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This report 1 describes the influence of natural
estrogens on liver function, with special reference
to sulfobromophthalein (BSP) excretion, in man.
Pharmacological amounts of the hormone estradiol
consistently induced alterations in BSP disposal
that were shown, through the techniques of
Wheeler and associates (2, 3), to result from
profound depression of the hepatic secretory
transport maximum (Tm) for the dye. Chro-
matographic analysis of plasma BSP components
revealed increased amounts of BSP conjugates
during estrogen as compared with control pe-
riods, implying a hormonal effect on cellular proc-
esses concerned with transport of dye from he-
patocytes into biliary canaliculi. Estriol, an in
vivo transformation product of estradiol, also im-
paired hepatic disposal of BSP in man. Accord-
ing to unpublished data of Hertz (4) 2 estrone,
ethinyl estradiol, and equine estrogens act simi-
larly, and it is likely that other C-18 steroids of
both physiologic and synthetic origin have this
property as well. These observations define a new
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§ Operated by the University of Chicago for the U. S.
Atomic Energy Commission.

1 These data were presented at the 77th Annual Meet-
ing of the Association of American Physicians, May 6,
1964, and a preliminary report was published in the Trans-
actions of that society (1).

2We have recently been privileged to review earlier
unpublished observations of Dr. Roy Hertz, National
Cancer Institute, on BSP metabolism in cancer patients
undergoing intensive estrogen therapy. These observa-
tions demonstrate rapid and consistent abnormalities in
BSP disposal, as described in this report.

biological action of natural estrogens in man, fur-
ther substantiate the role of the liver as a site of
action of these hormones (5), and probably ac-
count, in part, for the impairment of BSP dis-
posal that characterizes pregnancy (6) and the
neonatal period (7-10).

Methods

Steroid solutions were prepared by dissolving crystal-
line estradiol and estriol in a solvent vehicle containing
10% N,NDMA (N,N-dimethylacetamide) 3 in propylene
glycol. Estradiol was soluble in a concentration of 100
mg per ml; estriol, in a concentration of 20 mg per ml.
These, together with appropriate control solutions, were
sterilized by filtration at room temperature and adminis-
tered to patients by intramuscular injection. All sub-
jects were housed on a metabolic ward during the study,
and a number were maintained on fixed diets as required
by concurrent investigations. The principal clinical diag-
noses were rheumatoid arthritis and related connective
tissue disorders. The observations reported here were
made during a series of studies designed initially to ex-
amine the potential use of pharmacological amounts of
natural estrogens as therapeutic or immunosuppressive
(11-13) agents in man; the periods of estrogen adminis-
tration therefore varied considerably from subj ect to
subject. Liver function was examined in these patients
by the following tests: per cent esterification of cho-
lesterol, direct and indirect bilirubin, cephalin and thymol
flocculations, thymol turbidity, prothrombin time, serum
albumin and globulin, retention of BSP in plasma 45 min-
utes after intravenous administration of 5 mg per kg
body weight, and the following serum enzymes: alkaline
phosphatase, lactic dehydrogenase (LDH), glutamic py-
ruvic transaminase (SGPT), and glutamic oxaloacetic
transaminase (SGOT). BSP infusion studies, chroma-
tography of plasma BSP components, and liver biopsies
were performed in several subjects as described below.

Thirty-one patients were treated with either estradiol
or estriol. Two were males and 29 were females, most
of whom were postmenopausal. Estradiol was adminis-

3 Eastman Organic Chemicals, Division of Eastman
Kodak Co., Rochester, N. Y.
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tered to 25 patients (24 female) in amounts of 5 to 200
mg per day for 3 to 41 days. Estriol was administered to

6 patients (5 female) in amounts of 7 to 40 mg per day
for 6 to 10 days. Injections of control vehicle solutions
were given to each of 13 patients in amounts of 2 ml
per day for 30 days.

Results

Liver function tests were performed twice in
control periods in all subjects and at frequent in-
tervals during control injections and estrogen

treatment.
Control vehicle-treated subjects. No alterations

in any liver function test were detected in the 13
control patients either during the 4-week treatment

period or in the succeeding 3 months. N,NDMA
does produce some hepatotoxicity in experimental
animals when given in doses greatly exceeding
those employed in this study (14, 15); however,
this substance is approved for use clinically as a

solubilizing agent for antibiotics in a concentration
of 50% and no hepatotoxicity has, to our knowl-

egde, been reported. The studies of Hertz (4)
that were done with aqueous or other estrogen

preparations in any case obviate the possibility
that BSP impairment reported here is related to

solvent vehicle action.
Estrogen-treated subjects. The 31 patients in

this group were selected on the basis of normal
hepatic function with particular reference to BSP
retention (6% or less in 45 minutes), alkaline
phosphatase (6 Bodansky U or less), bilirubin,
and appropriate serum enzymes during control
periods.

The following tests remained unchanged from
control values in all subjects during estrogen treat-

ment and in follow-up periods ranging from 3 to

12 months: cephalin and thymol flocculations, thy-
mol turbidity, per cent esterified cholesterol, pro-

thrombin time, direct and indirect bilirubin, LDH,

SGOT, and SGPT. Total serum proteins showed
changes consistent with estrogen-induced plasma
volume increases, but albumin to globulin ratios

TABLE I

Treatment schedule, sulfobromophthalein (BSP) tests, and serum levels of alkaline phosphatase
during control and estrogen periods in 31 subjects

BSP retention Alkaline phosphatase

Patient Treatment Control Estrogen Control Estrogen

mg/day X days Bodansky U

L.G. Estriol 7 X 8 1.7 7.2 3.0 3.0
J.Z. Estriol 10 X 7 2.2 4.7 2.9 4.7
0. H. Estriol 10 X 9 3.9 7.4 4.5 5.2
J.W. Estriol 20 X 6 1.7 2.0 2.5 2.0
E.O. Estriol 20 X 8 3.0 8.4 4.6 4.9
M.H. Estriol 40 X 10 4.7 9.4 4.6 6.6
J.R. Estradiol 5 X 6 1.0 2.8 2.5 3.0
R.B. Estradiol 5 X 6 2.4 7.7 4.2 7.7
E.M. Estradiol 5 X 7 2.7 10.6 6.0 9.6
E.C. Estradiol 10 X 18 3.3 7.2 4.6 4.4
O.H. Estradiol 25 X 5 4.4 9.7 3.2 4.0
S.T. Estradiol 25 X 9 4.8 10.8 5.0 4.8
P.D. Estradiol 25 X 12 4.9 11.0 4.3 4.3
C.T. Estradiol 50 X 5 3.9 9.4 4.8 15.3
D.H. Estradiol 50 X 17 3.1 11.0 4.2 3.8
L.T. Estradiol 100 X 3 4.2 15.0 5.3 15.4
C.M. Estradiol 100 X 7 2.8 10.2 4.2 13.0
E.K. Estradiol 100 X 11 3.6 17.2 2.5 2.3
V.S. Estradiol 100 X 11 3.4 13.3 3.6 12.1
B.P. Estradiol 150 X 5 2.0 14.1 4.2 6.0
M.S. Estradiol 200 X 3 5.4 13.6 5.0 4.5
E.B. Estradiol 200 X 22 6.0 23.3 3.9 6.3
A.T. Estradiol 200 X 23 5.0 22.9 3.9 5.2
A.S. Estradiol 200 X 23 4.5 7.8 4.4 3.6
W.C. Estradiol 200 X 24 5.4 13.7 4.7 9.0
G.S. Estradiol 200 X 27 2.8 9.6 4.5 3.8
J.K. Estradiol 200 X 30 3.0 10.0 3.9 8.1
H.E. Estradiol 200 X 31 5.0 30.0 2.5 5.1
L.M. Estradiol 200 X 33 4.0 8.8 2.7 12.2
M.L. Estradiol 200 X 34 5.8 11.3 5.2 6.4
E.L. Estradiol 200 X 41 4.1 17.0 5.3 8.8
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FIG. 1. SERUMLEVELS OF ALKALINE PHOSPHATASEPLOTTED AGAINST PER CENT RETENTION OF SULFOBROMOPHTHALEIN
(BSP) DURINGCONTROLANDESTROGENPERIODS IN 31 SUBJECTS. Control values are indicated by solid dots; estrogen
period values by open circles. Normal values for both indexes are enclosed in the lower left quadrant.

were unaltered from control values. Serum alka-
line phosphatase rose to abnormal levels (in excess

of 6 Bodansky U) in nearly 50% of estrogen-
treated patients and remained elevated until in-
jections ended. In this study BSP retention in
plasma exceeding 6%o 45 minutes after injection of
the standard dose (5 mg per kg body weight) was

considered abnormal. By this criterion, 24 of 25
subjects receiving estradiol and 4 of 6 receiving
estriol showed impaired BSP disposal during ster-
oid treatment. This impairment developed within
the first week of treatment, reaching levels as high
as 30% retention. When studied daily in some

subjects, BSP retention was evident within 24
hours of steroid treatment. According to Hertz
(4) massive intravenous infusions induced ab-
normal BSP disposal within hours of treatment.
Impairment in BSP excretion tended to remain
constant at about the level reached in the first
week of estrogen administration; in some sub-
jects the per cent BSP retention by the standard
test diminished somewhat with continued hormone
treatment, although it never reverted to control
values until steroid was discontinued. Abnormal

retention of dye invariably receded when estrogen
treatment ended.

The steroid treatment schedule, per cent BSP
retention, and level of serum alkaline phosphatase
in the control period and at the end of the period
of estrogen administration in each subject are

shown in Table I. These data, which are graphi-
cally represented in Figure 1, demonstrate that
pronounced impairment in BSP disposal fre-
quently occurred in the absence of significant al-
teration in serum alkaline phosphatase; elevated
enzyme levels, however, were not observed unless
there was concurrent abnormal BSP retention.
Figures 2 and 3 show specific examples of the im-
pairment in BSP disposal induced by small
amounts of estradiol and estriol in 4 subjects.

In order to define this estrogen effect in more

detail, the methods of Wheeler and associates (2,
3) were employed to determine the hepatic secre-

tory Tm and hepatic relative storage space (S)
for BSP during control and estradiol periods in
6 subjects. These methods and their application
to studies of BSPmetabolism have been described
in detail (2, 3) and will not be reviewed here.
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The values for hepatic secretory Tm and hepatic
relative storage space for BSP during control and
estradiol periods in each patient are recorded in
Table II.

BSP components in plasma obtained during
comparable (i.e., plasma sampled at the same time
in the same portion of the injection sequence) in-
fusion periods were examined chromatographically
(10, 16, 17) in 4 subjects as follows: 2 ml of
plasma was extracted with approximately 10 ml
acetone; the extract was dried in vacuo; the resi-
due was redissolved in 0.5 ml distilled water, ap-
plied to a 5-cm strip on Whatman 1 paper, and
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chromatographed for approximately 16 hours in
a descending system containing glacial acetic acid,
water, and N-propanol (1: 5:10). After chro-
matography, BSP compounds on the chromato-
gram were identified by exposure to ammonia
fumes, appropriate areas were marked and eluted,
and the BSP compounds were quantitated at 580
mpt in alkaline buffer in a Beckman DU spectro-
photometer. The proportions of free and conju-
gated BSP were determined by the relation of
the individual to the combined optical densities and
are reported for 4 subjects to the nearest whole
figure in Table III. The assumption was made

of - ~~~~~~~ESRDO
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2 42
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FIG. 2. EFFECTS OF ESTRADIOL ON BSP RETENTION IN 2 SUBJECTS RECEIVING 5 MGPER DAY FOR 6 DAYS (R.B., TESTS
ON DAYS 2 AND 5) AND 7,DAYS (E.M., TESTS ON DAYS 2 AND 4). Pretreatment BSP tests are shown on the left in
each graph.
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FIG. 3. EFFECTS OF ESTRIOL ON BSP RETENTION IN 2 SUBJECTSRECEIVING 7 MGPER DAY FOR 8 DAYS (L.G., TESTS ON

DAYS 2, 6, AND 8) AND 20 MGPER DAY FOR 8 DAYS (E.O., TESTS ON DAYS 2, 4, AND 8). Pretreatment BSP tests are
shown on the left in each graph.

TABLE II

Plasma retention (45 minutes), hepatic secretory transport maximum (Tm), and hepatic relative storage space (S)
for BSPin 6 patients during control and estrogen-treatment periods

Plasma retention
at 45 minutes Tm S

Patient Treatment Control Estrogen Control Estrogen Control Estrogen

ezO0 -mg/min mg/mg,/100 ml

C.T. Estradiol, 50 mg/day
for 5 days 3.9 9.4 8.70 2.57 131.5 108.0

B.P. Estradiol, 150 mg/day
for 5 days 2.0 14.1 7.60 2.55 54.6 40.5

D.H. Estradiol, 50 mg/day
for 17 days 3.1 11.0 6.15 2.70 58.5 117.5

C.M. Estradiol, 100 mg/day
for 7 days 2.8 10.2 6.50 0.34 37.8 77.6

E.K. Estradiol, 100 mg/day
for 11 days 3.6 17.2 6.60 4.05 54.2 68.0

V.S. Estradiol, 100 mg/day
for 11 days 3.4 13.3 6.40 2.55 27.5 58.7

1909



MARKN. MUELLERAND ATTALLAH KAPPAS

TABLE III

Chromatographic analysis of BSP
compounds in plasma

Control period Estrogen period

Patient Free Conjugated Free Conjugated

%G %/C %o %
C.T. 94 6 80 20
B.P. 93 7 50 50
D.H. 85 15 57 43
C.M. 85 15 40 60

that the chromatographic losses and optical densi-
ties of free and conjugated BSP were equal (17).
The developed chromatograms from control and
estradiol periods in 1 of the 4 subjects are shown

in Figure 4. The three trailing BSP bands shown
were Ninhydrin positive. Three conjugates were
not detected in all 4 subjects, but the number ob-
served during control and estrogen periods in each
case was always equal.

Percutaneous biopsies of the liver were obtained
during control periods and at the end of 17 to 39
days of treatment with 50 to 200 mg per day of
estradiol in 6 patients undergoing intensive ex-
perimental therapy with this hormone. Tissue
samples were fixed in formalin, stained with he-
matoxylin and eosin, for iron and for fibrous tis-
sue (Mallory), and examined by light microscopy.
Liver biopsy was normal in 2 subjects in both con-
trol and estrogen periods. The remaining sub-

A

BSP. .
..

:::.* :. ;.0 .. ; :: :: . _: ........ : : : .. s <... ; ir f : < _<* : LJ
.:

..
..

BSP

FIG. 4. DEVELOPED (AMMONIA VAPOR) CHROMATOGRAMSOF BSP COMPOUNDSIN PLASMA
DURING COMPARABLEBSP INFUSIONS BEFORE (A) AND AFTER (B) ESTROGENTREATMENTIN

ONE PATIENT. Origins are at the right; standard BSP spots are labeled. In the control pe-
riod (A), a heavy free BSP and three trailing lighter BSP bands can be seen; the three
trailing bands were Ninhydrin positive. In the estrogen period (B) all four BSP components
are also evident.
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jects had a variety of nonspecific or slight changes
during control periods, consisting of mild hemo-
siderosis, slight "reactive" and fatty changes, mini-
mal proliferation of Kupfer cells, and so forth.
No significant alteration in these hepatic findings
was induced by the estrogen treatment described;
specifically, bile casts were not seen and biliary
canaliculi remained inconspicuous. Electron mi-
croscopic examination of biopsy samples was not
available at the time of these studies.

Discussion

This study demonstrates that the natural estro-
gen, estradiol, impairs hepatic excretory capacity
for the dye BSP in man. After administration of
this hormone abnormal BSP retention, as deter-
mined by the standard single injection tests, de-
veloped rapidly and persisted as long as hormone
injections continued. Hepatic disposal of BSP
reverted to normal when estradiol treatment ended;
the rate of recovery of hepatic excretory capacity
for this dye is not known with certainty, although
it is probably relatively rapid. This may be ad-
duced from the fact that BSP tests became normal
in all subjects 1 to 4 weeks after estrogen treat-
ment was stopped despite the administration of
large amounts of steroid in an injection vehicle
f rom which delayed absorption could be alntici-
pated. The only other index of hepatic function
significantly altered by estrogens in this study was
the serum alkaline phosphatase, which was in-
creased to abnormal levels in approximately 50%0
of steroid-treated subjects. Other serum enzyme
activities indicative of direct hepatocellular dam-
age remained unaltered, and BSP retention, as
noted, developed in many subjects in whom no
change in serum alkaline phosphatase occurred.
Estriol, an in vivo transformation product of
estradiol, also impaired hepatic excretory capacity
for BSP in man. No attempt was made to com-
pare the relative potency of estradiol and estriol
with respect to this action. It is evident from
these studies and those of Hertz (vide supra)
that this biological property probably character-
izes a variety of C-18 steroids of physiologic and
synthetic origin.

Determination of the hepatic secretory Tm and
hepatic relative storage space for BSP according
to the methods of Wheeler and associates coupled

with chromatographic analysis of the amounts of
free and conjugated dye in plasma provides a quan-
titative description of the hepatic processes con-
cerned with BSP metabolism (2, 3, 6, 10, 16-22).
By inference, such data also provide information
on the probable site of action of substances af-
fecting disposition of this dye. Hepatic relative
storage space for BSP did not alter in a consistent
fashion during estrogen administration; there was,
nevertheless, a tendency for the value of S to in-
crease, and this was occasionally pronounced. He-
patic secretory Tm for this dye, however, was
markedly depressed in all subjects after hormone
treatment; in 1 subject hepatic Tmdecreased nearly
95% reaching a level in the estradiol period within
the range observed in patients with congenital dis-
orders of hepatic excretory function such as the
Dubin-Johnson syndrome (3). Chromatographic
analysis of BSP compounds in plasma revealed
uniformly higher levels of conjugated BSP dur-
ing estrogen administration as compared with
control periods, thus discounting major hormonal
impairment of conjugation processes for this dye
or of transfer of dye from sinusoid to hepatocyte
(although these data do not entirely exclude some
estrogen action on these processes). It is reason-
able to infer therefore that the alteration in hepa-
tic excretory capacity for BSP which is induced
by estrogens is attributable largely to defective
transport of BSP compounds across hepatocyte
membrane bordering canalicular spaces where
excretion takes place. The hepatic Tmcalculated
by these techniques is a composite figure that
represents an average of the transport maxima
for the several BSP components that have been
identified (3); it is possible that estrogens im-
pair hepatic transport of each of these compounds
to a different degree.

Failure of estradiol and estriol to induce hyper-
bilirubinemia in these studies is of interest and
may be attributable to the magnitude of the ex-
cretory Tm for this substance (23) ; it does not
imply that capacity of the liver for disposal of
this pigment remains intact during such treatment,
since defects in hepatic disposal of bilirubin may
be demonstrable only with appropriate infusion
studies as Soffer has shown in pregnant women
(24) [and as Combes and associates (6) have
shown for BSP]. Similarly the absence, by light
microscopy, of overt alterations in hepatic paren-
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chyma during intensive estrogen treatment does
not preclude demonstration, with appropriate his-
tochemical and electron microscopic techniques,
of the hepatocellular changes described by others
in patients and experimental animals treated with
synthetic steroids that induce similar defects in
hepatic function (25-28).

These data define a new biological property
of natural estrogens and indicate that the liver
may be, especially in pregnancy, an important site
of action of these hormones in man. Together
with the observations of Hertz (vide supra) they
also demonstrate that impairment of hepatic ex-
cretory function is a steroid hormone action which
is not restricted solely to synthetic compounds of
unnatural configuration such as methyl testos-
terone, 1 7a-ethyl- 19-nortestosterone, 9-fluoro- 11,8-
hydroxymethyl testosterone, and related substances
(29-33).

The amounts of estradiol administered to most
patients in this investigation considerably ex-
ceeded those secreted in the gravid state, although
not all amounts (Table I) exceeded the total
daily output of estrogenic steroids in pregnancy
(34-36) ; however, no attempt was made to deter-
mine either the minimal dose of estradiol required
to impair BSP excretion or the influence of
chronic administration of physiologic doses of hor-
mone on this index of liver function in man.
Moreover, the doses of estriol used in this study
were in fact well within the amounts of this spe-
cific metabolite produced during the last trimester
of normal human pregnancy (34, 36); considera-
tion of the potential clinical relevance of these
observations is therefore warranted.

Although standard texts still suggest that preg-
nancy does not alter hepatic function in humans,
elevation of serum levels of alkaline phosphatase
is common during the last trimester (37-40);
delayed disappearance of infused bilirubin during
this period has been demonstrated (24); standard
BSP tests may be abnormal at this time (41, 42);
and, as Combes and associates (6) have shown
recently, the hepatic secretory Tm for BSP is sig-
nificantly lower in gravid as compared to normal
women. Hepatic Tm for the dye rapidly reverts
to normal in the postpartum period, and these
authors have suggested that impaired hepatic dis-
position of BSP is mediated by the increased
hormonal levels of pregnancy (6). The results

of the present study are consistent with this view
and indicate that estrogens in particular may ac-
count wholly, or in part, for the maternal hepatic
functional alterations described. The possibility
that progesterone may modify this estrogen ac-
tion in pregnancy merits examination; in prelimi-
nary studies from this laboratory pharmacological
amounts of this C-21 steroid alone have failed to
alter the hepatic Tmfor BSP in humans.

It has also been known for some time that pre-
mature as well as normal infants have impaired
excretory capacity for BSP in the neonatal pe-
riod (7-9). Oppe and Gibbs (9) have shown
that the most marked abnormality in plasma dis-
appearance curves of BSP in the newborn occurs
in the second or excretory phase [as in the Dubin-
Johnson syndrome (43) ] and that recovery of
hepatic capacity for disposal of the dye occurs
rapidly, regardless of the gestational age or birth
weight of the infant. BSP-glutathione conju-
gating enzyme activity in fetal and neonatal rats
and in maternal rats at term is low according to
the studies of Combes and Stakelum (10), who
have suggested that delayed BSP clearance in
neonatal children may be due in part to inadequate
development of this conjugating system. From
other studies in newborn and older children Vest
(44) concluded that this delay was caused pri-
marily by impairment of the secretory mechanism
for the dye. The human fetus is exposed to ex-
tremely high levels [approximately 5 to 10 times
maternal blood levels (45)] of estrogens, particu-
larly estriol (34, 36), near term. This fact, in
light of the data reported here, suggests that im-
paired excretory capacity for BSP in the neonatal
period may represent, in part, a residual effect of
the intense hepatic exposure to these hormones
in utero.

The relation of this estrogen action to disor-
ders of liver function apart from the maternal-
fetal excretory impairments noted is speculative,
since it is not known whether this effect in man is
self-limited, leads to morphological changes, or
predisposes the liver to injury from otherwise in-
nocuous processes. It may prove fruitful, how-
ever, to consider the possibility that endogenous
hormones of this type or their transformation
products (12) might have some relation to the ap-
parent severity of hepatitis in pregnancy (46-48)
or the high female incidence of posthepatitis cir-
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rhosis (49-52) and hepatotoxic drug reactions
(53).

Summary

The influence of natural estrogens on hepatic
function was studied in 31 patients by conventional
tests, BSP infusions, and percutaneous biopsy.
Estradiol and estriol rapidly and almost invariably
impaired hepatic excretory capacity for the dye
sulfobromophthalein (BSP) in man; this impair-
ment was accompanied by elevations in alkaline
phosphatase in some patients, but other hepatic
function tests as well as liver biopsy specimens
examined by light microscopy remained normal
despite intensive estrogen treatment. Estradiol
markedly depressed hepatic secretory transport
(Tm) for BSP; the hepatic relative storage space
(S) for dye tended to increase although the effect
was not consistent. Chromatographic analyses of
plasma BSP components showed increased levels
of conjugated BSP in estrogen as compared with
control periods. The data are consistent with im-
paired transfer of dye compounds from hepatocyte
to canalicular spaces during estrogen treatment.
This biological action of natural estrogens prob-
ably accounts in part for the maternal-fetal im-
pairments in BSP disposal that characterize preg-
nancy and the neonatal period.
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