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SUMMARY

Diethylstilbestrol was demonstrated to be a positive modulator of rat liver histidase in a manner
similar to oestradiol-17f8. Oral administration of diethylstilbestrol to pregnant rats at the 15th day
of gestation and subsequent measurement of the sex-dependent activities of histidase in these offspring
revealed no effect on histidase activities in immature male and female and adult male offspring. How-
ever, histidase activities of the adult female offspring were decreased and activities approached those
of normal adult males. This masculinization of histidase activity can be reversed by exogenously admin-
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istered estrogen.

INTRODUCTION

One form of hormonal regulation of liver enzyme de-
velopment occurs through the stimulation of gene
expression whereby changes in enzyme activities are
evident shortly after hormone treatment. Another
form of regulation is initiated during a critical period
of sexual differentiation in late prenatal or early post-
natal development [1]. Expression of the latter type
of hormonal regulation does not occur until after sex-
ual maturation and has been defined as “imprinting”
or “programming” of hepatic metabolism [2]. Pre-
vious studies have demonstrated programming of rat
liver steroid metabolizing enzymes following early
postnatal exposure to steroid [2, 3].

Our laboratory is interested in the effect of perina-
tal exposures of hormonally active xenobiotics on the
ontogeny of metabolic competence. We have chosen
hepatic histidase as a model system to study environ-
mentally-related alterations in the normal program-
ming process for a number of reasons. Rat liver histi-
dase displays a polyphasic sex-dependent postnatal
development {4,5]. The catalytic activity of this
enzyme initially appears shortly following parturition,
rises for several weeks, plateaus during the post-wean-
ing period, then increases again during puberty. The
post-pubertal increase is greater in the female than
the male; adult enzyme levels are attained which are
approximately two-fold higher in the female than in
the male. As reported in a recent review [5], regula-
tion of the developmental pattern appears to be a
function of concerted action of several hormones and
nutritional factors acting at specific developmental
stages: glucagon (via cAMP), glucocorticoids, and
estrogen serve as histidase inducers, and the sex-
dependent developmental elevations in histidase cata-
Iytic activity are accompanied by increased amounts
of enzyme antigen and parallel increases in the rates
of enzyme synthesis[6, 7].

Because rat liver histidase has such a complex
developmental course that is reversibly modulated by
estrogen [8], we have investigated the effect of di-
ethylstilbestrol {DES), a potent synthetic estrogen, on
the activity of hepatic histidase. Moreover, we have
studied the effect of prenatal exposure to DES on
the postnatal development of this enzyme in an
attempt to determine if gestational exposure to DES
can program hepatic histidase activities.

EXPERIMENTAL

Studies were carried out using birth-dated
CD-stock random bred albino rats (Charles River
Breeding Laboratories, Inc, Wilmington, MA). The
animals were maintained on synthetic diets (Wayne
Sterilizable Lab-Blox, Allied Mills, Inc., Selma, NC)
and allowed free access to water. Animals were
weaned at 21-23 days of age and housed 4 per cage.

DES was administered orally to pregnant females
at the 15th day of gestation using cottonseed oil as
vehicle via stomach tube. Postnatal injections were
given subcutaneously using propylene glycol as
vehicle. Exogenously administered compounds were
purchased from Sigma Chemical Co., St. Louis, MO.

Animals were decapitated, allowed to bleed and
their livers rapidly removed. Twenty-five %, liver
homogenates in 10mM Tris, pH7.2, containing
14 mM MgCl, and 0.6 M KCl was prepared in a
motor driven glass Potter—Elvehjem homogenizer
equipped with a Teflon pestle, and spun at 105,000 ¢
for 60 min. This high speed supernatant was used
for enzyme assays. Bilateral ovariectomies were pre-
formed on 42 day old females using methoxyflurane
as inhalation anesthetic.

Histidase was assayed on a recording Gilford spec-
trophotometer, Model 250, thermostated at 37°C
[7]. One unit of enzyme is defined as the amount
producing one pmol of urocanic acid/min.
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Table 1. Effect of oestradiol-178 and diethylstilbestrol on histidase activity in young
male rats and in adult ovariectomized female rats
Histidase activity
Expt. Treatment {Units/G liverit {%, controls)
f Controls {5} .19 + 001 100
Oestradiol-178 (5) 0.34 + 0.03* 177
Diethylstilbestrol (5) 0.34 + 0.03* 175
2 Ovariectomized 0.69 + 0.03 100
controls (5)
Ovariectomized 1.03 + 007 149
oestradiol-178 (6)
Ovariectomized 0.98 + 0.08 141
Diethylstilbestrol (6)
Male rats in experiment | received daily subcutaneous injections of propylene glycol
©.1ml), E; or DES (100 ug/kg b.w.) from days 28-35 postpartum. Female rats in
experiment 2 were ovariectomized at Day 42 and received propylene glycol (0.25 mi)
E; or DES as above from day 56-63 pospartum. Numbers in parenthesis represent
number of rats used. tMean + SEM. *P < 001
young male rats, E, and DES treatment elevate hepa-
14r % tic histidase activity to 177 and 175%, respectively of
control values. Histidase activities are also elevated
H ke 2 M following the same DES and E, dosage regimen to
0 2 adult ovariectomized female rats (Table 1},
£ To investigate the effect of prenatal exposure of
2 DES on postnatal development, we administered a
~§ single dose of 100 ug DES/kg b.w. orally to pregnant
" rats on the [Sth day of gestation. Weight gains of
2 treated animals were not significantly different from
£ those of controls at any developmental stage tested,
and total and postnatal survival indexes were unaffec-
ted using the specified dosage regimen. Histidase ac-

Age {days)

Fig. 1. Postnatal development of hepatic histidase in rats

prenatally exposed to Diethylstilbestrol. DES (100 ug/kg

b.w.) was administered orally to pregnant females at day

15 of gestation and hepatic histidase was measured in the

offsprings. Open bars = control animals; stipled = prena-

tally exposed to DES. Results are expressed as Mean +
SEM. *P < 001

RESULTS

Table 1 illustrates the effect of oestradiol-178 (E,)
and DES on rat liver histidase. In experiment 1, using

tivities were measured in the offspring of these treated
females. The results in Fig. 1 show no apparent
change in histidase activity of control compared to
prenatally exposed immature male and female rats
{7, 21, 35 days of age) and adult male offspring
(through 63 days of age} However, histidase activities
of 49 and 63 day old females exposed to DES prena-
tally were lowered by 46 and 30% from controls,
Exogenously administered E, (daily subcutaneous
injections from days 42-49 postpartum) to prenatally
exposed female offspring demonstrated that these
fowered histidase levels could be increased {Table 2)

Table 2. The action of cestradiol-178 on hepatic histidase in prenatally programmed
female rats

Expt. Treatment

Histidase activity

(Units/G liveryt (% controls)

1 Programmed controls (5)
+ oestradiol-178 (511

2 Programmed controls
{ovariectomized) {5}
+ Oestradiol-17§ (5}

0.58 + 0.04 100
0.95 + 0.03* 163
0.64 + 002 100
1.06 + 0.06* 160

Propylene giycol or E, (100 ug/kg b.w.) was administered subcutaneously to female
rats that were prenatally exposed to DES (100 gg/kg b.w.). In experiment 1, treatment
was from day 42-49 postpartum. In experiment 2 animals were ovariectomized at
day 42 and treated from day 56 to 63 postpartum. Numbers in parenthesis represent
pumber of rats used. tMean + SEM. *P < 001



Programming of histidase by DES

to activity levels similar to those of normal females
{see Fig. 1). Similar results were obtained upon exo-
genously administering DES; 058 +£004 vs
0.99 + 0.06. Histidase levels of prenatally exposed
females that were ovariectomized and given E; on
the same schedule could also be elevated (160%, that
of control values, Table 2).

DISCUSSION

Diethylstilbestrol is a nonsteroidal estrogenic sub-
stance that has been used as a postcoital contracep-
tive, an anti-abortion drug, an estrogen replacement,
and a growth stimulant in food-producing animals.
Since DES is a potent synthetic estrogen, we thought
it might be a positive modulator of rat liver histidase.
Our data demonstrated that E, and DES increased
histidase activity to approximately the same extent
in both 28 day old males and in adult ovariectomized
females.

Increased evidence of clear cell vaginal adenocar-
cinoma was reported in female offspring of women
exposed to DES during pregnancy [9]. This study has
stimulated much interest in the effect of DES on
prenatally exposed offspring in animal models empha-
sizing histological and morphological experimen-
tations [10, 11]. However, little attention has been
accorded the possibility that DES may have more
subtle effects on the postnatal development of specific
biochemical systems under well-defined hormonal
regulation.

Using rat liver histidase as our model system, we
investigated the effect of prenatal administration of
DES on postnatal enzyme development. While no
change in histidase activity is observed in the male
and female young offspring and in adult male rats
of DES treated mothers, a significant decrease of his-
tidase activity in the adult female offspring was
observed. Since the altered expression of histidase ac-
tivity was not evident until later in postnatal develop-
ment it appears that DES administered prenatally has
elicited a programmed effect. A mechanism for the
programming of sexual differentiation of the brain
and hepatic metabolism has been proposed involving
alpha-fetoprotein which is produced in large quanti-
ties by the fetal and newborn liver [12]. Alpha-feto-
protein is an effective binder of oestradiol in the cer-
ebrospinal fluid and plasma but it binds poorly to
testosterone. Testosterone produced by the develop-
ing testes reaches the target cells in the brain where
it is converted to oestradiol {12, 13, 14]. Oestradiol
binds to E,-receptor in the brain which initiates the
process resulting in a male type of sexual differentia-
tion and hepatic metabolism, Female rats and new-
born male rats deprived of testosterone {castrated)
maintain a female type of metabolism {12]. Feigelson
[15, 16] has demonstrated that the pituitary is necess-
ary for complete expression of hepatic histidase ac-
tivity. While hypohysectomy of young females results
in higher histidase activity in the rat liver, induction
of histidase is not possible with E, in these same
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hypophysectomized animals. Gustafsson and co-
workers [2, 17] have carried out similar studies with
steroid-metabolizing enzymes and suggest that these
differences are regulated by the hypothalamic-hypo-
physical axis.

Unlike E,, DES binds poorly to alpha-fetopro-
tein [12] and should reach target cells in the develop-
ing female brain thereby programming male histidase
activities in the resultant aduilt female. Previous
studies have demonstrated postnatal programming of
hepatic steroid metabolism following castration
and/or androgen treatment of newborn rats[2,17].
Our studies are unique in two respects; (1) we were
able to program hepatic metabolism during the fetal
period (it is unlikely that DES would be present in
sufficient quantities postnatally since it has a short
biological half-life and is rapidly metabolized and in-
activated) and [2] we used a non-steroid metabolizing
enzyme as our marker. We conclude that DES does
indeed exert its programming action on hepatic histi-
dase during the fetal period.

Acknowledgements—The authors gratefully acknowledge
Mr, Edwin Bridges and Ms. Pat Watkins for skillful techni-
cal assistance,

REFERENCES

i, Barraclough C. A.: Alterations in reproductive func-
tion following prenatal and early postnatal exposure
to hormones. Adv. Reprod. Physiol. 3 (1968) 81-112.

2. Einarsson K., Gustafsson J. A. and Stenberg A.: Neo-
patal imprinting of liver microsomal hydroxalation
and reducion of steroids. J. biol. Chem. 248 (1973)
4987-4997.

3. Berg A. and Gustafsson J. A.: Regulation of hydroxyl-
ation of Sa-androstane-3a 178-diol in liver microsomes
from male and female rats. J. biol. Chem. 248 (1973)
6559-6567.

4. Auerbach V. H. and Waisman H. A.: Tryptophan per-
oxidase-oxidase, histidase and transaminase activity in
the liver of the developing rats. J. biol. Chem. 234
(1959) 304-306.

5. Feigelson M.: Multihormonal regulation of hepatic
histidase during postnatal development. Enzyme 15
(1973) 169-197.

6. Lamartiniere C. A. and Feigelson M.: On the physical
and immunological properties and synthesis of rat liver
histidase during postnatal development. In Develop-
mental Biology (Edited by D. McMahon and C. F.
Fox). W. A. Benjamin, Menlo Park, Col. Vol. 2 (1975)
pp. 518-526.

7. Lamartiniere C. A. and Feigelson M.: Effects of
estrogen, glucocorticoid, glucagon, and adenosine 3':5'
monophosphate on catalytic activity, amount and rate
of de nove synthesis of hepatic histidase. J. biol. Chem.
252 (1977) 3234-3239.

8. Feigelson, M.: Estrogenic regulation of hepatic histi-
dase during postnatal development and adulthood. J.
biol. Chem. 243 (1968) 5088-5093.

9. Herbst A. L., Ulfelder G. and Poskanzer D. C.: Adeno-
carcinoma of the vagina: Association of the maternal
stilbestriol therapy with tumor appearance in young
women. N. Engl. J. Med. 284 (1971) 878-881.

10. McLachlan J. A, Newbold R. R. and Bullock B.:
Reproductive tract lesions in male mice exposed prena-
tally to deithylstilbestrol. Science 190 (1975) 991-992.

11. McLachlan J. A.: Prenatal exposure to diethylstilbes-



598

12.

13.

C. A. LamarTintere and G. W. LUCiER

trol in mice: Toxicological studies. J. Tox. Environ.
Health 2 (1977) 527-537.

McEwen B. S.: Interactions between hormones and
nerve tissue. Sci. Amer. 235 (1976) 48-58.

Weisz J. and Gibbs C.: Metabolities of testosterone
in the brain of the newborn female rat after an injec-
tion of tritiated testosterone. Neuroendocrinology 14
(1974) 72-86.

. Naftolin F., Ryan K. J, Davies I J, Reddy V. V.,

Flores F., Petro Z. and Kuhn M.: The formation of
estrogens by central neuroendocrine tissues. Recent.
Prog. horm. Res. 31 (1975) 295-315.

15.

16.

Feigelson M.: Hypophyseal regulation of hepatic histi-
dase during postnatal development and adulthood. 1.
Pituitary suppression of histidase activity. Biochim. hio-
phys. Acta. 230 (1971) 296-308.

Feigelson M.: Hypophyseal regulation of hepatic histi-
dase during postnatal development and adulthood. 11
Pituitary-estrogen interrelationships. Biochim. biophys.
Acta. 230 (1971} 309-318.

. Gustafsson J. A. and Stenberg A.: Masculinization of

rat liver enzyme activities following hypophysectomyv.
Endocrinology 95 (1974) 891-896.



