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ABSTRACT

The bilateral castration of male mice was operated under light ether anesthesia, and the sham
operated mice were considered as the uncastrated. The treatments of mice with the following ster-
oids were started one hour after operation.

Hydrocortisone 50 mg/kg (HC), dehydroepiandrosterone 250 mg/kg (DHEA), S-estradiol 5 mg/
kg (E2), and testosterone 20mg/kg (TS) were subcutaneously injected into male ICR mice at noon
for four days. Animals were sacrificed in the next-morning (at 10-12 A.M.) after the last injection.

The intestinal putrescine(PT) content was lower and the liver and intestinal spermine(SM) con-
tents were higher in castrated mice(CM), comparing with those of uncastrated mice (UCM).

The intestinal PT content of UCM was markedly increased HC. But all brain polyamines of CM
were significantly decreased by it. And HC also increased the spermidine(SD) content of kidney
and liver and the intestinal PT content in CM.

E2 induced the marked increase of liver PT content with the moderate increase of renal SD in
UCM. And E2 significantly increased the brain and liver PT contents and the all renal polyamine
contents in CM.

Both of DHEA and TS induced the increase of renal PT content in UCM, and they also induced
the marked increases of all renal polyamines of CM. In addition, TS increased the brain SM of
CM.

These results suggest that the steroidal regulation mechanism of brain, kidney, liver, and intes-
tine seems to be different from one another, and the renal activity of polyamine synthesis can be
markedly enhanced by sex steroids.
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INTRODUCTION

The di- and polyamines putrescine, spermi-
dine, and spermine have been postulated to be
essential for growth and differentiation and to
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be capable of interacting with many metabolic
processes(Pegg and McCann, 1982; Pegg, 1986;
Seiler, 1987).

There are many evidences supporting a role
of them as second messengers in transmembrane
signalling which favor Ca** influx(Koenig et al,
1988), cAMP degradation(Clo et al, 1981),
cGMP(Clo et al., 1983) and diacylglycerol(DAG;
Jadmar, 1977) formation, and a close mutual in-



teraction between them and the other messen-
gers such as cAMP(Russell and Haddox, 1979),
IP{Mustelin er al., 1986), DAG(Otani, 1985), or
Ca**(Caldarera ef al., 1986).

And it have been recently shown that the
changes of the polyamine metabolism in most of
organs might be thought essential in the hormo-
nal regulations of their following functions such
as hepatic regeneration(Byus et al., 1977; Throw-
er and Ord, 1974; Russel and Haddok, 1979), he-
patic drug metabolizing enzyme induction

(Russel and Haddok, 1979); intestinal homeosta-

sis(Karp et al, 1987); pancreatic growth
(Morisset and Benrezzak, 1984); cardiac devel-
opment(Womble and Russell, 1983) and trans-
membrane signalling(Koenig ef al., 1988; Koenig
et al., 1989; Caldarera et al, 1990); renal
hypertrophy(Perin et al, 1983) and tubular
transport(Koenig et al., 1983); adrenocortical
steroidogenesis(Feige et al.,, 1986); prostate(Rui
and Purvis, 1987) and testicular Sertoli cells
(Swift and Dias, 1987); developments of brain
(Thomas and Schanberg, 1975) and behavior
(Thomas and Schanberg, 1975; Butler ef dl.,
1978); axonal regeneration(Gilad, 1983); dif-
ferentiation of lymphocytes(Otani et al, 1990),
L6 myoblasts(Ewton, et al, 1984), fibroblasts
(Nissley et al., 1976), bone and bone marrow
(Rath and Reddi, 1981), chondrocytes(Takano
et al., 1983), neuroblastoma cells(Chen and Liu,
1983), or melanoma cells(Kapyaho and Janne,
1983; Bregman et al., 1987); growth promotion of
breast tumor(Manni e al, 1989; Cohen e al.,
1988) and other tumors(Horn et al., 1983; Slaga,
1984).

Several reports suggest that the ODC and/or
SAM-DC activities were, after castration, de-
creased in most of organs(Rui et al., 1987; Fjosne
et al., 1988), the castration effect was not affect-
ed by estradiol but prevented by dihydrotesto-
sterone(Rui et al., 1987).

And cortisol and thyroxine depressed ODC
activity of the rat brain(Anderson and Schan-
berg, 1975).

In this study, therefore, the changes of
polyamine metabolism induced by several ster-
oid hormones were studied in normal and cas-
trated male mice.

MATERIALS AND METHODS

Materials

Hydrocortisone acetate(HC), dehydroepiand-
rosterone(DHEA), estradiol cypionate(E2), and
testosterone cypionate(TS) were purchased
from Upjohn. Putrescine, spermidine, and sper-
mine were purchased from Sigma. 1, 8-Dia-
minooctane, 4-fluoro-3-nitrobenzotrifluoride, di-
methylsulfoxide, and 2-methylbutane were from
Aldrich. Methanol and acetonitrile were HPLC-
grade products of Merk. And other chemical-
were analytical grade. Male ICR mice, weighing
17-20 g, were supplied from Korea Experimen-
tal 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 bila-
teral castration at 11 A.M. under light diethyl
ether anesthesia(Waynforth, 1980), and the
sham-operated mice underwent similar surgical
procedure. One hour after those procedures,
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 in cotton seed oil, once a day for 4
days. The mice were sacrificed in the next
morning after the last injection for the analysis
of tissue polyamine contents.

Polyamine HPLC analysis

Apparatus. The high performance liquid chro-
matography(HPLC) system was consisted of a
Gilson HPLC pump, a Rheodyne 7125 injection
valve, a ERC ODS-1161 column(3 um; 6 x 100
mm), a Knauer variable UV/VIS spectrometer,
and a Linear dual-channel chart recorder.
HPLC analysis. The extraction process was
done below 6°C according to that of Choi ef al.
(1989).

The 4-fluoro-3-nitrobenzotrifluoride(FNBT) de-
rivatization of polyamines and the HPLC analy-
sis condition were those originally described by
Spragg and Hutchings(1983).

The N-2’-nitro-4 -trifluoromethylphenyl(NT-
P) polyamine derivatives in the 20 ul of metha-



nol extract were quantitatively analyzed on a 10 picomole on column with a S/N ratio of 5:1.
isocratic HPLC system equipped with an ODS

column, using diaminooctane as an internal

standard(Spragg and Hutchings, 1983; Choi et RESULTS

al., 1989).
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amount of putrescine(PT: 28-50 nmole/wet g),
and all the contents were little changed 4 days
after castration.

However, in the castrated mice, hydrocor-
tisone. 50 mg/kg(HC) induced the moderate de-
crease of PT content and the significant de-
creases of SD and SM contents, but estradiol §
mg/kg(E2) caused the moderate increase of PT
content and the slight decrease of SM content.
Testosterone 20 mg/kg(TS) significantly raised
up to 137.6% of the control SM value without
any effect on PT and SD contents(Fig. 1).

Effects of Steroid on the Kidney Polyamine
Contents

The renal PT, SD, and SM contents of uncas-
trated mice were 42-60 nmole/wet g, 540-790
nmole/wet g, and 300-430 nmole/wet g, res-
pectively. Like to the brain contents, all the
renal contents were not significantly changed
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Fig. 3. Influences of hydrocortiso-ne, estradiol, DHEA,
and testosterone on the polyamine contents in
the liver of castrated and uncastrated mice.

after castration(Fig. 2).

However, in the uncastrated mice, E2 moder-
ately increased all the polyamine contents, and
dehydroepiandrosterone 250 mg/kg(DHEA) and
TS significantly increased renal PT content. In
the castrated mice, E2, DHEA, and TS caused
the greatly meaningful increases of all the renal
polyamines, comparing with their effects in the
uncastrated(Fig. 2)..

Effects of steroid on the hepatic polyamine
contents

After castration, the PT content slightly in-
creased and the SD rather increased slightly,
but the SM content showed significant increase
upto more than 142 %(Fig. 3). E2 markedly in-
creased the hepatic putrescine contents of un-
castrated and castrated mice upto 241.1 % and
245. 7 % of the control values, respectively(Fig.
3). TS and DHEA slightly increased hepatic PT

UNCASTRATED CASTRATED
500 ok Putrescine
—~
0]
2 2hu
0
c—t
-
pree)
£ 0
N
© 1500
[e)
£ . 5
£ 7s0 s =
" S S
5 S 3
[ & ®;
- 0 = K3
=
[}
&)
) 700
g =
£ 2
£
g =
’_‘Zw 350 ::0‘
2 :
B
B
0 bd

Fig. 4. Influences of hydrocortiso-ne, estradiol, DHEA,
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and SD contents of the uncastrated mice. And
in the castrated mice, HC slightly decreased the
SM content and DHEA significantly decreased
it(Fig. 3).

Effects of steroid on the intestinal polyamine
contents

After castration, like to the hepatic poly-
amine contents, the intestinal PT content signif-
icantly decreased, the SD content did not

showed any significant change, but the SM con-

tent significantly increased, comparing with the
values of uncastrated mice(Fig. 4). However,
HC greatly increased the intestinal PT contents
of uncastrated and castrated mice upto 167.1 %
and 149.0 % of the control values, respectively.
And the PT content of the castrated mice, un-
like to that of the uncastrated, was slightly in-
creased by E2 or DHEA(Fig,. 4).

DISCUSSION

Several reports suggest that the ODC and/or
SAM-DC activities were decreased in most of
organs after castration(Rui ef al., 1987; Fjosne er
al., 1988), and the castration effect was not af-
fected by E2 but prevented by DHEA(Rui ef al.,
1987). And cortisol and thyroxine depressed
ODC activity of the rat brain(Anderson and
Schanberg, 1975), but Ientile et al., (1988) report-
ed that corticosterone and dexamethasone in-
creased ODC and N'-acetylspermidine transfer-
ase activities of the rat brain in a dose-depen-
dent manner.

Recently, an our study(Choi et al., 1990)
showed that HC produced the markedly de-
creased activity of intestinal diamine oxidase
and the significant increase of intestinal PT
content, but the liver PT content was greatly in-
creased by E2 but not changed by HC. There-
fore, the present study was attempted to evalu-
ate the influences of several representative ster-
oids on the polyamine metabolism of brain, kid-
ney, liver, and intestine in uncastrated and cas-
trated male mice.

In this study, the brain polyamine contents of
uncastrated mice were little changed by HC, E2
DHEA, or TS and HC produced the moderate
decrease of PT content and the marked decreas-
es of the SD and SM. But E2 moderately in-

creased the PT content in brain of castrated
mice, and TS moderately increased the SM con-
tent.

These results are in agreement with the data
of Anderson and Schanberg(1975) but in con-
trast to the other(Ientile er al., 1988). In any
way, the inhibitory effect of HC on polyamine
metabolism gives an important meaning, in con-
sideration of the other previous reports demon-
strating the age-related diminitions of ODC
activity(Shain ef al., 1986; Rui and Purvis, 1987)
and the glucocorticoid suppression of lesion-in-
duced synaptogenesis(Scheff and Dekosky,
1989).

Meanwhile, in the uncastrated mice, the renal
PT content was significantly increased by
DHEA and TS, and the SD was moderately in-
creased by E2. But the increasing effects of the
steroids previously reported(Pegg at al., 1982;
Berger et al., 1984; Sertich and Pegg, 1984) were
markedly enhanced after castration, suggesting
that one or more of the regulatory mechanisms
such as catabolic activity(Seiler et al., 1983),
antizyme(Canellakis ef al., 1981; Tabor and
Tabor, 1984), antizyme inhibitor(Fujita et al.,
1983), and ODC phosphorylation(Mitchell et al.,
1990) may be disturbed in the kidney after cas-
tration, or the kidney of castrated mice may be
supersensitized to E2, DHEA, and TS(Shain ef
al., 1986).

In this study, the liver polyamine contents
were not affected by all steroids examined with
the except of the marked increase of PT content
induced by E2, as previously reported(Cohen et
al., 1970; Kaye et al., 1971; Choi et al., 1990).

By the way, the only PT content among intes-
tinal polymines were, unlike to those of the
liver, markedly increased by only HC but not
affected by the other steroids.

The results obtained in the present study are
consistent with previous papers of Choi ef al.
(1990) and other(Wing, 1988), demonstrating the
organ specificities in the steroidal regulation of
tissue polyamine metabolism.

But Karp et al. (1987) reported that HC in-
creased intestinal activity of diamine oxidase,
the major catabolic enzyme of polyamine, in
contrast to that of Choi et al. (1990).

In summary, the present results are suggesting
the organ specificities in the steroidal regula-
tion of tissue polyamine metabolsm, i.e; 1) in



castrated mice, the intestinal PT content may
be lower and the SM contents of liver and intes-
tine may be greater than those of uncastrated
mice; 2) HC induces the marked increase of in-
testinal PT content but does not change the
polyamine contents of brain, kidney, and liver,
however, in castrated mice, HC significantly de-
creases the brain PT content; 3) E2 induced the
marked increase of liver PT content with the
moderate increase of renal SD in uncastrated
mice, and E2 significantly increased the brain
and liver PT content and all the renal
polyamine contents in castrated mice; 4) both of
DHEA and TS increased more greatly all the
renal polymine contents of castrated mice than
those of uncastrated mice, and particularly, TS
increased the brain SM of castrated mice; 5) by
the way, all the renal polyamine contents are,
unlike to those of uncastrated mice, markedly
increased by E2, DHEA, or TS.

REFERENCES

Anderson TR and Schanberg SM: Effect of thyroxine
and cortisol on brain ornithine decarboxylase activity
and swimming behavior in developing rat. Biochem
Pharmacol 24: 495-501, 1975

Berger FG, Szymanski P, Read E and Watson G: An-
drogen-regulated ornithine decarboxylase mRN As of
mouse kidney. J Biol Chem 259: 7941-7946, 1984

Bondy SC and Walker CH: Polyamines contribute cal-
cium-stimulated release of aspartate from brain par-
ticulate fractions. Brain Res 37 1: 96-100, 1986

Caldarera CM, Pignatti C and Clo C: Polyamines in
cultured cells. In The Heart Cell in Culture. vol 2(ed.
A Pinson), CRC Press, pp 95-110, 1988

Caldarera CM, Tantini B, Pignatti C and Clo C: 4
possible involvement of polyamines in the regulation
of transmembrane signalling events. In The Biology
and Chemistry of Polyamines(ed. SH Goldemberg
and ID Algranati). IRL Press, pp 19-28, 1990

Canellakis NK, Theoharides TC, Bondy PK and
Triarhos ET: The role of calcium in the induction
of ornithine decarboxylase in rat HYC cells. Life Sci
29:707-710, 1981

Choi S-H, Lee H-J, Chun B-G and Chun Y-S: Influ-
ences of adrenoceptor blockades ard nifedipine on
polyamine metabolism in regenerating rat liver. Kor J
Pharmacol 25: 199-206, 1989

Choi S-H, Chun B-G, Kim N-H and Chun Y-S: Influ-
ences of hydrocortisone, DHEA, estradiol and testos-
terone on the hepatic and intestinal polyamine me-

tabolism of castrated mice. Kor J Pharmacol 26: 67-
76, 1990

Clo C, Tantani B, Coccolini MN and Caldarera CM:
Involvement of polyamines in cyclic AMP metabolism
in heart cell cultures. In Adv in Polyamine Res, vol 3
(ed. U Bachrach, A Kaye and R Chayen), Raven
Press, pp 333-345, 1981

Cohen S, O'Malley BW and Stastny M: Estrogenic in-
duction of ornithine decarboxylase in vivo and in
vitro. Science(NY) 70: 336-338, 1970

Fjosne HE, Strand H, Ostensen MA and Sunde A: Or-
nithine decarboxylase and S-adenosylmethionine de-
carboxylase activity in the accessory sex organs of
intact, castrated, and androgen-stimulated castrated
rats. Prostate 12: 309-320, 1988

Fujita K, Murakami Y and Hayashi S: 4 macromo-
lecular inhibitor of the antizyme to ornithine decar-
boxyase. Biochemn J 204: 647-652, 1982

Gilad GM, Dornay M and Gilad VH: Polyamine treat-
ment in early development leads to increased num-
bers of rat sympathetic neurons. Brain Res 384:363-
366, 1985

Gilad GM, Dornay M and Gilad VH: Increased num-
ber of sympathetic neurons with unchanged target
organ innervation after postnatal polyamine treat-
ment, Dev Brain Res 28: 163-168, 1986

Hosomi M, Stace NH, Lirussi F, Smith SM, Murphy
GM and Dowling RH: Role of polyamines in intes-
tinal adaptation in the rat. Eur J Clin Invest 17:
375-385, 1987

Ientile R, De Luca G, Di Giorgio RM and Macaione
S: Glucocorticoid regulation of spermidine acetya-
tion in the brain. J Neurochem 51: 677-682, 1988

Igbal Z and Koenig H: Polyamines appear to be second
messengers in mediating Ca** fluxes and neurotrans-
mitter release in potassium-depolarized synapto-
somes. Biochim Biophys Res Commun 133: 563-57 3,
1985

Jamdar SC: Glycerolipid biosynthesis in rat adipose tis-
sue. Arch Biochem Biophys 182:723-731, 1977

Jessen JR, Lynch G and Baudry M: Polyamines stimu-
late mitochondrial calcium transport in rat brain. J
Neurochem 48: 765-772, 1987

Karp WB, Robertson, AF and Kanto WP Jr: The ef-
Sect of hydrocortisone, thyroxine, and phenobarbital
on diamine oxidase activity in new born rat intestine.
Pediatr Res 21: 368-370, 1987

Kaye AM, Icekson I and Linder HR: Stimulation by
estrogens of ornithine and S-adenosylmethionine
decarboxylases in the immature rat uterus. Biochim
Biophys Acta 252: 150-159, 197 1

Kitada M, Igarashi K, Hirose S and Kitagawa H: In-
kibition by polyamines of lipid peroxide formation in
rat liver microsome. Biochim Biophys Res Commun



87: 388-394, 1979

Koenig H, Goldstone AD and Lu CY: §-Adrenergic
stimulation of Ca®* fluxes, endocytosis, hexose
transport, and amino acid transport in mouse kidney
cortex is mediated by polyamine synthesis. Proc Natl
Acad Sci USA 80:7210-7214, 1983

Koenig H, Goldstone AD and Lu CY: Polyamines are
intracellular messengers. in the (-adrenergic regula-
tion of Ca®* fluxes, [Ca** ], and membrane transport
in rat heart myocytes. Biochim Biophys Res Commun
153: 1179-1185, 1988

Koenig H, Fan CC, Goldstone AD, Lu CY and Trout
1J: Polyamine mediate androgenic stimulation of cal-
cium fluxes and membrane transport in rat heart
myocytes. Cir Res 63: 415-426, 1989

Law CL, Wong PCL and Fong WF: Effects of
polyamines on the uptake of neurotransmitters by
rat brain synaptosomes. J Neurochem 42: 870-872,
1984

Lindquist TD, Sturman JA, Gould RM and Ingoglia
NA: Axonal transport of polyamines in intact and
regenerating axons of the rat sciatic nerve. J
Neurochem 44: 1913-1919, 1985

Lundberg GA, Jergil B and Sundler R: Phospho-inosi-
tol-4-phosphate kinase from rat brain; activation by
polyamines and inhibition by phosphoinositol 4,5-
bisphosphate. Eur J Biochem 161: 257-262, 1986

Lundberg GA, Sundler R and Jergil B: Activation of
phosphatidyl-4-phosphate kinase in rat liver plasma
membrane by polyamines. Biochim Biopohys Acta
922: 1-7, 1987 '

Mitchell JLA, Hoff JA and Chen HI: Structural modi-
Sfications in ODC protein affecting its activity, stabili-
ty and antizyme binding. In the Biology and Chemis-
try of Polyaminested. SH Goldemberg and ID
Algranati), [RL Press, pp 16-70, 1990

Mustelin T, Poso H and Anderson LC: Role of G-pro-
teins in T cell activation: non-hydrolyzable GT P ana-
logues induce early ornithine decarboxylase activity
in human T lymphocytes. Embryo J 5: 3287-3290,
1986

Otani S, Matsui I, Kuramoto A and Morisawa S: In-
duction of ornithine decarboxylase in guinea-pig
lymphocytes; synergistic effect of diacyiglycerol and
calcium, Eur J Biockem 147: 27-31, 1985

Pegg AE, Seely JE, Poso H, Ragione FD and Zagon
IS: Polyamine biosynthesis and interconversion in ro-
dent tissues. Fed Proc 41: 3065-3072, 1982

Pegg AE: Recent advances in the biochemistry of
polyamines in eukaryotes. Biochem J 234: 249-262,
1986

Perin A, Sessa A and Desiderio MA: Polyamine levels
and diamine oxidase activity in hypertrophic heart of
spontaneously hypertensive rats and of rats treated

with isoproterenol. Biochim Biophys Acta 755: 344-
351, 1983

Perin A, Sessa A and Desiderio MA: Response of tis-
sue diamine oxidase activity to polyamine admi-
nistration. Biochem J 234: 119-123, 1986

Rui F and Purvis K: Independent control of citrate pro-
duction and ornithine decarboxylase by prolactin in
the lateral lobe of the rat prostate. Mol Cell
Endocrinol 52: 91-95, 1987

Rui H, Brekke I, Mrkas L and Purvis K: Androgen in-
teraction with the polyamine system of the rat pros-
tate. Andrologia 19: 134-142, 1987

Russell DH and Haddox MK: Cyclic AMP-mediated
induction of ornithine decarboxylase in normal and
neoplastic growth. In Adv. Enzyme Regul. vol 7(ed. G
Weber), Pergamon Press, pp 61-87, 1979

Scheff SW and Dekosky ST: Glucocorticoid suppres-
sion of lesion-induced synaptogenesis: effect of tem-
poral manipulation of steroid treatment. Exp Neurol
105: 260-264, 1989

Seiler N, Knodgen B, Bink G, Sarhan S and Bol-
kenius F: Diamine oxidase and polyamine catabo-
lism. In Adv in Polyamine Res, Vol 4(ed, U
Bachrach, A kaye and R Chayen), Raven Press, pp.
135-154, 1983

Sertich GJ and Pegg AE: Polyamine administration re-
duces ornithine decarboxylase activity without af-
Secting its mRNA. Biochim Biophys Res Commun
143: 424-430, 1987

Shain SA, Schiltz JJ and Lancaster CM: Aging in the
AXC/SSh rat: diminished prostate L-ornithine decar-
boxylase(ODC) activity reflects diminished prostate
ODC protein and transcript content. Endocrinology
119: 1830-1838, 1986

Spragg BP and Hutchings AD: High-performance lig-
uid chromatographic determination of putrescine,
spermidine and spermine after derivatization with 4-
fluoro-3-nitrobenzotrifluoride. J Chromatogr 258:
289-291, 1983

Tabor CW and Taber H: Polyamines. Ann Rev Biochem
53:749-790, 1984

Ulrich-Baker MG, Wang P, Fitzpatrick L and John-
son LR: Amiloride inhibits rat mucosal ornithine de-
carboxylase activity and DNA synthesis. Am J
Physiol 254: G408-G415, 1988

Waynforth HB: Orchiectomy(castration). In Experimen-
tal and Surgical technique in the rat. Academic
Press, pp. 160-161, 1980

Wing LY: Effect of estradiol on the activation of orni-
thine decarboxylase and S-adenosyl-methionine de-
carboxylase in tissues of ovariectomized rats. Chin J
Physiol 31: 95-103, 1988

Womble JR and Russell DH: Catecholamine-stimulat-
ed Brreceptors coupled to ornithine decarboxylase in-



duction and to cellular hypertrophy and prolifera- Bachrach, A. Kaye and R Chayen), Raven Press, pp
tion. In Advances in Polyamine Research. vol 4(ed. U 549-562, 1983

= 2L2E =

Glucocorticoid B 1 Steroid &0l 23k JI§ B BEIHBA B9
Polyamine 2| #H)ol A3+ #H5

HAH - H A . HEY - Hois

$A-0h-29] 73S diethyl etherm}3 alollAl A As)a, £%9) steroid FE-& 217 vl 13
A 447t etk o de] A 11412 Ao ¥, A%, 28 % &3] polyamines 7%
o b9l 43& Jgdrh

1. 23wl - 2(CM)A A, 2% putrescine(PTHe ¥ ZZHA-wp-2(UCM)ell ¥[3te] 2]
g A Hglen, 2 9 &Ake] spermine(SM)S 23] f-2l8hA ZrhElch

2. Hydrocortisone 50 mg/kgs UCMS £% PTE A3 Az o, CM o PT &5
< 2319 ez ;

3. Estradiol 5 mg/kge UCM®| 7+ PT @%& #xjs] ZF7HA17.2m, CMolA& 7+ PT %1t
ofbel 179 A polyamin TF-F719} ok, el ¥ W 2% PT-F7HE Hxskdch

4. Dehydroepiandrosterone 250 mg/kg(DHEA)$} testosterone 5 mg/kg(TS)y= UCMS] 7%
A7 PT 5t folsiAl F7M17ou, CMollAE 439 PT; spermidine(SD), 3 SM 258
o5 A3 F7M07L, okl DHEAY 7 SM9] 4%, TSt o SM9| #93 3718 f =
sk ch

olxfel Ang wv|Fo] Euj, 7+ 2 449 polyaminetl =3 PTEe] WHEL Z7t E2 9
HCell ©Jsled Ho} Bolqeg zdsiw, A9 polyamine thA:= AdsteroidEoll 2jste] okt
HiEe]Fl Fag Wb Aom AEW, RIAA|ots2e) vehbs HCOl 9 ¥ A
polyaminezta ¥ AsteroidEel 2%+ 4149 HpolyamineZF o] WH7j Ao g A7} glod
o} & 7o 2 g ¥rh



