group of animals served as a control and
received no treatment following the burn.
The second group of animals received
10 mg of nicotinic acid (Lilly N.F.) per
kilogram of body weight intravenously
before burn and immediately after the
initial plasma volume determination.
The third group of animals received the
same dose of nicotinic acid with an addi-
tional dose of 5 mg of nicotinic acid per
kilogram of body weight administered
approximately 30 minutes after the burn
(Table 1).

These experiments suggest that nicotinic
acid administered prior to burn reduces
plasma loss associated with burns. In addi-
tion, the duration of action of this sub-
stance is approximately 1 hour. The ad-
ministration of additional maintenance
doses of nicotinic acid appears to minimize
plasma loss for an extended period. The
mechanism of action of nicotinic acid is
not known but it may involve the prosta-
glandins.

Nicotinic acid in large doses will prevent
catecholamine-induced release of free fatty
acids (4). Arachidonic acid is a precursor
substance for the formation of the prosta-
glandins E, and F,a (5). Intravenous
arachidonic acid will cause rapid platelet
clumping and sudden death; these effects
may be prevented by the administration of
aspirin, an inhibitor of prostaglandin syn-
thetase (6). The administration of another
inhibitor of prostaglandin synthetase, in-
domethacin, will significantly reduce the
loss of plasma volume in dysbaric dogs (7).
Based upon these observations, we pos-
tulate that nicotinic acid in minimizing the
plasma loss due to thermal injury involves
inhibition of the release of fatty acids in-
duced by catecholamine. This should di-
minish concentration of the probable pre-
cursor (arachidonic acid) for prostaglandin
synthesis.

JaMEs G. HiLTON
CHARLES H. WELLS
Departments of Pharmacology and
Physiology, Shriners’ Burns Institute,
University of Texas Medical Branch,
Galveston 77550
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Estrogen Receptor in the Mammalian Liver

Abstract. The cytosol from livers of adult female mammals contains [*H]estradiol-
binding proteins that can translocate to the nucleus and attach to chromatin. In com-
parison to the prepubescent rat, adults have higher estrogen binding in the liver and great-
er increases in plasma renin substrate after administration of estrogen. The protein in the
liver which binds estrogen may be an estrogen receptor involved in modulating hepatic

synthesis of selective plasma proteins.

Estrogens and other steroid hormones
appear to initiate their action by binding
with intracellular cytosol receptor proteins
(1). Hormone action then proceeds by the
translocation of the steroid receptor com-
plex to the nucleus (/). Binding with a high
affinity and specificity for estrogen has not
been found previously in the liver super-
natant of adult mammals (2), although ad-
ministration of synthetic estrogens causes
striking increases in plasma proteins of he-
patic origin (3) and produces biochemical
changes in the liver (4). We have found
that the supernatant fraction of adult
mammalian livers contains macromole-
cules that bind [*H]estradiol with high af-
finity and specificity. After estradiol inter-
acts with the binding protein the complex
appears to be able to translocate to the nu-
cleus and attach to chromatin. In the rat,
the development of this binding with sex-
ual maturation correlates with the ability
of the administration of high doses of es-
trogen to increase the concentration of the
plasma protein, renin substrate. We postu-
late that the estrogen-binding macromol-

Table 1. Specificity of the liver supernatant
[*H]E, binding macromolecules. [*H]Estradiol
(2 x 10°M) was mixed with 1 x 10”’M non-
radioactive hormones and then added to liver
supernatant and incubated for 1 hour at 0°C.
The enzymes (0.25 mg/ml) and [PH]E, were in-
cubated with liver supernatant at 25°C for 1
hour. The liver supernatant was incubated at
0°C with 5 x 10-*M PCMS for 30 minutes fol-
lowed by the addition of [*H]E, for one more
hour. Macromolecular binding of [PH]E, was
then determined by gel filtration. Results are ex-
pressed as the percentage of corresponding con-
trol + standard error of the mean.

Chemicals added to Percent of
incubation mixture control
Hormones
Estradiol 8.5 + 0.6%
Ethinyl estradiol 6.6 + 0.3*
DES 10 +£2*
Testosterone 110 +3
Dihydrotestosterone 109 +9
Progesterone g +5
Corticosterone 109 +3
Dexamethasone 1 +6
Enzymes
Papain 6 +£2%
Trypsin 9 +1*
Chymotrypsin 20 £ 1*
Ribonuclease 98 +2
Sulfhydryl reacting reagent
PCMS 16 «1*

*P < .05, significantly lower than controls.

ecule in the liver supernatant is the estro-
gen receptor and that it modulates hepatic
synthesis of plasma proteins that may be
involved in mediating serious side effects of
estrogen-containing contraceptives.

Livers of adult female Charles River CD
rats, or other animals as indicated, were
homogenized in six volumes of 0.01M tris-
HCI (pH 7.4) with 0.0015M ethylene-
diaminetetraacetate (EDTA), and the su-
pernatant fraction was prepared by ultra-
centrifugation at 100,000g for | hour. Un-
less otherwise specified, the reaction condi-
tions were the incubation of 2 x 10°M
radioactive estradiol ([*H]E,) (100 ¢/
mmole) with 0.2 ml of supernatant for 1
hour in ice. Macromolecular-bound radio-
activity was then separated from free ra-
dioactivity by small polyacrylamide gel fil-
tration columns (BioGel P10, exclusion
molecular weight 20,000). Radioactivity in
the macromolecular fraction was then ex-
tracted into toluene and assayed by scintil-
lation spectrometry (5). Each experimental
group consisted of at least triplicates, and
all results are reproducible upon repetition.

In adult female rats the binding averages
6200 disintegrations per minute (dpm) in
0.2 ml of liver supernatant (1.0 fmole per
milligram of tissue) or 1900 dpm per milli-
gram of supernatant protein (8.7 fmole per
milligram of supernatant protein). Six per-
cent of the [*H]E, is bound. This is lower
than found with the uterus but 4 to 20
times higher than with a nontarget organ,
such as the heart, or with plasma. As will
be described below, the liver binding can be
increased by using experimental conditions
developed to study the binding at equilibri-
um. The radioactivity extracted from the
bound fraction has been identified as un-
changed estradiol by thin-layer chroma-
tography and by methylation to 3-meth-
oxyestradiol. The binding is highly estro-
gen specific. Nonradioactive estrogens re-
duce the binding of [*H]E, while
androgens, progesterone, and glucocorti-
coids do not (Table 1). The most effective
competitors are the potent estrogens estra-
diol, 17a-ethinyl estradiol, and diethylstil-
bestrol (DES). The macromolecules con-
tain protein; the binding is diminished after
incubation with proteolytic enzymes. The
binding is also diminished in the presence
of a reagent, sodium p-chloromercuri-
phenylsulfonate (PCMS), that reacts with
sulfhydryl groups. After density gradient
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sedimentation through sucrose buffered
with 0.01M tris-EDTA, the gel-filtered
protein sediments in the 45 and 8S regions
(Fig. 1A). When dialysis conditions are
used that minimize changes in steroid con-
centrations due to metabolism during the
24-hour equilibration, the liver super-
natant exhibits a high affinity for binding
estradiol (Fig. IB). The equilibrium dis-
sociation constant for binding (to a com-
ponent that can be inhibited by addition of
DES) is 0.7 x 10-'°M at 4°C. The capacity
of the high affinity system is 4.7 fmole per
milligram of tissue (58 fmole per milligram
of supernatant protein). The binding pro-
tein is partially purified by ammonium sul-
fate fractionation. The protein is precipi-
tated by ammonium sulfate at 30 percent
of saturation, with 20-fold increase in the
binding per milligram of protein relative to
cytosol.

These properties of the estrogen-binding
system of the liver do not correspond to
known hepatic enzymes (6). The liver su-
pernatant does contain enzymatic activity
that will oxidize half of the estradiol to es-
trone in | hour at 22°C. The macromolecu-
lar binding proteins with high affinity for
estrogens can be distinguished from this
enzyme by addition of DES to the in-
cubation mixture. Addition of 10-"M non-
radioactive DES abolishes the high affinity

binding but does not diminish the oxida-’

Table 2. Macromolecular binding after incubation of [*H]E, with liver slices and with liver
chromatin. (A) Liver slices (0.5 to 1 mm thick) from adult female rats were incubated in a Krebs-
Ringer phosphate buffer containing 5 x 10~°M [*H]E, at 25°C for 1 hour under an atmosphere of
95 percent O, and 5 percent CO,. Slices were washed with fresh ice-cold incubation buffer and
homogenized in buffered isotonic sucrose solution. Cytosol was prepared from the homogenate
by centrifugation at 1,000g for 10 minutes followed by 105,000g for 1 hour. Nuclei were prepared
by centrifugation of the 1000g pellet through 2.2M sucrose containing 0.005M MgCl, and Triton

(A) Liver slices

Radioactivity bound

IT (dpm per gram of liver)
C
) Supernatant Nucleus
0 48,000 -« 6,300 1,400 + 440
25 42,000 & 5,200 5,800 + 1,000*
(B) Liver chromatin binding
Radio-
IT Incubation activity
) medium bound
(dpm)
25 LS 3,000 = S0*
0 LS 200 + 20
25 LS 45 80 + 20
x 10’M DES
25 Albumin 90 + 10
25 Plasma 50+ 10
25 Buffer 270 £ 110

*Significantly higher nuclear and chromatin binding
than in other groups; P < .05.

Many of these properties of the hepatic
estrogen-binding macromolecule resemble
those of cytoplasmic steroid receptors in
their target organs, such as the estrogen re-
ceptor in the uterus (/). In the uterus after

X-100 (0.2 percent). (B) Liver supernatant,
0.2 ml (with and without DES), albumin, or rat
plasma, each containing 11 mg of protein per
milliliter or tris-EDTA buffer, was incubated
with 2 x 10°M [*H]E, for 1 hour in ice. Liver
chromatin (0.1 ml containing 135 ug of DNA),
prepared by freezing and thawing purified nu-
clei in 0.01M tris buffer, was added and the
mixture was incubated at 25°C or in ice for 30
minutes. The chromatin was sedimented and
washed by resuspension and sedimentation. Nu-
clei (A) or chromatin (B) were extracted with a
mixture of 2M NaCl and SM urea for 15 min-
utes in ice, and macromolecular binding was
measured by gel filtration of the extract. Macro-
molecular binding in the supernatant was also
measured by gel filtration. Radioactivity present
in the macromolecular-bound fraction was ex-
tracted into toluene and counted. In (B) the re-
sidual supernatant binding was 14,000 dpm at
25°C and 12,800 dpm at 0°C. Addition of DES
decreased supernatant binding to 900 dpm at
25°C. The tabulated results are averages =+
standard error of the mean. IT, incubation
temperature; LS, liver supernatant.

toplasm, the entire estrogen receptor com-
plex is thought to translocate to the nucle-
us in a temperature-dependent process and
attach to chromatin (/). We incubated ra-
dioactive estradiol with slices of liver and
then measured macromolecular binding in
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Fig. 1. Properties of the macromolecular binding of [*H]E, in rat E
liver supernatant. (A) Sucrose gradient ultracentrifugation. Liver 2 =
supernatant was incubated with 5 x 10-°M [*H]E, in the presence 3 1r
and absence of 1 x 1077M DES on ice for | hour. The macromolec- @
cular-bound radioactive fraction was separated by gel filtration. A
portion of the bound fraction corresponding to 0.1 ml of cytosol was
layered onto 5 to 20 percent sucrose gradients with 0.01M tris-HCI 0.1

(pH 7.4), 0.01M KCI, 0.001M NaN,, and 0.0015M EDTA. The
samples were centrifuged in a Spinco L5-65 in the SW56 Ti rotor at

0 e 3 1 J
1.0 : 10

Radioactive estradiol (molarity)

100x10~'0

36,000 rev/min for 16 hours. Eight drop fractions were collected, after puncturing the bottom of the tubes, and counted. The arrows indicate the position
of the albumin sedimentation coefficient marker (4.5S). (B) Saturation analysis. Liver was homogenized in 24 volumes of tris-EDTA buffer and the
cytosol was obtained by ultracentrifugation. A portion of the supernatant (1 ml) was mixed with eight concentrations of [*H]E, with and without 10-M
DES in dialysis bags. Each of the 16 dialysis bags was suspended in 50 ml of the buffer containing the corresponding concentrations of radioactive
estradiol with and without DES. After magnetic stirring for 24 hours in the cold room (4°C), binding (in quadruplicate 0.2-ml samples of the dialyzed
cytosol) was measured by gel filtration. The binding is depicted in the absence of DES (open circles), in the presence of DES (squares), and as the
difference (solid circles). The brackets indicate the SEM. The inset is a Lineweaver-Burk plot of the difference. The reciprocal of the estradiol concentra-
tion is the abscissa, and the reciprocal of the estradiol bound is the ordinate. The line is a least squares fit of the data.
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the supernatant and in an extract (with a
mixture of 2M NaCl and SM urea) of
highly purified nuclei (Table 2A). Temper-
ature-dependent macromolecular binding
in the nucleus is present. Addition of an ex-
cess of nonradioactive estradiol or DES di-
minishes both supernatant and nuclear
macromolecular binding. In other experi-
ments liver supernatant had previously
been incubated with [*H]E, and was then
incubated with crude liver chromatin prep-
arations (Table 2B). The chromatin was
sedimented and washed, and the macromo-
lecular binding was measured by gel filtra-
tion of a salt-urea extract. Macromolecu-
lar binding to chromatin is dependent on
supernatant binding in a temperature-re-
lated process.

This hepatic estrogen-binding macro-
molecule is not species specific to rat. We
have found macromolecules with high af-
finity for binding estrogen in the liver su-
pernatant of the mouse, rabbit, and green
monkey. The binding of estradiol to mon-
key liver can be distinguished from its in-
teraction with potentially contaminating
sex hormone-binding globulin from serum
by the addition of competitors. Sex hor-
mone-binding globulin binds estradiol and
testosterone, but not DES, with high affini-
ty (7). The binding in monkey liver cytosol
(13,500 dpm in 0.2 ml or 5,200 dpm per
milligram of cytosol protein) is not dimin-
ished in the presence of 1077M testosterone
but is diminished to 15 percent of control
in the presence of 10-’M DES.

Previous studies have not shown specific
binding of estrogen in the supernatant
fraction of the liver of a mammal after the
neonatal period (2). There are several fac-
tors that contribute to the inability of pre-
vious studies to demonstrate specific bind-
ing of estradiol in liver supernatant. Bind-
ing of estradiol by the liver is relatively low
compared to that in the uterus and is pre-
dominately in the 4S instead of 8S region
as is found with uterine supernatant. The
concentration of estradiol in liver super-
natant is diminished by metabolism, espe-
cially in prolonged incubations or at ele-
vated temperatures. The most important
factor in previous studies of the rat was
that the animals used were prepubescent.

The binding of estradiol in liver super-
natant is much lower in the prepubescent
female rat than in the aduit (see Fig. 2). In
the same experiment we studied the effect
of the administration of estrogen on
plasma renin substrate. (Estrogen adminis-
tration is known to increase plasma renin
substrate in adult rats.) As shown in Fig. 2,
administration of ethinyl estradiol increas-
es the concentration of the plasma protein
renin substrate severalfold in the adult rat,
but has little effect on this subsirate in the
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prepubescent rat. Plasma renin substrate
was measured by radioimmunoassay of
angiotensin I generated in the presence of
an excess of purified rat kidney renin (§).
The level of plasma renin substrate is also
regulated by glucocorticoids (8). We ob-
served that administration of the potent
glucocorticoid dexamethasone increases
plasma renin substrate to the same extent
in the prepubescent rat as in the adult. This
indicates that renin substrate responsive-
ness to administration of estrogen is pref-
erentially low in the prepubescent. Com-
pared to the adult, the prepubescent male
also has much lower specific binding of es-
trogen in liver supernatant and is unre-
sponsive with changes in plasma renin sub-
strate after administration of estrogen but
not of glucocorticoid. Thus, the devel-
opment of the estrogen-binding protein in
the liver of the rat correlates with the abili-
ty of estrogen administration to increase
plasma renin substrate.

The estrogen induction of increased lev-
els of plasma renin substrate is most likely
due to a direct effect on the liver, increas-
ing hepatic synthesis of the plasma protein.
Administration of an estrogen in vivo or

£ 6000 |+ F
oy Q
BRRCA
T
5 § 4000
— ©
o
S o
g a
+ & 2000 -
5%
T2 [——r-—\
0=
e
© 2000 T
" E T
2
ag
=
S & 1000+
-
£ g
S £
©
E
Prepubescent Adult

Fig. 2. Developmental correlation of estrogen
binding in liver and estrogen induction of
plasma renin substrate. Macromolecular bind-
ing of 2 x 10M [*H]E. was measured by gel
filtration after incubation in ice for 1 hour in 0.2
ml of liver supernatant from 27-day-old pre-
pubescent rats and 200-g adult female rats of the
control groups (top). Groups of five animals
each of prepubescent and adult rats received
subcutaneous injections of 100 ug of 17a-ethinyl
estradiol or the vehicle alone (propylene glycol
as control) at 0 and 24 hours. At 48 hours
plasma renin substrate was measured by radio-
immunoassay. The control levels of plasma re-
nin substrate were 1040 + 80 ng/ml for the pre-
pubescent group and 1100 + 80 ng/mi for the
adult group. The graph indicates the increase
above control in the estrogen-treated groups
(bottom). The bars represent the standard error
of the mean.

directly in the perfusate increases the syn-
thesis of renin substrate in the isolated per-
fused rat liver (9).

In lower vertebrates administration of
estrogen stimulates the synthesis of egg
yolk proteins in the liver. These egg yolk
proteins are then secreted into the plasma
and deposited in the follicles of the ovary
(10). In some studies estrogen-binding
proteins have been found in the superna-
tant of chicken and frog liver (/7).

Administration of estrogen to women is
known to increase the plasma concentra-
tion of several plasma proteins and de-
crease that of others (3). Women on estro-
gen-containing birth control pills are
known to have increased clotting factors
(12, 13), decreased clotting inhibitor an-
tithrombin III (12, 13), increased renin
substrate (/4), and increased triglycerides
and pre-g-lipoproteins (/5). These proteins
are synthesized in and secreted from the
liver. Although their relative importance
as initiating factors remains unresolved,
increased clotting factors and decreased
antithrombin III may contribute to throm-
boembolism, increased renin substrate
may contribute to hypertension, and in-
creased triglycerides and lipoproteins
might accelerate atherosclerosis (13, 16).

The presence of the estrogen-binding
protein in the liver of all four mammals
studied suggests that the human liver
might also contain this potential receptor.
We need to pursue the possibility that
these plasma protein changes and these po-
tentially lethal side effects of estrogen-con-
taining contraceptives might be avoided by
modifications of the contraceptives de-
signed to minimize interaction of the estro-
gen with its receptor in the liver.
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Differing Concentrations of Sucrose and Glucose

Abstract. One- to three-day-old infants who sucked to obtain flavored water revealed a
precisely graded tongue movement which was sensitive to the gustatory properties of the
flavored water. Stronger concentrations of sucrose and glucose elicited movements of
greater amplitude than did weaker concentrations; sucrose was effective at lower concen-
trations than was glucose. These results correspond well with the relative sweetness adults
attribute to these solutions in psychophysical studies.

We have found that newborn human in-
fants respond differentially to two concen-
trations of two sugars precisely as human
adults do.

The traditional ascription of in-
competence to the newly born (/) has met
with some jolts in recent years. The new-
born learns (2), he sees (3), he hears (4),
and, after a while, he divides up the world
of speech (5), color (6), and space (7) into
the categories familiar to us all. We looked
at the human newborn’s responses to taste-
ful substances primarily because of our in-
terest in the transformation of reflex into
representation (8). Along the way, we
found out that infants, in the first days af-
ter birth, are able to indicate with fair pre-
cision their differentiation among various
sweet solutions. '

We tested 75 healthy full-term infants
with a variety of gustatory stimuli in a

Pressure
from back of
tongue

Vacuum in
mouth
(suction)
Pressure ’
from front of
tongue

Fig. 1. Diagram of pressure-transducing nipple,
drawn schematically to illustrate the essential
features. Fluids are delivered via a fourth tube
parallel to (behind, in this drawing) that shown
for measuring vacuum in the mouth.
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broad investigation of the effectiveness of
the pressure-transducing nipple described
below. The data reported here are from
those ten infants who received at least one
other sugar concentration besides the
standard glucose given to all infants. All
infants tested were between 1 and 3 days of
age.
The recording nipple depicted schemati-
cally in Fig. 1 was constructed of medical
grade Silastic rubber, and was designed to
record independently the pressures exerted
by the front and back of the infant’s
tongue, as well as the negative pressure
created in the infant’s mouth during suck-
ing. The rationale for these several depen-
dent variables is described elsewhere (&) in
a theoretical discussion of the relative con-
tribution to palatability of ingestive and re-
jective reflexes from the front and back
portions of the mammalian tongue. Each
channel of the recording nipple was con-
nected to a Statham P23A pressure trans-
ducer, the output of which was amplified
and recorded with a Grass model 7 poly-
graph. Sterile solutions were delivered to
the infant’s mouth through a fourth tube in
the nipple parallel to that illustrated for
measuring the vacuum in the infant’s
mouth. This tube connected the oral cavity
directly to the fluid reservoir, which was
kept at the level of the infant’s mouth, so
that negative pressure in the mouth direct-
ly delivered fluid to the mouth.

All infants were from a nursery in Yale—
New Haven Hospital in which feedings
were not scheduled by the clock; most were

tested 3 to 5 hours after their previous
feeding. The experimenter entered the nur-
sery, where a nurse checked the infant for
soiled diapers; the experimenter then car-
ried the re-diapered infant to the experi-
mental room in the newborn special care
unit. The seated experimenter cradled the
infant in his left arm and offered the nipple
with his right hand. A second experimenter
managed the polygraph and filled the ster-
ile glass reservoir with 2 ml of the solution
to be tasted. A ““trial”” lasted until the 2 ml
were consumed or until the infant did not
suck at all for 2 minutes. All infants of-
fered sugar solutions under the paradigm
described here rapidly consumed the 2 ml
offered of each concentration. Five percent
(0.277M) glucose was offered first to all
babies, to provide a standard of response
amplitude to which other solutions could
be compared. The three other sugar con-
centrations we employed were 10 percent
(0.555M) glucose, 2 percent (0.058M) su-
crose, and 4 percent (0.117M) sucrose. In-
fants generally received three solutions
other than the standard, but in some cases,
reported elsewhere (9), these included mild
solutions of sodium chloride or quinine hy-
drochloride, rather than all of the sugar so-
lutions (/0). Other infants, observed for
their reactions to' different versions of the
recording nipple, received only the stan-
dard.

The results of major interest are summa-
rized in Fig. 2. The anterior tongue pres-
sure score is derived by taking the mean
amplitude of the strongest ten sucks to a
given concentration, and dividing that by
the mean amplitude of the strongest ten
sucks to the standard glucose concentra-
tion for that infant. Standard errors are in-
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Fig. 2. The four data points are tongue pressure
scores (left ordinate) for the four sugar solutions
given to infants in this study. Standard errors
are indicated by vertical bars. The two lines are
psychophysical functions (right ordinate) for
adults, from Moskowitz (11).
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