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Summary. Variations in level of polyamines and their related enzymes
are frequently observed in response to some treatments which affect in a
different way male and female. The possibility of a gender-related difference
in the oxidation of polyamines was investigated in rats by measuring the
activity of polyamine oxidase, a ubiquitous enzyme of vertebrate tissues,
which transforms spermine into spermidine and spermidine into putrescine.
The study was carried out on thymus, spleen, kidney and liver of young rats
of both sexes, and female rats showed a lower polyamine oxidase activity
than male rats in all the tissues. We also found higher values of spermidine
acetylation in female than male rats in thymus and liver. Owing to
these gender-related differences, a higher spermidine N-acetyltransferase/
polyamine oxidase ratio was found in female than in male rats. A second
gender-related difference was a higher spermidine/spermine ratio in female
than in male, the only exception being the thymus. These basal differences
possibly account for the gender-related differences of polyamine metabolic
enzyme activities in response to some treatments, including drugs or
hormones.
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Introduction

It has been well established that intracellular polyamine content is
regulated by the activities of biosynthetic enzymes, ornithine decarboxylase
(EC 4.1.1.17, ODC) and S-adenosylmethionine decarboxylase (EC
4.1.1.50, SAMD), and of the catabolic enzyme spermidine/spermine N'-
acetyltransferase (EC 2.3.1.57, SAT) (Seiler, 1987; Porter et al., 1992; Casero
and Pegg, 1993; Seiler, 1995; Pegg et al., 1995). However, there is another step
of polyamine metabolism that involves oxidative deacetylation of monoacetyl
derivatives of polyamines by the action of the flavin-containing polyamine
oxidase (EC 1.5.3.3, PAO), the importance of which has only been recently
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assessed. However, changes in PAO activity have been demonstrated in
tissues during postnatal development or ageing and after treatment
with certain drugs, hormones or hyperplastic factors (Hayashi et al., 1989;
Sessa et al., 1995; Dimitrov et al., 1996; Ferioli et al., 1996). All these
data suggest an important role also for PAO in the regulation of intracellular
levels of polyamines, as previously postulated (Holttd, 1977, Morgan,
1981).

It is well known that there is a sexual dimorphism of the response to some
dietary, toxic or carcinogenic agents in female and male rats (Cameron et al.,
1990; Saito et al., 1991; Tessitore et al., 1992). However, although polyamines
play a role in all these conditions (Porter et al., 1992; Shappell et al., 1993),
the sex has been shown to have a considerable influence on polyamine
urinary excretion both in humans (Beninati et al., 1980) and in rodents
(Seiler et al., 1981), and it has been found that the therapeutic effect of
difluoromethylornithine (DFMO) was much better for female than for male
mice (Ask et al., 1992), most of the studies on polyamine metabolism carried
out on rats used male animals. When we compared the data in relation to sex,
differences in ODC activity, with higher values in males than in females were
found in rat kidney (Henningsson and Rosengren, 1975; Manteuffel-
Cymborowska et al., 1995) and liver (Richards, 1975). Moreover, the half-life
of ODC activity in vivo was slightly longer in male than in female mice
(Loeb et al., 1984; Murakami et al., 1988). More recently, Tanaka et al.
(1993) showed gender-related differences in ODC and SAT levels in liver
regeneration in ethanol-treated rats. In addition, female rats showed
higher basal values of SAT activity than male animals (Tanaka et al., 1993).
A sexual dimorphism in hepatic S-adenosylmethionine content and S-
adenosylmethionine synthetase activity, with higher values in female than
in male rats has been reported (Franchino et al., 1996). In rat thymus,
we found that prolactin induced SAT activity in male rats but had no
effect in female rats, and the basal thymic activity of the enzyme was higher
in female than in male rats (unpublished results). To investigate whether
there was also a similar gender-related difference for the second enzyme
of polyamine interconversion, i.e., PAO, in the present study the activity
levels of the two enzymes involved in the polyamine acetylation/oxidation
process were compared in some tissues of young male and female rats.
Polyamine levels were also determined in the same tissues of rats of both
sexes.

Materials and methods
Chemicals

[acetyl-1-“C]Acetylcoenzyme A (58 mC/mmol) was purchased from Amersham Inter-
national (Amersham, Bucks., UK). Polyamines and acetylpolyamines, in their HCI salt
forms, histones (calf thymus, Type AS-II), peroxidase, o-phthaldialdehyde and
octanesulfonic acid were from Sigma (St. Louis, MO, USA). HPLC-grade acetonitrile
was obtained from Merck (Darmstadt, Germany). All other chemicals were analytical-
grade products.
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Animals

Male and female Wistar rats (Nossan, Italy) were used in all experiments. Since it is
known that PAO activity changes during development (Hayashi et al., 1989), we used rats
about 2 months of age, i.e., when enzyme activity in the liver has reached a plateau level
(Bolkenius and Seiler, 1986). The animals were housed in a constant light-dark cycle
(light between the hours of 06.00 and 18.00) and temperature (23-25°C)-controlled room.
Laboratory chow and water were freely available. The rats were killed by decapitation,
and the tissues were excised as rapidly as possible and frozen at —80°C until the enzyme
determinations and polyamine levels were performed.

Assays of SAT activity

The tissues were homogenized in 10 vol of the medium as described by Matsui and Pegg
(1980). The cytosolic extract resulting from 1h centrifugation at 100,000 X g was used as
a source of enzyme, and the activity was determined at 30°C for 10 min by the measure-
ment of transposition of the acetyl radical of [acetyl-"*C] acetyl CoA into spermidine
according to the method of Matsui and Pegg (1980).

Assays of PAO activity

The tissues were homogenized in water (1:10, wt:v), and enzyme activity was assayed
at 37°C for 30min, according to the method described by Suzuki et al. (1984). H,O,
produced by the action of PAO on the substrate N'-acetylspermine was measured by
converting homovanillic acid into a highly fluorescent compound in the presence of
peroxidase.

Estimation of polyamine levels

The tissues were homogenized in 10 vol of 0.2N perchloric acid and then centrifuged at
3,000 X g for 30min. Portions of the supernatant were filtered with Millex-GS (0.22 um)
(Millipore) and analyzed for polyamines according to Loser et al. (1988) with a Perkin-
Elmer apparatus for HPLC.

Protein determination

Protein content was determined by the method of Geiger and Bessman (1972), using
crystalline bovine serum albumin as standard.

In the case of enzyme activities, the data were expressed as pmoles of N!-
acetylspermidine or of H,0, formed per mg of protein per min of incubation, for SAT and
PAO, respectively. Polyamine levels were expressed as nmoles per g of tissue.

Statistical analysis

The results are the means * S.E. The significance of differences in assay values was
evaluated by analysis of variance (ANOVA). Differences with P < 0.05 were considered
as significant.

Results

The activity levels of SAT in several tissues of young rats are shown in Fig. 1.
Each point represents the mean values of duplicate determinations on 8-10
animals. The enzyme activity in tissues of male rats was in accordance with
known data, with low levels of SAT activity in liver and high levels in kidney
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Fig. 1. SAT activity in tissues of male and female rats. Enzyme activity was measured as
described in “Materials and methods”. Data represent the mean values * S.E. of 8-10 rats
per group. **P < 0.001 vs. male rats

and spleen (Grillo et al., 1984). In addition, the thymus showed a high level of
SAT activity. Compared with male rats, female rats presented higher values of
SAT activity, particularly in thymus and liver, in which the enzyme activity
was significantly higher than in males. Thymus of female rats showed the
highest values of SAT activity among the tissues tested in both sexes. Our
results on SAT activity in liver are in agreement with those of Tanaka et al.
(1993), with significantly higher levels of enzyme activity in female than in
male rats. However, it is well known that the cytosolic fraction of rat tissue
homogenate contains some spermidine-acetylating proteins (which selectively
acetylate the N' terminus of spermidine) and others that prefer the N® termi-
nus of the polyamine and also acetylate histones (Libby, 1978; Seiler, 1987)
and the method used does not discriminate between these enzymes. It may
therefore be that in male and female rats there was a different ratio of the
specific and unspecific acetyltransferases. This may be particularly true in the
case of the liver, in which unspecific acetyltransferases account for a large part
of the so-called SAT activity (Pegg et al., 1985). Unfortunately, the specific
antiserum (Persson and Pegg, 1984), which was very useful to discriminate
authentic SAT in the case of induction of the enzyme in response to various
stimuli, cannot be used in basal conditions because of the very small amount
of protein in the resting state of the cells. Experiments were therefore carried
out to determine substrate specificity. The ability of thymus and liver, the
tissues showing a significant sex-related difference in spermidine acetylating
activity, from male and female rats to catalyse the acetylation of various
substrates is shown in Table 1. In our thymic and hepatic extracts, spermidine
was prevalently acetylated; histones (the preferred substrate of nuclear Né-
SAT (Libby, 1978; Wallace et al., 1992)) were also acetylated to a high degree,
whereas putrescine (another substrate for nuclear enzyme (Wallace et al.,
1992)) was only slightly acetylated in male and in female rats. These results
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indicate that two enzymes acetylating spermidine in the N' and the N® posi-
tion, respectively, were present in our cytosolic extracts, as previously re-
ported (Wallace et al., 1992; Ferioli et al., 1996).

The activity levels of PAO in several tissues of young rats is shown in Fig.
2. Also for this enzyme activity, each point represents the mean values of
duplicate determinations on 8-10 animals, or more in the case of the thymus.
The enzyme activity in tissues of male rats was in accordance with previously
reported data, with lower values among the tissues tested in the thymus
(Seiler et al., 1980). Female rats presented significantly lower values of
enzyme activity in all the tissues tested than male rats. Interestingly, when
SAT and PAO activities were different in male and female rats, as in the
thymus and the liver, the differences were contrasting, with higher SAT values
and lower PAO values in female than in male rats. Thus, the SAT/PAO ratio
in females was increased (about 3 fold) with respect to the same ratio in male
rats.

Table 1. Substrate specificity of spermidine N-acetyltransferase activity of thymus and
liver of rats in relation to the sex

Thymus Liver

Male Female Male Female
Spermidine 15.0 (100) 38.3 (100) 5.6 (100) 7.9 (100)
Putrescine 1.6 (10) 0.5 (1.3) 1.1 (20) 1.5(19)
Histones 9.4 (63) 27.0 (70) 4.2 (75) 6.5 (82)

Cytosolic extracts of tissues were incubated in the presence of 3mM polyamine or
histones (0.5mg/ml). The results are the means of three experiments. In parentheses the
percentage activity with respect to spermidine.
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Fig. 2. PAO activity in tissues of male and female rats. Enzyme activity was measured as
described in “Materials and methods”. Data represent the mean values = S.E. of 8-10rats
per group. *P < 0.05; **P < 0.0001 vs. male rats
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Table 2. Polyamine levels in tissues of male and female rats

Tissue Putrescine Spermidine Spermine
(nmol/g tissue)

Male Female Male Female Male Female

thymus 54 =27 75 = 43% 481 =28 417 =31 346 £ 22 337+ 32
spleen 12 21 26 =32%* 234 =25 352 + 58 266 £ 24 235 +£39
kidney 18+19 25+ 1.7*% 218 £13 296 +31* 246 £ 13 201 =23
liver 12+ 1.1 24 £ 1.1%¥ 390 =32 499 + 20%* 415 £34 258 & 42*

The results are expresses as mean values = S.E. of 8-10 rats. *P < 0.05, **P < 0.005 vs.
male rats.

Table 2 shows the levels of putrescine, spermidine and spermine in some
tissues of male and female rats. The major changes in polyamine levels were
found in putrescine, which was always significantly higher in female than in
male rats. With respect to spermidine, significantly higher values were ob-
served in liver and kidney of female than of male rats. A higher level of
spermine in female than in male rats was found in liver. All these results cause
a higher spd/sp ratio, which was about twice as high in female as that in male
rats in liver, kidney and spleen. In the thymus, however, spd/sp ratio was
about the same in males and females.

Discussion

Over the last few years, considerable interest has been directed to the cata-
bolic processes of polyamines, particularly the acetylation/oxidation step,
which is considered a means to adjust cellular polyamine levels according to
metabolic needs (Seiler, 1987; Porter et al., 1992; Shappell et al., 1993; Casero
and Pegg, 1993; Seiler, 1995; Pegg et al., 1995). In particular, as regards the
properties and the functions of PAO, the current knowledge has been summa-
rized in a recent review (Seiler, 1995).

The data presented here show that PAO activity, although present in all
tissues, was always lower in female than in male rats. More interestingly, the
two enzymes of the acetylation/oxidation process of polyamines, when com-
pared in relation to the sex of the animals, showed an opposite trend, with
higher SAT activity and lower PAO activity in female than in male rats. Very
few researchers have reported comparative data on polyamine metabolism in
relation to the sex of the animals. As regards ODC activity, there are some
conflicting data on this point. Lower ODC activity in liver, but not in kidney,
of female than male rats of the same age has been reported (Richards, 1975).
In contrast, by using a different rat strain, Tanaka et al. (1993) found higher
hepatic ODC activity in female than in male rats. Conversely, higher values of
ODC activity in males than in females have been shown in kidney
(Henningsson and Rosengren, 1975; Murakami et al.,, 1988; Manteuffel-
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Cymborowska et al., 1995). Among the few data on polyamine catabolism, a
gender-related difference in hepatic SAT activity, with female rats showing
higher basal values than male rats, has been reported (Tanaka et al., 1993),
although ethanol metabolism in vivo has been found not different between
the genders (Iimuro et al., 1997). The present results confirm the data of
Tanaka et al. (1993) on the sex-related difference in hepatic SAT activity and
extend the knowledge by reporting the same gender-related difference in the
activity of the second catabolic enzyme, PAO. This enzyme has been scarcely
investigated, in contrast to the key enzymes of polyamine biosynthesis and
SAT, and the availability of pure PAO from tissues other than the liver
(Holtta, 1977) would be of great interest in understanding the role of the
enzyme in polyamine metabolism, since changes in PAO activity in different
experimental conditions have been shown (Hayashi et al., 1989; Sessa et al.,
1995; Dimitrov et al., 1996; Ferioli et al., 1996). No reasons for the gender-
related differences in PAO activity can be given on the basis of the present
study. Although sex hormones may have a role in these gender-related differ-
ences in enzyme activities, we found the same differences in younger and
sexually immature rats (results not shown). Moreover, previous data showed
that in rat liver polyamine metabolism is not under estrogenic control
(Branham et al., 1988; Dimitrov et al., 1996). However, a similar gender-
related difference, with higher enzyme activity in male than in female rats has
been reported for other hepatic enzymes (Rikans et al., 1991; Catania et al.,
1995; Zhu et al., 1995). By using a polarographic method, Pavlov et al. (1991)
showed a relatively high level, but a different subcellular distribution, of PAO
activity in liver and kidney of female rats. Further investigations could take
into consideration this different subcellular distribution of the enzyme in
various tissues (Pavlov et al., 1991; Van den Munckhof et al., 1995), and also
the different level of its activity in male and female rats. For this purpose, the
contrasting results previously obtained in PAO activity after partial
hepatectomy or carbon tetrachloride by Holttd (1977) and Hayashi et al.
(1989) might be due not only to the difference in the enzyme preparations, but
also to the different sex of the rats used.

Our results are in agreement with the notion that PAO is not a rate-
limiting enzyme, because of its high activity in most tissues (Seiler et al., 1980).
One can suppose that in thymus and liver, which showed higher SAT activity
and lower PAO activity in female than in male rats, the relatively low level of
PAO in females seems to be sufficient to reconvert spermine and spermidine
to putrescine. This was suggested by the higher values of the diamine in
female rats, although female rodents presented a greater urinary excretion of
putrescine than male rats (Seiler et al., 1981). However, in female rats, PAO
activity was generally lower than in males, and in thymus and in liver SAT
activity was higher in females than in males, which resulted in a higher SAT/
PAO ratio in female than male rats. The higher SAT/PAO ratio represents
one of the gender-related differences observed and may be in part responsible
for the inability of some treatments (such as hormones and ethanol) known to
be active in male rats to induce SAT activity in female. More generally, the
higher SAT/PAO ratio and spd/sp ratio may contribute to the sexual dimor-
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phism of the response to toxic, proliferative or inhibitory agents in female and
male rats.

References

Ask A, Persson L, Heby O (1992) Increased survival of L1210 leukemic mice by preven-
tion of the utilization of extracellular polyamines. Studies using a polyamine-uptake
mutant, antibiotics and a polyamine-deficient diet. Cancer Lett 66: 29-34

Beninati S, Piacentini M, Spinedi A, Autuori F (1980) Urinary polyamine excretion in
man: I. Influence of sex and age. Biomedicine 33: 140-143

Bolkenius FN, Seiler N (1986) Developmental aspects of polyamine interconversion in rat
brain. Int J Dev Neurosci 4: 217-224

Branham WS, Leamons ML, Sheehan DM (1988) Estrogen- and antiestrogen-induced
ornithine decarboxylase activity and uterine growth in the rat. J Steroid Biochem 29:
153-159

Cameron RG, Blanck A, Armstrong D (1990) Sex differences in response to promotion
regimen in spite of common first cellular steps in the hepatocellular cancer process
initiated by diethylnitrosamine. Cancer Lett 5: 109-113

Casero RA Jr, Pegg AE (1993) Spermidine/spermine N'-acetyltransferase — the turning
point in polyamine metabolism. FASEB J 7: 653-661

Catania VA, Dannenberg AJ, Luquita MG, Sanchez-Pozzi EJ, Tucker JK, Yang EK,
Mattino AD (1995) Gender-related differences in the amount and functional state of
rat liver UDP-glucuronyltransferase. Biochem Pharmacol 50: 509-514

Dimitrov O, Pavlov V, Jotova I (1996) Effects of female sex hormones on polyamine-
oxidizing enzyme activities and polyamine concentrations in immature rat uterus and
liver. Experientia 52: 795-798

Ferioli ME, Sessa A, Tunici P, Pinotti O, Perin A (1996) Aging and polyamine acetylation
in rat kidney. Biochim Biophys Acta 1317: 15-18

Franchino C, Sesca E, Chiara M, Binasco V, Tessitore L, Pani P, Dianzani MU (1996)
Modulazione della S-adenosilmetionina sintetasi e del pool dei metili labili nel fegato
rigenerante in ratti maschio e femmina. Atti Soc Ital Patol, Ed. Cortina, Milano, p 105

Geiger PJ, Bessman SP (1972) Protein determination by Lowry’s method in the presence
of sulfhydryl reagents. Anal Biochem 49: 467-473

Grillo MA, Bedino S, Testore G, Pezzali D (1984) Regulation of spermidine
acetyltransferase activity in animal tissues. In: Caldarera CM, Bachrach U (eds)
Advances in polyamines in biomedical science. CLUEB, Bologna, pp 81-88

Hayashi H, Yoshida H, Hashimoto F, Okazeri S (1989) Changes in polyamine-oxidizing
capacity of peroxisomes under various physiological conditions in rats. Biochim
Biophys Acta 991: 310-316

Henningsson S, Rosengren E (1975) Biosynthesis of histamine and putrescine in mice
during post-natal development and its hormone dependence. J Physiol (London) 245:
467-479

Holtta E (1977) Oxidation of spermidine and spermine in rat liver: Purification and
properties of polyamine oxidase. Biochemistry 16: 91-100

Timuro Y, Frankenberg V, Arteel GE, Bradford BU, Wall CA, Thurman RG (1997)
Female rats exhibit greater susceptibility to early alcohol-induced liver injury than
males. Am J Physiol 272 (Liver Physiol 35): G1186-G1194

Libby PR (1978) Calf liver nuclear N-acetyltransferases: purification and properties of
two enzymes with both spermidine acetyltransferase and histone acetyltransferase
activities. J Biol Chem 253: 233-237

Loeb D, Houben PW, Bullock LP (1984) Two forms of ornithine decarboxylase activity
in mouse kidney. Mol Cell Endocrinol 38: 67-73

Loser C, Wunderlich U, Folsch UR (1988) Reversed-phase liquid chromatographic sepa-
ration and simultaneous fluorimetric detection of polyamines and their monoacetyl



Gender and polyamine catabolism 147

derivatives in human and animal urine, serum and tissue samples: an improved, rapid
and sensitive method for routine applications. J Chromatogr 430: 249-262

Manteuffel-Cymborowska M, Chmurzynska W, Peska M, Grzelakowska-Sztabert B
(1995) Arginine and ornithine metabolizing enzymes in testosterone-induced
hypertrophic mouse kidney. Int J Biochem Cell Biol 27: 287-295

Matsui I, Pegg AE (1980) Effect of thioacetamide, growth hormone or partial
hepatectomy on spermidine acetylase activity of rat liver cytosol. Biochim Biophys
Acta 833: 87-94

Morgan DML (1981) Polyamine oxidase and cellular interactions. Adv Polyamine Res 3:
65-73

Murakami Y, Marumo M, Hayashi S-I1 (1988) Ornithine decarboxylase antizyme in
kidney of male and female mice. Biochem J 254: 367-372

Pavlov V, Nikolov I, Damjanov D, Dimitrov O (1991) Distribution of polyamine oxidase
activity in rat tissues and subcellular fractions. Experientia 47: 1209-1211

Pegg AE, Erwin BG, Persson L (1985) Induction of spermidine/spermine N'-ace-
tyltransferase by methylglyoxal bis (guanylhydrazone). Biochim Biophys Acta 842:
111-118

Pegg AE, Poulin R, Coward JK (1995) Use of aminopropyltransferase inhibitors and non-
metabolizable analogs to study polyamine regulation and function. Int J Biochem Cell
Biol 27: 425-442

Persson L, Pegg AE (1984) Studies of the induction of spermidine/spermine NI-
acetyltransferase using a specific antiserum. J Biol Chem 259: 12364-12367

Porter CW, Regenas U, Bergeron RJ (1992) Polyamine inhibitors and analogues as
potential anticancer agents. In: Dowling RH, Folsch UR, Loser Chr (eds) Polyamines
in gastrointestinal tract. Kluwer, Dordrecht, pp 301-322

Richards JF (1975) Ornithine decarboxylase activity in tissues of prolactin-treated rats.
Biochem Biophys Res Commun 63: 292-299

Rikans LE, Moore DR, Snowden CD (1991) Sex-dependent differences in the effects of
aging on antioxidant defense mechanisms of rat liver. Biochim Biophys Acta 1074:
195-200

Saito R, Palomba L, Rao KN, Lombardi B (1991) Resistance of female Fischer-344 rats
to hepatonecrogenic and hepatocarcinogenic actions of a choline-devoid diet.
Carcinogenesis 12: 1451-1457

Seiler N (1987) Functions of polyamine acetylation. Can J Physiol Pharmacol 65: 2024
2035

Seiler N (1995) Polyamine oxidase, properties and functions. Progr Brain Res 106: 333~
343

Seiler N, Bolkenius FN, Knddgen B, Mamont P (1980) Polyamine oxidase in rat tissues.
Biochim Biophys Acta 615: 480488

Seiler N, Koch-Weser J, Knédgen B, Richards W, Tardif C, Bolkenius FN, Schechter P,
Tell G, Mamont P, Fozard J, Bachrach U, Grosshans E (1981) The significance
of acetylation in the urinary excretion of polyamines. Adv Polyamine Res 3: 197-
211

Sessa A, Tunici P, Ewen SWB, Grant G, Putzai A, Bardocz S, Perin A (1995) Diamine
and polyamine oxidase activities in phytohaemagglutinin-induced growth of rat small
intestine. Biochim Biophys Acta 1244: 198-202

Shappell NW, Fogel-Petrovic MF, Porter CW (1993) Regulation of spermidine/spermine
Nl-acetyltransferase by intracellular polyamine pools. Evidence for a functional role
in polyamine homeostasis. FEBS Lett 321: 179-183

Suzuki O, Matsumoto T, Katsumata Y (1984) Determination of polyamine oxidase activi-
ties in human tissues. Experientia 40: 838-839

Tanaka T, Kurai K, Kunitoh S, Kondo K, Goto Y, Kawai S, Warashina M, Yamashita T,
Toda T, Monna T, Nishiguchi S, Matsui T, Kuroki T, Otani S (1993) Gender-related
differences in the inhibitory effect on liver regeneration in alcohol-treated rats: study
of polyamine metabolism. Alcohol Alcohol [Suppl]1A: 15-20



148 M. E. Ferioli et al.: Gender and polyamine catabolism

Tessitore L, Pani P, Dianzani MU (1992) Mechanisms of the enhanced liver
carcinogenesis by choline in female rats: delay in liver growth after partial
hepatectomy and stimulation of 2-A AF mitoinhibition. Carcinogenesis 13: 1929-1932

Van den Munckhof RJM, Denyn M, Tigchelear-Gutter W, Schipper RG, Verhofstood
AAJ, Van Noorden CJF, Frederiks WM (1995) In situ substrate specificity and
ultrastructural localization of polyamine oxidase activity in unfixed rat tissues. J
Histochem Cytochem 43: 1155-1162

Wallace HM, Ball DE, Coleman CS (1992) Evidence for a cytosolic N8-spermidine
acetyltransferase in human colonic carcinoma cells. In: Dowling RH, Folsch UR,
Loser Chr (eds) Polyamines in the gastrointestinal tract. Kluwer, Dordrecht, pp 87-93

Zhu BT, Suchar LA, Gwynne M, Huang MT (1995) Effect of age and sex on the
inducibility of hepatic microsomal 4-eritrophenol UDP-glucuronyltransferase activity
in rats. Life Sci 57: 19-24

Authors’ address: Dr. Maria Elena Ferioli, Centro di Studio sulla Patologia Cellulare,
CNR, Via Mangiagalli, 31, 1-20133 Milano, Italy,
Fax 0039-2-26.681.092, e-mail: mafe@imiucca.csi.unimi.it

Received December 2, 1997



