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Conclusion

GPC columns can be calibrated by carbon number
and boiling point for normal alkanes and extended to
2-methyl alkanes to yield results that are accurate
within 1.56% and a standard deviation of 4.5°C for
the extreme case. The boiling point calibration is
linear above n-C,,, thus indicating that the lower
limit is n-C,; for a boiling point distribution. However,
this is not a serious limitation since gas chromato-
graphy can be used to analyze readily the fractions
boiling below n-C,,. It is the fractions boiling above
n-Cy; that can be analyzed by GPC where additional

information and methods of analysis are nceded.

Quantitation is most useful above n-C,, since n-C,,
is not detected with a differential refractometer using
THI as the solvent at 40°C. An average error of 87,
per blend was determined, but the accuracy may be
improved by employing other techniques of analyzing
GPC data or another type of detector.

Samples of branched hydrocarbons other than 2-
methyl alkanes are being analyzed to determine the
effect of multiple branching upon the previously de-
rived relationships. (]
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Quantitation of Estriol in Pregnancy Urine by

by Joseph C. Touchstone, Taras Murawec,
Department of Obstetrics and Gynecology,
Philadelphia, Pennsylvania 19104

Abstract

The quantitation of estriol in pregnancy is widely used
as an obhstetrical tool for.assessing placental function. There
have been many colorimetric and gas chromatographic pro-
cedures developed for this determination. The recent advent
of densitometers capable of scanning thin layer chromato-
grams provides a simple and rapid means to quantitate estriol
levels in pregnancy urine. Fast Violet Salt B (6-benzoylamino-
Lmethoxy-s-toluidine, diazonium salt, Borden Chemicals, Phil-
adelphia, Pennsylvania) reacts rapidly and quantitatively with
estriol in extracts of urine to provide a yellow colored deriva-
tive, This separates well on thin layer chromatograms and
can be quantitated by direct densitometry. The method for
the coupling reaction was described in a previous report from
this laboratory (1). This paper evaluates the densitometric
method for determination of estriol in pregnancy urine.

Materials and Equipment

The densitometer used was a double beam spectro-
densitometer Model 3000 obtained from Schoeffel In-
struments Corp., Westwood, New Jersey. This was
provided with a computer to convert phototube re-
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Maria Kasparow, and Arthur K. Balin, Steroid Laboratory,
University of Pennsylvania School of Medicine,

sponse to density units directly on a single pen re-
corder.

Solvents for chromatography were of analytical
grade and redistilled. Thin layer plates made with
Silica Gel G (250 w) were obtained from Photo Re-
search Inc., Essington, Pennsylvania, and were scored
into lanes 1 cm wide. Alternate lanes were used as a
reference and contained no extract.

A Hamilton microliter syringe was used to apply
the solutions to the thin layer plates. The sample was
streaked across the lane rather than spotted in the mid-
dle of the lane. Fast Violet Salt B was made up in
1% aqueous solution just prior to use. Buffer of pH
9.2 was made up with sodium carbonate and sodium
bicarbonate solutions in the usual manner.

Peak areas were calculated by triangulation using
height times the width of half height. It is preferable
for the same operator to calculate the same series of
samples and standard curves.

Estriol standard solutions were made at 1 ug/1 pl
in tertiary butanol. This steroid was obtained from

1. Touchstone, J. C., Balin, A. K., and Knapstein, P.,
Steroids 13, 199 (1969). ;
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Figure 1. Calibration curve for serial amounts of estrogens.

Stondord Urine #4
Azotized Estriol 24 hrs.
1.0 mg. 25,000
Urine 85 Urine Hg
24 hrs. 24 hrs
19,400 17,200

Figure 2. Densitometric curves for azotized estriol from preg-

nancy urine. Fractions of 24-hour urines were processed by

the method. 24 hrs/25000 represents 1,25000 of 24 hours
on the TLC.

Mann Assayed Chemicals, New York, New York and
was used as obtained unless gas chromatography or
thin layer chromatography showed impurities. -

Experimental

The method for extraction of urine was modified
from that previously published (2). For more consis-
tent recovery enzyme hydrolysis rather than acid hy-
drolysis was used in this work. Five ml of urine from
pregnant women was diluted to 25 ml and adjusted
to pH 6.8 with maleate buffer, followed by addition
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of 200 units/ml of f-glucuronidase (Sigma Chemicg)
Co., St. Louis, Missouri.) The mixture was incubateg
at 37°C for 18 hours. The urine was extracted 3 timeg
with an equal volume of cther. The ether was washeg
once with 7 ml of 8% sodium bicarbonate solutiop
which was discarded. Phenolic removal was accomn.
plished by extracting the cther 3 times with 20 ml of
1 N sodium hydroxide solution. The ether was dis-
carded. The alkaline phase was adjusted to pH 4
by addition of 5 N hydrochloric acid and extracteq
3 times with 25 ml of ether. The ether was washed once
with 7 ml of 8% sodium bicarbonate and finally with
10 ml of water. The ether was evaporated and the ex.
tract transferred to a centrifuge tube. The residue was
dissolved in 100 4l of acetone and 1 /50 aliquot was
injected into the gas chromatograph. The gas chromg.
tographic determination of estriol has been describeg
in detail in previous publications (2,3).

One half of the extract was subjected to coupling
with the Fast Violet Salt B reagent.

One hundred microliters of t-butanol was added to .

the extract in a glass stoppered 5 ml conical centrifuge
tube. Next, 2 ml of carbonate buffer of pH 9.2 was
added and shaken well. Then 1 ml of the 1% dye
solution was added and shaken well. The mixture wag
heated at 55°C in a water bath for 15 minutes. After
cooling the reaction mixture was shaken with 1.0 i
of redistilled chloroform. The chloroform was separated
and washed once with 1 ml of water.

An aliquot of the chloroform solution (20 ul) was
then applied to the thin layer plate (heated at 110°7
for 10 minutes before use). The thin layer chromato-
gram was developed in a solvent consisting of 159
benzene in butyl acetate until the front was 1 en
from the top of the plate. After drying in air the plate
was scanned directly in the densitometer at a wave
length setting at 410 my.

Results

The precision of the densitometer was assessed by
scanning a single spot of derivatized estriol 10 times.
The relative standard deviation for the instrument was
*0.3% for a spot representing 0.5 .g estriol having an
average peak height of 140 mm on the strip chart.

Accuracy, for practical purposes, requires that the
precision for the whole system be defined. To this end.
8 zones were spotted from the same solution on the
same thin layer plate using a Hamilton microsyringe.
The amount in each spot represented 0.5 ug of estriol.
The relative standard deviation for this determination
was *0.5%. This indicated that spotting technique
showed good reproducibility.

Figure 1 presents the calibration curve for serial
amounts of estrogens. Figure 2 shows the curves re-
sulting from densitometric scanning of a thin layer
chromatogram of standard estriol, and urine extracts,
derivatized and separated on a thin layer chromate

2. Touchstone, J. C., J. Gas Chromatog. 2, 170, (1964).
3. Scommegna, A., and Chattoraj, S. C., Am. J. Obstet
Gynec. 99, 1087, (1967).
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Table I. Comparison of Gas Chromatographic and Thin Layer Densitometric Methods for Quantitation of Es-
triol in Pregnancy Urine.
(ug/5 ml urine)
(repeat determinations done on different days)
Total Gas Chromatography Thin Layer Densitometry
Urine # Urine Volume a b c a b c
1 860 63.5 64.0 63.0 67.0 51.0 53.5
3 810 62.6 54.4 60.2 68.5 51.3 66.0
6 970 52.6 54.1 58.6 44.5 43.7 44.0
12 840 109.3 111.0 1111 113.0 100.7 100.9
13 1820 63.2 66.0 66.0 57.0 BT 61.0
14 1240 151.0 153.7 152.0 s 42T 145.0 142.0
16 1171260 86.6 84.2 91.0 90.0 100.0 106.0
19 970 111.0 123.0 99.0 114.8 116.2 117.0
Table II shows the results of triplicate determina-
i L) tions of four different urines.
Table Il. Comparison of Replication of the Gas
Chromatographic and Thin Layer Densitometric
Methods.
Discussion
(ug/5 ml urine)
Gas Thin Layer The data presented indicate that direct densitom-
Experiment Chromatography Densitometry etry of the colored estriol derivative gives results com.-
parable to those obtained by gas chromatography. The
1 66.2, 65.0, 63.2 61.2, 61.8, 60.0 method is just as sensitive as GLC, and it is faster
2 63.2, 65.0, 63.7 59.4, 63.2, 60.9 if one has a large number of determinations to make
3 46.3, 41.4, 46.9 39.1, 42.0, 38.6 (>10). We believe that the coupling method of quan-
4 MR titating estriol is faster for a larger number of samples

37.6, 37.6, 89.1

gram by the present method. As previously reported
(1), the method is sensitive to 0.05 ug in a single spot
placed on a 1 em lane of the thin layer plate.

The efficiency of the extraction in procedure was
assessed by adding C4-labelled estriol-glucosiduronate
(courtesy of Dr. Mortimer Levitz) before the extrac-
tion process. The recovery of free estriol as assessed
by this method was 80%. As previously reported (1),
the completeness of the coupling reaction was assessed

by gas and thin layer chromatography. No unreacted
estriol was detected.

Table I shows the comparison of the results ob-

tained when the urines were quantitated by the pres- .

ent method and by gas chromatography. Aliquots of
the same extract were used in this comparison, thus
the comparison reflects only the quantitative aspect
of the procedure. The thin layer densitometric method
appears to be satisfactory from the standpoint of re-
producibility and accuracy. In this series of experi-
ments the same urine pool was extracted on three dif-
ferent days and aliquots were taken for gas chromato-
graphic quantitation with a second aliquot being used
for coupling with the dye and separation by thin layer
chromatography. As seen in the table, the results of
densitometry are agreeable with those obtained by gas
chromatography.

SRR R T R TR R

because it takes essentially the same amount of time
to azotize and chromatograph (TLC) 5 samples as it
does 30 samples.

Scanning time for a single lane on the thin layer
plate is 0.5 minutes, whereas estriol retention times in

~ the gas chromatograph may vary from 5 to 10 minutes,

depending on the column used.

Injections into a gas chromatograph in most cases
are limited to 5 ul and below. This may be a source of
error as compared to the TLC method. The amount of
solvent containing the sample which may be applied
to a TLC is not so limited. This may be a matter of
technique.

The preparation of color derivatives and direct
densitometry can have wide applications in analytical
chemistry. We have shown that this particular coupling
reaction works for phenolic steroids with an un-
hindered « position (1). Color derivatives separated
by TLC may provide rapid and specific methods of
quantitation for many other compounds.
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