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Abstract – We have previously shown that spermine, shortly after its ingestion, can induce the
alteration of the morphology of the small intestine of suckling rats. It was proposed that this alteration
is due to polyamine accumulation inside the epithelial cells. This could also be related to the fact
that the intestine of the suckling rat is in an immature state. To shed light on this issue, disaccharidase
and alkaline phosphatase activity assays, protein, DNA and RNA content measurements and
polyamine concentration analysis were performed on the small intestine of suckling and weaned
Wistar rats treated with spermine. Spermine did not induce the same intestinal alterations in weaned
rats compared to suckling animals. Indeed, in sucklings, spermine administration induced a decrease
of the protein, DNA, putrescine and spermidine intestinal content, suggesting a cell loss. The cell
loss impaired the activity of intestinal enzymes: lactase, maltase and alkaline phosphatase. In weaned
rats, the same treatment did not alter these parameters. Exogenous spermine by itself is not sufficient
to induce the alterations described here and previously. The maturity degree of the small intestine
could be the basis of this process.
spermine / suckling rat / weaned rat / cell loss / maturation / differentiation

1. INTRODUCTION
We have previously shown that exogenous spermine can induce morphological
and biochemical modifications in the small
intestine of suckling rats [1–3]. One of the
morphological changes observed is a decrease
of the villous height, confirmed by a decrease
of specific activities (SA) of disaccharidases as lactase and maltase. Sometimes this
modification is accompanied by a decrease
of DNA and protein content of the small
intestine [3]. At this time, we know that
these alterations are not due to cytotoxic
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products coming from the metabolisation of
spermine by polyamine oxidase [3], are not
reduced by cyclosporine A [4], and are
diminished by a zinc chelator (metalloproteinase inhibitor): o-phenanthroline [5]. It
has been suggested that the alteration observed
could be due to polyamine accumulation
inside the cells. We hypothesise here that
the state of maturation of the small intestine
plays a role in this phenomenon. This study
was performed to determine whether the
intestinal cells from weaned rats have the
same sensitivity to spermine as those from
suckling rats. Further studies, based on
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genomic and proteomic technologies, will
allow us to understand the mechanisms inducing these alterations.

2. MATERIALS AND METHODS
2.1. Animals
Wistar rats, housed in an air-conditioned
room at 23 °C with a 12-h (h) light-dark cycle,
were used throughout the study. They were
fed with A03 10 mm pellets (Animalabo,
Brussels, Belgium) and had water ad libitum. The litters were reduced to 10 pups per
lactating mother with free access between
the mother and pups. The day of birth was
designated as day 0 and at day 21 the animals were separated from the mother. In our
experiments, no distinction between genders was made, as no body weight difference exists between male or female pups.
Since it is known that experimental values
may vary from one litter to another, the comparisons of the results were always made
between animals from the same litter.
The animal welfare committees of the
University of Liege and of the FRSM
(“Fonds de la Recherche Scientifique Médicale”) approved the animal experiments.
2.2. Chemicals and equipment
All chemicals were bought from Sigma
Chemical Co. (St Louis, Mo, USA) or from
Merck (Darmstad, Germany). The spectrophotometer (Ultrospec plus) was from LKB.
The HPLC system was from Merck-Hitachi
as well as the HPLC column (Lichrocart).
2.3. Treatments
Spermine tetrahydrochloride was dissolved in 50 µL of water (αQ system, Millipore) for pups (11-day-old) and in 100 µL
for older rats (18-, 20-, 22- or 31-day-old).
It was administered orally (0.4 µmol·g–1 body
weight) as reported before [6]. Control ani-

mals of the same age were treated in the
same way, but received only the vehicle.
Six hours after spermine ingestion, the
animals were killed by beheading. The
small intestine was immediately removed.
The duodenum was removed and the remains
of the small intestine were divided into two
equal parts, the jejunum and the ileum. Each
part of the small intestine was flushed with
10 mL cold saline (NaCl 9 g·L–1; 4 °C) during 2 min, then homogenised in distilled
water (1 g wet weight·4.15 mL–1), using a
homogeniser (ultra-turrax, Ika). The lumen
contents and the homogenates of each parts
of the small intestine were kept in portions
maintained at –70 °C until analysis.
2.4. Protein content analysis
The protein content of the homogenates
was estimated by Bradford’s method [7],
using bovine serum albumin as the protein
standard. The results are expressed as mg
protein per g wet weight of the organ or as
mg per organ.
2.5. Disaccharidase activity analysis
Sucrase (EC 3.2.1.48), maltase (EC 3.2.1.20)
and lactase (EC 3.2.1.23) activities were
assayed according to Dahlqvist [8]. Enzyme
specific activities (SA) were expressed as
µmol substrate hydrolysed per min and per
g of intestinal proteins.
2.6. Alkaline phosphatase activity
analysis
Alkaline phosphatase (EC 3.1.3.1) was
assayed according to Millington [9]. Enzyme
specific activities (SA) were expressed as
µmol substrate hydrolysed per min and per
g of intestinal proteins.
2.7. DNA and RNA content analysis
DNA and RNA content were estimated
by Schneider’s procedure [10], using calf
thymus DNA or yeast RNA as the standard.
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Table I. Short-term effects of spermine administration in suckling (11-day-old) rats: protein, DNA
and RNA content of the small intestine 6 h after spermine ingestion.
Protein
mg·g–1 wet
weight
Jejunum
Ileum

Control (n = 3)

mg·g–1 wet
weight

mg·g–1
protein

RNA
mg·g–1
mg·g–1 RNA/DNA
wet weight protein

5.9 ± 1.2 51.7 ± 11.6

2.4 ± 0.7 20.9 ± 6.1 0.4 ± 0.2

SPM-treated (n = 3) 95.1 ± 10.1* 5.4 ± 1.0 57.9 ± 16.7

2.8 ± 0.9 28.8 ± 7.0 0.5 ± 0.3

Control (n = 3)

114.5 ± 2.9

DNA

128.4 ± 11.8

6.9 ± 2.6 55.1 ± 24.2

2.1 ± 0.5 16.1 ± 3.4 0.3 ± 0.1

SPM-treated (n = 3) 100.0 ± 20.6

6.7 ± 0.5 69.8 ± 19.5

2.0 ± 0.3 20.0 ± 1.5 0.3 ± 0.1

SPM = spermine; the results are expressed as mean ± S.D.; * P < 0.05.

The results are expressed as mg DNA or
RNA per g of organ wet weight, as mg per
g of intestinal protein, as mg per organ or
as RNA/DNA ratio.
2.8. Polyamine content
The polyamine content was measured by
HPLC [11]. The polyamines were dansylated [12] and subsequently separated on
a reversed-phase column. The results were
expressed as nmol per g wet weight, as µmol
per g intestinal protein or as nmol per organ.
Alternatively, polyamines were expressed
as nmol per mg DNA or RNA, or as the spermidine-spermine ratio. The jejunal and ileal
contents were freezed-dried; then polyamine
content was analysed as described above.
The results of the jejunum and the ileum
were combined and expressed as nmol. The
percentage of polyamine in the ileum was
calculated.
2.9. Statistical analysis
The results are reported as means with
their standard deviation (SD). A statistical
comparison between groups was performed
using a Student t-test for independent samples or the Student-Newman-Keuls method.
The Mann-Whitney U test was used when
heteroscedasticity was suspected.

3. RESULTS
3.1. Spermine administration
to suckling rats
In suckling rats, 6 h after spermine administration, body weight (18.25 ± 1.50 g in
control vs. 16.83 ± 1.04 g in treated; n = 3)
remained unchanged (P = 0.223), but jejunum (0.287 ± 0.018 g in control vs. 0.168 ±
0.027 g in treated, n = 3) and ileum (0.231 ±
0.022 g in control vs. 0.116 ± 0.003 g in
treated, n = 3) weight were significantly
reduced (respectively P = 0.001 and P =
0.034, n = 3).
In these 11-day-old rats, the protein content of the small intestine, expressed as a
quantity per wet weight of the organ, was
reduced (P = 0.013 in jejunum). DNA and
RNA contents expressed as a quantity per
wet weight of the organ or as a quantity per
g protein, and RNA/DNA ratio remained
unchanged (Tab. I).
In parallel, spermine administration induced
a significant decrease of lactase and maltase
SA in the jejunum and in the ileum as early
as 6 h after the beginning of the treatment
(Fig. 1). In the jejunum, sucrase SA was
higher in treated suckling rats than in control animals of the same age. In the ileum,
spermine treatment induced a significant
decrease of alkaline phosphatase SA.
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Figure 1. Disaccharidase and alkaline phosphatase SA in the small intestine of suckling (11- dayold) rats 6 h after spermine ingestion (n = 3). The results are expressed as mean ± SD; * P < 0.05;
** P < 0.01; *** P < 0.001.

In the jejunum and in the ileum of spermine-treated suckling rats, the putrescine
content of the small intestine, expressed as
nmol per g wet weight or as µmol per g protein was not significantly reduced, as compared to control pups (Tab. II). Spermidine
content of the small intestine, expressed as
nmol per g wet weight or as µmol per g protein, was not significantly reduced in the
jejunum. In the ileum, a significant increase
of spermidine content, expressed as µmol
per g protein, was observed after spermine
ingestion. This content remained unchanged
when expressed as nmol per g wet weight.
Spermine content was not significantly different between the two groups when expressed

as nmol per g wet weight (P = 0.059 in the
jejunum and P = 0.064 in the ileum). The
spermine content in the jejunum as well as
in the ileum, expressed as µmol per g protein, was significantly higher (2-fold increase)
in spermine-treated rats as compared to
controls. In the lumen of the small intestine,
putrescine and spermidine were mainly
located in the ileum and were not affected
by spermine administration. In the controls,
spermine was mainly located in the jejunum. Spermine ingestion led to a significant modification of the localisation of this
polyamine. Moreover, spermine administration significantly increased the polyamine
content in the small intestine lumen.
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Table II. Short-term effects of spermine administration in suckling (11-day-old) rats: polyamine content of the small intestine 6 h after spermine ingestion.
Putrescine

Jejunum

Ileum

Lumen

Spermidine

Spermine

nmol·g–1 wet

µmol·g–1

nmol·g–1 wet

µmol·g–1

weight

protein

weight

protein

3.2 ± 0.2

1070 ± 217

9.2 ± 2.0

731 ± 159

6.3 ± 1.5

2.6 ± 0.6

768 ± 71

8.1 ± 0.7

1162 ± 236

12.3 ± 2.9*

3.7 ± 1.2

1569 ± 69

12.3 ± 0.9

816 ± 251

6.3 ± 1.5

1.1 ± 0.9

1425 ± 313

15.8 ± 0.9*

Control 372.2 ± 17.6
(n = 3)
SPM-treated 250.8 ± 84.4
(n = 3)
Control 464.2 ± 152.9
(n = 3)
SPM-treated 232.1 ± 174.4
(n = 3)

nmol
% in ileum
Control
0.20 ± 0.12
100
(n = 3)
SPM-treated 0.13 ± 0.02
100
(n = 3)

nmol·g–1

wet
weight

1357 ± 29

nmol
% in ileum
0.07 ± 0.05 88.14 ± 20.54
0.10 ± 0.03 84.22 ± 22.14

nmol
1.07 ± 0.14

µmol·g–1
protein

15.3 ± 2.2*

% in ileum
34.54 ± 7.31

17.33 ± 2.45*** 74.25 ± 4.99**

SPM = spermine; the results are expressed as mean ± S.D.; * P < 0.05, ** P < 0.01, *** P < 0.001.

Table III. Short-term effects of spermine administration in suckling (11-day-old) rats: quantity of protein, DNA, RNA, putrescine, spermidine and spermine per organ 6 h after spermine ingestion.
Protein
mg·organ–1
Jejunum Control (n = 3) 32.91 ± 0.01

DNA
RNA
mg·organ–1 mg·organ–1
1.70 ± 0.43

0.69 ± 0.22 107.7 ± 10.5

SPM-treated 15.92 ± 0.02*** 0.92 ± 0.31* 0.46 ± 0.13
(n = 3)
Ileum

Control (n = 3) 29.81 ± 5.18

1.55 ± 0.44

Putrescine
nmol·organ–1

41.3 ± 11.3**

0.48 ± 0.16 102.9 ± 28.2

SPM-treated 11.68 ± 2.65** 0.78 ± 0.04* 0.23 ± 0.04* 12.0 ± 11.3*
(n = 3)

Spermidine
nmol·organ–1

Spermine
nmol·organ–1

310.8 ± 72.2

213.8 ± 62.6

128.3 ± 8.2*

199.2 ± 64.7

353.7 ± 47.4

187.5 ± 78.8

165.7 ± 42.8* 157.2 ± 9.6

SPM = spermine; the results are expressed as mean ± S.D.; * P < 0.05; ** P < 0.01; *** P < 0.001.

When expressed as a weight per organ,
protein, DNA, putrescine and spermidine
decreased significantly in the jejunum of
the spermine-treated pups (Tab. III). A significant decrease was also observed in the
ileum for proteins, RNA, DNA, putrescine
and spermidine.
3.2. Spermine administration
to weaned rats
In weaned rats, 6 h after spermine administration, body weight (46.75 ± 1.39 g in

controls vs. 45.50 ± 1.50 g in treated; n = 5)
and organ weight remained unchanged (jejunum: 0.96 ± 0.10 g in control vs. 0.89 ±
0.10 g in treated; n = 5 and ileum: 0.84 ±
0.04 g in controls vs. 0.80 ± 0.06 g in
treated; n = 5).
In 31-day-old rats, the RNA/DNA ratio
(Tab. IV) remained unchanged after spermine administration as well as protein, RNA
and DNA content in the jejunum (Tab. IV).
In the ileum, these parameters were not
affected by spermine ingestion, except for

358

O. Peulen et al.

Table IV. Short-term effects of spermine administration in weaned (31 day-old) rats: protein, DNA
and RNA content of the small intestine 6 h after spermine ingestion.
Protein
mg·g–1

wet
weight

Jejunum

Control (n = 3)

113.8 ± 17.2

SPM-treated (n = 3)117.5 ± 9.5
Ileum

Control (n = 3)

DNA
mg·g–1

wet
weight

RNA
mg·g–1

mg·g–1 wet

mg·g–1

protein

weight

protein

RNA/DNA

18.97 ± 1.23 169.7 ± 31.6 1.66 ± 0.19 14.83 ± 3.55 0.087 ± 0.013
19.26 ± 2.47 165.7 ± 35.8 1.68 ± 0.28 14.44 ± 3.62 0.087 ± 0.004

110.9 ± 8.6

17.62 ± 0.32 159.4 ± 10.7 1.64 ± 0.05 14.81 ± 0.67 0.093 ± 0.002

SPM-treated (n = 3)110.7 ± 8.8

18.99 ± 0.74* 172.6 ± 20.4 1.57 ± 0.06 14.17 ± 0.74 0.082 ± 0.007

SPM = spermine; the results are expressed as mean ± S.D.; *P < 0.05.

Figure 2. Disaccharidase and alkaline phosphatase SA in the small intestine of weaned (31-dayold) rats 6 h after spermine ingestion (n = 3). The results are expressed as mean ± S.D.; * P < 0.05.

the DNA content, which was slightly but
significantly (P = 0.043) increased.
In these weaned rats, spermine administration affected neither lactase, sucrase or

alkaline phosphatase SA in the jejunum, nor
maltase, sucrase or alkaline phosphatase SA
in the ileum (Fig. 2). In the jejunum, maltase
SA and in the ileum, lactase SA were
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Table V. Short-term effects of spermine administration in weaned (31-day-old) rats: polyamine content of the small intestine 6 h after spermine ingestion.
Putrescine

Jejunum

Ileum

Control
(n = 3)
SPM-treated
(n = 3)
Control (n = 3)
SPM-treated
(n = 3)

Spermidine

Spermine

nmol·g–1

µmol·g–1

nmol·g–1

µmol·g–1

wet weight

protein

wet weight

protein

282.4 ± 72.2

2.6 ± 1.0

1274 ± 109

11.4 ± 8.8

579.6 ± 30.8

5.17 ± 0.81

254.2 ± 33.5

2.2 ± 0.5

1134 ± 206

9.6 ± 4.5

560.9 ± 109.0

4.75 ± 0.63

225.4 ± 53.1
321.5 ± 87.9

2.0 ± 0.3
2.9 ± 0.8

1218 ± 27
1261 ± 177

11.0 ± 0.6
11.4 ± 1.1

566.4 ± 21.2
654.5 ± 11.4**

5.12 ± 0.30
5.94 ± 0.44

nmol
% in ileum
nmol
% in ileum
Lumen Control (n = 3) 70.4 ± 26.8 83.29 ± 5.25 241.3 ± 70.3 85.04 ± 7.15
SPM-treated 66.2 ± 28.0 84.93 ± 1.60 166.4 ± 41.3 88.45 ± 3.36
(n = 3)

nmol·g–1
wet weight

µmol·g–1
protein

nmol
% in ileum
59.3 ± 11.2
84.72 ± 8.66
279.6 ± 174.9** 86.74 ± 7.52

SPM = spermine; the results are expressed as mean ± S.D.; ** P < 0.01.

Table VI. Short-term effects of spermine administration in weaned (31-day-old) rats: quantity of protein, DNA, RNA, putrescine, spermidine and spermine per organ 6 h after spermine ingestion.
Protein
mg·organ–1
Jejunum

Control (n = 3)

DNA
mg·organ–1

198.9 ± 38.7 34.6 ± 12.3

SPM-treated (n = 3) 234.6 ± 34.8 38.4 ± 5.9
Ileum

RNA
Putrescine
Spermidine
Spermine
mg·organ–1 nmol·organ–1 nmol·organ–1 nmol·organ–1
3.0 ± 1.2

531.4 ± 59.9

2327 ± 830

1050 ± 343

3.3 ± 0.7

504.5 ± 52.3

2284 ± 625

1130 ± 326

211.9 ± 11.0 33.8 ± 2.1

3.1 ± 0.2

428 ± 77

2336 ± 181

1084 ± 45

SPM-treated (n = 3) 211.8 ± 43.8 36.2 ± 6.2

3.0 ± 0.5

531 ± 80

2395 ± 182

1249 ± 193

Control (n = 3)

SPM = spermine; the results are expressed as mean ± S.D.

slightly but significantly increased (respectively P = 0.050 and P = 0.048) after spermine treatment.
Putrescine and spermidine contents of
the jejunum and ileum were not affected by
spermine administration (Tab. V). In the jejunum, spermine content remained unchanged
after the treatment, but in the ileum, spermine content increased significantly when
expressed as nmol·g–1 wet weight. In the
lumen of the small intestine, putrescine and
spermidine content were not affected by the
administration of spermine. A significant
increase of spermine was noticed in the
lumen after this treatment. All the polyamines

were mainly located in the lumen of the
ileum, and the location was not affected by
spermine administration.
When expressed as a weight per organ,
protein, RNA, DNA, putrescine, spermidine
and spermine remained unchanged in the
jejunum and in the ileum after spermine ingestion (Tab. VI).
Disaccharidase activities were analysed
in the jejunum and ileum of 11, 18, 20, 22
and 31 day old rats, 6 h after spermine ingestion (Fig. 3). The activities of disaccharidases were lower than the control in spermine-treated rats until the age of 20 days.
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Figure 3. Lactase, maltase and sucrase SA in the jejunum (left panel) and ileum (right panel) of
rats of different ages (D11, 11-day-old; D18, 18-day-old; D20, 20-day-old; D22, 22-day-old; D31,
31-day-old) 6 h after spermine ingestion (n = 1 for D22, n = 3 for D11 and D31, n = 5 for D18 and
D20). The results are expressed as µmol/min·g protein; * P < 0.05; ** P < 0.01; *** P < 0.001.
Statistics were preformed using the Student-Newman-Keuls method.

4. DISCUSSION
Our results show that, 6 h after its ingestion, spermine (0.4 µmol·g–1 body weight)
induced a drastic decrease of lactase and
maltase SA in suckling rats (Fig. 1). This

decrease occurred in the jejunum and in the
ileum. A decrease of alkaline phosphatase
was also observed in the ileum. Kaouass
et al. [3] showed that a reduction of the villous height and a loss of epithelial cells
occur 8 h after spermine administration.

Short-term effects of spermine ingestion

This loss is accompanied by an increase of
lactase and maltase SA in the chyme. However these authors did not estimate sucrase
SA [3]. In our study, we show that sucrase
SA was increased after spermine administration. We hypothesise that this fact is due
to the localisation of the enzyme in the
crypt-villous axis. Indeed, in situ hybridisation showed that sucrase-isomaltase mRNA
is located at the crypt-villous junction and
in the lower to mid-villous region [13]. If
the upper part of the villous is removed by
spermine treatment, the activity of this
enzyme expressed per organ is the same,
but its SA is increased. We suggest that the
decrease of the alkaline phosphatase SA is
also due to the reduction of the villous
height, already demonstrated by the decrease
of lactase and maltase SA.
In 31-day-old rats, spermine administration did not change intestinal enzymatic
parameters, except slightly for lactase and
maltase (respectively P = 0.050 and P =
0.048) (Fig. 2). These changes do not suggest a cell loss of the small intestine, since
there was an increase of the SA.
If a cell loss occurs in the small intestine,
all biochemical parameters (protein, DNA…)
are influenced by the phenomenon. Thus,
the best reference to study the cell loss is the
organ itself, while the best reference to
study intracellular events is probably the
protein or DNA content. In suckling rats,
the protein, DNA, RNA, putrescine and spermidine content, expressed as weight per organ
(Tab. III), as well as the organ wet weight
itself, decreased drastically after spermine
ingestion. These decreases support a loss of
cells in the intestinal lumen, a phenomenon
already proven by histological observations
[1–3].
The spermine content of the organ remained
unchanged, suggesting that the spermine
ingestion and the subsequent uptake of this
molecule by the surviving cells hide the loss
of spermine in the lumen. Indeed, luminal
spermine uptake by enterocytes has already
been largely documented [14]. This uptake
and the subsequent transport in the portal
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vein are rapid (< 1 min), as shown in an exvivo model of the rat small intestine [15]
and in a rabbit isolated brush border membrane model [16]. In the rabbit, the brush
border membrane contains several ligand
specific sites for polyamine binding [17]
probably involved in the uptake of these
compounds. However, to our knowledge,
no differences have been described between
suckling and weaned rats regarding polyamine
uptake.
The increase of the spermine content in
the lumen and its main location in the ileum
(Tab. II) supports the hypothesis that the
exogenous polyamine was in the intestinal
lumen and had already passed through the
jejunum. The spermine absorption by surviving cells is supported by the increase of
spermine content, expressed as µmol per g
protein (Tab. II). In weaned 31-day-old rats,
all these parameters (protein, DNA, RNA,
putrescine and spermidine content expressed
as weight per organ) remained unchanged
(Tab. VI), suggesting that the small intestine keeps its integrity even if spermine has
reached the lumen of the small intestine, as
shown by the increase of spermine content
in the lumen.
Spermine-induced cell loss is not due to
cytotoxic products [18] coming from the
metabolisation of spermine by polyamine
oxidase [3]. Indeed, pre-treatment with
MDL72527, a polyamine oxidase inhibitor,
does not reduce the cell loss. Cytotoxic
products could come from diamine oxidase
activity. However, the activity of this enzyme
is very weak in the small intestine mucosa
of sucklings [19]. The cell loss could also
be due to: (1) a secondary agent, such as
TNF-α [20, 21] or corticosterone [22],
observed in plasma shortly after spermine
ingestion [23, 24], (2) apoptosis directly
induced by spermine [25–29] or (3) cell
detachment from the basal membrane by
activation collagenase [30]. In a previous
study, we showed that the activation of
metalloproteinase is the most likely hypothesis [5]. Meprin, a zinc-metalloendopeptidase, is a good candidate, since it is expressed
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in intestinal epithelial cells [31] and in lamina propria leukocytes [32]. Moreover, before
weaning, meprin expression is induced by
glucocorticoids [33]. Meprin is classified in
the astacin family of metalloendopeptidases
containing an HEXXHXXGFXHE zincbinding motif [34]. Based on other members of the astacin family, proposed functions include the degradation of extracellular matrix proteins [35, 36] and the regulation
of the development [37, 38]. The metalloproteinase involved could also be contained
in the milk [39].
Analyses of disaccharidase activities 6 h
after spermine ingestion in rats from 11 to
31 days old (Fig. 3) show that spermineinduced cell loss is age-dependent. Cell loss
stops occurring at weaning time (20 days).
This difference between suckling and
weaned rats can be explained by the natural
decline of the meprin alpha subunit after
weaning [40] or by the cessation of milk
intake. However, at this point we are unable
to exclude a specific intrinsic sensitivity of
the cells due to polyamine uptake or metabolism. Indeed, ODC activity is increased
during natural weaning [19, 41] and precocious weaning [42], leading to an increase
of polyamine concentration in cells. The accumulation of dietary and exogenous polyamine
could induce cell death [26]. However,
other information regarding the difference
in polyamine metabolism between suckling
and weaned rats is not available.
In conclusion, 31-day-old rats are not
sensitive to exogenous spermine, as are
suckling rats. This could be explained by a
proteinase-mediated process or by an accumulation of polyamine inside the cell of the
suckling.
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