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ABSTRACT

Hydrocortisone 50 mg/kg (HC), dehydroepiandrosterone 250 mg/kg (DHEA), B-estradiol 5 mg/kg (E2),
and testosterone 20 mg/kg (TS) were subcutaneously injected into the castrated ICR mice at noon for four
days, and the animals were sacrificed at 10-12 A.M. of the fifth day.

The intestinal DAO activity was significantly decreased by HC, but it was rather increased by E2 and
TS, respectively. And DHEA did not change the DAO activity. But the hepatic MAO activity was not af-
fected by anyone of HC, DHEA, E2, and TS. Aminoguanidine 25 mg/kg produced the marked decrease
of the intestinal DAO activity and the significant increases of the intestinal PT and SD contents, but it did
not change the hepatic polyamine contents. HC and DHEA induced the significant increase of the intestinal
PT content. E2 induced the marked increase of the hepatic PT content and the moderate increase of the
intestinal PT content. TS little affected the polyamine contents of the liver and intestine.

These results suggest that the E2-induced increase of the hepatic PT content is rather ascribed to the greater
enhancement of PT synthesis than the inhibition of polyamine catabolism, and that the HC-induced increase
of the intestinal PT content is due partly to the inhibition of polyamine catabolism via DAO.
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INTRODUCTION

The diamine putrescine and the polyamine sper-
- midine and spermine have been postulated to be
essential for growth and differentiation and to be
capable of interacting with many metabolic processes
and transmembrane signalling, although their
mechanism of action at the molecular level remains
largely to be understood (Williams-Ashman and
Canellakis, 1979; Pegg and McCann, 1982; Tabor
and Tabor, 1984; Pegg, 1986; Seiler, 1987; Caldarera
et al., 1990).
However, it has been recently shown that the
changes in tissue polyamine contents might be
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thought essential in the processes of adaptation in
responses to partial hepatectomy (P6s6 and Jédnne,
1976; Luk, 1986; Choi et al., 1988), hepatotoxic CCl,
(Pegg et al., 1985), cytotoxic mucosal injury (Luk
et al., 1980), and jejunectomy, pancreaticobiliary
diversion, and poststarvation refeeding (Luk and
Baylin, 1984; Luk and Yang, 1987; Hosomi ef al.,
1987a and 1987b; Luk and Yang, 1988).

In rabbit experiments, the degree of ischemic
bowel disease varied with the intestinal DAO activi-
ty, the final catabolic enzyme of polyamine (Kusche
et al., 1981; Seiler et al., 1985). e-Aminoguanidine,
a DAO inhibitor (Okuyama and Kobayashi, 1961;
Seiler et al., 1985) shortened the survival time of the
animals after vascular occlusion of the superior
mesenteric artery (Kusche ef al., 1979), and the
shortening of the survival time was reversed by ad-



ministration of a histamine-receptor blockade such
as cimetidine (Kusche ez al., 1981). However, the in-
testinal DAO activity of newborn rat pups could be
induced by hydrocortisone (Karp et al., 1987), and
the prenatal administration of glucocorticoid decreas-
ed the incidence of necrotizing enterocolitis (Bauer
et al., 1984). )

17 p-Estradiol and testosterone have been shown
to stimulate both ODC and SAM-DC activities in the
uterus of immature rats (Kaye et al., 1971) and in
the prostate of castrated rats (Fjosne, ef.al., 1988),
respectively. These findings suggest to us that the ef-
fects of several steroid hormones on polyamine
metabolism may be involved in the homeostatic
processes of several visceral organs against the
pathogenic or toxic insults. So, the influences of
hydrocortisone, DHEA, estradiol, and testosterone
on the hepatic and intestinal polyamine contents, the
intestinal DAO activity, and the hepatic MAO ac-
tivity were studied in castrated male ICR mice.

MATERIALS AND METHODS

Materials

Hydrocortisone acetate (HC), dehydroepian-
drosterone (DHEA), estradiol cypionate (E2), and
testosterone cypionate (TS) were purchased from Up-
john. a-Aminoguanidine sulfate, putrescine, sper-
midine, spermine, histidine, 4-hydroxy-3-methoxy-
phenylacetic acid (homovanilic acid), and horseradish
peroxidase (type I) were purchased from Sigma.
1,8-diaminooctane, 4-fluoro-3-nitrobenzotrifluoride,
dimethylsulfoxide, and 2-methylbutane were from
Aldrich.

Methanol and acetonitrile were HPLC-grade. And
other chemicals were analytical grade. Male ICR
mice, weighing 17-20 g, were supplied from Korea
Experimental Animal Lab. Company.

Treatments of animals

"~ Ten male mice were kept to a cage and allowed
acclimated to a 12 hr light (7 AM to 7 PM) and 12
hr dark cycle for one week before being studied. The
mice were subjected to bilateral castration at 11 A.M.
under light diethyl ether anesthesia (Waynforth,
1980), and the sham-operated mice underwent similar
surgical procedure. One hour after that, the ad-
ministration of steroid hormones was started. Mice
were subcutaneously injected with HC 50 mg/kg or
E2 5 mg/kg in cotton seed oil of 0.18% benzyl
alcohol, and with DHEA 250 mg/kg or TS 20 mg/kg.

a-Aminoguanidine sulfate was intraperitoneally in-
jected in 0.85% NaCl solution.

Polyamine HPLC analysis

Apparatus: The high performance liquid chroma-
tography (HPLC) system was consisted of a Gilson
HPLC pump, a Rheodyne 7125 injection valve, a
ERC ODS-1161 column (3um; 6 X 100mm), a Knauer
variable UV/VIS spectrometer, and a Linear dual-
channel chart recorder.

HPLC analysis: The extraction process was bas-
ed upon that of Choi et al. (1989). Mouse livers and
intestines excised after decapitation were first freez-
ed on dry ice powder and then stored in freezers.
Within 7 days after their sampling, both tissues were
homogenized with a teflon homogenizer in 4 volumes
of 0.4 M perchloric acid containing 2mM disodium
EDTA and diaminooctane (50-100ug) as an internal
standard.

One ml of the homogenate was spun at 15,000 x g
for 10 min and 100ul of the supernatant was
evaporated to dryness with streams of nitrogen gas
at room temperature. And the 4-fluoro-3-nitrobenzo-
trifluoride (FNBT) derivatization of polyamines and
the HPLC analysis condition were those originally
described by Spragg and Hutchings (1983).

The N-2’-nitro-4’-trifluoromethylphenyl (NTP)
polyamine derivatives in the 20ul of methanol extract
were quantitatively analyzed on a isocratic HPLC
system equipped with an ODS column, using
diaminooctane as an internal standard (Spragg and
Hutchings, 1983; Choi ef al., 1989). The recovery
rates of NTP-polyamine derivatives were over'94.4%,
and the calibration curves of them were consistently
linear over a range of 50 picomole to 10 nanomole
with the variations of less than 5% between identical
samples, and the detection limit was less than 10
picomole on column with a S/N ratio of 5:1.

Assays of monoamine and diamine oxidases

After decapitation, the mouse liver and small in-
testine were quickly excised and extensively washed
with ice-cold 0.85% NaCl-saline, and then the tissue
(200-250mg) was homogenized. with 4 volumes of
0.1M sodium potassium phosphate buffer, pH 7.8,
using a teflon homogenizer, and the homogenate was
spun at 10,000 x g for 15 min at 2°C. The precipitate
of the liver homogenate and the supernatant of the
intestinal homogenate were used for the assays of
liver MAQ and intestinal DAQO activities, respective-
ly, according to the method described originally by
Snyder and Hendley (1968).



The liver precipitate obtained above was
resuspended with 1.0 ml of 0.1 M sodium potassium
phosphate buffer, pH 7.8. The incubation mixture
was made up to contain in a final 3 ml of 0.1 M
sodium potassium phosphate buffer, pH 7.8: 0.1 ml
of the phosphate suspension of liver precipitate or
the supernatant of intestinal homogenate, 40ug of
horseradish peroxidase, 160ug of homovanillic acid,
and 100ug of tyramine or putrescine as a MAO or
DAO substrate, respecgively. The mixture reaction
was proceeded for 60 min at 37°C, and then stop-
ped by chilling the tube in ice-cold water. After cen-
trifugation at 15,000x g for 10 min at 4°C, the
fluorescence intensity of the supernatant was
measured in an Aminco-Bowman spectrophoto-
fluorometer at an excitation wave length of 325nm
and emission of 415nm. The results were expressed
as H,O, nanomole formed/hr per mg of protein in
the initial phosphate homogenate. The protein con-
tent was determined by the method of Lowry et al.
(1951).

RESULTS

Effects of steroid hormones and aminoguanidine on in-
testinal DAO and liver MAQ activities

As shown in Fig. 1, treatments of castrated male
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mice with 100mg/kg of aminoguanidine, a specific
DAO inhibitor (Okuyama and Kobayashi, 1961;
Seiler et al., 1985), did not affect the hepatic MAO
activity, but the intestinal DAO activity was markedly
decreased at 6 and 24 hrs after the treatment to 41.8%
and 41.4% of the control values, respectively. Injec-
tion once a day for 4 days with HC (50mg/kg),
DHEA (250mg/kg), E2 (Smg/kg), and TS (20mg/kg)
did not change the hepatic MAO activity of castrated
mice (Fig. 2).

However, the intestinal DAO activity of castrated
mice was markedly decreased from 17.23 to 10.71
nanomole H,0,/mg protein/hr by HC, but the DAO
activity was moderately increased by E2 and TS to
128.8% and 133.8% of the control values (Fig. 2).
DHEA did little affect both MAO and DAO ac-
tivities.

Effects of steroid hormones and aminoguanidine on the
liver and intestinal polyamine contents

Like to the MAO activity, the hepatic polyamine
contents were not changed by aminoguanidine (Fig.
3). But the intestinal putrescine content was
significantly increased 6 hr and 24 hr after amino-
guanidine injection by 49.2% and 69.7%, respective-
ly. And the intestinal spermidine content was also
significantly increased 24 hr after the injection by
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Fig. 1. Influence of aminoguanidine on the activities of the liver MAO and the intestine DAO.
Each column and bar represents the mean and standard error of 8 data.

** indicates p<0.02.

O: control - isotonic saline, B: aminoguanidine
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Fig. 2. Influences of hydrocortisone, estradiol, DHEA and testosterone on the activities of the liver MAO and the intestine DAO.
* and *** indicate p<0.05 and p<0.0l, respectively.
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Fig. 3. Influence of aminoguanidine on the contents of putrescine, spermidine and spermine in the liver (upper figure) and
in the intestine (lower figure).
[J: control - isotonic saline, £3: aminoguanidine
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Fig. 4. Influences of hydrocortisone, estradiol, DHEA and testosterone on the putrescine contents of the liver and the intestine.
[3: normal group
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Fig. 5. Influences of hydrocortisone, estradiol, DHEA and testosterone on the spermidine contents of the liver and the intestine.
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Fig. 6. Influences of hydrocortisone, estradiol, DHEA and testosterone on the spermine contents of the liver and the intestine.

37.9%. However, the intestinal spermine content was
not changed by aminoguanidine (Fig. 3).

The treatment of mice with HC (50 mg/kg),
DHEA (250 mg/kg), or E2 (5 mg/kg) once a day for
4 days, significantly increased the intestinal putrescine
content by 49.0%, 23.5%, or 23.9%, respectively,
but TS did not affect the content (Fig. 6). And the
hepatic putrescine content was not changed by HC,
DHEA, or TS, but markedly increased by E2 up to
245.7% of the control value (Fig. 4). It is notewor-
thy that the intestinal putrescine content was

significantly increased by HC and the hepatic con-

tent was markedly increased by only E2. But the
hepatic spermidine content of castrated mice was
moderately increased by HC to 126.9% of the con-
trol value and little affected by other steroid hor-
mones (Fig. 5). Similarly, the intestinal spermidine
content was moderately increased by only HC and
little changed by other steroids (Fig. 5). However,
the hepatic spermine content of castrated mice was
significantly decreased by DHEA to 76.4% and was
moderately decreased by HC to 82.9%, comparing
with the control value of each (Fig. 6). E2 and TS
did not affect the hepatic spermine content. But the
intestinal spermine content of castrated mice was not
significantly changed by all of the steroids (Fig. 6).

DISCUSSION

There is a reported association between ad-
ministration of prenatal glucocorticoids and a
decreased incidence of necrotizing enterocolitis in
human infants (Bauer ef agl., 1984). In animal ex-
periments, the degree of ischemic bowel disease cor-
relates negatively with intestinal DAO activity
(Kusche et al., 1979; 1981), suggested that one im-
portant factor in gut maturity that relates to the risk
of necrotizing enterocolitis may be histamine-DAO
activity.

However, the enhanced DAO activity in rapidly
growing conditions may represent a means by which
the excess of polyamine can be controlled (Perin et
al., 1983; 1986), and the increased ODC activity with
mucosal proliteration’ has been observed,
regenerating mucosa after cytotoxic insults (Luk et
al., 1980), and the adaption conditions of several
organs such as the intestinal hyperplasia showed in
response to poststarvation refeeding (Luk and Yang,
1987; 1988; Ulrich-Baker ef a/., 1988) and jejunec-
tomy or pancreatico-biliary diversion (Luk and Yang,
1987; Hosomi ef al., 1987a; 1987b). Furthermore, the
indices of mucosal proliferation, including new DNA



synthesis, crypt cell proliferation, and crypt cell
labelling index, were highly correlated with the time
course of the increase in ODC activity (Luk and
Baylin, 1984). And ODC activity increases rapidly
and markedly in regenerating liver after partial
hepatectomy (Luk, 1986; Choi et al., 1989) and par-
ticipates in the cAMP-dependent activation of the
hepatic drug-metabolizing enzyme by several
xenobiotic drugs (Russell and Haddox, 1979).

However, hydrocortisone or dexamethasone in-
creased the ODC activity in freshly isolated rat
hepatocytes (Lumeng, 1979), regenerating rat livers
(Thrower and Ord, 1974), or in rat brains (Ander-
son and Schanberg, 1975); the SAM-DC and sper-
midine synthetase of mouse mammary glands (Oka
et al., 1982), and the DAO activity in newborn rat
intestines (Karp et al., 1987). E2 stimulated both
ODC (Cohen, et al., 1970; Kaye, et al., 1971) and
SAM-DC (Kaye et al., 1971). And 5’-methylthio-
adenosine phosphorylase activity in the rat uterus was
also increased by E2 (Nicolette et al., 1980), and that
emzyme in the ventral prostate of rats was stimulated
by TS (Danzin et al., 1979; Nicolette ef al., 1980).
Both ODC and SAM-DC activities were markedly
decreased in response to castration, but their decreas-
ed activities were recovered to control values by
dihydrotestosterone (Russell and Haddox, 1979;
Fjosne et al., 1988). DHEA is more abundantly syn-
thesized than other steroids and circulates at very high
levels (greater than 10 times of cortisol level), but little
is known about its physiological activities, and the
receptor for it has not been discovered (Norman and
Litwack, 1987). However, it is apparantly important
in fetal development, in supplying cells with a precur-
sor for androgen and estrogen synthesis, and for cer-
tain tissue-protective functions which are as yet not
understood (Norman and Litwack, 1987).

Barrett-Connor ef al. (1986) suggested that the
plasma level of DHEA-sulfate might confer protec-
tion against death, particularly from cardiovascular
diseases. While, in an experiment which was design-
ed to assist in clarifying the role of DAO in the
polyamine transformations, there was a linear rela-
tionship between the putreanine content of mouse
liver and the time after intraperitoneal injection of
spermidine (Seiler et al., 1983).

So, in the present study, the influences of HC,
DHEA, E2, and TS on the intestinal DAQO activity
and the polyamine contents in the liver and the in-
testine were investigated in castrated male mice, refer-
ring their effects on the liver MAO activity. Injection
once a day for 4 days with HC, DHEA, E2, or TS
did not changed the liver MAO activity. While, the

intestinal DAQ activity was markedly decreased by
HC but rather increased by E2 and TS, respectively.
HC and DHEA significantly increased the intestinal
putrescine content and the liver spermidine content
but moderately decreased the liver spermine content.
And E2 significantly increased the liver PT content
but did not show any significant effect on the other
polyamine contents measured in this study.

Those findings may be in agreement with Rojan-
sky et al. (1979) and seem to be supported by the
results in this study showing that after treatment with
aminoguanidine, a specific DAO inhibitor (Okuyama
and Kobayashi, 1961; Seiler er al., 1985), the in-
testinal DAQO was selectively inhibited and the in-
testinal putrescine and spermidine contents were
increased, similar to other previous papers (Seiler et
al., 1983; 1985).

And the HC-induced increase of the intestinal
putrescine and liver spermidine contents can be con-
sidered in connection with several studies (Lumeng,
1979; Oka et al., 1982).

But the decrease.induced by HC of the intestinal
DAOQ activity is opposed to the result of karp ef af.
(1987).

The observed difference seems to be attributable
to the newborn rat used by Karp et al. (1987); in their
study, HC increased the intestinal DAO activity when
the injection of HC was begun on 4, 6, or 8 days of
life, but did not, really, increase when its injection
was started on 10 days of life. In the present study,
the intestinal DAO activity was moderately increas-
ed by E2 and TS, but the hepatic MAO activity was
not changed.

The results may be, in consideration of the 1,000
fold increase of plasma DAO activity in pregnant
women (Russell and Durie, 1978), suggesting that E2
can induce the catabolism of polyamines.

But E2 significantly increased the hepatic
putrescine content, and, to lesser extent, increased
the intestinat content. However, the other polyamine
contents of the liver or intestine were little affected
by E2. These are consistent with previous reports
(Cohen et al., 1970; Kaye et al., 1971), demonstrating
that E2 may enhance more greatly the ODC activity
than the DAQ activity and those effect can be more
dominant in the liver than in the intestine.

On the other hand, although TS moderately in-
creased the intestinal DAO activity, TS did not pro-
duce any meaningful change of the polyamine
contents in the liver and intestine of castrated male
mice, suggesting that TS does much less affect the
polyamine metabolism of the liver and intestine than
that of the prostate and kidney, in which both ODC



and SAM-DC activities are markedly dependent upon
androgenicity (Isomaa et al., 1983; Seely and Pegg.,
1983; Fjosne et al., 1988).

In summary, the results obtained in the present
study suggest that E2 may enhance more greatly
putrescine synthesis in the liver, comparing with its
effect-on the catabolism of polyamine, that HC may,
unlike E2, increase in intestinal putrescine content
due partly to the inhibition of polyamine catabolism
via DAO, and that the modes of the polyamine
metabolism in the liver and intestine, in response to
steroid hormones such as HC, E2, and TS, are
distinguishably different from each other.
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1, Hydrocortisone succinate 50 mg/kg (HC) ¥ dehydroepiandrosterone 250 mg/kg (DHEA)o]
o ste], £7be] putrescine (PT)-& #2934 71519l o1}, spermidine (SD) % spermine (SM)
< 3 g UA ¢gkm, k9 SDE ot FrbElm, SME tha 74 5glon), PTS
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2. Estradiol cypionate 5 mg/kg (E2)oll &3lo], 7ke] PTL #x3 Z7l5jgdo), £49 PT
2 i Z7hsIgln, 2] £ W 2bel SDe) SMel S wolx hokel,

Testosterone cypionate 5 mg/kg (TS)oll 2] sted = 7ke] SDo] w4 7H4AE QS % = wWEol
st eh,

3. 44¢ DAO 4=t HCol Ssted @8 Zasiglon, E2 9 TSol sl §22)
A F7tE 93, DHEAe] olslei= W odgs wxigiokeh, 22iub 2k9) monoamine
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