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Abstract

In a previous study, 50% calorie restriction in mice from days 1.5-11.5 of pregnancy resulted in
reduced placental weights and areas, relatively sparing of labyrinth zone area compared to
junctional zone area, and dramatic changes in global gene expression profiles. However, little
lasting effect was seen on adult offspring of these pregnancies, with a slight reduction in adiposity
in males, and some changes in liver gene expression in both sexes. The goals of the present study
were to determine whether the placental changes induced by caloric restriction in early pregnancy
had permanent, irreversible effects on the placenta, and whether the changes in liver gene
expression in adult offspring were present before birth. There were no differences in placental
weights or areas, or the areas of individual placental zones near term in mice that had previously
been food restricted. Global gene expression profiles at d18.5 were indistinguishable in placentas
from control and previously food restricted mothers. In fetuses from restricted dams at d18.5, liver
expression of Gck, a key regulator of glycogen synthesis was reduced, whereas its expression was
increased in livers from adult offspring of restricted dams. Ppara expression was also reduced in
fetal livers from restricted dams at d18.5, but not in adult offspring livers. We conclude that
alterations in the placenta caused by nutrient restriction in early pregnancy are reversible, and that
alterations in gene expression in livers of adult offspring are not a result of changes initiated
during pregnancy and maintained through adulthood.
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Introduction

The Developmental Origins of Health and Disease field has shown that nutritional insults
during pregnancy can have lasting consequences for the health of offspring. The timing of
the insult is critical. In the seminal Dutch Hunger Winter studies, severe maternal food
restriction during early pregnancy had the most deleterious consequences for offspring in
later life, including higher rates of obesity, diabetes and cardiovascular disease (Ravelli et al.
1976; Painter et al. 2005). In contrast, those exposed in mid-gestation had greater rates of
obstructive airway disease and microalbuminuria, and those exposed in late gestation had
only a slight reduction in glucose tolerance (Roseboom et al. 2006). Similarly, in the sheep,
nutrient restriction from days 28-78 of gestation led to heavier, fatter, and less glucose
tolerant offspring (Gardner et al. 2005, Ford et a/. 2007). In rats, exposure to 50% nutrient
restriction during the first ten days of pregnancy also led to increased weight gain and
adiposity in offspring (Jones & Friedman 1982, Jones et al. 1984, Anguita et al. 1993,
Sardinha et al. 2006).

It has been proposed that food restriction during early gestation has these effects because it
is a critical period for placental development, and the altered placenta could then continue to
influence the fetus through the rest of gestation (Barker et a/. 1990, Dandrea ef a/. 2001,
Barker et al. 2010). Placental development is altered by maternal nutrient restriction in early
gestation in ways that suggest compensatory adaptation to maintain consistent nutrient
supplies to the fetus. For example, in ewes that are food-restricted during early gestation,
and then returned to normal feeding in late pregnancy, overgrowth of the placenta is
observed at term (Foote et al. 1959, Clarke et a/. 1998, Dandrea et a/. 2001). Similarly, term
placental weights were increased in women who were exposed to the Dutch Hunger Winter
during the first trimester of pregnancy (Lumey 1998).

We have previously shown that in the mouse, 50% food restriction from days 1.5-11.5 of
pregnancy results in changes in placental morphology and gene expression. Specifically,
food restriction reduced the weight of the placenta, and the area of the junctional zone, while
the area of the labyrinth zone, the part of the placenta responsible for nutrient exchange, was
preserved. (Schulz et al. 2012). Similar placental adaptations were observed by others in
mice restricted through gestational day 16 (Sferruzzi-Perri et al. 2011). However, food
restriction from d1.5-11.5 had only modest effects on mouse offspring (Pennington et a/.
2012). As adults, their body weights, glucose tolerance, and response to a high fat diet were
not different than those of offspring from control pregnancies. Among males only, offspring
of food restricted mothers had slightly lower adiposity and greater bone strength than
offspring of controls, and increases in /gfZr mRNA and 18s rRNA levels in the liver
(Pennington et al. 2012).

The goal of the present study was to determine whether the adaptations observed in the
placenta in response to maternal food restriction are permanent or reversible. After food
restriction from pregnancy d1.5-11.5, dams were returned to ad libitum feeding until near
term. We examined placental morphology and gene expression on day 18.5 in order to
identify lasting effects in the placenta. We also compared expression of key metabolic genes
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in fetal livers to determine whether differences previously noted in livers of the adult
offspring begin prenatally.

Materials and Methods

Animals

All animal procedures were approved by the University of Missouri Animal Care and Use
Committee. Female Swiss Webster (ND4) mice, age 6—8 weeks, = 25g, were obtained from
Harlan Laboratories (Indianapolis, IN), or born at the University of Missouri to Swiss
Webster mice obtained from Harlan, and individually housed at the University of Missouri.
Mice were acclimated for 1 week to AIN-93G diet for pregnancy and lactation (Research
Diets, New Brunswick, NJ) in a powdered, blue-dyed form presented in specialized dishes
for weighing (Townsend et a/. 2008). Average daily individual food consumption levels were
estimated by weighing food every other day for 10-14 days. Females were introduced to
male cages, and the day in which a copulatory plug was detected was considered pregnancy
d 0.5. Females were returned to individual cages, and at d1.5, randomly assigned to one of
two treatment groups: (1) ad /ibitum fed plus saline injection (control) or (2) food restricted
to 50% of prior consumption levels plus saline injection (restricted). Saline injections were
given to permit comparisons to our previous studies, in which we examined placentas at
d11.5 and offspring during adulthood using the same two treatment groups (Pennington et
al. 2012, Schulz et al. 2012). In those studies, saline injections were used to control for
leptin injections given to a third treatment group, which was not included in this study.
Injections were given intraperitoneally once daily at 1400h and mice were fed at 1600h. All
mice were fed ad /ibitum without injections from d11.5-18.5, at which time they were
euthanized by CO2 inhalation followed by cervical dislocation for collection of blood,
placentas, and fetuses.

Placental Morphology

After weighing, half of the total number of placentas from each dam were fixed overnight in
4% paraformaldehyde, then dehydrated and paraffin embedded (IDEXX/RADIL, Columbia,
MO). Each placenta was bisected mid-sagitally and embedded cut-face down. Three pairs of
serial 5 um sections were cut at 50 um intervals and stained with hematoxylin and eosin
(H&E). The largest face on each slide was chosen for morphological analysis. Overlapping
images were photographed with a 4x objective lens on an Olympus 1x81 microscope, and
assembled into a single, high-resolution image covering the entire placental cross-section.
Total cross-sectional area, junctional zone, and labyrinth zone areas were measured by
manual outlining using the freehand selection tool in ImageJ software (NIH) while blinded
to treatment group. Cross sectional measurements were averaged from three placentas per
dam to obtain n=1 (total n=8 control, n=8 restricted). For comparison of placental blood
spaces, maternal blood sinuses and fetal blood vessels within the labyrinth were identified in
H&E stained sections by the appearance of nucleated (fetal) and enucleated (maternal) red
blood cells, as well as the location of fetal endothelial cells and trophoblast, and manually
outlined with the freehand selection tool within ImageJ software, also while blinded to
treatment group. Five frames were photographed per placenta with a 40x objective, and 2-3
placentas were analyzed per dam to obtain n=1 (total n=7 per treatment group).
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Leptin and insulin measurement

Terminal blood samples from dams were collected by cardiac puncture at d18.5. Serum was
obtained by centrifugation of blood samples at 1000 x g for 12 minutes. Leptin and insulin
were measured by commercial sandwich ELISA (Millipore, Billerica, MA).

Statistical analysis

Dams were considered the experimental unit such that fetal weights, placental weights, and
placental areas were averaged within each dam to obtain n=1. Student’s t-tests were used to
compare means, and F-test to compare variances between control and restricted dams.

Microarray analysis

Half of the total number of placentas from each dam were cut in two, and one piece was
frozen in TriReagent (Sigma, St. Louis, MO). Following homogenization and phase
separation according to TriReagent instructions, the aqueous phase was further purified
using RNEasy Mini Kit (Qiagen, Valencia CA). Microarray analysis was conducted on
placentas from five dams from each of the two treatment groups. RNA from two placentas
was pooled to obtain one sample for each dam. Preparation of cRNA, microarray
hybridization, and scanning and cluster analysis were carried out by GenUs Biosystems
(Northbrook, IL). Mouse 4x44 whole genome arrays (Agilent, Design 1D 026655)
containing over 39,000 probes were scanned on an Agilent G2565 Microarray Scanner. Data
were analyzed with Agilent Feature Extraction, GeneSpring GX v7.3.1, and R 3.0.1
software.

The primary analysis of microarray gene expression data was conducted using the Linear
Models for Microarray Data (limma) package (Gentleman R 2005)] and the
Agidx44PreProcess package available through the Bioconductor project(Gentleman et al.
2004)for use with R statistical software. Data quality was examined via an extensive battery
of metrics obtained using the Agi4x44PreProcess package. Foreground mean signal was
used with background median signal for background correction in order to produce positive
corrected intensities via the normexp function in limma. Between-array normalization was
done via quantile normalization(Bolstad ef a/. 2003). Because Agilent 4x44 chips contain up
to 10 replicated (non-control) probes for a given set, these were collapsed into a single value
by computing the median of the probes intensities belonging to the same set. Finally,
independent filtering was carried out on probe sets that were not putatively expressed across
the sample (as defined by log2 mean signal intensity >8); these were excluded (n= 26,881)
from further statistical analyses in order to reduce false positives, as they contain very little
information content relative to the analysis at hand and doing so increases power (Bourgon
et al. 2010).

After this preprocessing was completed, the statistical analysis was performed using an
empirical Bayesian moderated t-test (Smyth 2004) applied to normalized intensity for each
gene (n=11,608 remaining after preprocessing), where the restricted group was compared to
the control group. The comparisons are expressed as fold changes (res/ctl) along with
adjusted p-values. Adjustment to the p-values was made to account for multiple testing using
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the false discovery rate (FDR) method of Benjamini and Hochberg. We chose 10% as our
FDR-cutoff for declaring statistical significance.

Fetal Liver Gene Expression

Liver samples were collected from each of the d18.5 fetuses, placed in TRI Reagent
(Sigma), and stored at —80°C until further use. Samples were homogenized in Trireagent
with an Omni GLH Homogenizer and centrifuged to remove excess polysaccharides. After
phase separation, RNA was further purified by using the RNeasy isolation procedure
(Qiagen) according to manufacturer’s protocol for RNA cleanup. Genomic DNA was
removed with TurboDNase (Ambion) according to manufacturer’s protocol.

RNA was extracted from the liver of one female fetus each from five dams per treatment
group and from one male fetus each from four dams per treatment group, and analyzed by
custom RT2 Profiler PCR arrays (Qiagen, Valencia, CA) on an Applied Biosystems 7500
real-time PCR system (Applied Biosystems, Foster City, CA) using RT2 SYBR Green ROX
gPCR master mix according to manufacturer’s protocol, as previously described
(Pennington et al. 2012). For the PCR arrays, 1 ug of total RNA was reverse transcribed
using the RT2 first strand kit (Qiagen, Germantown, MD). Three housekeeping genes, 18s
rRNA (18s ribosomal RNA), Actb (actin-p), and Hprt (hypoxanthine
phosphoribosyltransferase 1) were examined; however, due to variation in Z28sand Hprt,
only Actbwas used to calculate fold changes. Manufacturer’s external reverse transcription
and positive PCR controls were also included. Fold differences in expression were
calculated according to the AACt method (Livak & Schmittgen 2001).

Expression of two additional genes, Cd36 and Srebplc was examined by real-time RT-PCR
in fetal livers. There was some evidence of differentially susceptibility to non-alcoholic fatty
liver disease (NAFLD) in offspring in our previous study (Pennington et a/. 2012) and these
genes have been implicated in NAFLD (Shimomura et a/. 1999, Lemoine et a/. 2006,
Koonen et al. 2007, Anderson & Borlak 2008, Greco et al. 2008). Additionally, their
expression in offspring liver is altered in other developmental programming paradigms, such
as maternal high fat/high sugar or low-carbohydrate feeding (Zhang et a/. 2005, Bruce et al.
2009, Gregorio et al. 2010). Total RNA (500ng) was reverse transcribed with SuperScript 111
reverse transcriptase (Invitrogen/Life Technologies, Grand Island, NY), using random
hexamer primers, according to manufacturer’s protocol. Data were normalized to the
average Ct of Actband Gapah. Expression of these control genes was first determined not to
differ between control and restricted samples; for Actb, Ct values were 19.8 + 0.9 for
controls and 20.2 + 0.5 for restricted; for Gapdh, Ct values were 21.3 + 0.9 for controls and
21.1 + 0.6 for restricted. Primer sequences were designed by using Primer Express software
(Applied Biosystems), synthesized by Integrated DNA Technologies (Coralville, 1A) and
validated by performing serial dilutions of template cDNA. Primer sequences were Cd36
(5-GGTCCTTACACTACAGAGTTCGTTA-3 and 5'-
CATTGGGCTGTACAAAAGACACA-3') and Srebplc(5'-
TGGTGGGCACTGAAGCAAA-3 and (5-TGGTGGGCACTGAAGCAAA-3 and 5'-
GCAAGAAGCGGATGTAGTCGAT-3).

Reproduction. Author manuscript; available in PMC 2016 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Harper et al.

Results

Page 6

Maternal Characteristics

Whereas 90% of ad /ibitum (control) fed dams remained pregnant after initial detection of a
copulatory plug, roughly one third of pregnancies were lost in the restricted dams by day
18.5, though this was not a statistically significant difference (Table 1). In addition, one
mouse in the control group and two mice in the restricted group gave birth prior to d18.5,
and no fetal or placental tissues could be collected. There were no differences between
treatment groups in maternal serum leptin or insulin concentrations at the time of sacrifice,
nor in maternal weights (Table 1). Thus, maternal characteristics recovered completely in the
1 week following return to ad /ibitum feeding.

Placental and Fetal Weights

There were no differences in litter sizes between control and restricted dams at day 18.5
(Table 1). There also were no significant differences in mean fetal or placental weights
(Figure 1), or the ratio of fetal:placental weights, a measure of placental efficiency (not
shown). When fetal and placental weights were separated by fetal sex, there were still no
differences between treatment groups (data not shown).

Placental Morphology

There were no differences in total cross-sectional area of the placenta or cross-sectional
areas of the junctional or labyrinth zones between control and previously food restricted
dams (Figure 2). The cross-sectional areas of the maternal blood sinuses and the fetal blood
vessels within the labyrinth zone were also examined, and found not to differ significantly
between treatment groups (Figure 3).

Placental Gene expression

Fetal Liver

Microarray analysis was conducted on pooled RNA from two placentas each from five dams
in each of the treatment groups. Both heat map and scatter plot visualization of array data
reveal highly similar patterns of gene expression between control and restricted placentas at
d18.5 (Figure 4). Using a 10% FDR cutoff, there were no differentially expressed genes
between placentas of control and restricted dams. The 50 genes showing the highest
probability of differential expression are listed in Supplemental Table 1. The smallest
adjusted p-value was 0.41.

Fetal liver gene expression was compared between offspring groups by using the same real-
time PCR arrays previously used to identify differences in the adult offspring from these
treatments (Pennington et al. 2012). Expression of genes encoding two key fatty acid
transporters, Cd36and Srepbic were also examined by real-time PCR in these samples.
Ppara expression was significantly lower in livers of fetuses from restricted dams overall,
although when the sexes were analyzed separately, the difference was only significant within
male offspring (Figure 4). Expression of Gckwas significantly reduced in fetal livers
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regardless of sex, although when the sexes were analyzed separately, the difference was only
significant within females (Figure 5).

Discussion

When mice were placed on 50% food restriction from d1.5-11.5 of pregnancy, they had
significantly reduced placental weights, placental junctional zone areas, and junctional to
labyrinth zone ratios, along with somewhat reduced fetal blood space areas within the
labyrinth zone (Schulz et a/. 2012) at d11.5. Over two hundred gene expression differences
were identified by microarray, including PCR-confirmed decreases in Ceacam12, Gbp1 and
Tpbpa. However, the adult offspring of these pregnancies had largely normal metabolism, so
here we asked whether the placental abnormalities observed at day 11.5 were sustained until
late pregnancy. The answer is no; we detected no significant differences in placental
weights, morphology or gene expression at d18.5 in mice that had been food restricted from
days 1.5-11.5 when compared to controls.

This finding is consistent with the hypothesis that lasting changes in the placenta are
responsible for lasting changes in offspring physiology that follow early pregnancy insults.
In humans and sheep, early pregnancy nutrient restriction that led to obesity in offspring also
led to oversized placentas at term. We found that in the mouse, early pregnancy nutrition did
not lead to placental abnormalities at term and did not lead to offspring obesity. Thus,
recovery of normal placental morphology and gene expression may underlie species
differences in the effects of early pregnancy undernutrition on adult phenotype. As a caveat,
only one strain of outbred mouse was used, so this conclusion may not be applicable to all
mice. For example, strain differences in remodeling of the placental vasculature have been
documented between inbred C57BI/6 and outbred CD1 mice (Rennie et al. 2012).

The ability of the mice to recover normal placental function and yet not overcompensate by
term following early pregnancy food restriction may be a function of timing. The timescales
for development in the sheep and human are much longer than in the mouse, leaving more
time for compensation to become overcompensation. On the other hand, the rat has only a
1-2 day longer gestation period than the mouse, and food restriction during early gestation
can lead to offspring obesity in rats. In a series of studies, Jones and Friedman found that
male rat offspring became obese following 50% maternal food restriction from day 1-10,
and Palou et al. saw a similar effect in offspring of rats with just 20% food restriction (Palou
et al. 2010). In contrast, Anguita et al. found that female rat offspring became obese
following 50% maternal food restriction from day 1-14, but male offspring weighed less
than offspring of controls (Anguita et a/. 1993). All of these studies initiated food restriction
on the morning following mating, whereas our food restriction began on the next day, which
may also explain the differing long term consequences. The periconceptual period is critical
for some developmental programming effects, particularly that of dietary methyl donors
(Sinclair et al. 2007). The effects on offspring of total caloric restriction during the period
prior to d1.5 mouse pregnancy remains to be tested.

There were two differences in gene expression in fetal livers at d18.5 from previously food
restricted dams. In the fetal livers from restricted dams, Gck mMRNA was reduced nearly 10-

Reproduction. Author manuscript; available in PMC 2016 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Harper et al.

Page 8

fold. Gekencodes glucokinase, the enzyme that converts glucose to glucose-6-phosphate in
the first step of glycolysis. In both humans and mice, loss-of-function mutations in Geckare
associated with mature onset diabetes of the young (MODY) and reduced birth weights,
likely due to its role in glucose sensing and insulin release in the pancreas (Terauchi et a/.
2000, Shields et al. 2010). In the liver, Gek regulates glycogen synthesis, but fetuses depend
largely on other hexokinases for this function (Cifuentes et a/. 2008), and mice with Gck
knockout in liver do not develop abnormal blood glucose until after weaning (Wang et a/.
2013). Thus, the significance of this dramatic expression difference for fetal physiology is
not clear. Geck expression and methylation have previously been shown to be altered in adult
rats following prenatal exposure to BPA (Ma et al. 2013), suggesting it is a target of fetal
programming. However, the decreased expression we observed in fetal livers from restricted
dams was not present in female offspring of restricted dams at 29 weeks of age (Pennington
etal. 2012) and Gck expression was significantly increased in livers of adult males from
restricted dams (Pennington et al. 2012). These changes in liver Gck expression suggest
complex regulation by maternal undernutrition.

The other expression difference was a reduction in Ppara expression in the livers of fetuses
from previously food restricted mothers. Ppara, a member of the peroxisome proliferator-
activated receptor family, is a key regulator of lipid metabolism in the liver. It is
hypothesized to play a protective role in rat fetuses of dams with type I diabetes (Martinez et
al,, 2011). A reduction in Ppara expression was also observed in the livers of adult rats that
had been exposed to maternal undernutrition throughout pregnancy (Gluckman et al. 2007).
However, the opposite effect, an increase in liver Ppara expression, was observed at
postnatal d6 in rats born to dams fed a protein restricted diet throughout pregnancy
(Lillycrop et al. 2005). The decreased Ppara expression present in fetal livers from restricted
dams was not detected in the adult offspring of restricted mothers at 29 weeks of age
(Pennington et al. 2012). However, Ppara expression was only measured in the adult
offspring following high fat diet consumption. The high fat diet eliminated the lower
adiposity that male offspring displayed on a standard diet, so it may also have erased
differences in Ppara expression (Pennington et al. 2012). A caveat to interpretation of either
difference in liver gene expression is that it is not known whether these changes are reflected
by changes in protein production.

A strength of the liver analyses was the separation of samples by fetal sex, as our previous
study had shown differing effects of maternal treatment on male and female adult offspring
(Pennington et al. 2012). Similarly, it was recently shown in the baboon that food restriction
induced consistent changes in gene expression in female, but not male placentas (Cox et al.
2013), and murine female placentas also respond more dramatically to high-fat diet changes
(Mao et al. 2010). Thus, a drawback of the placental microarray analysis is that RNA from
two placentas was pooled at random from each dam, so that results cannot be separated by
sex. Treatment effects that are limited to one sex may not have been detected. However, a
strength of the pooling approach is the ability to sample multiple placentas from each dam,
despite the cost limitations of the array approach.

Overall, the results of this study show that the mouse placenta can recover normal
morphology and gene expression by term despite early growth restriction resulting from
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maternal nutrient restriction in early pregnancy. While there were still differences in fetal
liver gene expression at d18.5, further study is needed to identify their physiological
significance. It has been proposed in the DOHAD field that the mechanism by which
maternal nutrient restriction in early pregnancy influences adult health is via permanent
alterations in the placenta. It was the goal of this series of studies to better understand that
mechanism. By exposing dams to early pregnancy nutrient restriction, then examining the
placenta at mid-and now late pregnancy, we would identify the lasting changes in gene
expression and placental morphology that underlie programming of the adult. Instead, we
encountered an unexpected phenomenon; early placental changes were reversible, and the
offspring were normal. Additional studies are needed to uncover mechanisms by which the
placenta is able to recover and protect the fetus from permanent damage.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

(a) Placental wet weights at d18.5. Neither means or variances (p=0.08) were significantly
different (d) Fetal weights at d18.5. There was no significant difference. Each marker
represents the mean for one litter. Lines represent the treatment group mean, and bars show
standard error.
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Figure 2.

Representative composite images of placentas from (a) control and (b) previously restricted
dams at pregnancy d18.5. Cross-sectional areas of the (c) junctional zone, and (d) labyrinth
zone (e) total cross-sectional area and (f) the ratio of the junctional zone/labyrinth zone areas
were not different between control and restricted dams. Each marker represents the mean
from one litter. Horizontal lines are the means for each maternal treatment group, and bars
represent SEM.
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Figure 3.
Representative images of labyrinth zone photographed with a 40x objective lens from (a)

control and (b) previously food restricted dams. There were no differences in cross-sectional
areas of (c) maternal or (d) fetal blood spaces. Each marker represents the mean from one
litter. Horizontal lines are the means for each maternal treatment group, and bars represent
SEM.
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Figure 4.
Whole genome microarray analysis of five pairs of placentas from control and food

restricted dams. (@) Scatter plot: genes present (above background) in all replicates of at
least one treatment (15,430 probes) are displayed as normalized to the 75th percentile of
each array. Red=High expression, Yellow=Medium expression, Blue=Low expression.
Center line= identical expression, and outer lines = 2-fold difference. (b) Heat map based on
50 genes most likely to be differentially expressed. No significant differences in expression
were found.
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Figure5.
Relative expression of key metabolic genes in the liver of (a) male and (b) female fetuses

from control (black) and restricted (white) dams determined by real-time PCR. Each is
expressed as fold-change relative to control sample mean. Error bars indicated fold-changes
calculated from mean = standard deviation of AACt * p=0.04 **p=0.01.
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Table 1

Pregnancy Characteristics. N d0.5 = number of mice assigned to each group with copulatory plugs. N d18.5 =
number of mice from which placental and fetal tissues were collected at d18.5. Number in parenthesis
indicates number of mice that delivered prior to d18.5. The remaining mice were no longer pregnant at d18.5.
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There were no significant differences between groups.

Treatment group Control Restricted
N do.5 10 16

N d18.5 8 (1) 9(2)
Pre-pregnancy weight (g) 275+0.3 26.3+05
Maternal weight at d18.5 (g)  44.21.1 429+4.2
Litter size at d18.5 10.8+0.7 9409

Maternal serum leptin d18.5

Maternal serum insulin d18.5

13.9+ 3.2 ng/ml
2.04 £0.39 ng/ml

16.1+ 1.5 ng/ml
1.56 + 0.39 ng/ml
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