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Lifestyle and reproductive health: effects of diet
and glyphosate exposure on fertility, feto-
placental development and uterine carcinogenesis

CHAPTER I - Cafeteria Diet

Part I: Evaluation of body weight and metabolic approaches
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Part III: Endometrial Hyperplasia
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I. Introduction

1. Lifestyle factors

Multiple lifestyle factors, such as physical activity, social interaction, smoking and
dietary habits, could affect positively and negatively our health (Figure 1) (Abbate et al.
2020; Chiodi et al. 2020; Carlos et al. 2018). The foods that compose our diet habits
have influence on determining our overall health condition, including reproductive
health (Sharma et al. 2013; Winship et al. 2019) and risk of cancer (Grosso et al. 2017;
Rezende et al. 2019). In this sense, the type of diet and its nutrient composition could
improve or disturb fertility performance and pregnancy outcomes (Sharma et al. 2013;
Grieger et al. 2020). Several studies have shown evidence of an association between
individual nutrients of foods and risk of cancer (Bail et al. 2016; WCRF/AICR 2018;
Bodén et al. 2019; Grosso et al. 2017). Taking into account that diet is a modifiable
lifestyle factor, the examination of dietary habits and its association with reproductive
impairments and cancer related process risk, is crucial to prevent critical consequences

in the short- and long-term.
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Figure 1: Lifestyle factors such as Drugs - Chemicals, Pollution — Environment —
Toxins, Radiation, Stress — Trauma, Diet — Nutrition and Physical exercise, have

influence on health and could produce positive or negative outcomes.
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CAF diet

Figure 2: “Cafeteria” (CAF) diet is an animal experimental dietary model that mimics

the variety of highly palatable and energy-dense foods prevalent in Western society.

2. CAF diet and Fertility

2.1. CAF diet and Reproductive Performance

It has been estimated that 10% of women worldwide are infertile, remaining the
infertility as a highly prevalent global condition (WHO 2017). Decreasing the number
of people affected by infertility has become a top priority for many health organizations,
including Healthy People 2020. Lifestyle factors can be modified to enhance overall
well-being and they are ultimately under one’s own control. They play a key role in
determining reproductive health and can positively or negatively influence fertility
(Sharma et al. 2013). In this sense, the type of diet and its nutrient composition could
improve or disturb fertility performance and pregnancy outcomes (Sharma et al. 2013;
Grieger et al. 2020).

Several studies have evaluated the effects of CAF maternal diet composed by palatable
food on fertility (Akyol et al. 2009; Bazzano et al. 2015, 2017; Sagae et al. 2012;
Kannan et al. 2019a, b). Two studies indicated that CAF diet induces subfertility and
sub-fecundity and delays conception, without affecting mating index (Bazano et al.
2015; 2017). For his part, Sagae et al. reported that CAF diet alters female rat
reproduction by reducing the number of oocytes and preantral follicles, as well as the
thickness of the follicular layers; nonetheless, they observed an optimal sexual

receptiveness after CAF diet administration (Sagae et al. 2012).
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Table 1 - Primers and PCR products for real-time quantitative RT-PCR

Target Primer Sequences Size (bp)
119 F: 5'- GAAATCGCCAATGCCAACTC -3° 590
R: 5- ACCTTCAGGTACAGGCTGTC -3’
IGF1 F:5- CTCAAGGATGGCGTCTTCAC -3’ 137
R: 5'-GAACTTGCTCGTTGGACAGG-3’
IGF1R F: 5°- CTCAAGGATGGCGTCTTCAC -3 115
R: 5-GAACTTGCTCGTTGGACAGG-3’
IGF2 F:5- TGTTAGGAAGGTGCTCGGAG -3 219
R: 5- TGTAGAGCTCCAGACCTCCT -3’
IGF2R F: 5°- AAGCTCTCACTTCCCTGCAT -3 203
R: 5- GAACTTCCCTCTTCTGGCCT -3'
VEGE F:5- TATCTTCAAGCCGTCCTGTG -3 156
R: 5'- TCTCCTATGTGCTGGCTTTG -3’
VEGER F: 5 - TGCAGGAAACCATAGCAGGA -3 184

R: 5'- GTATAGTCCCCTGCGTCCTC -3







Table 2 - Sequences of primer oligonucleotides for PCR amplification to evaluate
methylation sensitive sites in promoters.

Target Primer Sequences Size (bp)
VEGE - IC F:5- CCTCATAAGATCCTCATAAC -3 116
R:5' - AAAAGGTTACTCCACCATCT -3’
VEGF - Tai I/ BstU | F: 5'- CGGGGAGATCGTGAACTTGG -3 153
R:5' - AGCTGGCAAGGACGTATGGG - 3’
IGE2 - IC F: 5 -TGGGGTGAGACAAAGAAATC -3 143
R: 5'- TCCCATCCAGGTGTCAATAT - 3'
IGF2 - Prom Tai |/ F: 5- TAATCCTCTAACTGGGCACA -3’ 159
BstU | R:5'- ACTAAATCCTGGGTGTCCAT - 3'
IGF2 - DMR2 BstU |/ F: 5 - ATTCGACACCTGGAGACAGT -3~ 149
Sac Il R: 5- CTTTGGGTGGTAACACGATC -3’
IGF2 - CTCF6 Tai |/ F: 5'- GACACTTGTCTTTCTGGAGG -3 138
BstU | R: 5'- TATAGGAGTATGCTGCCACC -3’
IGF2 - CTCF7 Tai |/ F: 5- CATTTCTCGGGTAACTCCTTCG -3’ 154
BstU | R: 5'- AACCCCAAATCTATGCCACG -3’
IC: Internal control
Week 1 ick adusinigirsiion Weck 20
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Table 5 - Primers and PCR products for real-time quantitative RT-PCR

Target Primer Sequences Size (bp)
L19 F: 5'- GAAATCGCCAATGCCAACTC -3’ 290
R: 5- ACCTTCAGGTACAGGCTGTC -3
Ob-Rb F: 5-AGGATGAGTGTCAGAGTCAA-3' 80
R: 5-CTCTTCATCAGTTTCCACTG-3'

IGF1 F: 5- CTCAAGGATGGCGTCTTCAC -3’ 137
R: 5'-GAACTTGCTCGTTGGACAGG-3'

IGF1R F: 5- CTCAAGGATGGCGTCTTCAC -3’ 115

R: 5-GAACTTGCTCGTTGGACAGG-3’
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Serurmn parameters and hormones of rats fed with control diet {CON) or a Cafeteria diet {CAF)

Parameter CON CAF p value
Triglycerides {mmol/l) 103.29+£35.23 83.55+£30.93 0.26
Cholesterol immaol/1} 186.19+24 67 19571213 49 0.45
Glucose (mmaol) 6.22+0.57 6.03+0 38 0.36
insulin (mu/1) 20.12+10.61 33.46+20.19 0.60
Leptin {ng/ml) 1.80+1.26 <0.001
Estradiol {ng/ml| 002610 009 0.023x0 009 0.45
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Figure 11: Analysis of relative mRNA levels of Insulin like Growth Factor (IGF) and
Vascular Endothelial Growth Factor (VEGF) system in placental tissue of cafeteria
(CAF) and control (CON) diet fed dams on gestational day 21 (GD21). (A) IGF1, (B)
IGF1R, (C) IGF2, (D) IGF2R, (E) VEGF and (F) VEGFR. All results are expressed as
the mean = SEM for each experimental group (N placentas=10/Group; N mothers
10/Group). Asterisks indicate significant differences compared to the control (**:

p<0.01). Figure adapted from Gastiazoro et al. (in evaluation).
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