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Summary 
To investigate the relationship between early nutritional experience, ontogeny of the small intestinal functions and 
predisposition to obesity development, the following experimental models of male Sprague-Dawley rats were used: 1) 
rats in which the quantity of nutrition was manipulated from birth to weaning (day 30) by adjusting the number of pups 
in the nest to 4 (SL), 10 (NL) and 16 pups (LL) and 2) littermates of SL, NL and LL rats fed either a standard or a 
hypercaloric diet from days 80 to 135 of age. The overfed SL pups were overweight after day 15 and became 
permanently obese, whereas the underfed smaller LL pups, due to accelerated growth and enhanced food intake from 
day 30 to day 35, attained a body fat level that did not differ from normally fed NL rats. Moreover, a significantly 
increased duodenal and jejunal alkaline phosphatase (AP) activity was found in SL and LL rats and these acquired 
somatic and intestinal characteristics persisted from weaning throughout life. Eight weeks of high-energy diet feeding 
elicited a similar pattern of intestinal response in SL and LL rats that was clearly different from NL rats. Despite energy 
overconsumption in these three groups, both SL and LL rats still displayed enhanced AP activity and showed a 
significant increase in protein/DNA ratio accompanied with a significant body fat accretion. These results indicate that 
the postnatally acquired small intestinal changes induced by over- and undernutrition could be involved in the similar 
predisposition to obesity risk in later life when caloric density of the diet is raised.  
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Introduction 

 
Obesity represents an important public health 

problem worldwide. While the sedentary behavior and 
overeating in adult life are important factors increasing 
the incidence of obesity (Stubbs et al. 2004), the growing 
evidence from epidemiological studies suggests that both 

infant overnutrition (Kalies et al. 2005) and childhood 
undernutrition (Armstrong et al. 2003, Kain et al. 2003) 
may play a key role in the development of obesity risk in 
adolescents and adults. A coexistence of both dietary 
factors in the etiology of obesity has also been confirmed 
in experimental studies. Rats nursed in small nests 
(4 pups) or those born to dams fed on a high fat diet 
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during gestation and the lactation period displayed 
metabolic and hormonal disturbances (Fiorotto et al. 
1991, Plagemann et al.1999, Kozak et al. 2005) and 
many of these syndrome X-like alterations (hyperphagia, 
overweight, elevated triglycerides, obesity) persisted till 
the adult age (Plagemann et al. 1992, Mozeš et al. 2004). 
Similarly, undernutrition imposed during fetal growth 
and neonatal period (food/energy restriction of rat dams 
during both gestation and lactation or during lactation 
alone) lead to a later development of neuroendocrine 
disturbances in their progeny (Teixeira et al. 2002, 
Leonhardt et al. 2003, Passos et al. 2004). Moreover, 
these abnormalities were accelerated by the feeding of a 
high-fat/high-energy diet in adult age (Vickers et al. 
2000, 2003).  

The gastrointestinal tract and the physiological 
processes of digestion may also be a significant factor 
involved in obesity since the limitation of both energy 
intake and its intestinal absorption is one tool in the 
treatment of overweight and obesity. One of the enzymes 
of the small intestine is alkaline phosphatase (AP) present 
mainly in the microvillous zone of absorption cells of the 
intestinal villus, where it participates in the active capture 
and transport of lipids. In mature rats, the brush-border-
bound AP activity increases after eating fat (Zhang et al. 
1996, Mahmood et al. 2003) and several studies also 
revealed that long-lasting exposure to high fat diets 
resulted in biochemical and functional alterations of the 
small intestine. Feeding a high-fat diet produced an 
increase of mucosal protein/DNA ratio (mucosal 
hypertrophy), changed the brush-border membrane lipid 
composition and increased AP activity (Estornell et al. 
1995, Kaur et al. 1996, Ghafoorunissa 2001).  

The intensive growth of pups after birth 
coincides with the increase in length, thickness and 
weight and AP activity of the small intestine (Yeh et al. 
1994). By day 15, the rat intestine is exclusively exposed 
to milk and nutritional factors such as milk lipid 
composition substantially influence the normal 
development of the gastrointestinal tract. Accordingly, 
milk fat concentration, energy density and milk 
availability for pups were decreased in dams nursing 
expanded litters (16 pups) (14) and increased in dams 
nursing four pups (Fiorotto et al. 1991, Mozeš et al. 
2004). They were also reflected in a decreased alkaline 
phosphatase in underfed and fasted rats before weaning 
(Pathak et al. 1981, Hodin et al. 1995) and resulted in a 
permanent elevation of small intestinal AP activity in 
postnatally overfed small-litter rats, maintained even on 

standard laboratory diet after weaning (Mozeš et al. 
2004). These acquired intestinal differences, however, 
have not been sufficiently characterized from the 
viewpoint of their significance in the etiology of adult-
onset dietary obesity. Therefore, the present studies were 
undertaken to investigate the effect of different postnatal 
nutrition on the ontogeny of the small intestine in rats 
raised in small, normal and large litters and to establish 
whether the pre-existing biochemical and functional 
characteristics of the small intestine could be involved in 
the acceleration of obesity after receiving high fat/energy 
diet in later life. 

 
Methods 

 
Animals 

Sprague-Dawley virgin rat dams (Charles River 
Laboratories, Prague) were mated at 10 weeks of age and 
individually housed in Plexiglas cages in a temperature-
controlled environment of 22±2 °C with a relative 
humidity of 60±15 % and a 12 L:12 D regime (light on 
06:00-18:00 h). The mothers had free access to a standard 
laboratory diet (Laboratory diet M1, Prague; 3.2 kcal/g, 
with 26.3 % energy as protein, 9.5 % as fat and 64.2 % as 
carbohydrate) and tap water. To induce early postnatal 
overnutrition, normal nutrition and undernutrition in their 
progeny, the litter size was adjusted on the first day after 
birth to 4 pups/nest (small litters, SL), 10 pups/nest 
(normal litters, NL) and 16 pups/nest (large litters, LL). 
All groups contained males and females. To investigate 
the relationship between the litter size and milk 
composition, the milk samples of individual dams were 
collected on day 11 of lactation. To determine the 
somatic and intestinal parameters during lactation (on day 
15) and on day 35 in SL, NL and LL groups eight male 
rats from each group were killed and body fat and small 
intestinal samples of proximal duodenum and middle part 
of the jejunum were taken. The remaining pups in SL, NL 
and LL groups on day 15 as well as the female rats on 
day 30 (after weaning) were excluded from the next 
experiments. The weaned male rats (day 30) from all 
three groups were housed in Plexiglass cages under the 
same conditions (diet, water, temperature, light-dark 
regime) as before weaning. On day 80, rats from SL, NL 
and LL were divided into two dietary groups: 1) control 
groups continued on a standard pellet diet for 8 weeks, 2) 
high energy (HE) groups (littermates of SL, NL and LL 
controls) were given the same standard diet ad libitum 
and, furthermore, were given access to a HE diet (Sunar-
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Heinz Products: milk-based liquid diet) containing 0.7 
kcal/ml with 17.5 % energy content as protein (casein, 
whey protein), 30.0 % as fat, 80 % of which is milk fat, 
remaining linolic acid) and 55.5 % as carbohydrate 
(lactose, fructose, oligofructose, maltodextrin) for 
8 weeks. The intake of both diets in control and HE 
groups were monitored daily. The animals were killed at 
day 135 between 08:00 and 09:00 h. by decapitation with 
removal of epididymal plus retroperitoneal adipose 
depots and small intestinal segments. All animal work 
was in compliance with the Animal Ethics Committee of 
the Institute of Animal Physiology SAS, Košice. 

 
Milk composition 

 The dams were milked on day 11 of lactation. 
The milk was obtained by a procedure described in detail 
previously (Mozeš et al.1993). Milk fat was determined 
by the crematocrit method of Lucas et al. (1978). Fat 
concentration was expressed in g/100 ml milk by the 
formula given by Nagasawa et al. (1989). Milk protein 
concentration was analyzed by the method of Lowry et al. 
(1951). The values were expressed in g/100 ml milk.  

Enzyme assays and chemical analysis. For 
enzyme assay small (0.5 cm) segments were immediately 
removed, the lumen rinsed in distilled water, and frozen 
in hexane (–70 °C). Segments of the frozen tissue 
(proximal duodenum and intermediate part of the 
jejunum) were cut (8 μm) in a cryostat at -25 °C and the 
tissue slices were transferred onto glass slides and air-
dried. 

The analysis of alkaline phosphatase activity 
was performed using a modified simultaneous azo-
coupling method (Lojda et al. 1979). The incubation 
medium contained 2.0 mM naphthol AS-BI phosphate 
(Sigma, Deisenhofen, Germany), 0.8 mM Hexazotized 
New fuchsin (Serva, Heidelberg, Germany), 20 mM N,N-
dimethylformamide (solvent of naphtol AS-BI 
phosphate) and 0.05 M veronal acetate buffer. The 
sections were incubated at 37 °C for 10 min at pH 8.9 
(Mozeš et al. 1998).  

The histochemically stained slides were 
visualized at low magnification (objective x 4) using 
Olympus microscope (BX 51) and digital compact 
camera (Olympus DP 50) connected with a host 
computer. Sections were illuminated with white light 
from a 12 V halogen lamp (100 W) after filtering with a 
520 nm monochromatic filter.  

Image analysis was performed by the Ellipse 
program (ViDiTo, Slovakia) where the gray level of each 

pixel was given by a value in the 0-255 range. The 
correspondence between these gray level values and the 
known integrated absorbance values of the same section 
points was determined by calibration. To define the 
standard density values of enzyme activities at the 
wavelength of 520 nm (Frederiks et al. 1987) required for 
calibration, a Vickers M85a microdensitometer was used. 
A special semi-interactive algorithm was used to find 
relevant pixels along the villus length whose density was 
measured. This algorithm consists of several steps: 
a) filtering of the image by a Gaussian filter, resulting in 
a noise-free image without sharp density changes, 
b) threshold-based segmentation which separates dark 
areas from the image background, c) manual deleting of 
segmented dark areas that are not lying on a villus, 
d) skeletonization, where elongated dark areas along the 
villus are thinned into a skeleton curve e) optimization 
based on an active contour model algorithm where a 
skeleton curve searches for the darkest pixels in its 
neighborhood, which transforms the skeleton curve into a 
“ridge” curve connecting darkest pixels along the villus, 
f) density measurement of all pixels lying within a 
defined distance from the ridge curve. The quantification 
of the enzyme activity (pixel intensities) was carried out 
along the villus length in a whole section of at least four 
duodenal and jejunal slides and the mean values recorded 
were referred to one animal.  

For chemical analysis, the mucosa from the 
defrosted tissue segments of duodenum and jejunum was 
scraped off with a glass microscope slide and weighed. 
The mucosal samples were homogenized in ice-cold PBS. 
The protein content was analyzed by the method of 
Lowry et al. (1951) using bovine serum albumin as the 
standard. DNA was evaluated by the fluorometric method 
(Koppel et al. 1981). Calf thymus DNA was used as the 
standard. Values are presented in μg/mg mucosa of 
duodenum and jejunum. 

 
Statistical analysis   

Statistical analyses were carried out using the 
statistical package Statistica 6.1 (StatSoft CR, Prague, 
Czech Republic). Data were expressed as mean ± S.E.M. 
and the statistical significance was accepted at the  
P<0.05 level. Statistical evaluation of the developmental 
characteristics between pre- and post-weaning SL, NL 
and LL groups was carried out by one-way analysis of 
variance (ANOVA) and the post-hoc Fisher´s LSD test 
was used to compare the differences between the groups 
at a given time point. Data from the assessment of the 
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somatic and small intestinal responses to standard diet vs. 
HE diet in adult SL, NL and LL rats was analyzed using 
the 2 x 3 ANOVA with post-hoc Fisher´s LSD test.  

 
Results 

 
Reduction of litter size resulted in a significant 

increase in milk fat concentration on postpartum day 11 
in SL nursing dams, while the mean values of milk fat 
concentration in mothers nursing enlarged litters as 
compared with NL mothers were only slightly decreased. 
The concentration of milk protein during this time period 
did not differ between SL, LL and NL mothers (Fig. 1 B). 

From day 10 until day 20 of age the overfed SL 
pups became heavier and the underfed LL pups from day 
5 until weaning were significantly lighter than control NL 

rats (Fig. 1A). During the first half of the lactation period 
(day 1-15), SL pups displayed a significantly higher and 
LL rats a significantly lowered weight gain and body fat 
level (Table 1).  

While these growth changes in SL offspring 
disappeared during the second period of lactation, their 
increased fat pad weight persisted until day 35. During 
this time period, the LL rats showed accelerated growth 
and in contrast with NL rats, there was no difference 
regarding the weight gain and body fat on day 35 among 
these groups (Table 2). From day 30 to day 35 the food 
intake expressed in g/day did not differ between these 
litter size groups, however, the LL rats consumed 
significantly more food relative to body weight when 
compared to the SL as well as to NL rats.  

As compared with NL pups, reduced litter size in 
SL pups resulted in a significant increase in duodenal and 
jejunal alkaline phosphatase (AP) activity on day 15. This 
significant difference also persisted in the later period 
(day 35). On the other hand, the development of 
augmented AP activity in postnatally undernourished LL 
rats was apparent on day 35, whereas in the earlier 
postnatal period, AP did not show any significant 
changes from NL controls.  

 Table 3 shows that body weight, body fat and 
food intake changes in SL and LL groups fed normal diet 
depended to some extent on their pre-weaning nutritional 
conditions. As compared to the NL controls raised in 
normal litters, SL offspring remained heavier and LL rats 
leaner (P<0.05), and the small-litter rats attained a final 
epididymal plus retroperitoneal fat pads weight that was 
23 % higher than the control values (P<0.05) and 32 % 
higher than the large-litter values (P<0.01).  

 Long-term exposure to high fat (HF) diet 
significantly (P<0.001) increased the energy intake in all 
three groups. The body fat in postnatally overfed and 
underfed rats displayed a different susceptibility to this 
nutritional challenge. Comparison among standard diet 
receiving rats and their littermates on HF diet suggested 
that the body fat accretion was consistently higher (about 
30 %) in SL and LL groups, whereas in NL rats this 
increase was 13 % (Table 3). Litter size and diet 
significantly influenced both body fat and food intake 
while weight gain was influenced only by diet. A 
significant interaction, however, between liter size and 
diet (P<0.05) indicated that the contribution of dietary 
influences on weight gain variations depended on early 
nutritional experiences.  

 

 
Fig. 1. A. Effect of litter size on body weight. Each value 
represents the means ± S.E.M. of litter weight, the male pups 
reared in small litters (SL, 4 pups/nest), normal litters (NL 10 
pups/nest) and large litters (LL, 16 pups/nest), respectively. 
B. Milk fat and protein concentration on postpartum day 11 in 
dams nursing small litters (n=12), normal litters (n=8) and large 
litters (n=6). Significantly different from NL group a P<0.05, 
b P<0.01, c P<0.001.  
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Table 1. Body weight, weight gain, body fat and alkaline phosphatase (AP) activity of 15-days-old rats which were raised in litters of 4 
(SL), 10 (NL) and 16 (LL), respectively. 

 

 SL NL LL 

Body weight (g) 42.7±2.1c 33.7±0.5 21.4±0.5c 
Weight gain (1-15 day) 35.2±2.1c 26.5±0.6 13.9±0.6c 
Fat (% b.w) 0.50±0.03a 0.42±0.02 0.14±0.02c 
AP activity in duodenum 23.1±0,5b 19.9±0.7 19.4±0.6 
AP activity in jejunum 20.6±0.5a 18.1±0.7 19.2±0.8 

 
 
Table 2. Body weight, weight gain, body fat, food intake and alkaline phosphatase (AP) activity in 35-days-old rats which were raised 
in litters of 4 (SL), 10 (NL) and 16 (LL), respectively. 
 

 SL NL LL 

Body weight (g) 148.0±3.8 152.2±4.5 127.0±1.8c 
Weight gain (20-35 day) 107.8±2.9 106.6±4.1 101.5±1.2 
Fat (% b.w) 1.0±0.09b 0.7±0.03 0.7±0.04 
Food intake (g/day) 17.6±0.5 18.7±0.6 17.2±0.6 
Food intake (% b.w) 11.9±0.2 12.3±0.3 13.5±0.3c 
AP activity in duodenum 18.9±0.5b 16.9±0.5 20.2±0.3d 
AP activity in jejunum 18.0±0.7b 15.8±0.7 18.1±0.5b 

 
Values are means ± S.E.M. (n = 8 animals/groups). Body fat (%) represents epididymal plus retroperitoneal fat pads weight. The 24-
hour food intake are means of five measurements (day 30-35) for each rat. AP activity is given as a density values (pixel intensities) in 
duodenal and jejunal enterocytes at wavelength of 520 nm. Significantly different from NL group: a P<0.05, b P<0.01, c P<0.001, 
d P<0.0001 by LSD multiple comparison test after ANOVA. 
 
 
Table 3. Body weight, body fat, food intake and alkaline phosphatase (AP) activity in postnatally overfed (SL), normally fed (NL) and 
underfed (LL) rats after 8 week exposure to normal diet (control groups) and HF/HE diet (experimental groups)  
 

AP activity 
 

Body weight 
(g) 

Weight gain  
(g) 

Body fat 
(% b.w.) 

Food intake 
(kcal/day) Duodenum Jejunum 

Control diet       
SL 580.0 ± 19.7 111.5 ± 6.0 3.4 ± 0.3a 102.4 ± 3.8 16.2 ± 0.3c 15.8 ± 0.6c 
NL 542.4 ± 9.3 117.8 ± 5.7 2.6 ± 0.2 99.5 ± 0.9 13.4 ± 0.7 13.0 ± 0.3 
LL 498.8 ± 9.8a 109.6 ± 3.4 2.3 ± 0.1 93.9 ± 1.9 15.7 ± 0.3b 15.8 ± 0.1c 

HF/HE diet       
SL 595.2 ± 19.4a 149.0 ± 7.0a *** 4.7 ± 0.5c ** 128.9 ± 2.1**** 15.3 ± 0.5 14.8 ± 0.1 
NL 554.8 ± 9.4 126.2 ± 7.2 3.0 ± 0.2 125.7 ± 1.5**** 15.2 ± 0.6** 16.0 ± 0.3**** 
LL 513.1 ± 12.2a 120.6 ± 7.4 3.3 ± 0.3* 119.8 ± 2.1**** 14.7 ± 0.3 15.6 ± 0.6 

Litter size effect P<0.0001 NS P<0.001 P<0.01 P<0.05 P<0.05 
Diet effect NS P<0.01 P<0.001 P<0.0001 NS NS 
Litter size x 
diet interaction 

NS P<0.05 NS NS P<0.01 P<0.001 

 
Values are means ± S.E.M. (n = 8 animals/groups). SL – small litters, 4 pups/nest, NL – normal litters, 10 pups/nest, LL – large litters, 
16 pups/nest. Body fat (%) represents epididymal plus retroperitoneal fat pads. AP activity is given as a density values (pixel 
intensities) in duodenal and jejunal enterocytes at wavelength of 520 nm. Significantly different from NL group a P<0.05, c P<0.001. 
Significant differences among control SL, NL, LL rats and their littermates receiving HF/HE diet. * P<0.05, ** P<0.01, *** P<0.001, 
**** P<0.0001 by LSD multiple comparison test after two-way ANOVA. 
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 Total protein and DNA content did not differ 
between SL, NL and LL groups receiving the control diet 
(Figs 2A and 2B). HE diet significantly decreased the 
duodenal content in SL rats (by 34 %) and the jejunal 
DNA content (by 30 %) in LL rats and in the duodenum 
of the LL group a significant dietary and litter size x diet 
interaction could be identified (Fig. 2A). Due to these 
changes the protein/DNA ratio was significantly higher in 
the duodenum of SL rats (25 %) and in the jejunum of LL 
rats (by 44 %), as compared with NL rats (Fig. 2C). 
Moreover, the significant litter size, dietary, and litter size 
x diet interaction (P<0.05) in the duodenum of the SL 
group as well as a significant dietary and litter size x diet 
interaction (P<0.05) in the jejunum of the LL group was 
found by 2x3 ANOVA.  

Changes in intestinal activities of alkaline 
phosphatase (AP) in the SL, NL and LL controls and the 
HF diet rats are shown in Table 3. Comparison among 
litter sizes indicate that in rats receiving the control diet, 
AP activity was significantly greater (20 %) in both 
segments of the small intestine in SL and LL (20 %) than 
in NL rats. In contrast, exposure of these groups to HF 
diet elicited opposite adaptive changes for this enzyme, 
particularly in the NL group. Comparison among 
standard diet receiving rats and their littermates on HF 
diet revealed that AP activity was significantly raised by 
13 % in the duodenum and by 22 % in the jejunum in NL 
rats, while the values of AP activity in rats from the SL 
and LL nests remained unchanged.  
 
Discussion 

 
Our results demonstrated that different levels of 

nutrition before weaning can induce permanent changes 
in body weight and body fat. This is in agreement with 
earlier research suggesting that the body weight of small-
litter males is higher and weight in large litter animals is 
lower in later life (Bassett and Craig 1988, Li et al. 
2002). These data also show that overnutrition as a 
consequence of litter size reduction leads to early 
development of obesity, which these animals maintained 
lifelong, while in undernourished large litter rats, their 
preweaning deficit in body fat was thereafter reduced and 
in adulthood their body fat weight did not significantly 
differed from the NL group (Bassett and Craig 1988, 
Fiorotto et al. 1991, Plagemann et al. 1992). Concerning 
the effect of early nutritional experience on feeding 
behavior, some evidence has been provided that the food 
intake did not differ among juvenile SL and NL rats 

(Mozeš et al. 2004) and the previous malnutrition in LL 
pups during lactation was normalized in the later period 

 
Fig. 2. Diet-related changes of DNA (A), protein (B) and 
protein/DNA ratio (C) in duodenal and jejunal mucosal tissues of 
adult male offspring reared in small litters (SL), normal litters 
(NL) and large litters (LL) fed either a control or a high energy 
diet. Values are means ± S.E.M. Significantly different from NL 
group a P<0.05, b P<0.01. Significant differences among control 
SL, NL and LL rats and their littermates receiving HE diet. 
* P<0.05, ** P<0.01, *** P<0.001. Data analyzed by two-way 
ANOVA, A: duodenum - dietary effect P<0.05, litter size x diet
interaction P<0.05. C: duodenum-litter size, diet and litter size x 
diet interaction P<0.05, jejunum - dietary effect P<0.05, litter 
size x diet interaction P<0.05.  
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of life (Plagemann et al. 1992). This is in agreement with 
our results suggesting nearly the same food intake of 
obese SL and lean NL and LL rats in adulthood.  

A similar responsiveness in the food intake has 
been observed when the animals were exposed to a HF 
diet, i.e. the results failed to reveal any significant 
differences in food consumption between SL, NL and LL 
groups. These results also suggested that hyperphagia 
after long-term HF diet consumption may per se lead to 
the accretion of fat depots, however, some differences, 
particularly among NL and both SL and LL groups do 
exist. While the HF diet feeding alone sufficed to induce 
the elevation of weight gain and weight of fat pads (as 
compared to their control littermates) in all groups, SL 
and LL rats were more susceptible to this dietary 
challenge and displayed a more prominent increase in 
body fat parameters. This indicates that the amplification 
of body fat enlargement after HF diet consumption in SL 
and LL rats might be a critical consequence of previously 
acquired disturbances in energy homeostasis and that 
besides the increased appetite, other factors may also 
contribute to modulation of their adiposity. 

Our results showed that the postnatal over- or 
undernutrition has long-term consequences on the small 
intestine biochemical and functional properties, which 
was confirmed by a significant elevation of intestinal 
protein/DNA ratio and AP activity in later life when these 
animals were exposed to a high fat diet. Due to the fact 
that the food intake between SL and LL rats did not differ 
in adulthood, these changes might rather be explained by 
previously acquired nutritional imprint on small intestine 
maturation. It has been demonstrated that the malnutrition 
imposed during preweaning period resulted in an elevated 
mucosal protein/DNA ratio in post-weaning period and 
young rats (Jonas et al. 1991, Lin et al. 1998). From 
developmental aspect the activity of AP in the small 
intestine substantially increased from day 12 to day 24 
(Yeh et al. 1994 ) when a gradual replacement of milk by 
solid food diet occurred and decreased thereafter in 
following periods of life (Tojyo 1984, Bernard et al. 
1992). In addition, the early overnutrition resulted in their 
long-lasting increase (Mozeš et al. 2004). In the light of 
present knowledge it is feasible to assume that in SL and 
LL rats the abundance of nutrients that occur at different 
periods of early life may elicit a functionally parallel 
adaptation and overcompensation of enzyme activity. An 
indication of this is the fact that the higher activity of 
enzymes in these groups is fixed for later life, i.e. at the 
time when their increased food intake disappeared and 

when the time course of these changes did not correspond 
to an observed natural decrease of AP activity that occurs 
in normally developing NL rats.  

However, it still remains to be elucidated what is 
the relationship between the increased AP activity in 
small intestine and the altered body fat regulation in SL 
and LL animals. It was found that the obesity in 
laboratory rodents is accompanied with a substantially 
elevated of brush-border-bound AP activity (Ramaswamy 
and Flint 1980, Mozeš et al. 2000, 2004). Nevertheless, 
the significance of their disordered expression on body 
fat accretion is not fully understood. For instance, it was 
reported that the increase in AP activity may precede the 
development of obesity observed at later periods of life 
(Mozeš et al. 2000) and there also exists evidence 
indicating the inverse relation between intestinal AP and 
the rate of fat absorption in obese animals. Consistently, 
in AP deficient KO mice after long-time exposure to a 
HF diet, a faster body weight gain, elevation of serum 
triglyceride levels and accelerated transport of fat 
droplets in comparison with wild-type controls has been 
observed (Narisawa et al. 2003). In this regard, our data 
indicated the possibility of an inverse relationship 
between intestinal AP activity and body fat. Indeed, we 
found that long-term feeding of the HF diet significantly 
increased AP activity in NL rats, whereas their adiposity 
was enlarged to a lesser extent. In contrast, this enzyme 
activity in SL and LL rats did not increase, but this 
adaptation deficit was accompanied by a significant body 
fat depots enlargement in these animals. However, with 
regard to the presented data, a further detailed study will 
be needed to clarify whether the better effectiveness of 
nutrient absorption, the absence of additional increase of 
AP activity or both are of importance for the maintenance 
of elevated body fat weight in SL and LL rats. 

One potentially interesting aspect of the present 
results is that the early postnatal over- or undernutrition 
could represent a predisposing factor for the permanent 
increase of brush-border-bound duodenal and jejunal AP 
activity. Nevertheless, the acquired small intestinal 
plasticity can also be changed by late nutritional 
conditions when caloric density of the diet is raised and 
might be involved in lifelong persisting disturbances of 
body fat regulation. From this point of view the present 
findings extend our knowledge of the effect of 
inappropriate nutrition in early life, and allow better 
understanding of the intestinal mechanisms that may limit 
or prevent the obesity risk in later life. Since human 
obesity is not homogeneous regarding its genetic and 
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nutritional background, further studies are necessary to 
determine the involvement of nutritional imprint on small 
intestine maturation, obesity development and expression 
of susceptibility or resistance to the high-energy diet. It 
can provide a benefit for both prevention and obesity 
treatment particularly in the majority of obesity prone 
individuals in which pharmacological interventions and 
dietary restriction have no permanent effect on body 

weight and body fat reduction.  
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