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CONTROL OF THE LEVEL OF UNUSUAL ESTROGEN-BINDING PROTEIN IN RAT LIVER
BY SEX STEROIDS AND THE PITUITARY
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Unusual estrogen-binding protein (UEBP) is one component of a system of intracellular
proteins of the rat liver that specifically bind sex steroids. It has been suggested that
UEBP is responsible for the accumulation of biologically active sex steroids in the hepato-
cytes, by inhibiting their metabolism, and that it regulates the rate of their binding with
the corresponding receptors [4, 8, 10, 13]. Meanwhile UEBP is a sex-dependent liver protein:
it is found in large quantities (6-10 picomoles/mg cytosol protein) in the liver of male rats
only, and its content in female rats is at a low (basal) level [3, 5, 6, 13]. The high UEBP
concentration in the liver of sexually mature males is due to pre- or neonatal imprinting of
its level by androgens (AN). Primary injection of AN into female rats in various stages of
ontogeny also induces determination of a high UEBP level [6, 13].

It is not yet clear whether AN has a significant role also in the regulation of the
already induced level of this protein, or what relations exist between AN and estrogens in
regulation of the UEBP concentration,

A number of facts point to a role of the pituitary in the formation of sex differences
in metabolic activity of many systems of the liver [1, 9, 11]. The pituitary also is essen-
tial for primary AN dependent determination of the UEBP level [6].

The aim of this investigation was to study the role of sex steroids and the pituitary in
regulation of the UEBP level in the rat liver.

EXPERIMENTAL METHOD

The following groups of male rats of a mixed population were used: immature (30-40 g),
prepubertal (80-90 g), mature (150-200 g), mature and castrated 15-20 days before the exper-
iment or hypophysectomized [6] 20-25 days before the experiment, with the testes intact or
removed, and also mature female rats, ovariectomized 15-20 days before the experiment. This
last group was used after the following procedures: 1-3 days after induction of the UEBP level
in these animals with testosterone propionate (TP), according to the scheme used previously
[6], the animals were hypophysectomized, and the UEBP level was determined 20-25 days after
the last operation. Nonhypophysectomized females, used at the same times after injection of
TP, served as the control. Completeness of removal of the glands from rats of all groups
was verified by methods described previously {[6].

Hormones were injected intramuscularly in 0.4 ml of propylene-glycol per animal: TP in a
dose of 3 mg daily for 3 days, estradiol (E,) in a dose of 10 ug, once only or daily for 6
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Fig. 1. Action of AN on UEBP concentration in liver of male rats with different endo-
crine status. Ordinate, UEBP concentration (in picomoles/mg protein, M # m) in liver
of male rats 1 day after daily injection of 3 mg TP for 3 days (shaded columns) and

in liver of male rats not receiving hormone (unshaded columns). A) Immature rats, B)
prepubertal, C) mature, D) castrated, E) hypophysectomized, F) castrated and hypophy-
sectomized males. Numbers inside columns indicate number of experiments. Strip bound-
ed by broken lines shows limits of UEBP concentration (M * m) in liver of mature
males.

Fig. 2. Action of AN on effectiveness of inhibitory influence of E, on UEBP concen-—
tration in liver of mature male rats. Abscissa, time after injection of E, (in days);
ordinate, UEBP concentration (in picomoles/mg protein, M + m) in liver of mature
males after injection of E, along (unshaded columns) and of E, and TP (shaded col-
umns). A) Simultaneous injection of single doses of E, (10 ug) and TP {3 mg), UEBP
level determined 6 days later; B) consecutive injection of a single dose of E; (10
ug) and daily injections of 3 mg TP {for 3 days, starting 3 days after injection of
E2), UEBP level determined before lst injection of TP and 1 day after last injection
of TP. Remainder of legend as to Fig. 1.

days. In some experiments a single injection of E», (10 ug) and TP (3 mg) was given simultan-
eously or consecutively (a single injection of 10 nug E,, 3 days later injections of 3 mg TP
daily for 3 days). The times of testing the UEBP level after the end of hormone administration
are indicated below.

The concentration of E,~binding sites of UEBP in the liver cytosol (Nyepp) was determined
by measuring binding of a "minimal" addition of 2,4,6,7-°H-E,, with specific radioactivity of
98-100 Ci/mmole (from Amersham Corporation, England), by the method developed previously [6].

The remaining procedures were carried out as described previously [6].

EXPERTMENTAL RESULTS

Data on the effect of AN on the UEBP level in the liver of male rats of the different
age groups are given in Fig. 1. The results showed that the concentration of this protein ris-
es during sexual maturation. AN raised the UEBP level only in the prepubertal period (Fig.
1B). Absence of sensitivity to the controlling action of AN in the liver of the immature
males (Fig. 1A) can evidently be explained by the as yet inadequate maturity of the AN-recep-
tor apparatus of the hepatocytes in rats of this age. In the mature males, injection of AN
could no longer raise the UEBP level (Fig. 1C), evidently because its optimal concentration
had been reached due to the action of endogenous AN. Lowering the concentration of endogenous
AN by castration or hypophysectomy of the animals led to a decrease in the UEBP concentration
(P < 0.01). Injection of AN into mature males against this background became effective and
compensated fully for the changes in the UEBP concentration due to depression of activity of
the pituitary—gonads system (Fig. 1D, F)
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TABLE 1. Role of Pituitary in Regulation of UEBP Level and in Realization of Influ-
ence of Sex Steroids on Concentration of this Protein (M * m)

Ovariectomized females with TP-induced UEBP level
| after hypophysectomy (alone)

Group of animals P withno ad- and afler injectiory and after injec-
P initia] level ditional of TP (3 mg, daily] tion of £, (10 Hg,
treatment for 3 days) daily for 6 days
Mature males 6,83:20,49 (48) | 3,641,009 (22) 7,67£1,30 (8) | 3,44-£0,77 (8)
) Py<<0,01 Py<20,01 P,>0,1
Castrated males 3,742:0,69 (30) 2,75::0,62 (12) 7,77+0,68 (11) —
. ] P;>0,! Py<0,01
Ovariectomized females with TP-induced
UEBP level 0,67+0,24 (6) .| 0,4620,13 (7) - —
P>0,1

Legend. UEBP levels determined 1 day after end of injection of hormones. Number of
determinations shown in parentheses. P,) Level of significance of differences com~
pared with initial UEBP level, P,) compared with UEBP level in animals hypophysec-
tomized only.

The results of investigations of relations between E, and AN during regulation of the
UEBP level are given in Fig. 2. A single injection of E, into mature males caused a marked
fall in the UEBP level after 6 days. This effect of E,, as the experiments showed, wes in-
dependent of the presence of the testes and, consequently, it can be realized directly, ir-
respective of the AN concentration. Although they have no direct stimulating effect on the
UEB? level in mature males, AN prevents both the onset (if injected simultaneously with Ej)
and the development (in the case of successive injections of E, and TP) of the inhibitory ac-
tion of E; on the UEBP level in animals of this group.

Two types of regulatory influence on the UEBP level are thus characteristic of AN. On
tne one hand, they have a stimulating effect not only in situations when the initial UEBP
concentration is low. The cause of a low UEBP level could be a deficiency of endogenous AN,
associated with the prepubertal period, castration, or hypophysectomy, or the inhibitory ac-
tion of Ez. In all these cases the controlling action of AN is aimed at restoring and main-
taining the optimal UEBP level for mature males. On the other hand, although they have no
direct effect on the UEBP level, AN prevent realization of the inhibitory effect of H,, and
they thus stabilize the normal UEBP concentration in the liver of mature males.

Data on the effect of hypophysectomy on the UEBP level in the liver of the different
groups of rats are given in Table 1. Hypophysectomy on mature males leads to a fall in the
UEBP concentration to the level characteristic of castrated animals (P > 0.1). Meanwhile
removal of the pituitary from castrated males caused no significant fall in the UEBD level.
The inhibitory effect of hypophysectomy on the UEBP level in mature males is evidently due,
not to the direct action of any pituitary factors, but to the absence of the stimulating ac-
tion of gonadotropins on AN secretion by the testes. Evidence of this is given by the abil-
ity of AN to restore the criginal UEBP level both after castration and after hypophysectomy
{(Table 1; Fig. 1). The masculinizing action of hypophysectomy on certain metabolic reactions
taking place in the liver of female rats has been shown in a number of investigations [1, 2,
9, 11]. Removal of the pituitary in female rats with a TP-induced UEBP level caused no mas-—
culinizing effect whatsoever and on distinct changes in the UEBP concentration compared with
the control (Table 1). Pituitary factors evidently play no direct part in the regulation of
an already induced UEBP level, although they contribute to its original determination [6].

Investigation of the role of the pituitary in realization of the action of sex steroids
showed that its presence is not essential for realization of the stimulatin action of AN on
the UEBP level. Meanwhile the pituitary is essential for realization of the inhibitory effect
of D, on the concentration of this protein {(Table 1). In this case any permissive role of
the pituitary for E, in the regulation of the level of receptors for E; in the liver by pitui-
tary hormones is probably ruled out, at least in part [2, 7, 12].

It can be concluded from these data that AN not only are primary determinants of the
UEB?Y level, but also perform an essential regulatory role, aimed at maintaining the optimal
concentration of this protein. Their stimulating action, which is effected independently of
any direct .effect of pituitary factors, is realized only if the UEBP concentration deviates
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from normal. AN alsc modulates the effectiveness cf the inhibitory action of E,. The regula-
tory effect of E, consists essentially of lowering the optimal level of UEBP; realization of

the inhibitory action of E,, moreover, depends on the presence of the pituitary and on the AN
level in the animal. The presence of comparable quantities of E, and AN in rats of both sexes
[2] is evidence of the existence of a fine mechanism of combined regulation of the UEBP con-
centration under natural conditions that reflects changes in the absolute E, or AN levels or

in the ratio between them.
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