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RESUMEN
El consumo de fructosa ha aumentado en las últimas décadas, en paralelo a la incidencia de síndrome metabólico y diabetes
tipo 2. Múltiples evidencias sugieren que la ingesta materna de fructosa provoca alteraciones en la descendencia favoreciendo
el desarrollo de síndrome metabólico. Sin embargo, la ingesta de fructosa durante el embarazo no está contraindicada.
Este efecto se produce a través de la programación fetal, según la cual cambios como la dieta materna y ambientales durante
las etapas embrionaria y fetal conducen a alteraciones en la etapa adulta de la descendencia.
Con estos antecedentes, estudiamos el efecto de la ingesta materna de fructosa sobre el metabolismo del colesterol en la
descendencia. Además, la progenie también se sometió a diferentes tratamientos dietéticos: fructosa, fructosa con colesterol
y tagatosa.
La tagatosa provocó un aumento del colesterol no HDL en la descendencia de madres control, mientras que el consumo
materno de fructosa amortiguó este efecto, sugiriendo una programación fetal. Además, la suplementación con fructosa y
con tagatosa provocaron un aumento de los índices aterogénicos disminuyendo la concentración de colesterol HDL y au-
mentando la de triglicéridos.
Además, la suplementación con colesterol y fructosa provocó un aumento en los niveles plasmáticos de colesterol total y co-
lesterol no HDL y una disminución del colesterol HDL, independientemente de la alimentación materna, provocando un
aumento de los índices aterogénicos.
En definitiva, los resultados indican que el metabolismo del colesterol está influenciado tanto por el consumo materno de
fructosa como por los tratamientos dietéticos posteriores de la descendencia: fructosa, fructosa con colesterol y tagatosa.
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ABSTRACT
Fructose consumption has increased during the last decades, while a simultaneous rise in the incidence of pathologies such
as type 2 diabetes and metabolic syndrome has also taken place. Although there is evidence that fructose can cause alterations
in the offspring related to the development of the aforementioned diseases, exposure to fructose during pregnancy is not
contraindicated for women. This effect is explained by the concept of foetal programming, which suggests that changes that
occur during the embryogenic and foetal stages are permanent in the adult, due to maternal health, diet and other envi-
ronmental factors.
Therefore, the effect of fructose on cholesterol metabolism in the offspring of mothers fed with or without fructose during
gestation was studied. In addition, the progeny also received different diets: fructose (with and without supplementation
of cholesterol) or tagatose solutions.
Tagatose increased non-HDL cholesterol in the offspring of water-fed mothers, whereas fructose consumption during gestation
dampened this effect, indicating foetal programming. In addition, fructose and tagatose feeding increased atherogenic
indices by decreasing HDL-cholesterol concentration and increasing triglycerides levels.
On the other hand, the addition of cholesterol to fructose consumption caused an increase in total cholesterol and a change
in its distribution: higher concentration of non-HDL cholesterol and lower concentration of HDL cholesterol, independently
of maternal feeding. This also caused an increase in atherogenic indices.
Ultimately, the results indicate that cholesterol metabolism is influenced by both maternal fructose consumption, and the
subsequent intake of fructose (alone or in combination with cholesterol) and tagatose in the offspring.



group of disorders, including abdominal obesity, insulin resistance,
hypertension and hyperlipidaemia (12). The mechanisms that cause
its onset are unknown, but it is believed to be a combination of en-
vironmental and genetic factors (13). Given that fructose reduces
leptin production (1), satiety signals are bypassed and overcon-
sumption, weight gain and insulin resistance are promoted (14).
Moreover, fructose produces dyslipidaemia and an increase in vis-
ceral adipose volume (15).

Type 2 diabetes is characterised by insulin resistance, whe-
reby the cells are unable to uptake circulating blood glucose. Coun-
tries with a high HFCS consumption present a 20% higher
prevalence of type 2 diabetes, independently of Body Mass Index
(BMI) or total sugar intake (16).

1. 3. Tagatose
Tagatose is a monosaccharide discovered by Dr Gilbert V.

Levin, in his attempt to find a new sweetener (17). It fulfilled his
aim, given that tagatose is 92% as sweet as sucrose and provides
virtually no available energy (18). It has been approved for human
consumption by the Food and Drug Administration (FDA) and the
European Union (19, 20). Nevertheless, it has laxative properties
at high doses, because only 20% of the intake is absorbed in the
intestine. Tagatose passes into the lower intestine, where it produces
an osmotic effect (18, 21, 22).

Tagatose can be synthesised by a chemical and enzymatic
treatment of the lactose found in deproteinised whey, which is a
waste product of the dairy industry. It can be also directly obtained
from the galactose derived from lactose (22).

Tagatose has been proposed as an antidiabetic drug, as
it controls post-prandial hyperglycaemia, hyperinsulinemia and
HbA1C levels (20, 22, 23). Its consumption can also cause weight
loss at a clinically desirable rate and has antioxidant and prebiotic
properties (22); and unlike fructose, it does not cause elevations
in plasma uric acid concentration (24).

1. INTRODUCCIÓN

1. 1. Fructose intake
During the last five decades, there has been an exponen-

tial increase in the consumption of sugars, because of their ability
to enhance the palatability of food. Among them, the high intake
of free fructose appears particularly significant. The traditional swe-
etener, sucrose, a disaccharide containing one glucose and one fruc-
tose molecule joined together, has been replaced by high-fructose
corn syrup (HFCS) as caloric sweetener in beverages and other foods
(1, 2). High-fructose corn syrup was developed in the 1960s as a
cheaper sweetener. It is produced from corn syrup through an enzy-
matic isomerisation process that converts some of its original glu-
cose content into fructose. There are two main forms of HFCS
commercialised: HFCS-42 and HFCS-55, which contain 42% and
55% fructose respectively (3, 4). However, studies have shown that
the exact fructose load may vary among manufacturers, with a ma-
ximum of 65% of fructose content. This indicates that a higher than
assumed fructose consumption may have been taking place unk-
nowingly (5).

Added sugars consumption, especially in the form of ca-
lorically sweetened beverages, has been linked to an increased body
weight (6, 7), reduced high-density lipoprotein (HDL) levels and
augmented low-density lipoprotein (LDL) and triglyceride levels
(7, 8), which are parameters known to increase the risk of cardio-
vascular diseases. This is why the World Health Organisation (WHO)
recommends that the energy provided by the consumption of added
sugars should not exceed 10% of the total energy in a diet (9).

1. 2. Pathologies related to fructose intake
Many studies have demonstrated that the increasing con-

sumption of fructose is related to the epidemics of metabolic
syndrome, type 2 diabetes and cardiovascular diseases (10, 11).

Metabolic syndrome has been defined by the WHO as a
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Figure 1. Structures of D-glucose, D-fructose and D-tagatose. The yellow boxes indicate the ketone or aldehyde group present in the molecules, while the green boxes
refer to the spatial arrangement of substituents at stereogenic carbon 4 that differentiates both epimers, fructose and tagatose. Created with BioRender.com.
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1. 4. Structure of fructose, glucose and tagatose
Monosaccharides are crystalline solids that tend to have a

sweet taste. They are made up by carbon chains of varying length
with a ketone or an aldehyde group. The most representative mo-
nosaccharides are the hexoses, and among them, glucose and fruc-
tose, due to their free availability. They are found in fruits and honey.
Tagatose, on the other hand, is referred to as a rare sugar, which
means that it is a monosaccharide that rarely exist in nature. These
three compounds have structural differences, as it is shown in Figure
1: glucose contains an aldehyde group, while fructose and tagatose
present ketone groups in carbon 2. Fructose and tagatose are epimers
at carbon 4 (2, 25, 26).

Due to the differences in their structure, these three mo-
nosaccharides undergo different metabolic pathways, shown in Figure
2.

Fructose is transported into the enterocytes through glucose
transporter 5 (GLUT5), a process that is not dependent on either so-
dium cotransport or adenosine triphosphate (ATP). Then, it is rele-
ased to the bloodstream through GLUT2 (1, 2, 28). Afterwards,
fructose uptake into the liver cells mainly occurs through GLUT2 by
a non-insulin dependent mechanism (1, 29). Fructose is preferentially
sent to the liver, where it is phosphorylated through the action of an
enzyme called fructokinase, yielding fructose-1-phosphate. This
enzyme has a high affinity for fructose, so the reaction rate is high
(30). As ATP is a required substrate for the phosphorylation, large

quantities of AMP are produced, which in turn increase uric acid
synthesis (2). Fructose-6-phosphate is then cleaved by aldolase B,
producing glyceraldehyde and dihydroxyacetone phosphate (31).
These trioses-phosphate can be converted into pyruvate and enter
the tricarboxylic acid cycle, to finally obtain CO2 and H2O. Even so,
part of the triose phosphates will result in lactate and glucose for-
mation (via gluconeogenesis), which can be converted to glycogen
(2, 14, 32). A fraction of the carbons of fructose become constituents
of lipids, through a process called de novo lipogenesis (DNL) (33). It
has been demonstrated that in fructose-fed rats, lactate is the subs-
tance with the highest lipogenic capacity (34).

Glucose is absorbed in the intestine by a sodium-glucose
cotransporter (or sodium-glucose linked transporter, SGLT) (35). Once
it reaches the liver, it can be degraded through glycolysis. In the first
reaction of this pathway, glucose is phosphorylated to glucose-6-phos-
phate by the action of glucokinase. This enzyme has a low affinity
for glucose, so its conversion depends on glucose concentrations (36).
Then, glucose-6-phosphate is transformed into fructose-6-phosphate,
which in the next step is converted into fructose-1,6-bisphosphate.
This last reaction is catalysed by the enzyme phosphofructokinase,
which is inhibited by ATP and citrate (37). Fructose-1,6-bisphosphate
is also cleaved into glyceraldehyde-3-phosphate and dihydroxyace-
tone phosphate. Both, the strict regulation of phosphofructokinase
and the low affinity of glucokinase for glucose allow a greater control
of the speed at which glucose is degraded through glycolysis (2).

Figure 2. Glucose, fructose and tagatose metabolism. The colours correspond to the metabolism of one of the hexoses: blue-fructose, green-glucose and purple-tagatose.
The blue arrows also indicate how glucose and glycogen are formed as a result of fructose metabolism. The enzymes are represented in italics. Created with BioRender.com.



The metabolism of tagatose is identical to that of fructose,
but it takes place at a slower speed. Tagatose is also transformed
into tagatose-1-phosphate and it is cleaved by aldolase B into glyce-
raldehyde and dihydroxyacetone phosphate. This is the point at
which glucose, tagatose and fructose metabolisms are connected.
Tagatose-1-phosphate is an activator of glucokinase, so glucose is
transformed into glucose-6-phosphate at a higher rate. The higher
concentration of glucose-6-phosphate promotes the action of the
hepatic glycogen synthase, and glycogenesis takes place. Moreover,
tagatose-1-phosphate is an inhibitor of glycogen phosphorylase, so
glucose remains stored as glycogen. These effects lead to a lower
post-prandial glycaemia (22, 38).

1.5.Cholesterol metabolism
Cholesterol and lipid esters, like triacylglycerols, are

hydrophobic molecules, but they need to be transported in blood to
the tissues where they will be stored or consumed. For that purpose,
there are some particles called lipoproteins, that act as lipid carriers.
They form complexes through the non-covalent association of lipids
to apoproteins. Lipoproteins are water soluble particles with a
hydrophobic core and a polar surface. There are several types of li-
poproteins, depending on their densities and functions (39, 40):

– Chylomicrons: they carry mainly triacylglycerols from the diet
and transport them from the intestine to other tissues. These
lipoproteins are the largest in size, and the ones with the lowest
density.
– Very-low-density lipoprotein (VLDL): they transport all the
lipids that have been synthesised in the liver (mainly triglyce-
rides) to the other tissues (i.e., muscle and adipose tissue).
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VLDL is higher in density than chylomicrons. The microsomal
triglyceride transfer protein (MTTP) plays a central role in the
assembly of VLDL.
– Low-density lipoproteins (LDL): they contain primarily cho-
lesterol and cholesteryl esters. These molecules are transported
to extrahepatic tissues. LDL uptake by the tissues is mediated
through the specific interaction of its apoB protein with the LDL
receptor (LDLR) present in the cell membrane. After this inter-
action, LDL reaches the cytosol of the cells through an endocy-
tosis mediated mechanism.
– High-density lipoproteins (HDL): they are responsible for
the reverse cholesterol transport (RCT), as they carry cholesterol
and cholesteryl esters from extrahepatic tissues to the liver. HDL
uptake by the liver occurs via the Scavenger receptor class B
type 1 (SR-B1) receptor.

These lipoproteins work together to transport the lipids
throughout the body, as can be seen in Figure 3.

1.6.Foetal programming
Foetal programming postulates that there is programming

during the embryogenic and foetal stage that induces permanent
changes in the adult. These modifications can be structural, physio-
logical and metabolic and they will increase the risk of individuals
to develop various diseases (41).

The programming can be performed through epigenetics:
the nutritional conditions and the environment of the mother during
the gestation can vary the expression of some genes. Also, imprinted
genes are differentially expressed depending on the sex of the in-
dividual (42).

Figure 3. Lipoproteins and lipid transport. Created with BioRender.com.
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group received a 10% fructose solution (w/v), while the control
group was provided with tap water. Then, after parturition, the litter
was standardised to nine rats and both, the mother and the offspring
drank water. The lactation finished at day 21, and only the male
rats were kept until three months of age. They received a standard
diet and water without any supplement. Once they reached 3 months
of age, male rats were also separated into various groups, depen-
ding on the diet:

– Control group: they consumed water without additives and
a standard diet.
– Fructose group: they received a 10% fructose solution (w/v)
and a standard diet.
– Tagatose group: they consumed a 10% tagatose solution
(w/v) and a standard diet.
– Fructose plus cholesterol group: they were given a 10% fruc-
tose solution (w/v) and a standard diet supplemented with 2%
cholesterol.

In total, since the maternal treatment was also taken into
account, there were 8 experimental groups of male rats, which are
shown in Figure 4. After the 21 days of diet, the rats were sacrificed.
Their blood was collected in EDTA-K2 tubes, which was centrifuged
to separate the plasma. Also, their livers were weighted. Both
plasma and livers were frozen at – 80 0C for their later use.

3.2.Biochemical parameter assays
3.2.a. Total plasma cholesterol determination

It was performed with an enzymatic colorimetric end-point
assay, using a Spinreact (Spain) kit.

Some studies have already shown the deleterious effect
that fructose consumption during gestation can produce in the pro-
geny: dyslipidaemia (43), lipids oxidative stress (44), modified lep-
tin signalling (45) and impaired hippocampal function (46).
Moreover, the outcome can be gender-dependent, as it is shown in
a study (47) that demonstrated that cholesterol levels varied de-
pending on the sex of the animal.

2. OBJECTIVES

The objectives of the present work are:
– To study whether fructose intake by pregnant rats during ges-
tation has any effect on cholesterol metabolism of the male
offspring.
– To determine whether fructose (or tagatose) and fructose plus
cholesterol intake by male descendant rats produces any va-
riation in their cholesterol metabolism and, in this case, to study
whether these changes are affected by the maternal diet.

3. MATERIALS AND METHODS

3.1.Experimental design
The experiment was approved by the Ethics Committee.

The experimental design was carried out as follows:
First, female and male Sprague-Dawley rats were mated.

Once gestation was confirmed, female pregnant rats were provided
with a standard diet, and they were separated in two groups accor-
ding to the drink they received throughout gestation. The fructose

Figure 4. Experimental Design. Created with BioRender.com.



3.3.Molecular parameters assays
3.3.a. RNA Extraction

The Ambion® RiboPureTM kit was used to isolate ribo-
nucleic acid (RNA) from liver tissues. For this purpose, 100mg of
liver tissue were obtained and were later homogenised in the pre-
sence of TRI Reagent® with the TissueLyser®. TRI Reagent® con-
tains both phenol and guanidine thiocyanate, which lyse the cells
and inactivate nucleases in order to prevent nucleic acid degradation.
Then, this mixture was centrifuged to separate all the insoluble com-
ponents. The supernatant was collected and bromochloropropane
(BCP) was added. BCP produces the formation of two phases:
aqueous phase and organic phase. RNA will stay in the aqueous
phase, while desoxyribonucleic acid (DNA) and proteins remain in
the interphase or the organic phase. The aqueous phase was sub-
sequently introduced in a series of columns to purify and extract the
RNA, which was later quantified in the Nanodrop®. Then, an aga-
rose gel electrophoresis was performed to verify the integrity of RNA
(Figure 5).

To ensure the total elimination of DNA from the sample,
the Ambion® TURBO DNA-freeTM kit was employed. This kit con-
tains deoxyribonucleases (DNases) that degrade the DNA present.
Then, as a way to confirm that any contamination of DNA had been
removed, a polymerase chain reaction (PCR) using RPS29 (riboso-
mal protein S29) primers, and the subsequent agarose gel electro-
phoresis were performed. The outcome was as expected: only the
positive control showed a nitid result and no bands appeared in the
samples containing RNA treated with DNase, confirming the absence
of DNA contaminant.

3.3.b. Reverse Transcription-PCR (RT-PCR)
After the purification step with DNase, the sample only

contained RNA. In order to quantify the amount of messenger RNA
(mRNA) in the samples through real time PCR, it is previously re-
quired to convert the mRNA into complementary DNA (cDNA). With
this aim, a reverse transcriptase polymerase chain reaction (RT-PCR)
was carried out using the SuperScriptTM II Reverse Transcriptase

3.2.b. Plasma triglycerides determination
It was performed with an enzymatic colorimetric end-point

assay, using a Spinreact (Spain) kit.

3.2.c. HDL cholesterol determination
The objective was the determination of High-density Li-

poprotein (HDL) cholesterol levels. For this purpose, a two-step pro-
cess was carried out:

3.2.c.a. Precipitation of non-HDL cholesterol lipopro-
teins

Phosphotungstic acid, in combination with magnesium
chloride, is able to precipitate apo B containing lipoproteins (chylo-
microns, VLDL and Low-density Lipoproteins (LDL)). The kit used
was from Spinreact, Spain. The volumes employed were 100μL of
sample and 10μL HDLc-P (the precipitating reagent). After a 10-
minute incubation at room temperature, the samples were centri-
fuged at 12,000rpm for 30 minutes at room temperature. The
supernatant was used for subsequent HDL-cholesterol levels deter-
mination.

3.2.c.b. HDL cholesterol determination
The determination of HDL cholesterol levels was perfor-

med with an enzymatic colorimetric end-point assay, using a Spin-
react (Spain) kit. It is based on the detection at 505nm of a coloured
compound (quinoneimine), that is generated from cholesterol after
sequential enzymatic reactions. The calculation of non-HDL choles-
terol was obtained from the difference of total cholesterol concen-
tration minus HDL cholesterol concentration.

3.2.d. Coronary Risk Index (CRI)
The CRI is calculated from total cholesterol and HDL-cho-

lesterol data. The formula is:𝑇𝑜𝑡𝑎𝑙 𝑐ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙𝐶𝑅𝐼= 𝐻𝐷𝐿 𝑐ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙
3.2.e. Atherogenic Index of Plasma (AIP)

The AIP is calculated from triglyceride and HDL-cholesterol
data. The formula is: 𝑇𝑟𝑖𝑔𝑙𝑦𝑐𝑒𝑟𝑖𝑑𝑒𝑠

API= log  𝐻𝐷𝐿 𝑐ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙
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( )

Figure 5. Agarose gel electrophoresis of RNA extraction. The two more visible bands
correspond to the 28S and 18S ribosomal RNA.
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– Baseline: the initial amount of dsDNA is minimal, and the
fluorescence intensity is too low to be detected.
– Exponential: when the detection threshold has been over-
passed, the intensity changes exponentially. The cycle at which
the fluorescence is detected and starts raising exponentially is
called Crossing Point (Cp). This parameter is inversely propor-
tional to the initial quantity of DNA. Thus, the lower the DNA
amount, the higher the number of cycles required to get the
signal detected, resulting in a higher Cp value.
– Linear: the reaction rate decreases because there are not
enough DNA polymerase molecules to grow all the DNA strands
already produced.
– Plateau: the DNA polymerase is saturated, so the signal is
maintained constant, resulting in a plateau region.

The initial amount of cDNA can be quantified using a ca-
libration line. To create it, serial 1/10 dilutions of a standard sample
with a known DNA concentration were prepared and their Cp ob-
tained. Then, the cDNA concentration of the samples is obtained by
the interpolation of their Cp value in the calibration line.

(InvitrogenTM, USA). After this procedure, both a normal PCR and
an agarose gel electrophoresis (Figure 6) were performed to ensure
that the cDNA obtained was functional. This PCR was done with pri-
mers that bind to a housekeeping gene sequence, the ribosomal
protein S29 (RPS29) gene. As shown in Figure 6, all cDNA samples
correctly amplified the product of RPS29 gene, confirming the func-
tionality of the cDNA that had been obtained.

3.3.c. Real-Time Polymerase Chain Reaction (Real-Time
PCR)
3.3.c.a. Basic principles of the method

The real-time PCR is a technique that allows the quanti-
fication of the DNA present in a sample due to the detection of fluo-
rescent particles that bind specifically to the double stranded DNA
(dsDNA) (Figure 7). The measurement of fluorescent intensity is
performed after each cycle of PCR, because, as it is the point at which
more dsDNA is present, the signal will be greater. The fluorophore
used was SYBR Green I, which binds preferentially to dsDNA.

The rate at which DNA is generated is not linear and there
are four stages in its production, according to the intensity of fluo-
rescence detected (48):

Figure 6. Agarose gel electrophoresis of RT-PCR.

Figure 7. Scheme of the mechanism of the Real-Time PCR. The fluorophore (SYBR Green I) is only able to emit fluorescence in the excited state, i.e., when bound to double
stranded DNA (dsDNA). Created with BioRender.com.



4. RESULTS AND DISCUSSION

To facilitate the comprehension of the findings regarding
the diet provided to the male offspring, the results will be grouped
into two studies:

– Study I. Effect of Fructose consumption versus (vs.) Tagatose. 
This analysis will allow to determine if the observed effects are
fructose specific.
– Study II. Effect of Fructose consumption alone vs. Fructose
plus Cholesterol.

In addition, the effect of maternal feeding during gestation
(water or fructose) on the cholesterol metabolism of their offspring
will be analysed within each group.

4.1.Study I. Effect of Fructose consumption vs. Tagatose
4.1.a. Plasma total cholesterol and triglycerides levels

The results of the two-way ANOVA are presented in Table
2. Regarding total cholesterol concentration, the changes observed
seem to be due to the different diets received by the male offspring,
although the difference is not statistically significant (p=0.097). On
the other hand, both the maternal treatment (M) and the diet (D)
seem to affect triglycerides levels, but these differences did not reach
statistical significance (p=0.054 and p=0.094 respectively).

Thus, Figure 10 shows the data after a posteriori Bonfe-
rroni correction.

The total cholesterol concentration in the offspring of con-
trol mothers shows statistically significant differences between the
control and fructose groups when compared to the tagatose group.
This would indicate that tagatose, and not fructose, produces a mar-
ked increase in total cholesterol levels. However, when studying the
descendants of fructose supplemented mothers, we can observe that
there are no variations between the groups, which suggests that this 

Table 1. Sequence of the primers used for the cDNA amplification.

3. 3.c.b. SYBR Green I Real-Time PCR Protocol
The CFX96 Touch Real-Time PCR Detection System (Bio-

Rad, USA) was used to perform this assay. For each sample, the fo-
llowing volumes were added: 1μL forward primer (10μM), 1μL
reverse primer (10μM), 10μL SYBR green Premix Ex Taq (Takara
Bio Inc., Japan), 6μL deionised water and 2μL sample. The infor-
mation regarding the primers used in the present work can be found
in Table 1.

An agarose gel electrophoresis was performed after each
real time-PCR experiment to verify that the amplicon obtained mat-
ched the expected result (Figures 8 and 9).

3.4.Statistical analysis
The assays were carried out with samples from 7 animals

per group, except for group Control-Control, which had 8 animals.
Results were expressed as means ± standard error (SE) and they
were analysed by two-way ANOVA (Analysis of Variance). If the dif-
ferences were statistically significant (p<0.05), they were analysed
through a posteriori Bonferroni correction to identify the variance
significance. There were two factors analysed:

– The effect of fructose intake during gestation by the mothers
(M) on the male offspring. Statistically significant differences
between Control Mothers vs. Fructose Mothers will be indicated
with a hash (#), and in case the difference is almost statistically
significant, it will be indicated with an ampersand (&).
– The effect of the diets received by the male offspring at 3
months of age (D). The differences between treatments within
the same mother will be indicated with an asterisk (*).

The value of eta squared (2) determines the proportion
of the variance that is attributed to the mother (M), the diet (D) or
the interaction between both parameters (M*D).

All the statistical determinations were performed with the
program SPSS.
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Gen Forward Primer Reverse Primer Amplicon Origin

LDLR 5'-CACCCAAGTTCACCTGCGCTTGCC-3' 5'-AGGACACTGTCACCGACTCCACTG-3' 291bp Clontech

MTTP 5'-TCTGTGGTACCGCGAGTCTA-3' 5'-GGGTACTGGGAGAACTGCAC-3' 165bp Primer3

SR-B1 5'-GTTCCGTGAAGATGCAGCTGAG-3' 5'-AACCACAGCAATGGCAGGACTAC-3' 97bp (49)

Figure 8. Agarose gel electrophoresis of Real Time-PCR of MTTP. Figure 9. Agarose gel electrophoresis of Real Time-PCR of LDLR.
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4. 1.b. HDL cholesterol and non-HDL cholesterol con-
centration in plasma

To further study if there was an effect in cholesterol meta-
bolism due to fructose or tagatose intake, HDL cholesterol and non-
HDL cholesterol levels were determined. As shown in Table 3, there
are no significant differences in the HDL cholesterol that could be
attributed to the diet, the mothers or the sum of both factors. Ho-
wever, regarding non-HDL cholesterol, both the consumption of the
mothers (M) during the gestation and the diets (D) that the male
offspring received, showed almost statistically significant differences
(M, p=0.087; D, p=0.064).

Table 2.

effect disappears with fructose consumption during gestation. As in-
dicated in Figure 10 with a hash (#), cholesterol levels in tagatose
supplemented descendants from control mothers are significantly
higher than those of tagatose supplemented descendants from fruc-
tose mothers.

On the other hand, there is a tendency to increase the
plasma triglycerides levels in those groups of descendants receiving
any carbohydrate (fructose or tagatose) versus descendants that con-
sumed water. Moreover, this trend was observed regardless of the
diet of the mothers.

Table 2. Two-way ANOVA of total Cholesterol and Triglyceride concentrations in plasma. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance.
P value: probability of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother,
the diet or the interaction between both. The yellow colour in the cell indicates that the difference is almost statistically significant.

Cholesterol F  P value η2

MOTHER 1.272 0.267 0.033

DIET 2.485 0.097 0.118

MOTHER * DIET 2.030 0.146 0.099

Triglycerides F  P value η2

MOTHER 3.974 0.054 0.097

DIET 2.517 0.094 0.120

MOTHER * DIET 0.113 0.893 0.006

Figure 10. Plasma total cholesterol and triglycerides levels in the male progeny, after 21 days of receiving different treatments (blue bar: water–C, orange bar: fructose–
F, green bar: tagatose–T). The bars that present a lighter colour correspond to the descendants of mothers that were given water during gestation (maternal control
group), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during gestation (maternal fructose group). The data presented
are means ± standard error (SE). The symbol * indicates statistically significant differences between diets, and the # between maternal intake..



against cardiovascular diseases. Interestingly, in descendants from
fructose fed mothers, a trend to decrease in HDL-cholesterol was
found in males receiving both fructose and tagatose in comparison
to males drinking water.

Regarding the non-HDL cholesterol concentration, the tre-
atment received by the males in the maternal control group does
produce statistically significant differences, especially between the
ones that drank water and those supplemented with tagatose, sho-
wing this last group higher non-HDL cholesterol levels. Curiously,
this tagatose-induced effect was, again, not observed in descendants
of fructose-mothers and this observation was coincident to that one
found for total cholesterol levels (Figure 10).

After performing the Bonferroni test, as it can be seen in
Figure 11, no statistically significant differences are found in the
HDL cholesterol. Nevertheless, there is a tendency of higher HDL
cholesterol levels in the group of males from control mothers that
drank the tagatose solution versus those drinking water and fructose.
However, the effect was not observed in the descendants of fructose
supplemented mothers. Curiously, there is an almost statistically sig-
nificant decrease in HDL cholesterol levels (p=0.086, denoted with
a & symbol in Figure 11), of tagatose supplemented descendants
from fructose-mothers when compared with the descendants of con-
trol-mothers. This decrease would be a non-desirable effect, since
HDL is known as “good” cholesterol, suggesting a lower protection
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HDL cholesterol F  P value η2

MOTHER 0.554 0.461 0.015

DIET 1.586 0.219 0.081

MOTHER * DIET 2.081 0.140 0.104

non-HDL cholesterol F  P value η2

MOTHER 3.100 0.087 0.079

DIET 2.974 0.064 0.142

MOTHER * DIET 2.030 1.346 0.070

Table 3. Two-way ANOVA of HDL and non-HDL cholesterol plasma levels. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance. P value:
probability of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother, the diet
or the interaction between both. The yellow colour in the cell indicates that the difference is almost statistically significant.

Table 3

Figure 11. Plasma HDL cholesterol and non-HDL cholesterol concentration in the male progeny, after 21 days of receiving different treatments (blue bar: water–C, orange
bar: fructose–F, green bar:tagatose–T). The bars that present a lighter colour correspond to the descendants of mothers that were given water during gestation (maternal
control group), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during gestation (maternal fructose group). The data
presented are means ± standard error (SE). The symbol * denotes statistically significant differences between diets, and the # between maternal intake. The symbol
(&) corresponds to differences that are almost statistically significant between maternal intake.
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due to both the maternal treatment (M) and the diet (D) and in SRB1
expression due to the interaction between both treatments (M*D)
(LDLR: p=0.097, M; p=0.090, D; SR-B1: p=0.052, M*D).

These possible statistical differences were further studied
through a posteriori Bonferroni test, and they can be seen in Figure 12.

The hepatic expression of MTTP shows a tendency to in-
crease in males that consumed fructose in both groups of descen-
dants, those from control mothers and fructose-mothers. This trend

4.1.c. Hepatic MTTP, LDLR and SR-B1 expression
Both the MTTP, LDLR and SR-B1 are genes coding for mo-

lecules involved in cholesterol metabolism.
After performing the two-way ANOVA with the expression

data for the three genes, there is only one statistically significant diffe-
rence (Table 4): in the expression of MTTP gene, for the influence of
the diet (D) received by the male rats (p=0.013). However, almost sta-
tistically significant differences were found in the expression of LDLR

MTTP expression F  P value η2

MOTHER 1.231 0.275 0.034

DIET 4.895 0.013 0.219

MOTHER * DIET 0.037 0.964 0.002

Table 4

LDLR expression F  P value η2

MOTHER 2.895 0.097 0.074

DIET 2.582 0.090 0.125

MOTHER * DIET 0.943 0.399 0.050

SR-B1 expression F  P value η2

MOTHER 0.004 0.950 0.000

DIET 0.665 0.521 0.036

MOTHER * DIET 3.221 0.052 0.152

Table 4. Two-way ANOVA of hepatic MTTP, LDLR and SR-B1 expression. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance. P value: probability
of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother, the diet or the interaction
between both. The green colour in the cell indicates that the difference is statistically significant, while yellow represents that the difference is almost statistically significant.

Figure 12. MTTP, LDLR and SR-B1 hepatic gene expression in the male progeny, after 21 days of receiving different treatments (blue bar: water–C, orange bar: fructose–
F, green bar: tagatose–T). The bars that present a lighter colour correspond to the descendants of mothers that were given water during gestation (maternal control
roup), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during gestation (maternal fructose group). The data presented
are means ± standard error (SE). The symbol # corresponds to differences that are statistically significant between maternal consumption, and the symbol & to differences
that are almost statistically significant between maternal intake.



ming fructose (p=0.075). Moreover, as it was also observed for total
cholesterol, HDL cholesterol and non-HDL cholesterol levels (Figures
10 and 11) the consumption of fructose by the mothers has a dam-
pening action in the effect of tagatose on gene expression. Conse-
quently, an almost statistically significant difference between the two
groups of tagatose supplemented rats was observed (denoted by a
& symbol in Figure 12, LDLR). This result does not explain the fin-
dings observed in plasma non-HDL cholesterol, as an increase in
the expression of LDLR would mean that more LDL cholesterol
would be taken by the liver and diminished non-HDL cholesterol le-
vels would be found in blood. In contrast, plasma non-HDL choles-
terol concentration turned out to be more elevated in males
consuming tagatose in comparison to the other two groups. 

is almost statistically significant versus the descendants drinking
water in the control maternal group, which would mean that the
consumption of fructose increases the expression of MTTP. Given that
this gene is involved in the production of non-HDL cholesterol, one
would expect a higher concentration of this parameter in males con-
suming fructose than in those drinking only water. However, this ef-
fect cannot be seen in Figure 11 (non-HDL). Nevertheless, since
MTTP protein also participates in the assembly of TG-rich lipopro-
teins to be released by the hepatocyte, it is logical to find a similar
trend to increase in plasma TG of males receiving fructose (Figure
10).

On the other hand, hepatic LDLR gene expression tends
to increase after consuming tagatose in descendants of control mo-
thers, becoming almost significant in comparison to males consu-
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CRI F  P value η2

MOTHER 2.462 0.126 0.066

DIET 1.157 0.326 0.062

MOTHER * DIET 0.688 0.509 0.038

AIP F  P value η2

MOTHER 3.688 0.063 0.098

DIET 5.777 0.007 0.254

MOTHER * DIET 4.537 0.018 0.211

Table 5. Two-way ANOVA of Coronary Risk Index and Atherogenic Index of Plasma. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance. P
value: probability of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother,
the diet or the interaction between both. The green colour in the cell indicates that the difference is statistically significant, while yellow represents that the difference is
almost statistically significant.

Table 5

Figure 13. Coronary Risk Index and Atherogenic Index of Plasma obtained after calculation of with data from the samples obtained after 21 days of receiving different
treatments (blue bar: water–C, orange bar: fructose–F, green bar: tagatose–T). The bars that present a lighter colour correspond to the descendants of mothers that
were given water during gestation (maternal control group), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during
gestation (maternal fructose group). The data presented are means ± standard error (SE). The symbol * represents statistically significant differences between diets, and
the # between maternal intakes.
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HDL cholesterol (Figure 11) and triglycerides plasma levels (Figure
10), this decrease in AIP observed in the rats receiving water from
fructose fed mothers is due to a lower triglycerides concentration
and a slightly higher HDL cholesterol concentration compared to the
males consuming water from control mothers. In addition, there are
statistical differences among diet treatments in the fructose maternal
group, indicating that fructose or tagatose intake in the offspring
from fructose-fed mothers would have a greater tendency to undergo
a cardiovascular event.

5.2.Study II: Effect of Fructose consumption alone vs.
Fructose plus Cholesterol
5.2.a. Plasma total cholesterol and triglycerides le-
vels

As can be seen in Table 6, the factor diet (D) produces sta-
tistically significant differences for both total cholesterol and trigly-
cerides concentration, p=0.000 and p=0.043 respectively.

Thus, Figure 14, exhibits the data of plasma total choles-
terol and triglycerides concentration of the male offspring.

The cholesterol concentration shows a marked increase in
the males fed a fructose solution and a cholesterol-rich diet (FCh)
when compared to the other dietary treatments (water or only fruc-
tose). This augmentation is statistically significant in both, descen-
dants from control mothers and fructose-fed mothers. This result
demonstrates that the addition of cholesterol to the fructose-rich
diet causes, as expected, higher cholesterol levels in blood.
Regarding plasma triglycerides concentration, there is also a trend
to an increase in the FCh group when compared to the C and F
groups in descendants from both groups of mothers, reaching almost
statistical significance only for descendants from fructose-fed mothers
(p=0.076).

Lastly, the profile of the hepatic gene expression of SR-B1
varies among the offspring from the two maternal groups. On one
hand, the effect of carbohydrate’s intake in the expression of SR-B1
in descendants from control-mothers shows a decreasing tendency
when compared to the rats receiving water. However, in descendants
of fructose-fed mothers, this trend is the opposite, i.e., the expression
seems to be induced by the intake of carbohydrates. On the other
hand, there is a statistically significant decrease in the expression of
SR-B1 between control rats from fructose fed mothers versus those
from control mothers. As SR-B1 codes for a protein involved in the
liver uptake of HDL cholesterol, opposite tendencies should be seen
in the plasma HDL concentration (Figure 11), and remarkably we
can confirm that this is the case.

5.1.d. Coronary Risk Index (CRI) and Atherogenic Index
of Plasma (AIP)

Table 5 shows the result of performing a two-way ANOVA
test on the Coronary Risk Index (CRI) and the Atherogenic Index of
Plasma (AIP). As can be seen, there are only statistically significant
differences in the AIP, for the factor of the diet (D) received by the
male progeny (p=0.007) and the interaction between the two stu-
died factors (diet and maternal feeding, M*D) (p=0.018).

As can be seen in Figure 13, there are no significant dif-
ferences in the Coronary Risk Index when comparing all the groups.
On the other hand, the Atherogenic Index of Plasma varies greatly
among the groups. Firstly, there is a marked decrease in the males
that drank water from fructose fed mothers versus those rats from
control mothers. As AIP is a predictor of the risk for the development
of cardiovascular diseases, this would indicate that maternal fructose
supplementation would have a protective effect. If we look at the

Cholesterol F  P value η2

MOTHER 0.046 0.832 0.001

DIET 11.395 0.000 0.381

MOTHER * DIET 0.064 0.939 0.003

Triglycerides F  P value η2

MOTHER 0.930 0.341 0.025

DIET 3.425 0.043 0.156

MOTHER * DIET 0.257 0.775 0.014

Table 6

Table 6. Two-way ANOVA of Cholesterol and Triglyceride concentrations in plasma. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance. P
value: probability of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother,
the diet or the interaction between both. The green colour in the cell indicates that the difference is statistically significant.



almost significant versus the males drinking fructose alone only in
descendants from control mothers (p=0.059).

Interestingly, the trend found in the non-HDL cholesterol
concentration is the opposite than the one found for HDL cholesterol,
being significantly much higher in the FCh group than in the other
two groups (C and F), regardless of the maternal diet.

These results, taken together with those shown in Figure
14, indicate that the distribution of HDL and non-HDL cholesterol
levels deeply varies in the FCh group: this group of animals presents
elevated plasma non-HDL cholesterol and lower HDL cholesterol
concentrations in comparison to the other two groups, with also a
higher total cholesterol concentration. This would indicate that a
higher cholesterol intake by these rats produces an excess of cho-
lesterol that is distributed in lipoproteins such as VLDL, chylomicrons
and LDL.

5.2.b. Plasma HDL cholesterol and non-HDL cholesterol
concentration

As Table 7 indicates, there are statistically significant dif-
ferences regarding the diet (D) of the male offspring for both HDL
cholesterol and non-HDL cholesterol concentrations.

After performing a posteriori Bonferroni correction, the
data of HDL cholesterol and non-HDL cholesterol concentrations can
be seen in Figure 15.

The HDL cholesterol concentration shows significant de-
crease in the group supplemented with fructose and cholesterol (FCh)
versus the group that drank water (C), regardless of the maternal
intake. Since fructose alone already produced a tendency to a de-
crease in HDL-cholesterol in males from fructose-fed mothers (but
not in the offspring from control mothers) (Figure 11), the diminu-
tion observed in the males receiving fructose plus cholesterol became
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Figure 14. Plasma total cholesterol and triglycerides concentration in the male progeny, after 21  days of receiving different treatments (blue bar: water–C, orange bar:
fructose–F, purple bar: fructose  + cholesterol-rich diet–FCh). The bars that present a lighter colour correspond to the descendants of mothers that were given water
during gestation (maternal control group), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during gestation (maternal
fructose group). The data presented are means ± standard error (SE). The symbol * denotes statistically significant differences between diets.

Table 7
HDL cholesterol F  P value η2

MOTHER 0.110 0.742 0.003

DIET 11.519 0.000 0.390

MOTHER * DIET 0.845 0.438 0.045

non-HDL cholesterol F  P value η2

MOTHER 0008 0.928 0.000

DIET 59.725 0.000 0.773

MOTHER * DIET 0.572 0.570 0.032

Table 7. Two-way ANOVA of plasma HDL and non-HDL cholesterol. F: Snedecor’s F, which is a statistic parameter based on analysis of the variance. P value: probability
of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother, the diet or the
interaction between both. The green colour in the cell indicates that the difference is statistically significant.
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Regarding the MTTP hepatic expression, the trend to an
increase already commented for descendants receiving fructose alone
(Figure 12) was also found in the offspring taking fructose plus cho-
lesterol with respect to the control groups, regardless the maternal
intake. Given that the product of this gene is related to the assembly
of lipoproteins containing cholesterol and triglycerides, the expres-
sion of this gene in the FCh group is increased in accordance with

5.2.c. Hepatic MTTP, LDLR and SR-B1 expression
The Table 8 shows statistically significant differences in the

expression of MTTP and LDLR genes with regards to the diet of the
male offspring (p=0.015 and p=0.035, respectively). In the case
of SR-B1, this difference is almost significant (p=0.082).

Thus, Figure 16 shows the hepatic gene expression of
MTTP, LDLR and SR-B1.

Figure 15. Plasma HDL cholesterol and non-HDL cholesterol concentration in the male progeny, after 21 days of receiving different treatments (blue bar: water–C, orange
bar: fructose–F, purple bar: fructose + cholesterol-rich diet–FCh). The bars that present a lighter colour correspond to the descendants of mothers that were given water
during gestation (maternal control group), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during gestation (maternal
fructose group). The data presented are means ± standard error (SE). The symbol * denotes statistically significant differences between diets.

MTTP expression F  P value η2

MOTHER 1.172 0.287 0.033

DIET 4.759 0.015 0.219

MOTHER * DIET 0.039 0.962 0.002

LDLR expression F  P value η2

MOTHER 0.001 0.973 0.000

DIET 3.696 0.035 0.170

MOTHER * DIET 0.612 0.548 0.033

Table 8. Two-way ANOVA of hepatic MTTP, LDLR and SR-B1 expression. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance. P value: probability
of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother, the diet or the
interaction between both. The green colour in the cell indicates that the difference is statistically significant, while yellow represents that the difference is almost statistically
significant.

Table 8

SR-B1 expression F  P value η2

MOTHER 1.992 0.167 0.052

DIET 2.684 0.082 0.130

MOTHER * DIET 1.772 0.185 0.090



Curiously, this trend had been already observed for males
receiving fructose alone.

5.2.d. Coronary Risk Index (CRI) and Atherogenic Index
of Plasma (AIP)

Table 9 indicates differences regarding the diet (D) for
both indexes (p=0.000 for both) and also regarding the interac-
tion of the diet of the male progeny and the maternal feeding for
the Atherogenic Index of Plasma.

As shown in Figure 17, in the Coronary Risk Index, there
are statistically significant differences between the FCh group and
the other two groups: control and fructose, independently of ma-
ternal intake.

total cholesterol concentration, triglycerides levels and especially
the non-HDL cholesterol concentration in plasma.

The gene expression of hepatic LDLR exhibits a decrea-
sing trend for the FCh group, the effect being significantly different
versus males drinking only water when they come from control-
mothers. 

As the LDLR gene is associated with the uptake of non-
HDL cholesterol from the blood into the liver, this result would co-
rrelate with the higher concentration of non-HDL cholesterol found
in this group (Figure 15).

In addition, the SR-B1 gene expression also shows a slight
decreasing trend between the control and FCh group in descendants
from control mothers, but not in offspring from fructose-fed mo-
thers.
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Figure 16. MTTP, LDLR and SR-B1 hepatic gene expression in the male progeny, , after 21 days of receiving different treatments (blue bar: water–C, orange bar: fruc-
tose–F, purple bar: fructose + cholesterol-rich diet–FCh). The bars that present a lighter colour correspond to the descendants of mothers that were given water during
gestation (maternal control group), and the bars with a darker colour, to the descendants of mothers that drank a fructose solution during gestation (maternal fructose
group). The data presented are means ± standard error (SE). The symbol # represents statistically significant differences between maternal intakes.

Table 9

CRI F  P value η2

MOTHER 0.944 0.338 0.027

DIET 64.073 0.000 0.790

MOTHER * DIET 0.374 0.691 0.022

AIP F  P value η2

MOTHER 6.824 0.013 0.167

DIET 14.202 0.000 0.455

MOTHER * DIET 3.229 0.052 0.160

Table 9. Two-way ANOVA of Coronary Risk Index and Atherogenic Index of Plasma. F: Snedecor’s F, which is a statistic parameter based on the analysis of variance. P
value: probability of observing a value which is at least as extreme as the value obtained from the test. 2: proportion of the variance that is attributed to the mother,
the diet or the interaction between both. The green colour in the cell indicates that the difference is statistically significant.
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take. This effect caused by fructose and cholesterol intake would
be detrimental to the animals, since atherogenic indices are in-
creased, and they will be more likely to undergo cardiovascular
disease.
– The increased hepatic expression of MTTP found in both, the
F and FCh group would indicate a higher assembly of choles-
terol and triglycerides containing lipoproteins, which correlates
with the increased values of plasma total cholesterol, non-HDL
cholesterol and triglycerides found in these rats.
– The decreased hepatic expression of LDLR observed in the
FCh group would suggest a lower uptake of non-HDL lipopro-
teins leading to the higher plasma non-HDL cholesterol con-
centration observed in these animals.

Altogether, this study demonstrates that maternal intake
of fructose clearly affects cholesterol metabolism in the progeny le-
ading to a foetal programming effect. Furthermore, the dietary tre-
atment of the progeny with fructose alone or combined with
cholesterol and tagatose also negatively affects cholesterol metabo-
lism increasing their atherogenic indices. These results demonstrate
the deleterious effects of both, a high carbohydrate and cholesterol
intake in the development of cardiovascular diseases. We would like
to emphasize the key role of pharmacists advising the patients to
reduce the consumption of diets rich in carbohydrates and cholesterol
to prevent the further development of cardiovascular diseases.

7. CONFLICTS OF INTEREST

Regarding the Atherogenic Index of Plasma, the same in-
crease was found, being the difference statistically significant versus
the other two groups only in the progeny from control mothers. Cu-
riously, in descendants from fructose-fed mothers, fructose plus cho-
lesterol intake was able to produce a significant increase with respect
to the control group as that one observed with fructose intake.

6. CONCLUSIONS

The conclusions of the present study are:
– In the offspring of mothers that drank water during gestation,
tagatose intake increases plasma non-HDL cholesterol and total
cholesterol concentrations. This effect is attenuated in the pro-
geny of fructose fed mothers, which would indicate a foetal pro-
gramming effect.
– In the offspring from fructose-fed mothers, fructose and ta-
gatose intake tends to cause a decrease in plasma HDL choles-
terol and an increase in triglycerides concentration, leading to
a marked rise in the atherogenic ratio versus the control group.
These findings suggest that both fructose and tagatose intake
can lead to a higher risk of cardiovascular diseases in animals
subjected to foetal programming induced by previous maternal
fructose feeding.
– The combination of a fructose solution plus a cholesterol-rich
diet results in an increase in total plasma cholesterol concen-
tration, which corresponds to a huge rise in non-HDL levels and
a decrease in HDL concentration, regardless the maternal in-

Figure 17. Coronary Risk Index and Atherogenic Index of Plasma obtained after calculation of with data from the samples obtained after 21 days of receiving different
treatments (blue bar: water–C, orange bar: fructose–F, purple bar: fructose + cholesterol-rich diet–FCh). The bars that present a lighter colour correspond to the des-
cendants of mothers that were given water during gestation (maternal control group), and the bars with a darker colour, to the descendants of mothers that drank a
fructose solution during gestation (maternal fructose group). The data presented are means ± standard error (SE). The symbol * denotes statistically significant differences
between diets, and the # between maternal intakes.
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