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Abstract: Five dyes as new visualizing reagents, namely gentian violet, methylene

violet, methylene blue, malachite green, and Janus blue, have been used to detect

estradiol on neutral aluminum oxide 60F254 and on neutral aluminum oxide

150F254. Barton’s reagent, rhodamine B, and sulphuric acid were used as the com-

parative visualizing reagents. Limit of detection (detectability), detection index,

modified broadening index, modified contrast index, and linearity range were deter-

mined for estradiol following use of these visualizing reagents. It was stated, that the

proposed modified contrast index is the objective parameter describing the applied

visualizing reagents. The influence of a solid support on obtained visualizing

effects was found. The angles (a) between the tangents at the inflection points to

the curves of the densitometric peaks are more compact on neutral aluminum

oxide 60F254 than on neutral aluminum oxide 150F254. This observation indicates

that the utility of any particular visualizing reagent depends on the type of chromato-

graphic support used. For the quantitative research of estradiol investigated, relatively

good properties had sulphuric acid (VI), Barton’s reagent, gentian violet, and

methylene violet.
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INTRODUCTION

The separated substances on thin-layer can be detected by the following

methods: physical (individual color of substance or fluorescence of

substance in UV light); chemical (colored reactions of separated substances

with visualizing reagents); physicochemical (e.g., the application of isotopes

as visualizing reagent); biological (the application of biodetectors). The visua-

lizing reagents have the special significance to detect separated compounds on

thin-layers. In view of the detection mechanism of the compound, the visualiz-

ing reagents can be sorted as follows: conservative reagents, which do not

destroy separated substances; and destructive reagents, which destroy or

change the structure of separated substances.[1 – 3]

Currently, the most important fields of application of thin-layer chromato-

graphy are pharmacy (30%), biochemistry, forensic chemistry, and clinical

chemistry (25%), environmental (15%), food analysis and cosmetology

(10%), inorganic substances (5%), and other fields (15%). Currently, the

most important field of application of thin-layer chromatography is the

pharmaceutical field. The number of publications in the field of pharmacy

steadily increases.[1,3] This results from the fact that contemporary thin-

layer chromatography is a full instrumented and automated technique.

Therefore, the research of new visualizing reagents of the various groups

of organic compounds was the aim of our numerous earlier papers.[4 – 12]

Estradiol has definite pharmacological and biological properties and occurs

in many pharmaceutical preparations.[13,14] We decided to examine a series

of useful new visualizing reagents for their ability to detect estradiol on thin

layers, because thin layer chromatography (TLC) is a basic method for

studying this drug.

EXPERIMENTAL

Thin Layer Chromatography

TLC was performed on 10 cm � 20 cm aluminium plates precoated with

0.20 mm layers of neutral aluminum oxide 60F254 (E. Merck, #1.05550) and

neutral aluminum oxide 150F254 (E. Merck, #1.05551). The plates were

prewashed with methanol-chloroform (1:1, v/v) and dried for 24 h at room

temperature (18 + 18C). The plates were then activated at 1208C for 30 min.

Standard solutions of estradiol (Sigma-Aldrich) containing 25.00, 20.00,

16.00, 12.80, 10.24, 8.19, 6.55, 5.24, 4.19, 3.36, 2.68, 2.15, 1.72, 1.37, 1.10,

0.88, 0.53, 0.32, and 0.10 mg were prepared in 5 mL ethanol. The solutions

of the estradiol (5 mL) were spotted manually using a microcapillary (Camag,

Switzerland) on the chromatographic plates. The mobile phase (50 mL) was

placed in a classical chamber (Camag, Switzerland) and the chamber was

saturated with the mobile phase for 30 min. Plates with estradiol were
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developed with a mixture of toluene and ethyl acetate (1:1, v/v) as mobile phase

at room temperature (18 + 18C). The development distance was 7 cm.

Visualizing Reagents Investigated

New Visualizing Reagents

Gentian violet (Fluka, Switzerland), methylene violet (Michrom, England),

methylene blue (POCh, Poland), malachite green (POCh, Poland), and

Janus blue (Michrom, England) were used as 50 mg/100 mL solutions in

distillated water.

Comparative Visualizing Reagents

Barton’s reagent, rhodamine B, and sulphuric acid (VI) were used as the com-

parative visualizing reagents.[3]

Barton’s Reagent[3]

Potassium hexacyanoferrate (1 g) (POCh, Poland) was dissolved in 100 mL water

(solution I) and 2 g iron (III) chloride hexahydrate (POCh, Poland) was dissolved

in 100 mL water (solution II). Immediately before use, 100 mL water, 8 mL

solution I, 2 mL solution II, and 1 mL 32% hydrochloric acid (POCh, Poland)

in a measuring cylinder were mixed and made up to 100 mL with methanol.

Rhodamine B Reagent[3,15]

Rhodamine B (POCh, Poland) reagent was used as 50 mg/100 mL solutions

in distillated water.

Sulphuric Acid[3]

A solution of sulphuric acid (VI) in methanol (1:19, v/v) was also applied for

detection of estradiol.

The dried plates were dipped in particular visualizing reagent solutions

for 5 sec. The plate dipping in a solution of sulphuric acid (VI) was then

heated to 1208C for 20 min. The remaining plates, after dipping in solution

of visualizing reagents, were dried for 24 h at room temperature (18 + 18C).

Spectrodensitometric Analysis

The spectrum was recorded using Camag Scanner TLC 3. The radiation

sources were a deuterium and wolfram lamps emitting a spectrum between

190 and 800 nm. The start wavelength was 200 nm and end wavelength was
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700 nm. The slit dimensions were 12.00 � 0.90 mm, Macro; the optimized

optical system was resolution; the scanning speed was 20 nm s21; the data

resolution was 1 nm step21; the measurement type was remission; and the

measurement mode was absorption; the optical filter was second order.

Densitometric Analysis

Densitometric scanning was then performed at the respective wavelength

(Table 1) with a Camag Scanner TLC 3 operated in the absorbance mode and

controlled by winCATS 1.4.1 software. The radiation sources were a

deuterium or wolfram lamp emitting a spectrum between 190 and 800 nm.

The slit dimensions were 12.00 � 0.90 mm, Macro; the optimized optical

system was light; the scanning speed was 20 mm s21; the data resolution was

100 mm step21; the measurement type was remission; and the measurement

mode was absorption; the optical filter was second order. Each track was

scanned three times and baseline correction (lowest slope) was used.

Modified Broadening Index, Detection Index, and Modified

Contrast Index

Modified Broadening Index

The broadening index was modified and was calculated as

Ibroad ¼
25

p2

� 1000
mg

AU

� �
ð1Þ

Table 1. Absorption maximum of estradiol on neutral aluminum oxide

60F254 and neutral aluminum oxide 150F254

Detection way

lmax (nm) of estradiol on

neutral aluminum oxide

60F254 150F254

Without using visualizing reagent 205 207

Rhodamine B 228 283

Barton’s reagent 233 229

Sulphuric acid 278 532

Gentian violet 226 598

Methylene violet 227 204

Methylene blue 681 683

Malachit green 645 653

Janus blue 205 205
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where 25 mg of the analyzed estradiol in 5 mL of solution was applied to the

chromatographic plate, and p2 is the spot area [AU] of 25 mg of analyzed

estradiol after the plate has been dipped in reagent solution.

Detection Index[15,16]

The detection index is defined as:

Idet ¼
m1

p1

mg

AU

� �
ð2Þ

where m1 is the smallest quantity of estradiol detected [mg] with the visualiz-

ing reagent (limit of detection), and p1 is the spot area of the substance [AU] at

the limit of detection of the estradiol.

Modified Contrast Index

The modified contrast index was calculated as

IContrðmodifÞ ¼
h

a

AU

o

� �
ð3Þ

whre h is the height of denstitometric band [AU] of 25 mg of analyzed

estradiol, and a is the angle [o] between the tangents at the inflection points

to the curves of the densitometric band of estradiol.

The modified broadening indices, detection indices, and modified contrast

index were calculated by use of the Eqs. (1), (2), and (3), respectively.

RESULTS AND DISCUSSION

Estradiol was detected on plates precoated with neutral aluminum oxide

60F254 and neutral aluminum oxide 150F254 The neutral aluminum oxides

60 and 150 have the pore diameter equal to 6 nm and 15 nm, respectively.

The neutral aluminum oxide 60 has the specific surface areas in the range

1804200 m2/g. However, neutral aluminum oxide 150 has the specific

surface area equal to 70 m2/g.[17] Five new visualizing reagents (known as

dyes), namely gentian violet, methylene violet, methylene blue, malachite

green, and Janus blue were used to analyze the estradiol. However,

rhodamine B, Barton’s reagent and sulphuric acid were used as comparative

visualizing reagents for detection of estradiol. Estradiol was also densitome-

trically detected without the use of visualizing reagent. The absorption

maximum of estradiol without the use of visualizing reagents and after

detection by the use of particular visualizing reagents is presented in

Table 1. The densitometric analyses were performed at respective wave-

lengths, which are mentioned in Table 1. Without the use of visualizing
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reagents, and by means of all visualizing reagents, it was possible to detect the

estradiol investigated in the amount of 25 mg. The colors of chromatographic

spots and background colors, without using a visualizing reagent and after

estradiol detection with visualizing reagents on neutral aluminum oxide

60F254 and neutral aluminum oxide 150F254, are presented in Table 2. All

obtained chromatographic spots of estradiol, after application of particular

visualizing reagents, were durable and visible for over 24 hours.

The modified broadening index was proposed in this work. A good visua-

lizing reagent has a relatively large numerical value of modified broadening

index for a particular substance detected (small spot area, which refers to

25 mg of substance detected). The modified broadening indices for the

estradiol investigated are presented in Table 3. The RF values of the

estradiol investigated on neutral aluminium oxide 60F254 and neutral

aluminium oxide 150F254 are equal to 0.48 and 0.52, respectively. These

reagents can be used to identify estradiol analyzed by TLC, based on RF

values, and on the different colors of the chromatographic spots. The

detection indices of estradiol are also presented in Table 3. The detection

index indicates the ratio of the minimal number of micrograms of the

estradiol to the area of the chromatographic spot in AU. The area of the

spot was assessed by the densitometric method.

The limits of detection of the estradiol investigated with visualizing

reagents tested, linearity range, and densitometric band characteristic of

25 mg estradiol on neutral aluminum oxide 60F254 and neutral aluminum

Table 2. Color of chromatographic spots and background colors after estradiol detec-

tion with particular visualizing reagents on neutral aluminum oxide 60F254 and neutral

aluminum oxide 150F254

Detection way

Neutral aluminum oxide 60F254

(E. Merck, #1.05550)

Neutral aluminum oxide

150F254 (E. Merck, #1.05551)

Color of estra-

diol spot

Background

color

Color of estra-

diol spot

Background

color

Without using

visualizing

reagent

lack of colored

spot in visible

light

white lack of colored

spot in visible

light

white

Rhodamine B dark pink pink dark pink pink

Barton’s reagent dark blue/green willow-green dark blue/green willow-green

Sulphuric acid light orange light beige light pink light beige

Gentian violet violet/blue violet dark violet violet

Methylene violet grey/blue light grey grey/blue light grey

Methylene blue blue dark blue light blue blue

Malachite green green light green green dark blue

Janus blue blue navy blue blue dark blue
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oxide 150F254 are presented in Tables 4 and 5, respectively. The detection of

estradiol becoming into a chromatographic spot, was also noted by densito-

metric estimation. The visualizing reagents reported in this work can be

used as new detection reagents for the qualitative and quantitative determi-

nation of estradiol. The smallest quantity of estradiol (0.10 mg) was

detected with sulphuric acid as the visualizing reagent on both studied chro-

matographic adsorbents. The estradiol can be detected in a quantity equal to

0.32 mg by the densitometric method, without the use of a visualizing

reagent, and after detection with rhodamine B, Barton’s reagent, gentian

violet, and methylene violet on neutral aluminum oxide 60F254. However,

on neutral aluminum oxide 150F254 the estradiol can be detected in a

quantity equal to 0.32 mg by the densitometric method, without the use of a

visualizing reagent, and after detection with rhodamine B and gentian violet.

It was stated, that all applied ways of detection permit obtaining a linear

dependence between of the area of the densitometric band and the quantity of

spotted estradiol. The range of linearity is different for particular applied

visualizing reagents and depends on the applied chromatographic adsorbent.

It was stated, that the largest range of linearity (0.53425.00 mg) was

obtained after detection with gentian violet in the case of estradiol analyses

performed on neutral aluminum oxide 60F254. The smallest quantities of

estradiol (linearity range is 0.3246.55 mg) can be quantitatively determined

with sulphuric acid in the case of estradiol analyses performed on neutral

aluminum oxide 150F254. However, it was stated, that the largest range of

linearity (0.88420.00 mg) was obtained after detection with gentian

Table 3. Modified broadening index and detection index for estradiol detected on

neutral aluminum oxide 60F254 and neutral aluminum oxide 150F254

Detection way

Neutral aluminum oxide

60F254 (E. Merck, #1.05550)

Neutral aluminum oxide

150F254 (E. Merck, #1.05551)

Modified

broadening

index mg/(AU)

Detection

index

mg/(AU)

Modified

broadening

index mg/(AU)

Detection

index

mg/(AU)

Without using

visualizing

reagent

1.916 0.32/495 2.188 0.32/409

Rhodamine B 2.184 0.32/985 8.144 0.32/686

Barton’s reagent 1.051 0.32/1070 0.454 0.53/1629

Sulphuric acid 0.559 0.10/850 1.028 0.10/450

Gentian violet 2.203 0.32/760 2.292 0.32/796

Methylene violet 1.835 0.32/705 2.953 0.53/490

Methylene blue 4.707 3.36/1385 5.565 2.68/1455

Malachit green 1.536 0.88/1025 1.895 0.53/4171

Janus blue 2.059 2.15/1560 2.782 0.88/935
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Table 4. Characteristic of densitometric band of estradiol, limit of detection, modified contrast index, and linearity range on neutral aluminum oxide

60F254

Detection way

Densitometric band characteristic of

25 mg estradiol Modified

contrast

index (AU/o)

Limit of

detection

(mg)

Linearity range (mg spot21)

(r, correlation coefficient)Area (AU) Height (AU) a

Without using visualizing reagent 13048 246 14.58 16.966 0.32 1.10425.00 r ¼ 0.9951

Rhodamine B 11447 202 21.58 9.395 0.32 0.88425.00 r ¼ 0.9979

Barton’s reagent 23786 255 138 19.615 0.32 0.53410.24 r ¼ 0.9975

Sulphuric acid 44709 497 138 38.231 0.10 0.88412.80 r ¼ 0.9974

Gentian violet 11348 220 158 14.667 0.32 0.53425.00 r ¼ 0.9943

Methylene violet 13622 221 178 13.000 0.32 0.8843.36 r ¼ 0.9975

Methylene blue 5311 74 718 1.042 3.36 5.24425.00 r ¼ 0.9976

Malachit green 16277 216 248 9.000 0.88 1.72420.00 r ¼ 0.9964

Janus blue 12139 127 308 4.233 2.15 4.19420.00 r ¼ 0.9952
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Table 5. Characteristic of densitometric band of estradiol, limit of detection, modified contrast index, and linearity range on neutral aluminum oxide

150F254

Detection way

Densitometric band characteristic of

25 mg estradiol Modified

contrast

index (AU/o)

Limit of

detection

(mg)

Linearity range (mg spot21)

(r, correlation coefficient)Area (AU) Height (AU) a

Without using visualizing reagent 11424 192 138 14.769 0.32 1.37 4 20.00 r ¼ 0.9972

Rhodamine B 3068 51 338 1.545 0.32 0.53 4 8.19 r ¼ 0.9928

Barton’s reagent 55006 342 338 10.364 0.53 1.37 4 10.24 r ¼ 0.9928

Sulphuric acid 24313 309 148 22.071 0.10 0.32 4 6.55 r ¼ 0.9976

Gentian violet 10906 127 208 7.700 0.32 0.88 4 20.00 r ¼ 0.9879

Methylene violet 8466 154 338 4.667 0.53 1.37 4 25.00 r ¼ 0.9983

Methylene blue 4492 62 64.58 0.961 2.68 5.24 4 25.00 r ¼ 0.9974

Malachit green 13194 155 35.58 4.366 0.53 1.10 4 20.00 r ¼ 0.9987

Janus blue 8986 112 30.58 3.672 0.88 2.15 4 25.00 r ¼ 0.9974
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violet in the case of estradiol analyses performed on neutral aluminum

oxide 150F254. Densitometric evaluation of obtained densitometric bands of

25 mg estradiol was described by the area of densitometric band [AU], the

densitometric band height [AU], and the angle (a) between the tangents at

the inflection points to the curves of the densitometric band, formulated in

degrees [8].
To depict the contrast index[15] the following test of estradiol was carried

out: 25 mg of estradiol were dropped, in turn on the starting line, next their

mobile phase was evolved and afterwards each spot was developed by

means of another visualizing reagent. The contrast index represents two inde-

pendent values, namely the angles (a) between the tangents at the inflection

points to the curves of the densitometric band, formulated in degrees, and

the densitometric band high [AU].[15] The modified contrast index was

proposed in this work. The modified contrast index indicates the ratio of the

height of the densitometric band [AU] of estradiol to the angle (a) between

the tangents at the inflection points to the curves of the densitometric band for-

mulated in degrees [8]. The best visualizing reagent for estradiol has the

highest value of the modified contrast index. The numerical values of a

contrast index and modified contrast index indicate that methylene blue has

poorer detection properties for estradiol than remaining visualizing reagents

on both the investigated chromatographic adsorbents. High values of the

angle, a low value of densitometric band height, and a low value of

modified contrast index indicate that methylene blue cannot be regarded as

a suitable visualizing reagent for estradiol. The numerical values of a

contrast index and modified contrast index indicate that on neutral

aluminum oxide 60F254 the best detection properties for estradiol have

sulphuric acid. However, from among new visualizing reagents, the best

detection properties have gentian violet and metylene violet. Similar

detection properties to gentian violet and methylene violet have Barton’s

reagent. Poor numerical values of a contrast index and modified contrast

index were obtained on neutral aluminum oxide 150F254 in relation to

analyses performed on neutral aluminum oxide 60F254. The numerical

values of a contrast index and modified contrast index indicate that on

neutral aluminum oxide 150F254 the best detection properties for estradiol

have a solution of sulphuric acid prepared according to a definite procedure.

The visualizing reagents, known as dyes, proposed in this work are not

universal visualizing reagents. In an earlier work, all five dyes, namely

gentian violet, methylene violet, methylene blue, malachite green, and

Janus blue, were tried for nicotinamide detection. It was stated that the

above mentioned visualizing reagents did not give color chromatographic

spots with nicotinamide.[18] The applied new visualizing reagents are non-

destructive reagents. This fact has definite analytical and physicochemical sig-

nificance. The obtained visualizing effects and non-destructive properties of

applied visualizing reagents in relation to estradiol indicate, that progress in

the range of analysis of estradiol on thin layer has taken place.
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CONCLUSION

The visualizing reagents proposed in this work should provided a supplement

to those used previously for the detection of estradiol. The study also provides

information about the physicochemical, analytical, and pharmaceutical

importance of the new visualizing reagents proposed. The influence of a

solid support on obtained visualizing effects was found. The angles (a)

between the tangents at the inflection points to the curves of the densitometric

peaks are more compact on neutral aluminum oxide 60F254 than on neutral

aluminum oxide 150F254. This observation indicates that the utility of any par-

ticular visualizing reagent depends on the type of chromatographic support

used. For quantitative research of estradiol investigated, relatively good prop-

erties had sulphuric acid (VI), Barton’s reagent, gentian violet, and methylene

violet. It was stated, that the proposed modified contrast index is the objective

parameter describing the applied visualizing reagents.
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