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Since the work of Zondek (1) the in vitro action
of liver slices and liver pulp on natural estrogens
is usually called inactivation because the trans-
formation undergone by these compounds results
in loss of estrogenic activity as measured by bio-
assay methods (2). Using these methods, Heller
and Heller (3) demonstrated that liver slices could
inactivate estrone.and estradiol in vitro and this
work was confirmed by Singher and associates
(4). Twombly and Taylor (5) showed that hu-
man liver inactivates 17-pt estradiol less than does
rat liver. It is generally accepted that liver mince
is not as effective as slices in inactivating estradiol
but De Meio, Rakoff, Cantarow and Paschkis (6),
and Coppedge, Segaloff, Sarett and Altschul (7, 8)
have shown that nicotinamide or diphosphorpyri-
dine nucleotide enhance the activity of liver mince.

Thus the demonstration that the liver possesses
the ability to inactivate estrogens has been based
on bioassay methods. Until now colorimetric
methods for estrogens have not been found satis-
factory for the measurement of small amounts of
estrogens in the presence of tissue (9) and there-
fore have not been suitable for the study of the
metabolism. In this paper we are reporting a
procedure which permits the simple colorimetric
estimation of microgram amounts of estrogens, re-
covered after in vitro metabolic experiments with
tissues. One of the advantages of this procedure
is that it facilitates the study of the quantitative
aspects of the reaction. This paper also presents
the results obtained by this colorimetric technique
in a study of the metabolic action of rat liver on
17-,p estradiol, estrone and estriol. A subsequent

1 Presented in part at the annual meeting of the Amer-
ican Society for Clinical Investigation, April 30, 1951,
Atlantic City, N. J.

2 This work was supported in part by a grant from the
National Cancer Institute of the U. S. Public Health
Service.

3 Present address: Columbia University, College of
Physicians and Surgeons, New York, N. Y.

paper will present the results obtained with hu-
man liver and will discuss their pertinence to the
problem of hyperestrinism in humans.

METHODS

1) Colorimetric method: The procedure used in this
work is based on the measurement of the yellow color
produced when the phenolic estrogens are coupled with
tetrazotized dianisidine. This reaction was first pro-
posed by Talbot and associates (10) and subsequently
modified by Bender and Wilson (11) for the assay of
estrogens, in the urine. The pure estrogens,4 17-a estradiol,
estrone or estriol, were dissolved in 0.3 cc. of 959% re-
distilled ethyl alcohol. One tenth cc. of cold tetrazotized
dianisidine solution was added, followed immediately by
0.75 cc. of cold 2% sodium carbonate solution. After
mixing by swirling, 8 cc. of 20%o sodium chloride and 20
cc. of toluene were added to the mixture. All these op-
erations were carried out in an ice bath.5 The colored
material was extracted into toluene by shaking for 10
minutes in a shaking machine. After centrifuging for
two minutes at 2,500 r.p.m., the toluene layer was pipetted
off and read in a Beckman quartz spectrophotometer
(Model DU) at 425 m#* in a 1 cm. cell against the blank.
The blank was treated as the experimental sample except
that no estrogen was present.

Quantitative measurements of 17-j estradiol, estrone and
estriol were obtained by this procedure between 10 and
150 micrograms, as indicated on Figure 1. The relation
between optical densities and concentrations followed
Beer's law between these two values. The slope of the
curve was found to be similar for estrone and estradiol
but different for estriol (Figure 1).

The absorption spectrum of the colored compound
showed a plateau-like peak between 400 mAi' and 450 miA
with the maximum at 425 my approximately (Figure 2).

4 Kindly supplied by Drs. E. Schwenk and E. B. Hirsh-
birg, Schering Corporation, Bloomfield, New Jersey.

5 The tetrazotized dianisidine solution was prepared
as follows: 25 mg. of dianisidine dihydrochloride (re-
crystallized from ethanol) were dissolved in 3 cc. of wa-
ter. Three tenths cc. of concentrated hydrochloric acid,
followed by 0.6 cc. of freshly prepared 5% sodium ni-
trite solution were added. After thorough mixing and a
five minute waiting period, 0.66 cc. of a 5% urea solu-
tion was added. The solution was prepared in an ice
bath, and made freshly for each experiment.
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MICROGRAMS

FIG. 1. CALIBRATION CURVES FOR ESTROGENSTREATED
WITH TETRAZOTIZED DIANISIDINE

2) Incubation exrperinzents: Normal albino rats, kept
on a diet of purina laboratory chow, supplemented with
rolled oats and flower seeds, were killed by a blow on the
head, the liver obtained and sliced immediately. Three
hundred mg. of liver slices (approximately 0.5 mg. thick)
were incubated with continuous shaking in an open ves-
sel with 100 micrograms of estradiol, estrone or estriol
dissolved in 0.2 cc. of 95%o redistilled ethanol. Incubation
was carried out in 6 cc. of Krebs solution, pH 7.4 at
37.50 C. As a control, 300 mg. of the same liver were
boiled for 30 minutes and similarly incubated with the
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same amount of estrogen. As a blank, 300 wig. of f resh
liver slices were also incubated without the addition of
estrogen. At the end of the period of incubation the reac-
tion was stopped by immersing the flasks in a boiling
water bath for 30 minutes.

Thereafter, each sample was submitted to alkaline hy-
drolysis by adding enough solid barium hydroxide (3.8
gms. of Ba[OH]2-8 H20) to make a 4 N solution and
boiling in an oil bath for 17 hours. At the enld of the
period of hydrolysis the samples were allowed to cool
and were brought to approximately pH 2 by the addi-
tion of 7 cc. 4 N hydrochloric acid. The acid solution was
then continuously extracted for 17 hours with redistilled
benzene (approximately 60 cc.). The residue left after
the evaporation of the benzene was dissolved in (.3 cc of
95%o redistilled ethanol anid assayed colorimetrically by
the method described above. The value of the control
was subtracted from the value of the experimental sample.
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FIG. 3. RECOVERYEXPERIMENTSWITH 1-/3: ESTRADIOL

3) Recovcry cxzpcriwcn~lts: One hundred micrograms
of 17-13 estradiol were incubated for three hours with
boiled rat liver slices. Recoveries ranged from 80%o to
114%f in 38 experiments with 20 experiments showing re-
coveries between 90 and 99%o (Figure 3). Thle mean
recovery value of these 38 experiments was 94%c and the
mean deviation or sigma value was 7%o. In1 fivee experi-
ments with estrone and six experiments withe estriol the
average recovery was 81%o and 73%o, respectively, with
an average deviation from mean of 4%o and 9% re-
spectively ( Table I ).

TABLE I

Recovery of 100 micrograms of estrogen incubated
with boiled rat liver

Mean Average dev.
Estrogen No. of exps. recovery from mean

(micrograms) (micrograms)

$Estradiol 38 94 7
Estrone 5 81 4
Estriol 6 73 9
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FIG. 2. ABSORPTION SPECTRUMOF THE COLOREDCOM-
POUNDOBTAINED By TREATMENTOF 17-A8 ESTRADIOL, Es-
TRONEOR ESTRIOT. BY TETRAZOTIZED DIANISIDINE
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The use of barium hydroxide hydrolysis improved the
recoveries. This was shown by a series of experiments
designed to determine the effect, on the recovery of es-
trogens, of barium hydroxide hydrolysis of the liver
tissue prior to extraction. Boiled rat liver slices were in-
cubated with 100 micrograms of estradiol for 45 minutes
at 37.5° C. in 6 cc. of Krebs solution. Thereafter, paired
samples were extracted with and without prior hydrolysis.
In 16 such experiments the average recovery of barium
hydroxide hydrolyzed samples was 94 micrograms with
a sigma value of 10%, and that of non-hydrolyzed sam-
ples was 71 micrograms with a sigma value of 17%o.

Good recoveries were obtained with a 17 hour hydroly-
sis. Hydrolysis by means of sodium hydroxide did not
yield as satisfactory results as those with barium hydrox-
ide. As shown by Warner (12) barium hydroxide effects
a more complete hydrolysis of proteins than sodium hy-
droxide, and this, could explain the better recoveries. Re-
coveries were not improved by treatment of the material
with a number of reagents used in an attempt to dissoci-
ate a hypothetical adsorption complex between liver tis-
sue and estrogen. Specifically, the following reagents
were ineffective: barium nitrate, urea and ammonium
sulfate.

Hydrolysis with barium hydroxide for less than five
hours gave incomplete recoveries, but when carried out
overnight (approximately 17 hours) satisfactory results
were obtained; Control experiments showed that such hy-
drolysis did not result in any destruction of the estrogens.

4) E.rtractioii with benzene: Although continuous
benzene extraction of a solution of pure 17-,8 estradiol in
6 cc. of Krebs solution resulted in complete extraction in
a period of 1Pt hours, it was found that the length of
time necessary to extract the estrogen in the presence of
liver hydrolysate had to be increased to 17 hours in or-
der to be optimally effective.

5) Color reaction: It was found necessary to carry out
the color reaction on the benzene extract'immediately, be-
cause the dried benzene extract could not be kept at
room or even at refrigerator temperature for 24 hours
without considerable loss of color-producing material.
The nature of the reaction leading to this loss in the dried
extract has not been investigated. However, it was found
that the extracts could be kept for at least three days in
the deep freeze (- 15° C.) without loss of color-produc-
ing material.

RESULTS

The results of metabolic experiments were ob-
tained by subtracting the amount of estrogen re-
covered at the end of the incubation period from
the mean value of estrogen obtained in the recovery
experiments (Methods: section 3).

1) MVletabolism of 17-/3 estradiol, estrone or es-
triol by liver slices as measured colorimetrically:
When 100 micrograms of estradiol were incubated
at 370 C. with 300 mg. of fresh liver slices for three

TABLE II

Amount of estrogens metabolized by fresh rat liver
(pH, 7.4; Temp., 37.5° C.; Amount of liver, 300 mg.)

Avg. amt. Avg. deviation
Estrogen No. of exps. metabolized from mean

(micrograms) (micrograms)

17-,a estradiol 19 50 13
Estrone 6 53 4
Estriol 6 21 11

hours, the decrease in color-producing material
expressed as estradiol, averaged 50 micrograms in
19 experiments using eight different rats (Table
II). The amounts of estradiol metabolized by dif-
ferent liver samples ranged from 22 to 70 micro-
grams.

The results of similar experiments using estrone
or estriol as substrates are also shown in Table II.
In six experiments using 100 micrograms. of es-
trone, the average amount metabolized was 53 mi-
crograms, with a deviation from the mean of 4
micrograms. When 100 micrograms of estriol
were used as a substrate, the average amount me-
tabolized was 21 micrograms with a deviation from
the mean of 11 micrograms.

2) Effect of acid hydrolysis: In an attempt to
determine whether the disappearance of estrogens
was due to conversion to a benzene-insoluble con-
jugate, one experiment was carried out using acid
hydrolysis (to cleave sulfates or glycuronidates)
following the usual barium hydroxide hydrolysis
of the proteins. Acid hydrolysis was carried out
by adding 5 cc. of concentrated hydrochloric acid
to the alkaline hydrolysate and heating at 1000 C.
for one hour. The results show (Table III) that
this procedure did not increase the amount of
estrogen recovered.

TABLE III

Recovery after incubation of 100 micrograms of 17-,3 estradiol
with 300 mg. rat liver-with and without

acid hydrolysis

Recovery (per cent)

Type of exp. No. of exps. Without With
acid acid

hydrolysis hydrolysis

Incubation with fresh
rat liver 3 52 56

Incubation with boiled
liver (control) 1 85 83

0P
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FIG. 4. METABOLISM OF 17-A3 ESTRADIOL BY
SLICES-EFFECT OF TIME OF INCUBATI

3) Effect of time and pH: Three hut
portions of the same rat liver were incut
100 micrograms of estradiol for 30, 60, 9(
180 minutes, respectively. The amount
lized after each time interval (Figure 4
a steady increase over a period of three

The optimum pH of the reaction was
be between pH 6 and. 7 as shown in Fig
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FIG. 5. EFFECT OF PH ON METABOLISM OF

SLICES ON 17-IS ESTRADIOL

DISCUSSION

An accurate quantitative evaluation
vitro metabolic action of liver on estroge
cult by the bioassay method because e;

mination involves a great number of injections in
large series of assay animals. The limitations of
the bioassay made it desirable to develop a colori-
metric method capable of measuring estrogens in
metabolic experiments in vitro. The method pre-
sented here satisfies this requirement. Its accur-
acy and simplicity make it possible to do a great
number of quantitative experiments, with much less
expenditure of time than with bioassay. This
method, obviously, does not measure the meta-
bolic action of tissue in terms of loss of estrogenic
activity, but rather measures a chemical change
in the molecule of the substrate resulting in a loss
of color. This change consists of an unknown al-

O 180 teration of the estrogen molecule which makes it
RAT LIVER unavailable for extraction or estimation by this

ION method. Therefore, no correlation need nieces-
sarily exist between the results obtained by this

adred mg. chemical method, and the bioassays in biological
actedd with experiments. For instance, estrone and 17-,8 es-

0s 120 and tradiol in equal amounts have widely different es-
s metabo- trogenic activities in most test animals (13),

*) showed while by this calorimetric method they give ap-
hours. proximately the same color intensity. A quanti-
found to tative metabolic conversion of estradiol into estrone

ure 5. would not be measured by our method, but would

be detected by the bioassay.
There are several aspects of the method de-

scribed here which deserve comment: liver and
other tissues on continuous extraction with ben-
zene yield a certain amount of color-producing ma-
terial. Therefore, it is necessary to run a liver
blank with the actual experimental sample to
make proper allowance for the non-specific color.
The duration of extraction advocated here has
been found to be adequate for complete extrac-
tion of the estrogens without extraction of exces-
sive amounts of extraneous material. The ex-
perimental data presented here demonstrate the
necessity of completely hydrolyzing the tissue
prior to extraction in order to achieve complete

9 SO recoveries. This fact suggests that a portion of
the estrogenic compounds becomes bound to the

RAT LIVER liver tissue during the incubation period in such a
way that barium hydroxide hydrolysis alone, of
all the procedures tested, by us, could make it
available for extraction. The nature of this bind-

of the in ing between tissue and estrogens has not been
ns is diffi- studied here. In this respect, it should be men-
ach deter- tioned that Lehninger and Scott (14) have re-
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ported a similar binding of estradiol by prostate
tissue in vitro. They did not test the action of
barium hydroxide hydrolysis on this binding.

Our results show that the rat liver is able to
metabolize larger amounts of estradiol its vitro than
previous experimental work would lead us to be-
lieve, namely, an average amount of 50 micro-
grams for 300 mg. of liver in three hours at 370 C.
The data indicate also that the reaction proceeds
at a rather constant rate for at least three hours;
this rate constitutes, therefore, a valid one for com-
parison of activity under different experimental
conditions. The nature of the end products of
the reaction between liver and estrogens 'in vitro
is being studied and will be reported later. How-
ever, the data show that 17-,8 estradiol, estrone and
estriol are all metabolized, as measured. by the
calorimetric method. This indicates that the
products of the action of liver slices on estradiol
probably do not consist solely of estrone and estriol.
A conversion of estradiol into estrone would not
account for the results reported here while a con-
version into estriol could do so. The possibility
and extent of such a conversion is being investi-
gated now.

The data show also that acid hydrolysis of the
barium hydrolysate did not increase the amount of
color-producing material recovered in the benzene
extract, indicating that the action of liver is not a
conjugation. This constitutes a confirmation of
the findings of Heller and Heller (3).

SUMMARY

1) A method based on colorimetric assay is
described for the study of the metabolic action of
liver and other tissue on natural estrogen. The
method permits measurement of 10 to 150 micro-
grams of 17-# estradiol, estrone and estriol with
the sigma value of 7%/, in the presence of tissue.

2) By this method it was found that 300 mg. of
rat liver slices metabolize on the average 50 mi-
crograms of estradiol, 53 micrograms of estrone,
and. 21 micrograms of estriol in three hours at
37.5° C. and pH 7.4.

3) Evidence was presented that estradiol be-
comes bound to liver tissue in such a way that
complete hydrolysis is necessary before it can be
extracted.

4) The end products of the reaction of liver
on 17-,8 estradiol are unknown but the data sug-
gest that they do not consist solely of estriol, es-
trone or conjugated estrogens.
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