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Abstract

Thin layer chromatograms using silica gel with 10% phos-
phomolybdic acid have been developed. Incorporation of
phosphomolybdic acid into the silica gel before spreading on
the plates provides a medium for both separation and quan-
titation. After development, heating of the plates at 110°C
for 20 minutes results in reproducible spot density. Linear
calibration curves for serial amounts of steroids were ob-
tained after densitometry of spots with a Schoeffel Model
3000 double beam spectrodensitometer. Reproducible spot
density with amounts as low as 0.05 yg have been shown.
Preliminary results for quantitation of estriol in biological
fluids are presented. The results compare favorably with
those obtained by GC.

Introduction

Recent progress in measuring techniques make di-
rect densitometry of TLC attractive and applicable to
many areas of analytical chemistry. Analysis involving
elution before measurement is time consuming and
subject to many problems. In many cases it is not
possible to quantitate without formation of a colored
derivative before or after separation on the TLC.
Spraying techniques are not reproducible, and the
background formed is not uniform.

The present paper describes TLC techniques using
plates of Silica Gel G impregnated with phospho-
molybdic acid (PMA). The procedure is rapid, re-
producible and sensitive. There is little change in the
separation characteristics of the silica gel. After de-
velopment, the plates are dried and heated to develop
the spots. For estrogens the method produced recorded
peaks reproducible for as little as 0.05 pg.

Materials and Methods

Glass plates coated with Silica Gel “G” (Merck)
impregnated with PMA, 250 pm thick, were prepared
by Photo Scientific Research, Inc., Chester, Pennsyl-
vania. These are scored into lanes 1 cm wide. A slurry
was made by shaking solutions of phosphomolybdic
acid in water with the silica gel prior to spreading on
the glass plates. The concentrations of PMA in the
silica gel were checked by gravimetric means.

Standard solutions of steroids were made in t-
butanol and kept refrigerated. These solutions, 0.05
ug/ul, were made with the substances as obtained from

the supplier unless GC or TLC showed the presence
of impurities. All solvents are analytical grade and
redistilled. A Hamilton microliter syringe was used to
apply the solutions to the thin layer plates. Phospho-
molybdic acid was of analytical reagent grade.

The densitometer, with a monochromator, was
Model 3000, obtained from Schoeffel Instruments,
Corp., Westwood, New dJersey. Instrumentation in-
cluded a computer to convert phototube response to
absorbance which appears as a curve on the recorder.

Experimental

Steroid solutions were streaked on the TLC and
the solvent allowed to evaporate before development
of the chromatogram. Alternate lanes on the 20 x 20
cm plate were streaked (rather than spotted) across
the 1 cm width of the scored lane. The other lane
served as reference. The plates were developed in a
solution of 15%, ethanol in benzene until the solvent
had reached 1 cm from the top of the plate. The plates
dried in air and were then heated in an oven at 110°C
for 20 minutes to develop the spots.

After color development, the plates were scanned in
the densitometer in the transmission mode set at
wavelength 560 my. The plates were kept in a dark
container when not in use. Long exposure to light
caused the plates to darken. Greater sensitivity is ob-
tained in the transmission mode than by reflectance
measurements (1).

Results

Figure 1 shows the effect of the concentration of
the PMA in the silica gel on intensity of the developed
spots. These exploratory experiments were carried out
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Figure 1. Effect of PMA concentration on the densitometric
peak areas of Estrone (E;), Estradiol-173 (E,), and Estriol (Ej)
after heating of the plates. (Temperature 110°C/20 minutes.)
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Figure 2. Effects of temperature on intensity of color of the
developed spots of Estrone (E;), Estradiol-178 (E,), and Es-
triol (Ej).

with estrone, estradiol-178 and estriol, which separated
well when developed in the system 159, ethanol in
benzene. The utility of the PMA-impregnated plates
may be limited to developing solvents with polarity
below that which is presented by 15%, ethanol in ben-
zene. More polar solutions will wash out the phospho-
molybdic acid. The PMA moves along with the solvent
front. When more polar developing solvent must be
used, phosphomolybdic acid can be added to the sol-
vent. A PMA concentration of 5%, in the alcohol used
for solvent mixtures has been found to prevent the
leaching of the PMA in the silica gel. This did not
affect the resolving characteristics of the solvent. A
mixture of 1:1 59, PMA in alcohol plus benzene has
been used successfully. Concentrations less than 109
of PMA in the silica gel gave poorer color concentra-
tion (Figure 1). Higher concentrations of PMA re-
sulted in higher background after heating. This inter-
ferred with densitometry.

Figure 2 shows the effect of temperature on the
PMA color development. Longer heating with plates
of the lower PMA concentrations gave more uniform
color development but of lower intensity. Equimolar
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Figure 3. Effects of time on the intensity of color of the

developed spots of Estrone (E;), Estradiol-1783 (E;), and Es-
triol (Es). Bars represent range of determinations.

Estriol n

ITP Estradiol

Estrone

e - e o

Figure 4. Densitometric curve of estrogens separated on
Silica Gel G-PMA plates.

response of the three estrogens to the color develop-
ment was not obtained at lower temperatures for short
heating periods. Longer heating at high temperatures
resulted in greater background. Heating at 110°C for
20 minutes gave optimal results.

Figure 3 shows the effect of heating time on the
color intensity of the estrogen zones. From the fore-
going considerations as shown in the sequence of fig-
ures, silica gel containing 109, PMA heated at 110°C
for 20 minutes appears to provide optimal color devel-
opment for the three estrogens carried through this
study. PMA, as has been described many times before
(2,3), reacts well with many types of organic com-
pounds. A survey of the literature indicated that a
wide variety of organic compounds will react with
PMA. We have tested a number of steroids and a num-
ber of unrelated organic compounds. This indicated
that any compound reacting with PMA can be quan-
titated by the technique described, provided the proper
solvent system is evolved which will not wash the
PMA from the silica gel.

Figure 4 presents the curve obtained on densi-

2. Stahl, E., “Thin Layer Chromatography,” Springer-
Verlag, New York, 1969.

3. Randerath, K., “Thin Layer Chromatography,” Aca-
demic Press, New York, 1963.
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Figure 5. Calibration curve for serial amounts of Estriol
developed on Silica Gel-PMA Thin Layers.
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Figure 6. Curves representing densitometry of standard Es-

triol (A) and Estriol isolated from urine (B) and separated

on Silica Gel G-PMA Plates. The gas chromatogram (C) of the
same urine sample is also shown.

tometry of estrone, estradiol-178 and estriol after sep-
aration on PMA-impregnated silica gel plates. The
presence of the indicator in the adsorbant has little
effect on the separation characteristics of the plates.
The maximal light absorption of the blue zones on the
TLC was found to be in the range 560-620 mg.

Figure 5 shows the calibration curve for serial
amounts of estriol determined by the present tech-
nique. Linear calibration curves can be obtained in the
range of 0.05 to 1.0 ug. The lower limit of sensitivity
for the densitometric color detection is 0.01 yg. Similar
standard curves have been obtained with estrone and
estradiol-17p.

Figure 6 shows the separation of extracts of preg-
nancy urine for determination of the estriol concentra-
tion. These determinations were done by the trans-
mission mode. Also shown is the result of GC of the

Table I. Comparison of GC and TLC (PMA) methods
for determination of estriol in biological fluids.

(pg estriol in 5 ml pregnancy urine)

TLC with 109,
Urine GC PMA in Silica Gel
I 11 I II
1 34.2 42.2 38.6 41.7
2 55.4 56.3 54.5 57.3
3 88.0 120.0 112.5 119.7
4 61.6 71.0 81.4 81.8
5 84.0 87.5 104.5 91.8
Amniotic Fluid pg in Sample
1 2.2 2.4
2 22 2.5
3 0.7 0.9
4 0.2 0.2

same extract. Table I shows a comparison of quanti-
tative results obtained by both GC and densitometry
of the PMA-impregnated silica gel thin layer chro-
matograms used for the determination of estriol in
pregnancy urine. In the same table are given the re-
sults when the present method was compared with GC
for quantitation of estriol in amniotic fluid. It is evi-
dent that quantitation in the new procedure gives com-
parable results.

Discussion

Early in the work on quantitative TLC it became
apparent that uniform reproducible results by densi-
tometry could not be obtained when reagents were
sprayed on the plates. For this reason, as reported in
a previous paper from this laboratory (4), colored de-
rivatives of estrogens were prepared that were sepa-
rated by TLC and then subjected to densitometry.
This approach was limited by the nature of the com-
pound to be measured and the availability of a suitable
reagent to form a colored compound which separated
on TLC. Thus the use of the PMA-impregnated silica
gel plates provides a versatile, rapid and sensitive
means for quantitation of many organic compounds.

A survey of texts on TLC (2,3) indicates that
many organic compounds will react with PMA. As
pointed out, the method is limited to TLC solvent sys-
tems of such polarity that the reagent is not eluted
from the silica gel. (]
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