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Summary:

The aim of our study was to develop a model producing obese mice in early
adulthood (4-6 weeks) based on their over-nutrition during fetal and early postnatal
development.

The fertilized dams of the parental generation were fed the standard diet
supplemented with high-energy nutritional product Ensure Plus during gestation and
lactation. Delivered weanlings were then fed with standard or supplemented diet and
assessed for body fat deposits using EchoMRI at the time of early and late adulthood.
Maternal over-feeding during the period before weaning had the most significant
effect on obesity development in the filial generation. In weanlings, significantly
higher body fat deposits and average body weight were recorded. Later, further
significant increase in percentage of body fat in both male and female mice was
observed. Withdrawal of the Ensure Plus supplement caused a decrease in the
percentage of body fat in part of the filial generation. In offspring fed the standard
diet, higher fat deposits persisted till the time of late adulthood.

We conclude that this diet-induced obesity model might be used in exploration of the
effects of elevated body fat on physiological functions of various organ systems

during juvenile and early adulthood periods of life of a human being.
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Introduction:

Increased food consumption surpassing the energy requirements of the organism is
usually manifested by excessively increased body fat stores and represents a growing
human health problem (Mozes et al., 2004). Insights into the etiology of human
obesity have arisen from the study of animal models. Animal models of obesity are
also important for the development of future treatments of obesity (Carroll et al.,
2004).

The mouse is very useful rodents for studying obesity. Mice are small and easy to
handle and are inexpensive to propagate and maintain (Carroll et al., 2004).

Obesity is a phenotype that is readily observable, and mice with naturally arising
mutations causing this phenotype have been extensively described (Carroll et al.,
2004; Perry et al., 1994; Zhang et al., 1994; Tartaglia et al., 1995). One of the early
models identified is the ob/ob mouse, discovered in 1950 (Ingalls et al., 1950). The
ob/ob mouse produces no leptin, due to a gene mutation, and has a recessive genetic
obesity that results in sterile adult mice with over 50% fat (Houseknecht et al., 1998).
A close relative, db/db, was later discovered (Hummel et al., 1966). The obese (ob)
and diabetes (db) single-gene mutations have an almost identical phenotype when
bred on the same genetic background: juvenile onset of severe obesity arising from
excessive food intake or hyperphagia, insulin resistance, glucose intolerance and
diabetes. A similar phenotype was observed in the Agouti yellow (Ay) mouse, except
for the adult onset of more moderate obesity (Chagnon and Bouchard, 1996).
However, none of these has led to an explanation of any prevalent form of human
obesity (Houseknecht et al., 1998).

Diet-induced obesity models are believed to most appropriately mimic the

development of obesity in humans (Mercer and Archer, 2008). The diet-induced
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obesity model represents the crossroads of nature and nurture. Diet composition and
genetic background interact to unmask the underlying weight gain phenotype, which
is only manifested if animals are exposed to a high fat or high energy diet (Levin and
Kessey, 1998). However, diet-induced obesity models are widely criticized because
they do not attain the extreme obesity seen in leptin-deficient genetic models (Modak
and Mukhopadhya, 2011). Some of the modeling techniques have only short-term
effects on physical conditions, and it usually take several weeks to get results, while
the mice continue aging and are evaluated not at the most optimal period. Such
models cannot be used for example in reproductive studies, which are predominantly
performed on mice in early adulthood (Fabian et al., 2007), since aging is
accompanied with significant decrease in reproductive abilities of animals as well as
decrease in embryo quality (Jurisicova et al. 1998).

The aim of our study was to develop a dietetic model producing obese mice in early
sexual adulthood (4 to 6 weeks old) based on their relatively short-term over-nutrition
during embryonic, fetal and early postnatal development. A dietary nutritional product
named Ensure Plus (Abbot Laboratories, Netherlands) was used as a high-energy
source for pregnant dams and a portion of their offspring. Our results should support
the hypothesis that altered nutritional conditions in prenatal and early life may have

persistent effects on body weight and body condition.

Methods:

All experiments were performed on mice of the outbred ICR strain (Velaz, Prague,
Czech Republic) and whole experimental design was repeated two times. Mice were
housed in plexiglass cages under standard conditions (temperature 22+2°C, humidity

55+5%, 12:12-h light-dark cycle with lights on at 5:00, with free access to food and



water). All animal experiments were reviewed and approved by the Ethical
Committee for animal experimentation of the Institute of Animal Physiology,
approved by State Veterinary and Food Administration of the Slovak Republic, and
were performed in accordance with Slovakian legislation based on EC Directive
86/609/EEC on the protection of animals used for experimental and other scientific
purposes.

Nutrition of pregnant dams (Parental generation):

Adult female mice (4 weeks old) underwent reproductive-cycle synchronization
treatment with equine chorionic gonadotropin (eCG 5 IU ip; Folligon, Intervet
International, Boxmeer, Holland), followed 47 h later by administration of human
chorionic gonadotropin (hCG 4 IU ip; Pregnyl, Organon, Oss, Holland). Females
were mated with males of the same strain overnight and mating was confirmed by
identification of a vaginal plug.

Fertilized mice were randomly divided into control (C, n=7) and experimental (EX,
n=12) groups (Fig. 1).

During the gestation period (21 days) and the lactation period (21 days from birth of
pups to weaning), dams in the control group (C) were fed the standard pellet diet (M1,
Ricmanice, Czech Republic; 3.2 cal/g, with 26.3% energy as protein, 9.5% as fat, and
64.2% as carbohydrate), and dams in the experimental group (EX) were fed the
standard M1 diet with the addition of high-energy nutritional product Ensure Plus ad
libitum. Ensure Plus is a liquid solution that contains 1.5 cal/ml (15% of the
metabolizable energy content as protein, 28% as fat and 57% as carbohydrate).

The result of this diet was the production of offspring with a high predisposition for
the development of obesity in the time of sexual adulthood (Day 42 of age). The litter

size was adjusted on the first day after birth up to 10 pups per nest.



Nutrition of offspring (F1 generation):

Following procedures were performed on 18 pups delivered from 2 control dams and
39 pups delivered from 4 over-fed experimental dams.

After weaning (Day 21), F1 animals from control dams were fed the standard pellet
diet (C-M1). The F1 animals bred in the experimental group were allocated into two
groups and continued on the standard diet (EX-M1-M1) or a diet with the addition of
Ensure Plus (EX-M1+E-M1) for 3 weeks. Between Day 42 and 96 of age, F1 mice in
all control and experimental groups were fed only the standard diet without addition
of Ensure Plus. The experiment was finished at Day 96 of the F1 animals’ age.
Evaluation of basic physiological parameters:

In both, parental and filial generations, body weight, standard diet intake, Ensure Plus
intake and water intake were measured at regular intervals. Energy intake was
calculated as M1 (g) / number of mice in control group x 3.2, and as M1 (g) /number
of mice in experimental group x 3.2 + Ensure Plus intake of the experimental group
(ml) / number of experimental mice x 1.5.

Furthermore, mice were individually scanned using MRI (Echo MRI, Whole Body
Composition Analyser, Echo Medical System, Houston, Texas) for the evaluation of
the exact amount of body fat deposits. Percentage of body fat was calculated as body
fat (g)/body weight (g) x 100. MRI scanning was performed on Days 21, 42 and 96 of
F1 animals’ age.

Analysis of blood parameters:

At Day 42, a cohort of F1 mice from C-M1 (n=32) and EX-M1-M1group (n=32)
delivered from another 3 control and 3 over-fed experimental dams were decapitated
for blood collection. Blood was centrifuged, and serum was transferred to clean vials

for storage at -80°C until the day of assay. Concentrations of hormones (leptin,
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adiponectin and insulin) were quantified by commercial ELISA kits: Mouse leptin 96-
well plate assay, Mouse adiponectin 96-well plate assay, Rat/Mouse Insulin 96-well
plate assay (Millipore, Billerica, MA). Concentrations of glucose, cholesterol and
triglycerides were quantified by Architect cSystems and system Aeroset (Abbott
laboratories).

Statistical analysis:

Statistical analysis was performed using Statistica (StatSoft, USA). Results were
expressed as mean values +SEM. Student’s t-test was used to detect differences in
average body fat, body weight, caloric intake, M1 intake and water intake in dams
during gestation and lactation periods, in the average number of pups at the day of
birth, body fat and body weight of pups at weaning day (Day 21) and leptin and
adiponectin concentration, insulin concentration and concentration of glucose,
cholesterol and triglycerides of offspring. Following ANOVA Tukey's post hoc test
was used to detect differences in average weight of pups, body fat, caloric intake,
M1- diet intake, water intake (Day 42 and Day 96). Differences of P<0.05 were

considered as significant.

Results:

The effect of over-nutrition on pregnant dams (Parental generation):

As shown in Table 1, the addition of Ensure Plus to the animal diet significantly
increased mean caloric intake of experimental dams during both gestation and
lactation periods, although their intake of water and standard M1-diet was lower when
compared to controls. As shown in Table 2, the dietary manipulation did not affect
somatic development of dams. Females in both groups displayed similar body weight

and amount of fat deposits at the day of fertilization, delivery and weaning (P>0.05



for all cases). Ensure Plus-supplemented diet-receiving dams delivered a significantly
higher number of pups when compared to controls (14.42+0.87 vs. 10.29+0.95 per
dam at average, P<0.01). However, higher incidence of stillborn pups was observed in
them too (5.78+2.27% vs. 0.00%).

The effect of maternal over-nutrition on offspring (F1 generation):

To avoid potential disruption of social interaction between mother and offspring, no
somatic parameters were evaluated in any newborn pups (at Day 0).

At weaning (Day 21 after birth), the percentage of body fat in pups delivered from
over-fed dams (experimental group) was significantly higher than in pups delivered
from control dams (9.59+0.22 vs. 8.63+0.29%; P<0.05; Fig. 2a). Increase in fat
deposits was recorded predominantly in males. At the same day, experimental group
pups also showed significantly higher body weight when compared to the control F1
group (12.12+0.21g vs. 9.68+0.41g at average; P<0.001; Fig. 3a).

During the first three weeks after weaning (between Days 21 and 42 of the age), a
portion of pups delivered from over-fed dams (EX-M1+E-M1) was fed the diet
supplemented with Ensure Plus. As shown in Table 3, average week caloric intake in
this group (100.1242.53 kcal) was slightly higher than in control pups fed the
standard diet (77.57+7.39 kcal), although the difference reached statistical
significance only in the male part of population. Caloric intake in the EX-M1+E-M1
group was also slightly higher than in the EX-M1-M1 group (pups delivered from
over-fed dams on standard diet only), but no significant differences were observed
between experimental groups (Table 3).

At Day 42 values of body fat in the EX-M1-M1 and EX-M1+E-M1 groups were

significantly higher in all cases than in the control group (10.58+0.46 and 11.30+0.56



vs. 8.294.0.32%; P<0.01, P<0.001 respectively). The means of body fat for both sexes
are shown in Fig. 2 a,b,c.

During the following two months (between Days 42 and 96), the mice in all groups
were fed the standard diet only. In this period, diet intake (at libitum feeding) was
significantly increased in the EX-M1-M1 group (Tab. 4).

At Day 96 after birth, significantly higher deposits of body fat were observed only in
the experimental group fed the standard diet (11.25+0.78 vs. 8.20+0.62%; P<0.05;
Fig. 2a).

At Days 42 and 96 there were no significant differences in body weight between
experimental groups (EX-M1-M1 and EX-M1+E-M1) and the control group (C-M1).
Selective evaluation of female and male mice showed identical results (Fig. 3b, 3c).
Comparison of the two experimental groups showed minor differences at Day 42
(slightly increased body weight in the EX-M1-M1 group).

Blood parameters in F1 offspring:

As shown in Table 5, in blood serum of F1 mice in experimental group fed standard
diet significantly higher levels of glucose (8.92+0.22mmol/ml vs. 8.34+0.15mmol/ml;
P<0.05) and adiponectin (7470.8+812.92ng/ml vs. 9878.3+920.11ng/ml; P<0.05)
were found when compared to control group mice at Day 42. Although some of other
evaluated parameter also showed tendency to increase, there were found no
significant differences in leptin, insulin, cholesterol and triglycerides concentrations
between experimental group (EX-M1-M1) and control group (C-M1).

Discussion:

The prevalence of obesity has increased all over the world. This increase is frequently
attributed to changes in life style, particularly important among them being the

consumption of high-fat and high-energy diets.
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From the introductory discussion it can be argued that rodent models of diet-induced
obesity may provide the best parallels of much human obesity (Archer a Mercer
2007). Several distinct experimental strategies have been adopted in the study of diet-
induced obesity. These strategies have compared the effect of an obesogenic diet with
control diet in a single strain of rodent, the response of two rodent strains (with
differential susceptibility to diet-induced obesity) to an obesogenic diet (Madiehe et
al., 2000) or the range of diet-induced obesity responses to an obesogenic diet within
a single strain rodent. It has been shown that the outbred rodent model exemplifies an
approach whereby individual animals within the population exhibit heterogenity in
their response to dietary challenge in a manner analogous to human subjects (Levin et
al., 1989; Lauterio et al., 1994).

The focus of most studies of diet-induced obesity to date has understandably been on
adult rodents (Mercer and Archer, 2008). Very little work has been done on juvenile
and early adult animals (Archer et al., 2004), despite the obvious benefits that could
be derived from examination of the mechanisms underlying the development of
obesity at an equivalent life stage to children and adolescents in the human population

(Mercer and Archer, 2008).

The Ensure Plus diet was originally used by Levin et al. (1998; 1999; 2002). The
ability of liquid high-energy diets to stimulate overconsumption in rodents more
readily than a solid diet has been described previously (Sclafani et al., 1987; 1984;
Ramirez, 1987). Levin et al. (1998; 2002) demonstrated that supplementing a solid
high-energy diet with Ensure in Sprague-Dawley rats caused a sustained
overconsumption of energy that resulted in increased body weight and obesity in

adulthood. It has been shown that Ensure Plus induces obesity even in that proportion
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of the outbred population which is relatively resistant to obesity based on the pellet
diet (Levin et al., 1999; Archer et al., 2006). In our study, Ensure Plus was used for
the first time as a supplement to the standard diet in mice (outbred ICR strain).
Similarly as for the Sprague-Dawley rats (Archer et al., 2007), Ensure was selected in
preference to a carbohydrate solution to prevent further constraint on protein
availability in pregnant dams and developing mice.

Results obtained in the current study show that a model based on high-energy over-
feeding of dams during pregnancy and the lactation period can be used for production
of obese mice in early sexual adulthood. Supplementation of the maternal diet with
Ensure Plus had no effect on general health status, body weight and body fat of dams.
It positively affected their reproductive capabilities, as shown by the increased litter
rate; however, this was accompanied with slightly increased mortality of pups.

In other similar studies, maternal over-feeding was rarely restricted to pregnancy and
the lactation period only. Dams of C57BL/6J mice or Wistar rats were usually fed a
high fat- or high-energy diet 6 to 16 weeks before mating. Such a diet resulted in
increased body weight or body weight and body fat of mothers at the day of mating
(Jungheim et al., 2010; Franco et al., 2012; Samuelsson et al., 2008). Besides this, it
had negative effects on several reproductive parameters: obese mothers had
significantly more apoptotic ovarian follicles, smaller and fewer oocytes, smaller
fetuses and smaller pups (Jungheim et al., 2010).

In our study, in offspring delivered from over-fed dams, significantly higher body fat
deposits were already observed in male weanlings. Body fat and weight gains in pups
at Day 21 probably resulted from environmental changes during their prenatal
development and combined intake of breast milk and Ensure Plus during lactation

period. These results support the hypothesis that higher fat and protein concentrations
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in the breast milk seem to induce early over-nutrition in the offspring (Franco et al.,
2012).

Later, in adult animals fed the standard diet, higher deposits of body fat persisted till
the last measurement at Day 96 (16th week) of their age. In contrast, adult mice fed
during the first 3 weeks after weaning with Ensure Plus supplemented diet were
obviously unable to compensate later for the loss of energy addition and showed
significant decrease in body fat values (P<0.05; EX-M1+E-M1 vs. EX-M1-M1) .

It has been shown previously that offspring on standard (control) diet delivered from
dams of C57BL/6J mice or Wistar rats or Sprague-Dawley rats fed a high-fat or high-
energy diet during gestation or the gestation and lactation periods showed increased
body weight and adiposity at weaning (Franco et al., 2012), increased body weight in
males at the age of 12 weeks (Samuelsson et al., 2008) and increased body weight
(Jungheim et al., 2010; Levin et al., 1998) or fat pad mass (Samuelsson et al., 2008) in
both males and females at the age of 16 weeks. Our observations are in accordance
with the majority of previous results: at weaning, the offspring delivered from the
high-fat diet group had increased body weight and adiposity (Franco et al., 2012); at
16 weeks body weight did not differ significantly between control-fed offspring and
high energy-fed offspring, although pups delivered in the group fed the high-energy
diet were heavier despite the return to control diet by the 13" week (Levin et al.,
1998). Unfortunately, data on exact body fat amounts in offspring are missing in these
studies.

In the majority of other studies, offspring of various ages (3 to12 weeks) from
untreated (standard diet fed) mothers were used for dietary induction of obesity. In
these studies it usually took 4 to17 weeks to reach a significant increase in body

weight or amount of body fat in male and female mice and rats fed a high-fat or high-
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energy diet (Seféikové et al., 2010; Neyrinck et al., 2012; Papackova et al., 2012;
Betanzos-Cabrera et al., 2012; Archer et al., 2005). Similarly to our findings, Archer
et al. (2005; 2007) documented that after removal of the high-energy diet, the body
weight of experimental animals decreased or remained stable.

In our study, selected blood parameters were evaluated in experimental F1 mice fed
standard pellet diet (i.e. in group showing unvarying development of obesity). When
compared to control F1 mice, 42 days old animals with elevated body fat showed
significantly higher concentrations of blood adiponectin and glucose.

Adiponectin and leptin are two important regulatory proteins produced by adipose
tissue. Similarly as in our study, increase in serum adiponectin levels was documented
by Bullen et al. (2007) in C57/J and A/Jmice fed high-fat diet for 10 wk. However,
these findings are in contrast with observations in humans, where the adiponectin
plasma level is usually inversely correlated with body fat amount in adults (Oh et al.,
2007). This might suggest age-dependent or species-specific differences in
adiponectin metabolism. It has been shown that circulating adiponectin levels in mice
increase abruptly by the third week of postnatal life but are relatively stable thereafter
Combs et al., 2003). However, what triggers the rise of adiponectin early in puberty is
not known.

In contrast to adiponectin, circulating levels of leptin, are relatively constant from 1 to
6 weeks of age and only begin to rise by the seventh week (Cheung CC et al., 2001;
Ahren et al., 1997).

In animal models, hyperleptinemia is usually typical consequence of high-fat diet
(Taylor et al., 2005; Levin et al., 1998; Archer et al. 2007; Tortoriello et al., 2004).

Although blood concentration of leptin tended to increase in obese mice in our study,
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no statistical difference with controls was found in this parameter. Similar observation
was documented by Bullen et al. (2007).

In high-fat diet exposed rats, Levin et al. (1998) and Khan et al. (2004) documented
significant increase in concentration of insulin as well. On the opposite, Archer et al.
(2007) documented no differences in insulin concentrations between experimental and
control groups. Similar results were found also in our study. Nevertheless, some

tendency to insulin elevation (probably connected with hyperglycemia) was present.

We documented significant increase in concentration of glucose in obese mice
derived in experimental group. Similar findings were documented by Khan et al.
(2003; 2005) and Jungheim et al. (2010) in studies with rats and mice. On the
opposite, Levin et al. (1998) and Archer et al. (2007) documented no significant
difference in concentration of glucose in animals subjected to high-fat diet.

In our experiment, no significant increase in concentrations of cholesterol and
triglycerides was found. This is in opposite with the majority of other studies, except
of Khan et al. (2005). However, this difference might explained by the different age
of experimental mice. Gregersen et al. (2005) documented significant increase in
triglycerides concentration and no difference in cholesterol concentration in high-fat
fed rats at the age of 16 wk. Taylor et al. (2005) documented increase in triglycerides
concentration after 12 month in rats. Khan et al. (2003) documented increase of
triglycerides in female rats at the age of 51 wk.

While most rodents tend to become obese on high-fat diets, there can be variable
responses in weight gain, glucose tolerance, insulin resistance, triglycerides and other
parameters depending on the strain (Rossmeisl et al., 2003). Some inbred strains are

more susceptible to obesity induction (C57BI6, AKR mice) (Rossmeisl et al., 2003),
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some are more resistant (SWR/J, A/J mice) (Surwit et al., 1995; Prpic et al., 2002).
This variable susceptibility to high-fat diets was observed also in populations of
outbred strains, whose maintain a high degree of heterozygosity (Levin et al., 1997,
Farley et al., 2003). Nevertheless, in our study, when experimental design described
for EX-M1-M1 group was used, we were able to produce a relatively homogeneous
population of outbred ICR mice displaying a significantly higher amount of body fat.
In conclusion, our results support the hypothesis that altered qualitative and
quantitative nutritional conditions in prenatal and early life may have persistent
effects on body weight and body condition. We standardized the animal model of
obese offspring breeding based on over-feeding of mice in the pre-weaning period of
their life, i.e. during embryonic, fetal and early postnatal development. This model
produced a relatively homogeneous population of mice with a significantly higher
amount of body fat, reaching the highest percentage in approximately the 6™ week of
life and persisting till late adulthood. Intake of Ensure Plus-supplemented diet in
offspring after weaning contributed to sustaining of the value of body fat, but it did
not cause its further increase. Furthermore, after withdrawal of the Ensure Plus
supplement, the percentage of body fat decreased.

We conclude that the diet-induced obesity model is functional and it might be used in
exploration of the effects of obesity on physiological functions of various organ
systems during juvenile and early adulthood periods of life of a human being.
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Table 1. Feeding parameters of dams fed either the control or high-energy diet

during gestation and lactation periods.

Parameter per mouse, per

Control dams

Experimental

week dams
Gestation period (D1- Mean caloric intake 142.40+6.91 167.68+12.26*
D21) (kcal)

M1-diet intake (Q) 44.504£2.16 24.12+2.80*

ENSURE PLUS intake 0.00 60.33+0.40

(ml)

Water intake (ml) 55.77+2.79 29.38+4.03**
Lactation period Mean caloric intake 415.5549.14  529.00+3.40*
(D21-D42) (kcal)

M1-diet intake (g) 129.86+2.86  83.75+2.11%%**

ENSURE PLUS intake 0.00 174.00+0.13

(ml)

Water intake (ml) 160.00+£8.73  100.25+9.15%**

Values are means + SEM. Significance of difference from control group: *P<0.05;

**P<0.01; *** P<0.001

Table 2. Somatic development of dams fed either the control or high-energy diet.

Parameter per mouse

Control dams

Experimental
dams

D1 (Fertilization)
D21 (Delivery)

D42 (Weaning)

Body weight (g)
Body fat (%)
Body weight (g)
Body fat (%)
Body weight (g)
Body fat (%)

24.60+0.22
6.82+029
45.71+£3.64
NM
37.70+0.65
6.48+0.30

24.80+0.33
6.86+0.26
46.19£3.56
NM
39.17+£0.88
7.46+0.40

Values are means £ SEM. (NM: not measured)
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Table 3. Feeding parameters of pups (F1 animals) fed either the standard (C-M1
group, EX-M1-M1 group) or high-energy diet (EX-M1+E-M1 group) during the
first 3 weeks after weaning.

Parameter per

Control group EX-M1-M1 group EX-M1+E-M1 group

mouse, per week n=18 n=19 n=20

Mean caloric 77.57+7.39 86.68+8.71 100.12+2.53
intake (kcal)

Q 73.99+10.01 77.87+9.09 92.96+1.85

3 84.72+9.53 91.15+9.43 116.81+4.16%*
M1-diet intake (g) 24.24+2.31 27.09+2.72 14.97+0.66

Q 23.12+3.13 24.33+2.84 13.38+0.13
) 26.48+2.98 28.48+2.95 18.67+2.27
Ensure Plus 0.00 0.00 34.82+1.35
intake (ml)

Q 0.00 0.00 33.4+1.80

3 0.00 0.00 38.05+1.11
Water intake (ml) 33.39+2.96 38.19+4.25 19.25+1.75%*
Q 30.73+2.41 35.21+2.71 17.74£2.07**
3 37.57+4.25 37+5.37 22.78+1.11%*

Values are means + SEM. Significance of difference from control group: *P<0.05;
**P<0.01; *** P<0.001

Table 4. Caloric intake of pups (F1 animals) fed either the standard (C-M1
group, EX-M1-M1 group) or high-energy diet (EX-M1+E-M1 group) between
Days 42 and 96.
Parameter per

Control group EX-M1-M1 group EX-M1+E-M1 group

mouse, per week n=18 n=19 n=20
Mean caloric 72.78+4.43 86.68+3.05* 74.88+2.97
intake (kcal)

Q 69.41+3.54 78.08+2.58 71.77£5.53
J 78.08+7.17 93.89+2.59 82.13+4.95

Values are means = SEM. Significance of difference from control group: *P<0.05;

**P<0.01; *** P<0.001
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Table 5. Analysis of blood parameters in F1 mice of control group fed standard
diet (C-M1) and experimental group fed standard diet (EX-M1-M1) on Day 42.

Parameter Control group EX-M1-M1 group
n=19 n=20
Leptin, ng/ml 1.17+0.14 1.39+0.16
Adiponectin, ng/ml 7470.8+812.92 9878.3+£920.11*
Insulin, ng/ml 0.47+0.04 0.55+0.08
n=13 n=12
Glucose, mmol/L 8.34+0.15 8.92+0.22*
Cholesterol, mmol/L 1.97+0.09 2.05+0.07
Triglycerides, mmol/L 1.64+0.06 1.61+£0.08

Values are means + SEM. Significance of difference from control group: *P<0.05

Fig. 1 Scheme of experimental design

Fig. 1 Scheme of experimental design
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Figure 1 represents scheme of experimental design. C: parental mice in the control
group on standard laboratory diet; EX: parental mice in experimental group on the
standard diet with addition of Ensure Plus during gestation and lactation; M1.:
standard laboratory diet; M1+E: standard laboratory diet with addition of Ensure Plus;
C-M1: the F1 animals in the control group on the standard diet; EX-M1-M1: the F1

animals in the experimental group on the standard diet; EX-M1+E-M1: the F1
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animals in the experimental group on the standard diet with addition of Ensure Plus

for the first 3 weeks after weaning;

m— : Darental (P) generation; === : filial (F1) generation

Fig. 2 Body fat.

Fig. 2 Body fat
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Body fat in offspring. Figure 2a represents percentage of body fat in pups delivered
from over-fed dams and control dams at weaning day (D21 after birth), at day 42 and
at day 96. The means of body fat for female and male pups are shown in Figure 2b
and 2c respectively. Values are means = SEM. Statistical differences between
experimental groups and the corresponding control group were determined using
Student’s t-test (Day 21) and ANOVA+Tukey's test (Day 42 and Day 96): * P<0.05;
** P<0.01; *** P<0.001. C-ML1: the F1 animals in the control group on the standard
diet; EX-M1-M1: the F1 animals in the experimental group on the standard diet; EX-
M1+E-M1: the F1 animals in the experimental group on the standard diet with

addition of Ensure Plus for the first 3 weeks.
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Fig. 3 Body weight

Fig. 3 Body weight
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Body weight in offspring. Figure 3a represents body weight value in pups delivered
from over-fed dams and control dams at weaning day (D21 after birth), at day 42 and
at day 96. The means of body weight for female and male mice are shown in Figure
3b and 3c. Values are means = SEM. Statistical differences between experimental
groups and the corresponding control group were determined using Student'’s t-test
(Day 21) and ANOVA+Tukey's test (Day 42 and Day 96): * P<0.05; ** P<0.01; ***
P<0.001. C-M1.: the F1 animals in the control group on the standard diet; EX-M1-M1.:
the F1 animals in the experimental group on the standard diet; EX-M1+E-M1.: the F1

animals in the experimental group on the standard diet with addition of Ensure Plus

for the first 3 weeks.
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