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Maternal obesity and late effects
on offspring metabolism

Obesidade materna e efeitos tardios sobre o metabolismo da prole

Daniele Sa Vido, Mariana Bocca Nejm’, Neila Ribeiro Silva', Sylvia
Maria Affonso Silva’, Sérgio Luiz Cravo’',Jacqueline Luz'

ABSTRACT
The aim of this study was to evaluate the late effects of maternal obesity induced by lesion
of the ventromedial hypothalamus on offspring metabolism. Thirty days

after the bilateral lesion of the ventromedial hypothalamus, female rats were mated and divided
into 2 groups of pregnant animals: Control (C) - false lesion (sham) and Obese (OB) - lesion. Three
months after that, with the groups of mothers, offspring were divided into control and obese animals
that received a normocaloric diet (C-N and OB-N), and control and obese animals that received a hy-
percaloric diet (C-H and OB-H). At 120 days of age, the animals were euthanized and their carcasses,
feces and food were submitted to calorimetric analysis to determine energy balance and body com-
position. During the growth period, offspring from obese mothers showed higher values
of body weight and food intake than controls. Obese animals showed higher body weight gain and
gross food efficiency than control animals in adulthood. The hypercaloric diet led to increased metab-
olizable energy intake, percentage of absorbed energy and energy expenditure in both groups. Body
composition was only affected by the association of hypercaloric diet and maternal obesity that led
to increased body fat. Maternal obesity has led to the development of later overweight
in offspring, suggesting fetal programming. According to the trend presented, it is believed that the
prolonged intake of hypercaloric diets in adult animals may, as an additional effect, induce worsen-
ing of the overweight induced by maternal obesity. Arq Bras Endocrinol Metab. 2014;58(3):301-7
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RESUMO
Avaliar os efeitos tardios da obesidade materna induzida por lesdo do nucleo ventrome-
dial do hipotalamo sobre o metabolismo da prole. Trinta dias apds a lesdo

bilateral do hipotalamo ventromedial, ratos fémeas foram colocadas para acasalar e divididas em
dois grupos de animais gestantes: Controle (C) - falsa lesdo e Obeso (OB) - lesionados. Trés meses
apos o nascimento, de acordo com os grupos das maes, os filhotes foram divididos em animais
controle e obesos que recebiam dieta normocaldrica (C-N and OB-N) e animais controle e obesos
que recebiam dieta hipercaldrica (C-H and OB-H). Aos 120 dias de idade, os animais foram eutana-
siados e as carcacas, fezes e ragdo foram submetidas a analise calorimétrica para determinagao do
balango energético e composicao corporal. Durante o periodo de crescimento, os filhos
de maes obesas mostraram maiores valores de peso corporal e ingestao alimentar que animais
controle. Os animais obesos apresentaram maiores valores de ganho de peso corporal e eficiéncia
metabolica que os animais controle quando adultos. A dieta hipercaldrica levou ao aumento da
energia metabolizavel, percentagem de energia absorvida e gasto energético para ambos os gru-
pos. A composicao corporal foi somente afetada pela associacao da dieta hipercalérica com a obesi-
dade materna que levou ao aumento da gordura corporal. A obesidade materna levou
ao sobrepeso tardio na prole, sugerindo uma programagao fetal. Pela tendéncia apresentada, acre-
ditamos que a ingestao prolongada de dietas hipercaldricas em animais adultos possa induzir uma
piora no quadro de sobrepeso induzido pela obesidade materna. Arg Bras Endocrinol Metab. 2014;58(3):301-7
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Maternal obesity and fetal programming

INTRODUCTION

besity is a worldwide epidemic, independent of

economic or social conditions. Besides represen-
ting a problem in developed countries, overweight and
obesity are dramatically increased in the population of
low- and middle income, especially in urban areas (1,2).
The increasing rate of obesity among children and adoles-
cents is particularly alarming, and the factors contributing
to this situation are probably the sedentary lifestyle and
dietary changes, especially in individuals who already have
a tendency to obesity (3,4). Thus, the overall increase in
overweight and obesity naturally leads to a disturbing in-
crease in the incidence of obesity in pregnant women.

Obesity and /or overweight have a major impact on
the health of both mother and offspring. Studies sug-
gest that changes in the intrauterine environment of
obese women can cause metabolic adaptations in the
fetuses, with immediate or late consequences (1,5).

Maternal exposure to obesity during pregnancy,
even in the absence of diabetes, can have negative con-
sequences to the offspring (6). Maternal obesity is asso-
ciated with 2-fold higher incidence of heavier newborns
than in non-obese women (7).

Shields and cols. (8) demonstrated a direct relation-
ship between maternal body composition and offspring
adiposity, and suggested that offspring body fat is asso-
ciated with maternal fat, but not with paternal fat mass.

Catalano and cols. (9) demonstrated that fetuses of
obese mothers have higher percentage of body fat than
tetuses of lean mothers. According to Catalano and Eh-
renberg (10) pre-pregnancy and gestational obesity can
lead to macrosomia due to increased adiposity and not
lean body mass (11,12).

Shankar and cols. (13) suggest that maternal obesity
may be responsible for fetal programming, resulting in
later obesity. Different effects resulting from maternal
obesity can be observed in adulthood (14).

Maternal obesity has no influence on body weight
of offspring, similar to the effect of high-fat diet during
pregnancy, suggesting that maternal adiposity, per se, is
necessary for the programming effect that predisposes
the offspring to obesity (15).

Adequate postnatal nutrition can reduce the factors
that lead to obesity in the offspring, while the high-fat
nutrition can enhance the development of obesity and
metabolic syndrome (16).

Recently, we have found no significant changes in
body weight and body composition of rat fetuses from
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obese mothers, with obesity induced by electrolytic le-
sion of the ventromedial hypothalamus nucleus (VMH)
(unpublished data). Thus, the objective of this study
was to assess the late effects of maternal obesity induced
by VMH lesion on energy balance and body composi-
tion of offspring fed normo- and hypercaloric diets.

MATERIALS AND METHODS

Animals and experimental design

All procedures and methods used on the experimen-
tal animals were examined and approved by the ethics
committee of the Universidade Federal de Siao Paulo
(Unifesp-EPM) (#0217/09), and the animals were
cared for in accordance with the Guide to the Care and
Use of Experimental Animals.

During the experimental period, the animals were
kept in room at controlled constant temperature (23
£ 1°C) on light-dark cycle (lights turned on at 7 am).

Female rats Wistar EPM-1, 60 days of age, un-
derwent stereotactic surgery to induce obesity by an
electrolytic lesion of the ventromedial hypothalamic
neurons responsible for the control of satiety (17). Ani-
mals were anesthetized by inhalation with halothane
and electrodes were introduced in the ventromedial
hypothalamus at the following coordinates: 2.5 mm
posterior to Bregma, 0.5 mm lateral to Bregma, 9.5
mm ventral to the dorsal surface. The intensity of the
stimulus for neuronal injury was 1 mA for 30 seconds.
Coordinates were taken from the stereotaxic atlas (18)
and adapted to the size of the female rats. After this step
was standardized, the coordinates were histologically
confirmed by electronic microscopy using rat brain sec-
tions on glass slides. Ten days after the lesion, rats were
euthanized by decapitation and their brains removed
and stored in a freezer at -80°C to be sectioned later
on in a cryostat (-20°C) to confirm the lesion. Control
animals were submitted to false lesions (sham) meaning
the same procedure without stimulation after insertion
of the electrodes at the same determined points.

After surgery, animals received water and food ad
libitum, with the water containing analgesic solution
for 2 days. Their food intake and body weight were
monitored for 30 days (experimental period) and used
as physiological parameters in order to establish the ef-
ficacy of the lesion. On the 30" day after surgery, fe-
male rats were placed with adult males for mating, and
the day of pregnancy was determined by the presence
of sperm in a vaginal smear.
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Throughout the gestational period, pregnant rats
were kept in individual metabolic cages and divided
into two main groups: Control (C) — animals with false
hypothalamic lesion (sham) and Obese (OB) — animals
with hypothalamic lesion.

After birth by spontaneous delivery, only 6 newborn
females were kept with their mothers in order to prevent
nutritional differences. When the number of females was
not sufficient, males were used to complete the group
of six offspring, but they were discarded at weaning (28
days after birth). The animals had free access to food and
water during the lactation period. From weaning until
the 2™ month of life (28™ — 60" of age), all animals had
their food intake and body weight measured.

In the last month (60™ — 90™ days of age), 2 groups
were formed for each state (control or obese), includ-
ing the normocaloric and hypercaloric diets, which sub-
sequently were re-divided into 4 groups: offspring of
control and obese mothers that received normocaloric
diets (C-N and OB-N, respectively), and oftspring of
control and obese mothers that received hypercaloric
diet (C-H and OB-H, respectively).

The standard food (CR-1 Nuvilab, Brazil, 22% pro-
tein, 4.5% fat, 55% carbohydrate, 7% fiber) was used for
normocaloric diet, while the hypercaloric diet (palat-
able diet) was composed of 20% protein, 20% fat, 40%
carbohydrate and 4% fiber. A palatable hypercaloric
diet consisted of standard food (CR-1 Nuvilab, Brazil)
plus peanuts, chocolate and sweets biscuits in the ratio
of 3:2:1. All components were powdered, mixed and
dried at 60°C for 2 days (19).

Normocaloric diet MNormo- or hypercaloriec diets

Groups:
Cand OB

Groups:
C-N; OB-N; C-H; OB-H

TEvaIuation T Pregnancy T Lactation T Growth T Energy balance T
v v v v ¥ v

Figure 1. Schematic summary of the experimental protocol.

30 days 21-22 days = 28 days 60" - 90™ day 90" - 120" day

Energy balance

The energy balance was determined in a 30-day period
(from the 90 to 120 days).

On the 120™ day, animals were anesthetized with
sodium pentobarbital (60 mg/kg, intraperitoneally),
and euthanized by decapitation. After animals were
killed, the abdominal cavity was opened, and the guts
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removed, emptied and put back in the carcass. The car-
cass was weighed (fresh weight) and homogenized in
a blender with an equal volume of water after the hard
tissues were softened. Homogenate samples were col-
lected to determine the protein and lipid content. The
homogenized material was dried at 60°C until weight
stabilization (dry weight), and the resultant material was
re-homogenized. Water percentage was obtained from
the difference between fresh weight and dry weight of
the carcasses. Samples were used to determine the ener-
gy content in an adiabatic calorimeter (IKA C-5000).
Throughout the period, feces were collected and dried
the same way and, after that, the energy content was
determined. Body weight and food intake were mea-
sured daily, and samples of feed pellets were analyzed
repeatedly in a calorimeter for energy content (kJ) per
gram of chow. Energy intake was calculated by multi-
plying the total amount ingested (g) by the food en-
ergy content (16.36 kJ/g for the normocaloric diet,
and 21.33 kJ /g for hypercaloric diet). Thus, the energy
balance parameters were calculated as follows:

Energy intake (kJ) = amount of feed ingested (g) X energy content in the diet
Absorbed Energy (kJ) = energy intake - energy in feces
Percentage of absorbed energy (%) = absorbed energy X 100
energy intake
Metabolizable energy intake (kJ) = 96% absorbed energy (20)

Body weight gain = final body weight (120" day) - initial body weight (90™ day)

Body energy gain (kJ) = final body energy (120" day) - initial body energy (90" day).
Body energy gain was determined from the groups of animals killed on the 90™ day
of the experiment for each treatment (control; n = 18 and obese; n = 18).
Regression of body weight vs body energy was calculated. The initial body energy
of the experimental animals was calculated from their initial body weight using the
previously calculated regression equation.

Energy expenditure (kJ) = metabolizable energy intake - body energy gain

Gross food efficiency (%) = energy gain X100

metabolizable energy intake

Percentage of water in the carcass (%) = fresh weight — dry weight X 100
fresh weight

Body composition

Carcass fat and protein contents were determined in fresh
samples of homogenized carcasses using the chloroform-
methanol (21) and the Lowry (22) methods, respectively.

Statistical analysis

Statistical analysis was performed using the unpaired
Student’s ¢ test for two-independent groups, or one-
way ANOVA followed by the Tukey’s post-hoc test.

The significance level to reject the null hypothesis was -
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5%. All analyses were performed using the statistical
software GraphPad Prizm (GraphPad Software, version
5.01 San Diego, CA, USA).

RESULTS

Table 1 shows the values of body weight gain and to-
tal food intake of control and obese animals during the
pregnancy and lactation periods. Both parameters in-
creased in obese animals (p < 0.05), following the experi-

mental VMH lesion (evaluation period). There was no
significant difference between groups (p > 0.05), during
pregnancy and lactation, except for increased food intake
shown by obese animals during pregnancy (p < 0.05).

Despite the trend of the obese pups compared with
their respective controls during the lactation period, no
significant differences were found for body weight (p >
0.05) (Figure 1A). However, these differences became
evident in the growth period (30% — 60% days) (p <
0.05) (Figure 1B).

Table 1. Body weight gain (g) and total food intake (g) of control (C) and obese (OB) animals during the evaluation period (30 days after surgery),
pregnancy (21-22 days) and lactation (28 days). Values represent means + SEM. Numbers of observations (n) in parenthesis

. Body weight gain (g) Total food intake (g)
Period
H 0B H 0B
Evaluation 32.00+1.82 (12 65.20 + 3.81* (10) 445,69 + 8.38 (12) 557.44 + 15.96* (10)
Pregnancy 110.00 + 8.94 (7) 121.60 = 7.86 (5) 436.57 +18.64 (7) 546.70 + 24.66* (5)
Lactation -37.14 £ 9.55 (7) -41.20 + 8.96 (5) 1204.25 + 54.83 (7) 1337.71 £ 92.93 (5)
*vs.C; p<0.05.
A
80 80
— C
60 _ 60 [—
2 409 £ 101
z 2
3 g
204 20
0 T T 1 0
0 10 20 30 C 0B
Time (davs)
B 200
2 1501
250 5 J
q;; 100
= 200 2
S 504
2
< 150
@ 0
¢
100 *p<0.05
1500
50-
) T T T T T 1 %
30 40 50 60 70 80 0 5 1000
Time (days) =
g 500
& 0
c 0B
*p<0.05

opyrigh

= the mean + SEM. * vs. C. p < 0.05.
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Figure 1. (A) Body weight (g) and body weight gain (g) of control (C) and obese (OB) animals during lactation (0 — 28" day). (B) Body weight (g), body
~ weight gain (g), and total food intake (g) of control (C) and obese (OB) animals during the growth period (30" — 60™ day). Each point and bar represents
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Table 2 shows the energy balance, gross food ef-
ficiency and absorbed energy values determined in
control and obese animals fed the normo- (N) and hy-
percaloric (H) diets for 30 days (90" — 120%). Obese
animals showed lower percentage of absorbed energy
and higher body weight gain and gross metabolic ef-
ficiency than control animals (p < 0.05). The hyperca-
loric diet led to increased metabolizable energy intake,
percentage of absorbed energy and energy expenditure
for both groups of animal control and obese, when
compared with normocaloric animals (p < 0.05).

Body composition (Table 3) was not affected by
maternal obesity, except for a decrease in water content
(p < 0.05), which was also affected by the hypercaloric
diet in both control and obese groups. Both maternal
obesity and the hypercaloric diet were not able to sig-
nificantly change the body fat content (p > 0.05); how-
ever, the combination of both factors led to an effective
increase in adiposity of these animals (p < 0.05). The
protein content was not affected by maternal obesity or
the hypercaloric diet (p > 0.05).

DISCUSSION

The electrolytic lesion in the ventromedial nucleus of
the hypothalamus (VMH) is widely described in the lit-
erature as an animal model of obesity and hyperphagia,
followed by increased body weight, as the main charac-

Maternal obesity and fetal programming

teristic of this model, besides the increase in fat stores
(17). As expected, during the first 30 days after surgery
(evaluation period), the animals with lesions exhibited
an increase of about 25% in food intake, and more than
twice the body weight gain compared with their respec-
tive controls. Therefore, they were considered obese.
Goldman and cols. (23) reported that VMH lesions led
to increased weight gain by increasing fat deposits, pri-
marily caused by adipocyte hypertrophy. Corroborat-
ing these findings, we recently found in our laboratory
(unpublished data) that carcasses of obese animals have
approximately 78% more fat than the control group.

During the period of pregnancy, obese animals
maintained their food intake and body weight above
the control animals. Body weight gain was similar be-
tween control and obese groups, suggesting that obe-
sity did not alter the pattern of body weight for the ges-
tational period (24). Similarly, there was no difference
between groups during the lactation period, in which
a reduction in body weight is expected due to the high
demand for milk production (24).

The literature is controversial regarding the effects
of maternal obesity on offspring birth weight. Hull and
cols. (12) found that neonates born to overweight/
obese mothers have a fat mass to fat-free mass ratio sig-
nificantly higher than neonates born to mothers with
normal body weight. On the other hand, Shankar and
cols. (13) reported that the number of newborns, the

Table 2. Parameters of energy balance (kJ/30 days), gross food efficiency, and absorbed energy in control (C) and obese (OB) animals fed normo- (N) and
hypercaloric (H) diets for 30 days (90™ — 120" days). Values represent means + SEM. Numbers of observations (n) in parenthesis

Normocaloric

Hypercaloric

C-N 0B-N C-H 0B-H
(n=10) (n=10) (n=9) (n=10)

BWG (g) 18.80 + 2.41 29.56 + 3.07* 27.00 +2.83 33,20 + 2.22*
MEI (kJ) 5135,41 £ 142.04 5140.09 + 180.77 7491.19 + 378.20*° 7530.08 + 252.88*°
AEN (%) 76.22 +0.92 73.61 +0.37* 87.29 + 0.45*° 88.07 + 0.56*°
EG (kJ) 270.37 + 30.58 508.39 + 47.15 675.57 + 86.78* 719.91 + 89.03*
EE (kJ) 4865.04 + 159.06 4631.70 + 157.57 6816.62 + 348.26*° 6810.17 £ 191.72*
GFE (%) 5.38 + 0.66 9.85+0.74" 9.00 +1.03" 9.39 + 0.98"

BWG: body weight gain; MEI: metabolizable energy intake; AEN: absorbed energy; EG: energy gain; EE: energy expenditure; GFE: gross food efficiency.

*vs. C-N; © vs. OB-N. p < 0.05.

Table 3. Body composition in control (C) and obese (OB) animals fed normo- (N) and hypercaloric (H) diets for 30-days (90" — 120" days). Values

represent means = SEM. Numbers of observations (n) in parenthesis

Normocaloric

Hypercaloric

C-N 0B-N C-H 0B-H
(n=10) (n=10) (n=9) (n=10)
Protein (mg/g) 186.96 + 9.78 186.47 +7.16 169.08 + 6.64 175.86 + 8.01
Fat (mg/g) 193.53 + 9.52 214.85 + 5.36 210.57 £ 3.72 231,53 £ 9.13*
Water (%) 61.53 + 0.53 59.40 + 0.01* 59.02 + 0.01* 57.81 £ 0.01*°*

*vs. C-N; ° vs. OB-N; * vs. C-H. p < 0.05.

Arq Bras Endocrinol Metab. 2014;58/3
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birth weight and birth size were not affected by mater-
nal obesity. Similar results were reported by Mingrone
and cols. (25).

Several authors have suggested that maternal obe-
sity can lead to different early (26) and later effects in
adults (14) as results of a possible fetal programming
(13).

In the present study, newborns from the obese and
control groups showed no differences for body weight
from birth to weaning (0 — 28 days), despite the slight
trend for increased body weight gain in obese animals.
In fact, obese animals showed significant increase in
food intake and body weight gain during the growth
period (30 — 60™ days). Bayol and cols. (27) reported
that the increased food intake precedes the increased
body weight in the offspring of obese mothers, suggest-
ing that this excessive intake is an obesity-inducing fac-
tor in these animals. In adulthood (90" — 120™ days),
body weight gain remains high, despite food intake sta-
bilization, probably due to the high food efficiency pre-
sented by these animals. Different studies have shown
that maternal overnutrition interferes with oftspring ad-
iposity and appetite brain markers (28,29). Muhlhausler
and cols. (30) suggest that the fetuses have a central
appetite-regulating neural network able to respond to
changes in nutrient supply, which could have an impact
on energy balance both before and after birth.

The hypercaloric diet not only induced the increased
weight gain and metabolizable energy intake, but also
the energy gain of both groups, as previously reported
by Iossa and cols. (31). The percentage of absorbed
energy was affected by the diet, probably due to the
increased permeability of the small intestine induced by
the high-fat diet intake (32).

Despite the trend in increased energy gain presented
by obese animals, the energy gain and energy expendi-
ture were not significantly affected by maternal obesity,
but both were increased by the hypercaloric diet. The
increased energy gain presented is naturally expected
from increased fat deposits, which is especially proven
in obese animals. On the other hand, the increased en-
ergy expenditure is probably due to diet-induced ther-
s mogenesis that occurs to limit the excess energy stored
© in rats overfed palatable diets, according to the classic
study of Rothwell and Stock (33). lossa and cols. (31),
working with adult rats submitted to high-fat diet for 2

weeks, found similar results for energy balance.
Jéquier (34) suggested that the efficiency of nutri-
> ent utilization is higher for fat than for carbohydrate

306

or protein; therefore, high-fat diet tends to increase
energy efficiency. In fact, gross food efficiency was in-
creased in both groups (hypercaloric diet and maternal
obesity), which may explain the increased body weight
gain shown by the obese animals.

Both maternal obesity and the diet did not lead to
a significant increase in body fat, but their combination
effectively increased body fat content and, consequent-
ly, reduced the water percentage in the carcass. The in-
crease in fat deposits naturally leads to water content
reduction, as observed in obese animals previously de-
scribed by Chlouverakis and cols. (35). As expected,
the protein content was not altered by maternal obesity
or the hypercaloric diet.

These results demonstrate that maternal obesity in-
duced by VMH lesions led to changes in the pattern of
food control and late development of overweight in the
offspring, suggesting fetal programming. The hyperca-
loric diet imposed in adulthood increased body fat, but
did not change the overweight induced by maternal
obesity. Therefore, according to the aforementioned
trends, it is believed that prolonged intake of this diet
can lead to worsening of the overweight presented by
these animals, as an extra effect.
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