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Editorial

Over the past decades maternal nutritional intake has been proven to affect 
the prenatal and postnatal development of the fetus as well as its long-term 
health (see [127] and [128] for recent overviews). In this thesis, we have  

shown that maternal western style diet gives rise to long lasting programming of 
the liver in adult mouse offspring [76], affecting mostly the males. Moreover, we 
demonstrated that several aspects of sex-specific programming are already present 
in two-week old offspring [129], clearly before puberty. The question arising now 
is if this sexual dimorphism was already present during prenatal development, and 
which factors contributed to its manifestation. 

One major determinant of development and intrauterine growth is the placental 
supply of nutrients, which occurs primarily by a combination of diffusion and 
transporter-mediated transport [130]. The surface area for exchange is a major 
determinant of these pathways. Despite the important role of the placenta, very few 
studies have investigated the relation of sex and placental development as a putative 
explanation of sex-specific programming. Therefore, we here present an overview 
of the fetal and placental findings in our previously described mouse model [76]. To 
determine the impact of maternal diet and sex on fetal development, C57BL/6J dams 
were fed either a low fat diet (10 kcal% from fat, 18 mg cholesterol/kg) or Western-
style high fat diet (45 kcal% from fat, 196.5 mg cholesterol/kg) two weeks pre-mating 
and continued during pregnancy. At gestational day 18.5, dams were sacrificed under 
isoflurane anesthesia and fetuses and placentas were characterized. Interestingly, 
male fetuses exposed to the Western diet during development weighed more than 
those exposed to low fat diet, while there was no significant difference in body length 
(Fig.1A, B). In addition, also the placentas of male offspring exposed to western diet 
were of a slightly larger weight than low-fat fed male offspring. These differences, 
due to maternal diet, were not observed in female offspring of these dams (Fig 1C).
Due to the setup of the experiments we had only a small number of placenta samples 
for histological examination. However, we observed a distinct difference in placental 
histology in terms of the ratio between the labyrinth layer and the spongiotrophoblast 
layer in male offspring (Fig.1 D, E). As mentioned previously the major determinant of 
intrauterine growth is the placental supply of nutrients to the fetus. The labyrinthine 
zone is the main site for nutrient transfer in the mouse placenta during late gestation 
and its absolute volume and volume fraction are known to increase progressively 
during the second half of pregnancy. The estimated depth of the labyrinth layer for 
the male mice was 872 ± 161 µm, while the measurement for the females was 340 ± 

-  66  -

Chapter 4

Proefschrift G.M.M. Pruis _ RUG.indd   66 17-11-2015   21:45:21



Figure 1. Effect of maternal western style diet feeding and sex on fetal (5-9) body weight (A), body length 
(B), placenta weight (C), labyrinth thickness (D), placenta histology (E), and plaental gene expression (F) 
at gestational day 18.5. Data expressed as median with interquartile range (25-75), with outliers as points. 
*P < 0.05. Scale bar in (E) is 500 um. L, labyrinth, JZ, junctional zone.
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48 µm. Since placental layering was affected, mRNA levels of selected transporter 
genes were measured on gestational day 18.5 by TaqMan real-time PCR. We 
determined the expression of genes responsible for glucose transport (Glut1 (Slc2a1), 
Glut4 (Slc2a2)), Glut12 (Slc2a12), cholesterol uptake (Ldlr, Scarb1) and cholesterol 
excretion (Abca1, Abcg1). Neither maternal diet nor sex significantly affected the 
examined transcription levels. (Fig.1 F).
In summary, we observed an increase in weight of the male fetuses and their placentas 
under Western diet conditions. Moreover, there was a distinct difference between 
the male and female placentas: The larger labyrinth diameter in male placentas 
compared to the female placentas might lead to a higher transport capacity of 
nutrients, which let us speculate that the male placenta supports transport of excess 
maternal nutrients to the male fetus. On the contrary, the female placenta might act 
as a barrier which limits nutrient supply to the female fetus. As a result, the male 
fetus shows increased growth under these conditions of maternal surplus nutrients, 
whereas the female fetus is protected. Our findings are supported by other mouse 
studies which report that placental changes to prenatal stimuli differ between both 
sexes, supporting the idea that placentas of female fetuses protect against prenatal 
insults 130-132. Our findings might contribute to a better understanding of the sex 
differences observed in many animal studies in the field of long-term metabolic 
programming.

methods

All mice were housed in a light- and temperature-controlled facility (lights on 7:00 
AM–7:00 PM, 21°C) with free access to drinking water and food. Experimental 
procedures were approved by the Ethics Committees for Animal Experiments of the 
University of Groningen. 

To study the effects of exposure to a western-style diet during development, six 
week old female C57BL/6 mice were purchased from Harlan (Horst, the Netherlands) 
and randomly assigned to either a semi-synthetic energy-rich-western diet (W) (4.73 
kcal/gm; 45% kcal fat, 20% kcal protein, 35% kcal carbohydrate; D12451, Research 
Diets, New Brunswick) or a semi-synthetic low-fat-control diet (L) (3.85 kcal/gm; 
10% kcal fat, 20 % kcal protein, 70% carbohydrate; D12450B, Research Diets). After 2 
weeks on their respective diets, mice were mated with males. Dams were maintained 
on their diets throughout pregnancy, and terminated at prenatal day 18.5. Tissues 
were collected, weighed and snap-frozen in liquid nitrogen and stored at -80 ºC until 
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histological analysis and RNA/DNA isolation.

RNA extraction. Total RNA was extracted from liver and placenta samples using 
the TRI Reagent method (Sigma-Aldrich) according to manufacturer’s protocol. 
Concentrations were estimated by measuring absorbance at 260 nm with a 
spectophotometer (Nanodrop). Complementary DNA was obtained using the reverse 
transcription procedure with Moloney Murine Leukemia Virus- reverse transcriptase 
(M-MLV-RT) (Sigma-Aldrich, St. Louis, MO) with random primers according to the 
protocol of the manufacturer. cDNA levels were measured by TAQMAN RT-PCR using 
an ABI PRISM 7900 sequence detector (Applied Biosystems, Nieuwekerk a/d IJssel, 
the Netherlands) against a calibration curve of pooled cDNA solutions. Hepatic 
expression levels were normalized to 36b4. The sequences of primers and probes 
published earlier are deposited at RTPrimerDB (www.rtprimerdb.org), unpublished 
primers and probe sequences are on request.
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