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The pups’ endometrium morphology is affected by maternal
malnutrition during suckling
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Abstract

Objectives: This study aims to determine the effects of maternal protein and energy malnutrition during lactation on the
endometrial structures of the offspring at puberty.
Methods:At parturition, dams were randomly assigned to the following groups: control group (C), with free access to a standard
laboratory diet containing 23% protein; protein-restricted (PR) group, with free access to an isoenergy and protein-restricted
diet containing 8% protein; and energy-restricted (ER) group, receiving standard laboratory diet in restricted quantities. After
weaning, all female pups had free access to standard laboratory diet. At puberty, the animals were sacrificed with pentobarbital
and only females on the diestrum stage were used for the analyses. The stereological method used for quantifying the uterine
endometrium was the M42 test system.
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Results:When compared to C group, both PR and ER groups presented a significant reduction in the length dens
glands (PR = 53%, ER = 35.7%,p< 0.001), in the volumetric density of the epithelium (PR = 49%, ER = 38%,p< 0.001) and
lumen (PR = 42.7%,p< 0.001; ER = 23.8%,p< 0.001) and in the surface density of the inner (PR = 22%, ER = 13.8%,p< 0.001)
and outer (PR = 55.4%,p< 0.01; ER = 40.6%,p< 0.001) glands. The volumetric density of the stroma was significantly hi
in both PR (114%,p< 0.001) and ER (117%,p< 0.001) groups. In all parameters studied, there was no significant diffe
between PR and ER groups.
Conclusions: Our results show that the protein and energy restriction during lactation leads to an atrophy of the
endometrial glands of the offspring at puberty.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Malnutrition is the most prevalent form of nutr
tional disorder among children in developing countri
Ońıs et al.[1], based on World Health Organizatio
data, reported that, about 43% of children in develop
0378-5122/$ – see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.maturitas.2004.10.004
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countries suffer from malnutrition during some period
in their lives. Protein malnutrition often occurs during
gestation, lactation, and first 2 years of life[2].

Some authors showed that the nutritional status of
the mother during gestational and lactational periods
is essential to the normal growth and development in
humans[3–5]or in experimental animals[6–10]. Also,
some studies have shown that gestation and/or lactation
could be a critical period for the future progeny’s nu-
tritional and hormonal status[8,11–13], a relationship
that has been termed metabolic imprinting. This term
is defined by Waterland and Garza[14] as the basic bi-
ological phenomena that putatively underlie relations
among nutritional experiences of early life and early
diseases.

The offspring of rats submitted to malnutrition dur-
ing lactation presents at weaning alterations in neural
development[15], insulin secretion[16] and thyroid
function[17]. It was showed either that mother’s nutri-
tion during lactation could determine the body weight
[17] and thyroid function[9,10] of her offspring in the
adult life. Thus, lactation could be a critical period in
determining the future endocrine status of the progeny.

Some authors showed that pre-pubertal malnutri-
tion changes the serum and pituitary hormonal lev-
els[18] morphological characteristics of gonadotrophs
and mammotrophs[18], number of ovarian follicles
[19], estrogen and progesterone receptors in the uterus
[20,21]and the uterus collagen synthesis[22].

Recently, we have demonstrated that the female off-
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cle (lights on from 7:00 am to 7:00 pm). Three-month-
old, virgin female rats were caged with one male rat
at a proportion of 2:1. After mating, each female was
placed in an individual cage with free access to water
and food until delivery. The use and handling of ex-
perimental animals followed the principles described
in the Guide for the Care and Use of Laboratory An-
imals [24] and the project was approved by the lo-
cal Ethical Committee for care and use of laboratory
animals.

Three dams were randomly assigned to one of the
following groups: control group (C), with free access
to a standard laboratory diet containing 23% protein;
protein-restricted (PR) group, with free access to an
iso-energy and protein-restricted diet containing 8%
protein; and energy-restricted (ER) group, receiving
standard laboratory diet containing 23% protein in re-
stricted quantities, which were calculated according to
the mean ingestion of the PR group. The low-protein
diet was prepared in our laboratory and its composi-
tion is showed inTable 1. Vitamin and mineral mix-
tures were formulated to meet the American Institute
of Nutrition AIN-93G recommendation for rodent diets
[25].

Table 1
Composition of control and protein-restricted diets

Controlb Protein-rstrictedc

Ingredients (g/kg)
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pring whose mothers were submitted to protein
nergy malnutrition during lactation, and had free
ess to a normal diet after weaning, presented a
erty a reduction in the body weight gain, linear grow
varies and uterus weight. Also, the onset of pub
as delayed, in spite of a normal estrous cycle[23].
Therefore, in the present study, we aim to evalu

hrough a stereologic method, the effects of mate
rotein and energy malnutrition during lactation on
terine endometrial glands and stroma of the fem
ffspring at puberty.

. Methods

.1. Protocol

Wistar rats were kept in a room with controlled te
erature (25± 1◦C) and with artificial dark–light cy
Total protein 230.0 80.0
Corn starch 676.0 826.0
Soybean oil 50.0 50.0
Vitamin mixd 4.0 4.0
Mineral mixd 40.0 40.0

acronutrient composition (%)
Protein 23.0 8.0
Carbohydrate 66.0 81.0
Fat 11.0 11.0

otal energy (kJ/kg) 17038.7 17038.7

a The principal protein resources are soybean wheat, steak
nd amino acids.
b Standard diet for rats (Nuvilab-Nuvital Ltd., Paraná, Brazil).
c The protein-restricted diet was prepared in our laboratory b

ng the control diet, with replacement of part of its protein con
ith cornstarch. The amount of the latter was calculated to re

he same energy content of the control diet.
d Vitamin and mineral mixtures were formulated to meet the Am

can Institute of Nutrition AIN-93G recommendation for rodent d
25].
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Within 24 h of birth, excess pups were removed so
that only six female pups were kept per dam, as it has
been shown that this procedure maximizes lactation
performance[26]. Malnutrition of the studied rats was
started at birth, which was defined as day 0 of lacta-
tion (d0), and was ended at weaning (d21). After wean-
ing, the female pups of the same treatment group were
housed in group of three animals per cage, and given
unlimited access to food and water until puberty (day
40), when the animals were anesthetized and sacrificed
with a lethal dose of pentobarbital.

To evaluate the nutritional state, we monitored the
food consumption, body weight and linear growth (no-
se–tail) throughout the experiment (data not shown).

At the slaughtered, cyclic stages of the ovaries were
studied by vaginal smears and only rats on the diestrum
stage were used for the analyses. The uterus was care-
fully removed, weighed, and fragments were obtained
according to the vertical sections method[27].

Uterine fragments were placed for 24 h at room
temperature immersed in a solution of 4% forma-
lin in phosphate-buffer 0.1 mol%, pH 7.2, embedded
in paraffin, and sections were systematically random-
sampled, 5�m in thickness and stained with Gomori’s
trichrome[28]. The analyzed fields were digitized with
400× final magnification using a video camera coupled
to a light microscope.

Line and point probes are obtained in a field by
superimposing a grid consisting of an arrangement of
lines and points[27,29,30]. The M42 multipurpose test
s tures
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umetric density (Vv) of the glandular lumen (Vv =Pp/Pt
(%), wherePp is the number of test points in the struc-
ture andPt is the number of total test points); (4) surface
density (Sv) of the inner and outer glands (Sv = 2I/Lt
(mm2/mm3), whereI are intersections of the inner and
outer glandular surfaces with the test line andLt is the
length of test line); (5) length density (Lv) of the glands
(Lv = 2QA (mm/mm3), where QA is the number of the
glandular profiles in the test area).

2.3. Statistical analysis

The data was reported as mean± standard devia-
tion. Statistical significance of experimental observa-
tions was determined by the Kruskal–Wallis test fol-
lowed by Dunn’s multiple comparison test. The level
of significance was set atp< 0.05.

3. Results

The volumetric density of the glands (lumen and
epithelium) is shown inFig. 1. All these parame-
ters were significantly reduced in both malnourished
groups (p< 0.001) compared to the C group, and there
was no difference between the PR and ER groups.

The Vv of the epithelium was significantly lower
in both PR (49%,p< 0.001) and ER (38%,p< 0.001)
groups when compared to the control group (Fig. 1a).

TheVv of the lumen area was significantly lower in
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ystem was used where only well-preserved struc
ot crossing the test system forbidden line were
idered. The short-line length (d) was used to calibra
he test system, the line lengthLt is 21d, the test are
T is 36.36d2, and it has 42 test points (Pp). The stere
logical methods were described in detail elsew

27,29–31].
Only the endometrial compartment of the uterus

uantified in this study. From each uterus, five dif
nt sections were selected from five fragments. T
ve random fields were evaluated from each sec
herefore, there were 25 test areas from each ute

.2. Stereological parameters

The stereological parameters analyzed were: v
etric density (Vv) of the endometrial stroma; (2) vol
etric density (Vv) of the glandular epithelium; (3) vo
oth PR (42.7%,p< 0.001) and ER (23.8%,p< 0.001)
roups when compared to the control group (Fig. 1b).

TheSv of the inner glands was significantly low
n both PR (22%,p< 0.001) and ER (13.8%,p< 0.001)
roups, when compared to the control group (Fig. 1c).

TheSv of the outer glands was significantly lower
oth PR (55.4%,p< 0.01) and ER (40.6%,p< 0.001)
roups when compared to the control group (Fig. 1d).

The volumetric density of the stroma was sig
cantly higher in both PR (114%,p< 0.001) and ER
117%, p< 0.001) groups when compared to the
roup (Fig. 2).

The length density of the glands was significa
ower in both PR (53%,p< 0.001) and ER (35.7%
< 0.001) groups when compared to the C gr

Fig. 3).
The histological sections of uterus are showed in

ig. 4.
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Fig. 1. Volumetric density,Vv, of the epithelium (A),Vv of the lumen area (B), surface density,Sv, of the inner glands (C) andSv of the outer
glands (D), in control group, C, protein-restricted group, PR, and energy-restricted group, ER. Values are given as mean± S.D. of five animals.
*p< 0.001 compared with control group.

4. Discussion

The concept of programming associates physio-
logical changes in adulthood with determined phys-
iological changes in gestational or neonatal period
[32]. Chronic diseases in the adulthood, as coronary
insufficiency and the plurimetabolic syndrome (dia-

Fig. 2. Volumetric density,Vv, of the stroma of pups in control group,
C, protein-restricted group, PR, and energy-restricted group, ER,
at 40 days old. Values are given as mean± S.D. of five animals.
*p< 0.001 compared with control group.

betes mellitus, hypertension and obesity) could be pro-
grammed in the initial stages of life[33]. Previous
studies showed that maternal undernutrition during lac-
tation causes alterations in the milk composition[8],
body weight[17], thyroid function[9,10] and leptin
serum concentration of pups at weaning[34]. When
those animals reach the adulthood, the alterations in

Fig. 3. Length density,Lv, of the glands of pups in control group, C,
protein-restricted group, PR, and energy-restricted group, ER, at 40
days old. Values are given as mean± S.D. of five animals.*p< 0.001
compared with control group.
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Fig. 4. Histological sections of uterus of control group (A), protein-
restricted group (B) and energy-restricted group (C). The final mag-
nification is 200×.

body weight and thyroid function are persistent[35],
reinforcing the metabolic imprinting concept. Protein
and energy restriction during lactation also leads to
growth retardation, reduction in the ovaries and uterus

weights and delayed on the puberty onset in pups
[23].

The low gain in body weight observed in the un-
dernourished female offspring could be due to lack
of growth hormone (GH) of effects, since some au-
thors described that food deprivation decreased GH-
releasing hormone (GHRH)[36,37].

The morphometric results show that both groups on
dietary restriction present a significant reduction in the
number and lobular aspect of the endometrial glands,
with a compensatory increment in the stroma, suggest-
ing a glandular atrophy at puberty. As we know that
endometrial development is dependent of gonadal hor-
mones, lack of these hormones effects could result in
endometrial atrophy.

The protein and energy malnutrition can alter the
hypothalamo-hypophyseal-gonadal axis. It is clear that
the GnRH pulse generator system and gonadotrophin
release are inhibited by undernutrition[18,38–40]and
that undernutrition causes morphological alterations in
the mammotrophs and gonadotrophs that are typical of
those cells whose secretory activities are suppressed
[18,41]. Quantitative immunohistochemistry revealed
a decrease in the number of gonadotrophs of under-
nourished adult monkeys that can be correlated with
ultrastructural findings[37].

The delay on the onset of puberty observed in
these animals, caused by maternal malnutrition[23],
is probably due to an incomplete mature state of
the hypothalamic-pituitary-gonadal axis. So, the low-
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ormonal stimulus could be insufficient to cause
ormal development of the endometrial glands,
robably, the uterus could not be mature enough t
pond to the hormonal stimulus. This speculation c
xplain the atrophy of the endometrial glands.

Leptin, an adipocyte-secreted plasma hormon
olved in the control of food intake and energy
enditure that plays a key role in body-weight ho
stasis, has recently emerged as a pivotal signal i
egulation of fertility and in the control of pituita
onadotrophins—LH and FSH[42]. It was related tha
nergy restriction during lactation causes a drasti
uction in plasma leptin level in the weaned fem
ffspring [43]. In vitro studies have shown that G
timulates mitogenesis and amplifies the effects of
n the induction of LH receptors and on steroidog
sis by granulosa cells in numerous species[44]. So,

he low leptin levels could contribute to alterations
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the hypothalamo-hypophyseal-gonadal axis, decreas-
ing LH and FSH levels resulting in low estradiol serum
levels.

Some authors showed that uterus’ weight as well
as estrogen and progesterone receptors are reduced in
the uterus of protein and energy restricted pregnant and
non-pregnant rats[20,21]. As these hormones are re-
sponsible for growing and development of endometrial
glands, it is possible that lack of these receptors could
lead to the reduction observed in the number and lob-
ular aspect of endometrial glands in undernourished
pups.

Although these authors have described that mal-
nutrition leads to a state of hypofunction of the
hypothalamic-pituitary-gonadal axis, the majority of
them evaluated the effects of malnutrition in male an-
imals. Besides, some authors described that in female
rats, malnutrition during lactation time induces a dras-
tic reduction of plasma leptin without affecting the cir-
culating levels of LH, estradiol and progesterone[43].
Also, Abecia et al.[45] showed that the mean content
of progesterone in the endometrium, the progesterone
concentration in the ovarian vein, and the production of
progesterone by corpus luteum are not affected by nu-
tritional state. These data reinforce the hypothesis that
the uterus is immature to respond to hormonal stimu-
lus, which could explain the atrophy of the endometrial
glands

Until this moment, we do not have knowledge on
how malnutrition can affects the expression of estro-
g terus
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t t on
a ra-
t
s sion
i lial
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o of
r
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trition during lactation since it was demonstrated that
in the uterus, besides in other organs, there is nuclear
staining for androgen receptors in glandular and lumi-
nal epithelial cells and in the stroma in which glands
are embedded[50,51].

In conclusion, our results show that protein and en-
ergy restriction during lactation leads to an atrophy of
the uterine endometrial glands in the offspring at pu-
berty.
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