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Effects of soy protein diet on digestive lumenal
polyamines and colonic cell proliferation in pigs
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Abstract - This study was performed to determine whether erythrocyte and digestive lumenal
polyamine concentrations are affected by a soy protein diet when compared to a casein diet. We
also determined the effects of these diets on colonic cell proliferation. Sixteen pigs received either a
16 % soy protein or casein diet for 25 days. The erythrocyte putrescine was higher in pigs fed the soy
protein diet. Significant levels of polyamines were observed in the digestive lumen on both diets. Lume-
nal putrescine and cadaverine were higher in the proximal colon in the casein group. Lumenal sper-
midine was higher in the caecum and colon in the soy protein group. No significant differences in the
ornithine decarboxylase activity nor in the proliferative cell nuclear antigen labelling index were
observed in the colonic mucosa regardless of the regimen. These results indicate that the dietary
source of protein induces significant changes in lumenal polyamines in the colon. The physiological
effects of these changes need to be further investigated. @ Inra/Elsevier, Paris.
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Résumé &horbar; Effets d’un régime à base de protéines de soja sur les taux digestifs de polyamines
et la prolifération cellulaire colique chez le porc. Les effets d’un régime à base de protéines de soja
sur les concentrations globulaires et luminales digestives de polyamines ainsi que sur la prolifération
cellulaire colique ont été évalués chez le porc en comparaison avec un régime à base de caséine
(n = 8 par groupe). Les taux globulaires de putrescine étaient plus élevés dans le groupe soja. Des taux
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notables de polyamines ont été détectés dans la lumière intestinale et dans la lumière colique. Dans
le côlon proximal, les concentrations de putrescine et de cadavérine étaient plus élevées dans le
groupe caséine tandis que la concentration de spermidine était plus élevée dans le cxcum et le côlon
proximal du groupe soja. Aucune modification significative de la prolifération cellulaire colique n’a
été observée en fonction du régime. Cette étude a mis en évidence des modifications des taux glo-
bulaires et luminaux coliques de polyamines en fonction de la source protéique alimentaire dont les
conséquences physiologiques éventuelles restent à préciser. &copy; Inra/Elsevier, Paris.

protéines de soja / polyamines / côlon / proliferation cellulaire / porc

1. INTRODUCTION

The polyamines putrescine, spermidine
and spermine are small polycationic
molecules involved in a variety of cellular
processes such as replication and transcrip-
tion as well as cell proliferation and differ-
entiation [17]. Cells possess two different
pathways to regulate their polyamine con-
tents, one is by enzymatic synthesis and
interconversion and the other is by mem-
brane exchange as the resultant of uptake,
adhesion, absorption, transport and excre-
tion [27]. The intestinal tract plays a cen-
tral role in polyamine supply and home-
ostasis in the body. Polyamines enter the
gastrointestinal tract from several sources,
including the diet, digestive secretions, exfo-
liated cells and microflora synthesis [2, 21]. ].
Secreted endogenous polyamines and dietary
polyamines are progressively absorbed along
the intestine. Lumenal and endogenous
polyamines may be used by the mucosa and
small intestinal growth is stimulated after
putrescine infusion into the rat small intes-
tine [25]. In this regard, lumenal polyamines
may be the primary source of extracellular
polyamines for tumour growth in tumour-
bearing rodents [5, 26]. Because of this evi-
dence indicating that polyamines are nec-
essary for optimal cell proliferation, a further
investigation of the role of dietary compo-
nents in the modulation of intestinal lumenal

polyamine levels is important. Among nutri-
ents, the specific role of dietary protein in
intestinal polyamine metabolism is poorly

known. Protein, an essential nutrient, affects
many metabolic processes that are directly
and indirectly related to tissue growth.
Experimental studies suggest that soy pro-
tein may affect intestinal morphology and
function [18, 28] as well as colonic cell pro-
liferation and the development of intestinal
tumours induced by dimethylhydrazine [7,
15, 19]. Furthermore intestinal epithelial
cells possess high arginase activity, which
converts L-arginine to L-ornithine, and are
able to synthesise polyamines from amino
acid precursors [4, 22, 29]. The present study
is aimed at comparing intestinal and colonic
lumenal polyamine concentrations as well as
erythrocyte concentrations in pigs fed either
a soy protein diet or a casein diet for 25 days.
The colonic cell proliferation was also
assessed by both the proliferative cell
nuclear antigen (PCNA) technique and by
determining the ornithine decarboxylase
(ODC) activity.

2. MATERIALS AND METHODS

2.1. Animals and diets

Sixteen castrated male large white pigs with
an initial body weight of 35 ± 0.6 kg were housed
in individual pens (1.5 x 1.8 m) in a nursery
maintained at 24-26 °C. They were allowed
water ad libitum. The experimental diets were
prepared by Inra (APAE, Jouy-en-Josas, France).
They contained 16 % of either casein or soy pro-
tein with the soy concentrate containing 66 %
protein and 19 % fibre (Central Soy, Aarhus,
Denmark) (table n. The amounts of putrescine,



spermidine and spermine were 0.15, 0.09 and
0.01 pmoles-g-I in the casein diet, respectively,
and 0.67, 4.18 and 0.35 pmoles-g-I in the soy
protein diet, respectively. Traces of cadaverine
were observed in the soy protein diet. All pigs
were fed the 16 % casein diet twice daily at 09.00
and 17.00 hours (800 g/meal) for 1 week before
the study period. After this period, they were
randomly divided into two groups and were fed
either the 16 % casein diet (n = 8) or the 16 %
soybean protein diet (n = 8) twice daily at 09.00
and 17.00 hours (800 g/meal) for 25 days. The
mean weight increase of the animals during the
study period (720 g/day) and the final weight
(54.3 ± 1.8 kg for pigs fed casein and 52.9 ± 1.5
kg for pigs fed soybean protein) did not vary,
regardless of the regimen. All experiments were
conducted according to the guidelines for care
and use of laboratory animals.

2.2. Experimental procedure

The experiments were performed after an
overnight food deprivation in order to avoid any
acute change in polyamine metabolism induced
by refeeding. The pigs were anaesthetised and
assisted respiration was maintained during the
entire surgical procedure. The abdominal cavity
was opened, and the jejunum, ileum, caecum,
proximal colon and distal colon were ligated both
at their proximal and distal ends. The mesentery
was cut and each segment was quickly removed.
The luminal contents were then pressed out of
the intestinal segments, immediately frozen at
- 30 °C and then freeze-dried. Duplicate tissue

samples were prepared from each segment. The
first portion was fixed in a 10 % phosphate-
buffered formalin for standard histological exam-
ination and immunohistochemistry. The mucosa
of the second portion was scraped with a glass
slide and immediately frozen in liquid nitrogen,
then stored at -70 °C until ODC analysis. Periph-
eral blood samples were collected prior to the
procedure. Portal blood samples were collected
at the beginning of the surgical procedure.

2.3. Polyamine measurement

Washed erythrocytes were prepared for the
polyamine assay, as previously described [20].
Erythrocyte and luminal polyamines were
assayed in 1 mL of perchloric acid extract by a
dansylation procedure and were then analysed
by HPLC using a Waters gradient HPLC system
with a 5-pm reverse phase CI8 column (Paris,
France) and a fluorescence detector (Waters 420),
as previously described [23]. The compounds
were identified by their relative retention times
and quantified by comparing peak areas to those
of known amounts of 1,6 diaminohexane used
as an internal standard. Peak area responses were
linear over the test range.

2.4. ODC assay
and protein determination

The activity of the enzyme ODC was assayed
by a radiometric technique in which 14CO was



liberated from L-[1-’4C]-ornithine [11]. Briefly,
50-60 mg of tissue specimens were homo-
genised, with a polytron, at 0-4 °C in 1 mL
25 mmoLL-’ Tris-HCI buffer, pH 7.5 containing
2.5 mmol-L-1 dithiotreitol, 0.1 1 mmol-L-1 EDTA
and 0.2 mmol-L-’ pyridoxal phosphate. The
homogenate was centrifuged at 3 000 g for
20 min and 200 pL of the supernatant was incu-
bated for 2 h in a 37 °C gyrotory shaker bath
with 25 mmol-L-1 Tris-HCI pH 7.5, 2.5 mmol .L!l I
dithiotreitol, 0.1 1 mmol-L-’ EDTA, 0.2 mmol-L-’
pyridoxal phosphate and 10 mmol’L’’ L-omithine
using L-[l-’’*C]-omithine (57 mCi/mmol, Amer-
sham, UK) as a tracer. Assays were performed in
stoppered Erlenmeyer flasks fitted with a centre
well containing 0.5 mL of (3-phenylethylamine in
order to trap the released 14C02. The reaction
was stopped by injecting 80 uL of 0.4 M HC104*
The flasks were shaken for an additional hour in
order to ensure complete recovery of the released
C02 in (3-phenylethylamine. The well contents
were then added to 6 mL of Dynagel and the
radioactivity was determined using a Beckman
LS 9000 scintillation counter. Values were cor-
rected for the counts in blanks without the

enzyme. All assays were performed twice. Enzyme
activity was expressed as pmoles ’!CO! formed
per hour per mg of protein tissue. Protein con-
centration was assayed according to the Brad-
ford method [6], using bovine serum albumin as
the standard.

2.5. PCNA protocol

For the PCNA immunoreaction, distal colonic
tissue specimens were fixed overnight in a 10 %
buffered formalin, then flattened, orthogonally
sectioned and paraffin-embedded. Before estab-
lishing the final protocol, various tissue fixation
methods were compared to investigate their influ-
ence on staining intensity. As an alternative to
10 % buffered formalin, biopsy samples were
also fixed for 18-24 h in Bouin solution, 70 %
ethanol and absolute methanol. Proliferative cells
were labelled by immunohistochemistry with a
mouse monoclonal antibody against PCNA
(PC 10, IgG2a, Kappa-Dako, Trappes, France).
This isotype is known to react with PCNA from
all vertebrate species and our preliminary tests
confirmed the ability of the antibody to label the
proliferative compartment in pits and in the lym-
phoid follicles of the pigs’ intestine. A strepta-
vidin-biotin-peroxidase method was used to
reveal the reaction. Paraffin sections (4 !Lm) were
dewaxed in xylene and progressively rehydrated

through graded ethanol to a 50 mmol-L-1 Tris
buffered saline solution (TBS) pH 7.4. Endoge-
nous peroxidase activity was blocked by adding
3 % hydrogen peroxide (HP2) for 10 min. After
rinsing once in distilled water, then twice in TBS
for 5 min, the slides were placed in normal serum
for 15 min. They were then incubated for 30 min
with the PC10 antibody and diluted 1/20 in TBS
pH 7.5 containing 1/20 normal goat serum
(Dako). The antibody reaction was accessed with
a labelled streptavidin-biotin kit (LSAB, Dako)
according to the manufacturer’s instructions and
visualised with a substrate solution containing
0.01 % 3,3-diaminobenzidine (Dako) and 0.02 %
H202 in TBS pH 7.6. After being washed in dis-
tilled water, the slides were dehydrated and coun-
terstained in Mayer’s haematoxylin for a few
seconds and mounted using a synthetic mounting
medium (Histolabs, Sweden). Slides were viewed
using a Zeiss microscope together with a com-
puted image analyser (Biocom 2000, France) at
x 200. At least eight well-oriented crypts were
counted from each sample. The crypt columns
were merged into a single histogram and then
divided into three regions, the lowest third of the
crypt being region 1, the middle third region
2 and the upper third including the luminal sur-
face region 3. A cell was scored as ’positive’ for
PCNA when the nucleus was distinctly brown
stained. The labelling index was determined by
calculating the ratio of the number of positive
cells to the total number of cells, both in the
whole crypt and in each region. A human node
with follicular lymphoid hyperplasia was
included in each trial as a positive control. The
same pig colonic sample was also included in
each trial for standardisation purposes. Further-

more, all slides were counted twice by the same
observer to minimise any intra-observer varia-
tion.

2.6. Statistical analysis

Data are given as means ± SEM. The statis-
tical significance of the results was evaluated
using the non-parametric Mann-Whitney ranking
test and the ANOVA procedure with a posteriori
contrast using Scheffe’s test whenever relevant.
All of these procedures were performed with
Statview (Abacus Concept, USA). Differences
with a P level lower than 0.05 were considered to
be significant.



3. RESULTS

3.1. Erythrocyte polyamines

The levels of putrescine, spermidine and
spermine were measured in the erythrocytes
from both peripheral and portal blood in
both groups of pigs after being deprived of
food overnight (table II). The origin of the
blood samples did not significantly affect
the erythrocyte polyamine concentration but
for both diets the putrescine content was
higher and spermine content lower in periph-
eral blood than in portal blood. The ery-
throcyte putrescine concentration was higher
in the soy protein group than in the casein
group (P < 0.01). The spermidine and sper-
mine erythrocyte concentrations were also
slightly higher in the soy protein group but
these differences did not reach a significant
level (P = 0.28-0.47).

3.2. Lumenal polyamines

There were significant differences in
putrescine, spermidine and spermine con-
centrations in the digestive lumen of the pig
during the fasting state (table III). In the
intestinal lumen, the dominant polyamine
was spermine, whereas in the caecal and
colonic lumen, the dominant polyamines
were putrescine and cadaverine. Despite the
regimen, lumenal spermidine and spermine
concentrations were higher in the ileum than
in the jejunum (P < 0.05). Only very low

levels of cadaverine were observed both in
the ileum and in the jejunum lumen. Lume-
nal putrescine, cadaverine and spermidine
concentrations were 3-35 times higher in
the caecal and proximal colonic lumen than
in the intestinal lumen (P < 0.005), but sper-
mine concentration was higher in the ileum
than in the caecum and colon (P < 0.001).
Lumenal putrescine, spermidine and sper-
mine were higher in the caecum and proxi-
mal colon than in the distal colon (P < 0.05).

The protein source did not affect the
polyamine concentrations either in the
jejunum or in the ileum lumen. In the cae-
cum, no significant differences were
observed for putrescine, cadaverine and sper-
mine concentrations with regards to the pro-
tein source, but the spermidine concentra-
tion was higher with the soy protein regimen.
In the proximal colon, higher putrescine and
cadaverine lumenal concentrations were
observed with the casein regimen, but the
spermidine concentration remained higher
with the soy protein regimen. In the distal
colon, a higher cadaverine concentration was
also observed with the casein diet but the
other polyamine concentrations did not vary
with regards the diet.

3.3. Colonic cell proliferation
and ODC activity

Approximately 1 000 colonic epithelial
cells were evaluated per sample (range:



837-1041) to evaluate the PCNA labelling
index which was assumed to represent the
S phase cells. The PCNA labelling index
did not vary with regards to the regimen
(table I!.

ODC activity in the pig colonic mucosa
was 270 ± 47 pmole 14C02.h-l.mg-1 protein
(range: 17-526). The ODC activity did not
vary with regards the regimen. There is a
poor correlation between the measures of
ODC activity and the PCNA labelling index,
both in the whole crypt and in the upper,
middle and lower parts of the crypt
(P = 0.85-0.97).

4. DISCUSSION

The present study was performed in order
to evaluate the influence of a soy protein
diet when compared to a casein diet on
polyamine levels in erythrocytes and in
digestive lumen in pigs.

It is interesting to note that the soy protein
diet is associated with a higher level of
putrescine in blood erythrocytes when com-
pared to the casein diet. The soy protein diet
has a higher polyamine content than the
casein diet and these dietary polyamines are
absorbed by the intestinal mucosa before



entering the blood circulation. These data
suggest the contribution of dietary polya-
mines to the polyamine body pools since
over 95 % of the polyamines are transported
in the blood by erythrocytes.

High lumenal polyamine concentrations
were observed in the digestive lumen with
the highest found in the caecum and colon
for putrescine and cadaverine and in the
intestine for spermine. The polyamine lev-
els observed in the pigs’ intestine are closer
in range than those previously reported in
rats [16, 21] and in healthy humans [3]. In
rats, the highest lumenal concentrations of
polyamines were observed in the jejunum,
indicating a polyamine supply in the upper
part of the intestine and subsequent absorp-
tion along the intestine from the jejunum to
the ileum [21]. This pattern was not observ-
ed in the present study. The long fasting
period used before sampling could allow
for a more complete absorption of dietary
polyamines and explain, at least in part, this
discrepancy. The presence of significant
polyamines in the fasted state of the gut
lumen could also suggest the movements of

polyamines from circulation/erythrocyte to
gut lumen. This hypothesis is strengthened
by the absence of a difference in lumenal
polyamine intestinal levels between regi-

mens despite their different polyamine con-
centrations.

The presence of traces of antinutrients
such as trypsin inhibitors in the soy protein
diet that might influence the polyamine
metabolism was not addressed in this study.
However, the absence of any variation in
intestinal lumenal polyamine levels accord-
ing to the diet does not indicate the pres-
ence of these agents at least at a level of
physiological importance.

Another interesting result was the high
levels of lumenal polyamines in the caecum
and colon. The polyamine concentrations
in the colonic lumen have been quantified in
only a few studies. These levels are higher
than those previously observed in the colonic
lumen of rats [21], but similar to those
reported in human faeces [12, 13]. The ori-
gin of colonic polyamines remains to be
determined. The small bowel polyamines
appear to be of limited contribution since

they are progressively absorbed by the
intestinal mucosa from the duodenum to the
ileum [1, 9, 10]. A dietary origin cannot,
however, be ruled out and the higher sper-
midine levels observed in the soy protein
group in the caecum and proximal colon
could be related to the higher spermidine
dietary supply. The high levels of putrescine



and cadaverine associated with relatively
low levels of spermine suggest a predomi-
nant bacterial origin. Polyamines could orig-
inate from the transformation by the
microflora of dietary or endogenous protein
that escapes digestion and absorption in the
small intestine [8, 14]. In fact, putrescine
could come from ornithine, which rarely
occurs in proteins. Thus, the changes observ-
ed among regimens in colonic putrescine
and cadaverine suggest variations in the bac-
terial fermentation process of proteinaceous
material according to the dietary protein
source. It is possible that the soy protein
diet favours special species of bacteria which
produce spermidine. The possible physio-
logical consequences of these changes
remain to be investigated.

The polyamine present in intact bacteria
could not be specifically delineated from
those released from dead bacteria or from
another origin (released by the mucosa, etc.)
according to our experimental procedures.
However, since polyamines present in intact
bacteria could be released and exchanged
with those present in the lumen, the whole
lumenal polyamine content seems to be of
physiological relevance.

The dietary protein source and particu-
larly soy protein could influence the small
intestine morphology and function [18, 24,
28]. Soy protein was also reported to
increase colonic cell proliferation [15] and
induce colorectal carcinogenesis [19]. In
this study, the soy protein diet was not asso-
ciated with an increase in colonic cell pro-
liferation. This discrepancy could be
explained by either variations in the exper-
imental procedure, interspecies differences
or changes in the quality of the soy prod-
ucts used.

In conclusion, significant levels of
polyamines were observed in the digestive
lumen in pigs. Significant changes in lume-
nal polyamines were observed according to
the dietary source of protein in the colon.
These changes were not associated with
detectable modification of labelling index.

Then, the physiological effects of these
changes need to be further investigated.
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