandrosterone (DHEA) was detected.
The main aim of the work was to determine the possibility of application
for the new visualizing agents for DHEA. Methylene violet, gentian violet, janus
blue, methylene blue, and malachite green were used as visualizing agents.
Chloramine T and rodamine B were used as comparative reagents described in
literature.

DHEA solution was spotted on chromatographic plates and then dipped in
solutions of visualizing reagents, dried and scanned using a densitometer. The
plates without using visualizing agents, as well as after using procedure described
in literature (using chloramine T) were also scanned. The bands with maximum
absorption (/,.x) for DHEA without and with using visualizing agents were
settled on the base of spectrodensitometric analysis. Consequently, the densito-
metric analysis of DHEA by (4y.x) determined was carried out. On the base
of concentration values of investigated solution of DHEA and height and
areas of densitometric bands, the relationships between heights of densitomteric
bands and concentrations of DHEA, as well as between areas of densitometric
bands and concentrations of DHEA were settled. The values of detectability
and range of quantification, as well as the angle between tangents at the inflection
points to the curves of the densitometric peaks (f§) were determined.
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INTRODUCTION

Thin layer chromatography (TLC) as well as other chromatographic
methods is the most popular methods applied in scientific disciplines.[")
Thin layer chromatography is very often connected with other analytical
methods, which improve and confirm detection results. TLC is very often
used with mass spectrometry (MS), for example, for analysis of oligo-
saccharides,” nucleotides,”! anti-inflammatory drugs,[4] alkaloids,P!
and polyether mixtures.”” Another example is using TLC with infrared
spectroscopy (IR) for identification of metal-dithizonates complexes!”
and cholesterol,’® or coupling chromatography with NMR for determi-
nation of anthocyanins."!

The substance researched in this work was the dehydroepiandro-
sterone (DHEA). There are many different ways for determination
of DHEA. Some of the methods can be: reversed phase ion-pair high
performance liquid chromatography,'” liquid chromatography/mass
spectrometry,!'"! high performance liquid chromatography!'? or high-
performance thin-layer chromatography,!'®! and liquid chromatography—
tandem mass spectrometry.[14]

The method used for DHEA investigation in this work was thin layer
chromatography. The chromatogram obtained during chromatographic
separation can be used both for qualitative and quantitative characteris-
tics of substances analyzed. However, in many cases, the visualization
of the chromatogram is necessary. One of the ways of visualization is dip-
ping the chromatograms in a solution of visualizing agent.

The main aim of the work was the determination possibility of
the application of new agents visualizing one of the hormones that is
dehydroepiandrosterone (DHEA). The agents taken into consideration
were as follows: methylene violet, gentian violet, janus blue, methylene
blue, and malachite green. Another purpose was the application of
densitometry for estimation of the selected agents visualizing DHEA.

EXPERIMENTAL
Substances Investigated

The solutions obtained by dissolving the dehydroepiandrosterone in chloro-
form were used. The dehydroepiandrosterone (pure substance) was supplied
by Merck, Germany, whilst chloroform was supplied by POCh, Poland.
The concentration of the initial solution was 25 pg/5 pL. Then the next solu-
tions were obtained by dilution of the initial solution. The concentrations of
these solutions were: 25.00; 20.00; 16.00; 12.80; 10.24; 8.19; 6.55; 5.24; 4.19;
3.35; 2.68; 2.14; 1.72; 1.37; 1.10; 0.88; 0.70; 0.56; 0.45; 0.36; 0.29 ng/5 uL.
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Adsorption Thin-layer Chromatography

Adsorption thin-layer chromatography was performed on aluminium
plates precoated with 0.2mm layer of a silica gel 60F,s4 (E.Merck,
#1.05554). The plates were activated at 120°C for 30 min. The mixture
of chloroform and acetone (POCh, Poland) in volume ratio 85:15 (v/v)
was used as mobile phase.

The chromatographic plates were developed to height of 7.5 cm in the
room temperature in a classical chamber (Camag, Switzerland), after
their saturation with mobile phase (50 mL) during 30 minutes.

The solutions of DHEA were visualized by dipping them in 0.05%
water solutions of visualizing agents (methylene violet, gentian violet,
janus blue, methylene blue, malachite blue, rodamine B). The methylene
violet and janus blue were supplied by Michrom Brand, England; gentian
violet by Fluka AG, Switzerland; and methylene blue, malachite green,
and rodamine B were supplied by POCh, Poland.

In chromatographic research, the reagent described in literature
(solution of chloramine Ty was used. For the purpose of determi-
nation, the dehydroepiandrosterone using chloramine T, two solutions
were prepared:

I — by dissolving 2.5 g of chloramine T (POCh, Poland) in 20 mL of dis-
tilled water and then diluted with 30mL of methanol (Merck,
Germany)

IT — by mixing 47.5 mL of methanol and 2.5 mL of concentrated sulfuric
(VD) acid.

After development, the chromatographic plates with solutions of
DHEA spotted were dried in cold air during 5 minutes. Then, the plates
were dipped in solution I and dried in warm air during 1 min. Next step
was dipping in solution IT and heating in temperature of 110°C during
10min., again dipping into ammonia (25%) and again heating in
temperature of 110°C during 5 minutes, and then cooling the plates
and dipping in solution of n-hexane (POCh, Poland).!"”

Spectrodensitometric Analysis

The spectrum was performed using Camag Scanner TLC 3. The radiation
sources were deuterium and wolfram lamps. Start wavelength was 200 nm
and end wavelength was 800 nm. The slit dimensions were 8.00 x 0.40 nm,
the scanning speed was 100nms~'. The measurement mode was
absorption (DHEA detection without the visualizing agent and in the
case of methylene violet and chloramines T) and fluorescence (in the case
of gentian violet, janus blue, malachite green, and rodamine B).
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Spots Visualization Using Densitometer

Densitometric scanning was then performed at 254 nm with a Camag
Scanner TLC 3 controlled by winCATS 1.4.1 software. The densitometric
scanning was performed at various wavelengths depending on the visua-
lizing agent used.

In the case of methylene violet the scanning was performed at wave-
length of 200 nm, gentian violet —657 nm, janus blue —487 nm, malachite
green —488nm, and rodamine B —580nm. Scanning plates without a
visualizing agent was also performed at wavelength of 200 nm, and using
chloramine T as visualizing agent at 361 nm. The radiation sources were
deuterium and wolfram lamps.

Regression Analysis

The regression equations describing relationships between concentrations
of DHEA and heights and between concentrations of DHEA and area of
densitometric bands were achieved using computer program STATIS-
TICA 7.1

RESULTS AND DISCUSSION
Chromatograms Visualization using Solutions of Visualizing Agents

The chromatographic plates after development and drying were dipped
in solutions of visualizing agents during 10 seconds. The new visualizing
agents as follows: gentian violet, methylene violet, janus blue, methylene
blue, malachite green, as well as described in literature: chloramine T
and rodamine B,!'> were used for detection of DHEA. Chloramine T
and rodamine B were used as comparative agents in relation to new
proposed agents visualizing DHEA.

All obtained spots, except those obtained by dipping in solution of
methylene blue were compact, and after dipping in solutions of visualiz-
ing agents and drying were scanned using a densitometer. In the case of
methylene blue, spots were broadened and densitometric measurement
was not possible.

Densitometric Determination of DHEA

On the basis of spectrodensitometric analysis the bands with maximum
absorption (Ay.,) for DHEA without and with using particular visualiz-
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Figure 1. Spectrodensitogram of dehydroepiandrosterone without using the
visualizing agent, Ay =200 nm.

ing agents (Figures 1-7) were settled. Then the densitometric analysis of
DHEA was carried out at settled Ay,y.

On the basis of values of DHEA concentrations, as well as heights (h)
and areas (a) of densitometric bands obtained (Table 1), the relationships
between height and DHEA concentration, as well as between area and
DHEA concentration, were settled.

On the basis of these relationships was settled the range of concentra-
tions, for which relationships are described by statistically significant
mathematical functions. The relationships obtained are presented in
Table 2.

In the case of determination of DHEA without using a visualizing
agent and using chloramine T, the linear relationship was performed

100.0 100.0
[AU] L [AU]
80.0 80.0
700 70.0
60.0 80.0
50.0 50.0
400 + 400
300 300
200 200
100 - L 100
%000 300.0 400.0 500.0 600.0 [nm] 8000 °°

Figure 2. Spectrodensitogram of dehydroepiandrosterone after using solution of
chloramine T, /. =361 nm.
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Figure 3. Spectrodensitogram of dehydroepiandrosterone after using solution of
methylene violet, Apax =200 nm.

for lower values of concentrations. In the first case, relationships included
concentrations from 0.45 to 3.35ug/5 uL. Whereas, in the case of detec-
tion with using the solution of chloramine T, the relationships included
concentrations from 0.45 to 4.19 pg/5 pL and from 0.45 to 3.35pg/5 L,
for relationships with height and area of the densitometric band, respect-
ively. In all four cases, the concentration value 0.88 png/5 uL was omitted
because of the gross error of the value.

Similarly, in the case of determination of DHEA using solution
of rodamine B, equations describing the relationships between height
or area of the densitometric band and DHEA concentration have large
determination coefficients in the case of lower values of concentration
(0.56 +5.24 ug/5uL), and relationship with height of the densitometric
band is described by polynomials of the second degree and relationship
with area of densitometric band is described by linear function.

1000 100.0
[AU] 1 F [AU]
80.0 + 80.0
700 L 700
60.0 F 60.0
500 I s00
400 - L 400
300 1 . W\/\\\‘ 300
200 - L 200
100 - L 100
00 00

200.0 300.0 400.0 500.0 600.0 [nm]) 800.0

Figure 4. Spectrodensitogram of dehydroepiandrosterone after using solution of
gentian violet, A, =657 nm.
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Figure 5. Spectrodensitogram of dehydroepiandrosterone after using solution of
janus blue, Ay =487 nm.

In the case of detection using methylene violet, malachite green, and
janus blue the relationships were described by polynomials of the second
degree with determination coefficient being between 94.57 to 99.57%.
These relationships were performed for higher range of concentrations
from 5.24 to 25.00 pg/5 pL for methylene violet and malachite green, as
well as from 2.68 to 25.00 pg/5 pL for janus blue.

In the case of detection with gentian violet, the functions statistically
significant described the relationships for range of concentration of
DHEA from 1.72 to 6.55pg/5 pL and were characterized by linear func-
tion for relationship with height and area of densitometric band.

Equations presented in Table 2 can be used for calculation of DHEA
concentration on the basis of known values of heights or areas of densito-
metric peaks.

100.0 100.0
[AU] 41 r [AU]
800 1 L 80.0
700 - 70.0
60.0 60.0
$0.0 A b 50,0
40.0 A I 400
300 A 300
200 - ' L 200
100 - 100
o'ozoo’.;/\aouo 400.0 500.0 600.0 {nm]) 800.0 00

Figure 6. Spectrodensitogram of dehydroepiandrosterone after using solution of
malachite green, Ay, =488 nm.
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Figure 7. Spectrodensitogram of dehydroepiandrosterone after using solution of
rodamine B, A.x =580 nm.

Parameters Describing the Results of DHEA Detection Without and
With Visualizing Agents

The values of detectability and range of quantification of DHEA, as well
as the values of angle between tangents at the inflection points to the
curves of the densitometric peaks (ff) are presented in Table 3.

All values of angle f§ were calculated for bands coming always from
the same DHEA concentration (25 pg/5 pL).

From data obtained, arises that the angle f§ for the band coming from
DHEA on the plate dipped in the solution of chloramine T has the lowest
numerical value. Whereas, the largest value of angle § was obtained for
DHEA band on the plate dipped in solutions of malachite green and
rodamine B. The values of angles f§ point out that the DHEA band after
detection using chloramine T is more compact, whilst the most broa-
dened band comes from DHEA visualized using solution of malachite
green.

The most compact densitometric band of DHEA was obtained after
detection using methylene violet. In the case of detection using methylene
violet, janus blue, and malachite green the ranges of quantification
included higher values of DHEA concentration. In remaining cases the
ranges of quantification included lower values of DHEA concentration.

The detectability of DHEA was also determined with use of parti-
cular visualizing agents (Table 3). The lowest value of detectability was
stated in the case of DHEA determination without using a visualizing
agent and also in the case of detection using solutions of chloramine T
and rodamine B.

The experiment showed the possibility of usefulness of the new visua-
lizing agents that is methylene violet, gentian violet, janus blue, malachite
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Table 3. Detectability values, range od quantification of DHEA and values of
the angle between tangents at the inflection points to the curves of the densito-
metric peaks (ff)

Detectability Range of quantification

Visualizing agent (ng/5pL) (ng/5uL)* B(°)
Without visualizing agent 0.29 0.45+3.35 14
Chloramine T 0.29 0.45+4.19 10.5
Methylene violet 4.19 5.24 +25.00 18
Gentian fiolet 1.10 1.72 +6.55 32
Janus blue 2.14 2.68 +25.00 40
Malachite green 4.19 5.24 +25.00 98
Rodamine B 0.29 0.56+5.24 74.5

*Range of quantification is described for relationships between height of densito-
metric band and concentration DHEA.

green, and as described in the literature, rodamine B and chloramine T
for detection of dehydroepiandrosterone (DHEA).

The usefulness of densitometry for detection of DHEA without and
with using particular visualizing agents was also confirmed. The detect-
ability and range of quantification of DHEA without and with using
visualizing agents could be determined with application densitometry.
The lowest detectability of DHEA was 0.29 pg/5 L.

Induction of spectrum as a result of DHEA visualization using visua-
lizing agents widen the analytical significance of results obtained.
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