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Experimental and clinical studies have shown alterations in activity of systems responsible for neuroen-
docrine stress response in obese individuals. therefore we investigated the effect of palatable normoca-
loric liquid nutrition (fresubin) on alterations in activity of the hypothalamic-pituitary-adrenal (HPa) axis 
in male Wistar rats of different developmental stages. control rats (con) received standard pellet chow 
all the time from weaning (21st day of age) to 150 days. fresubin was administered throughout the 
experiment (ln), only in juvenility (from 21st to 90th day of age; lnJ) or only in adulthood (from 90th to 
150th day of age; lna). body weight and energy intake were periodically monitored. adrenal gland and 
fat tissue weight and plasma corticosterone levels (CORT) was determined after sacrification. Fresubin 
intake induced obesity in ln and lna rats. in ln and lna rats were observed elevated serum cort 
levels, but only in LN rats with significant twofold increase compared to LNJ rats. However, the weight 
of adrenal glands did not differ between ln, lnJ and lna experimental groups. based on our results, 
we suggest, that obesity induced by fresubin in ln and lna rats is accompanied by increased HPa 
activity represented by elevated plasma cort levels in these rats.
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introduction

one of the key systems responsible for stress response is the hypothalamic-pituitary-
adrenal (HPa) axis, the activation of which leads to secretion of corticosterone 
(cort) from the adrenal gland [9]. actually, in animals fed on high-fat diet both 
increased plasma cort levels and obesity were found [8, 20] which supported the 
views of some authors on the role of fat and carbohydrate rich diet as a stressor 
stimulating HPa activity [12, 14, 22]. moreover, such views were also supported by 
several findings of adrenal enlargement coincidence with increased CORT plasma 
levels in rats [17, 23, 24]. 
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at the same time, however, increased cort levels may participate in the develop-
ment of obesity [5, 16] and, in contrast to the suppression of food intake by acute 
increase in cort levels, long-term elevation in cort levels stimulates food intake 
and promote adipocyte differentiation [3, 6, 11, 19]. 

thus, although several authors reported on the effect of high-fat diet on HPa axis 
activity, data related to the effect of normocaloric and carbohydrate rich diet on HPa 
axis activity are only sparse. therefore, the aim of our study was to investigate the 
effect of chronic intake of palatable normocaloric liquid nutrition (with increased 
carbohydrate content) on the activity of the HPa system. from such reason we deter-
mined plasma cort levels of Wistar rats with obesity induced by fresubin with 
special attention focused on the differences in stress response as modulated by plasma 
cort levels in juvenile or adult fresubin fed rats.

matErials and mEtHods

Animals

male Wistar rats (n = 40, obtained from charles river, germany) were 10 days old 
when the experiment started. they were kept at 22 ± 1 °c, with 55–60% relative 
humidity and 12:12 h light-dark cycle (lights on at 6:00 a.m.) in individual litters 
consisting of a single dam and 10 pups. free access to tap water and standard pellet 
chow was provided at this time. after weaning (at 21 days of age) the animals were 
divided into 4 experimental groups (n = 10) as based on the type of provided diet.

the experiment lasted 5 months and all experimental procedures were approved by 
the animal care committee of the institute of Experimental Endocrinology, 
bratislava, slovak republic.

Experimental groups

1. Control group (CON; n = 10) – rats fed standard pellet chow and tap water ad libi-
tum from weaning during the entire experiment (5 months).

2. Liquid nutrition group (LN; n = 10) – rats fed liquid nutrition (fresubin) and tap 
water ad libitum from weaning during the entire experiment (5 months). fresubin was 
available in an additional drinking bottle.

3. Liquid nutrition juvenile group (LNJ; n = 10) – rats fed fresubin from weaning 
until reaching adulthood (90th day of age), then switched to standard pellet chow until 
the end of the experiment.

4. Liquid nutrition adult group (LNA; n = 10) – rats fed standard pellet chow from 
weaning until reaching adulthood (90th day of age), then switched to fresubin until 
the end of the experiment.
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Diets

Pellet standard chow (complete feedstuff for laboratory mice and rats, bonagro 
s.c., czech republic) composition: 100 g of feedstuff contains 11.21 ml of water and 
88.79 g of dry substance with 23.04 g of protein, 2.72 g of fat, and 8.49 g of carbo-
hydrate. the caloric density of pellet chow is 1180 kJ/100 g with 60% of calories 
provided as protein, 16.4% as fat and 23.6% as carbohydrate (calculated according to 
caloric values of each macronutrient of pellets).

fresubin (fresenius Kabi, uK) composition: 100 ml of fresubin contains 84 ml 
of water and 23.9 g of dry substance with 3.8 g of protein, 3.4 g of fat and 13.8 g of 
carbohydrate. the caloric density of fresubin is 420 kJ/100 g with 15% of calories 
provided as protein, 30% as fat and 55% as carbohydrate (fresenius-kabi.com). the 
used liquid diet Fresubin in our experiment was vanilla flavored.

the caloric density calculated per 100 g of dry substance of fresubin is 1757 kJ in 
comparison to caloric density of pellet chow (1329 kJ/100 g of dry substance) [18].

Body weight gain and energy intake

body weight and energy intake of the animals in each experimental group were 
monitored throughout the experiment. food intake was calculated by weighing the 
remainder of the ration subtracted from the amount of food provided the day before. 
since the energetic values of the used chow and fresubin were different, the values 
in grams were recalculated into energy values. finally, the energy intake of animals 
was calculated per 100 g of body weight (kJ/100 g body weight).

Obesity assessment

at the age of 150–154 days rats were randomly decapitated between 8:00 and 11:00 
a.m. and immediately after decapitation fat pads from four depots were removed 
(inguinal, epididymal, retroperitoneal, and mesenteric).

Adrenal gland weight and determination of corticosterone 
serum levels

after decapitation adrenal glands were removed and weighed.
blood from the randomly decapitated rats was collected into polyethylene tubes, 

centrifuged for 20 min at 3000 × g at 4 °c and stored at –70 °c until analyzed. serum 
concentrations of cort were determined by radioimmunoassay (corticosterone rat/
mouse ria kit, drg diagnostica).
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Statistical analysis

data are presented as mean ± sEm. intergroup comparisons of differences between 
the means were performed using two-way repeated anova (body weight and energy 
intake) and one-way anova (body fat weight, adrenal gland weight and cort lev-

Fig. 1. body weight (a) and energy intake (b) in rats fed pellet chow (con), fresubin (ln), fresubin in 
juvenility (lnJ) and fresubin in adulthood (lna). Each value is displayed as mean ± sEm (n = 10 for 
each group). Letters over the bars indicate the significant differences (p < 0.05) between the groups:  
a – con vs ln, b – con vs lnJ, c – con vs lna, d – ln vs lna, e – ln vs lnJ and f – lnJ vs 

lna
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els) with bonferroni’s post test (graphPad Prism version 5.00). correlation and lin-
ear regression analyses were performed to determine possible relationship between 
variables (cort levels and fat mass). all p-values cited are two-tailed, with p-values 
less than 0.05 judged as statistically significant.

rEsults

Body weight and energy intake

fresubin intake increased body weight in ln and lna rats compared to con rats at 
the end of the experiment (p < 0.05). In these animals a significant development of 
obesity has been observed. conversely, the body weight of lnJ rats that were 
switched from fresubin to pellet chow in adulthood remained similar as in con 
group (fig. 1a). 

Fig. 2. fat tissue weight (a), weight of adrenal glands corrected for body weight (b), plasma cort levels (c) 
and correlation between corticosterone levels and fat mass (d) in rats fed pellet chow (con), fresubin (ln), 
fresubin in juvenility (lnJ) and fresubin in adulthood (lna). Each value is displayed as mean ± sEm (n = 8–10 

for each group). Statistical significance: *p < 0.05, ***p < 0.001



290 Michaela VrabcoVa et al.

Acta Biologica Hungarica 65, 2014

Energy intake was increased in ln rats fed only with fresubin throughout the 
experiment compared to CON rats (p < 0.05). While LNA rats had increased energy 
intake after transition to fresubin, energy intake in lnJ rats was decreased after tran-
sition to standard pellet chow (fig. 1b).

Weight of fat tissue, adrenal glands and plasma corticosterone levels

LN as well as LNA rats had significantly increased total fat mass after correction  
for body weight (10.37 ± 0.608, 10.34 ± 0.52) compared to con and lnJ rats 
(3.16 ± 0.246, 4.48 ± 0.402; p < 0.001; Fig. 2A).

There were no significant differences in adrenal gland weight between groups after 
the correction for body weight (fig. 2b).

fresubin intake increased plasma cort levels in ln and lna rats in comparison 
to CON and LNJ rats. But significant increase of plasma CORT levels was observed 
only in LN group compared to LNJ group (p < 0.05; Fig. 2C). 

Significant positive correlation was also found between plasma CORT levels and 
fat tissue weight (r = 0.3695, P = 0.0289; fig. 2d).

discussion

consumption of energy rich diets is contributing factor for development of obesity 
and per se acts as a stressor stimulating activity of HPa axis resulting in elevated 
cort levels. therefore, our aim was to examine the effect of normocaloric liquid 
nutrition fresubin with increased carbohydrate content on HPa axis activity. fresubin 
was administered 3 groups of rats: during the whole of study (from 21st to 150 days), 
only in juvenility (from 21st to 90th day) or only in adulthood (from 90th to 150th day 
of age).

fresubin intake had no effect on body composition of adult rats only in juvenile 
age. in contrast, in the rats fed fresubin either in adulthood only or throughout the 
whole study, significant obesity and adiposity were observed shortly after reaching 
adulthood. one of the causes of lower body weight in juvenile rats after fresubin 
intake may be related to inadequate protein availability to meet the demands of grow-
ing juvenile rats (15.9% protein content in fresubin vs 25.94% in pellet chow calcu-
lated per 100 g of dry substance) [18]. in addition, several studies suggested possible 
inverse association between testosterone levels and development of obesity [1, 7]. 
thus, increased testosterone levels may decrease the adipogenesis and, by such a 
way, the lipolysis may be stimulated thus protect the organism from obesity, particu-
larly in juvenile age [10]. However, possible role of testosterone in obesity induced 
by fresubin needs further investigation. 

since the increased energy intake observed in fresubin fed adult rats, resulted in a 
significant development of obesity in our study, we can claim that Fresubin, as a pal-
atable diet with varied composition of macronutrients and increased water content, is 
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responsible for the development of obesity in these rats as suggested by mikuska  
et al. [18].

it has been shown that increased amount of macronutrients (e.g. free fatty acids or 
carbohydrates), which are present in high-energy diets, may enhance stress activity in 
rats [2, 26]. therefore, we suppose that chronic consumption of fresubin (5 months) 
due to its macronutrient composition is responsible for the activation of stress axis in 
our study. since cort is the main marker of HPa axis activity, we decided to deter-
mine plasma cort levels in different groups of rats. actually, in adult obese rats fed 
Fresubin from weaning to adulthood we found significantly elevated plasma CORT 
levels as compared to non-obese rats fed fresubin only in juvenility. in these non-
obese rats the liquid nutrition had no effect on plasma cort levels in adulthood. 
similarly, bursac and colleagues (2013) found that high fructose consumption did not 
elevate plasma cort levels in juvenile non-obese Wistar rats [4]. the plasma cort 
levels correlate with the degree of obesity. therefore, we suggest that obesity induced 
by fresubin in adulthood is further promoted by cort-induced remodeling of adi-
pose tissue [3] and also by the stimulation of overconsumption through positive 
feedback mechanisms that enhances the drive for hedonic response to high-sweet or 
fatty foods [6]. However, consumption of diet rich in fats for 6 weeks has not effect 
on the activation of HPa axis [21]. in contrast, in our study rats were fed by fresubin 
for 9–10 or 19 weeks, respectively. therefore, we suggest that the activation of HPa 
axis with subsequent cort release depends not only from type and composition of 
diet used, but the time duration of feeding is also crucial.

actually, the adrenal gland is an essential stress-responsive part of HPa axis. this 
is documented by the increase adrenal weight due to cellular hyperplasia or hypertro-
phy in the animals exposed to chronic stressors [23]. in contrast to this fact, we did 
not detect any changes in the weight of adrenal glands after fresubin exposure 
between obese and non-obese rats, although cort produced in the adrenal cortex 
was significantly increased in plasma of obese adult rats. We suppose that for the 
enlargement of adrenal a longer fresubin intake than 19 weeks is necessary. it is pos-
sible that the increase of cort observed in our study (2-fold higher in comparison 
to non-obese rats) is only moderate and therefore do not require cellular remodeling 
of adrenals. this assumption is supported by the observation of livingstone and col-
leagues (2000) where in obese Zucker rats a 3- to 5-fold increase in plasma cort 
levels without adrenal enlargement was present [15]. 

interestingly, obese rats fed by palatable liquid diet Ensure (with similar composi-
tion as fresubin) as a supplement to solid food showed decreased cort levels asso-
ciated with increased leptin levels in these rats [13, 14]. it was shown that leptin may 
inhibit growth of adrenal gland and thus blocks the stress-induced release of cort 
[25]. We suggest that hyperleptinemia observed in our study in adult obese rats (data 
not shown) is related to the unchanged weight of adrenal glands.

based on our results, we conclude that obesity induced by palatable, normocaloric 
liquid nutrition fresubin is accompanied by altered responsiveness of the HPa axis 
represented by increased plasma cort levels in adult obese rats. We suppose that 
fresubin due to its properties induces with obesity related elevated plasma cort 
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levels in rats fed fresubin all the time or only in adulthood. fresubin had no effect on 
obesity and plasma cort levels in adult rats that fed fresubin only in juvenile age. 
These findings indicate significant differences in the effect of palatable, normocaloric 
liquid diet, including the neuroendocrine stress response of rats fed fresubin in adult-
hood or only in juvenile age.
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