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I. Abstract 
This thesis proposes a novel diet for parents in the prevention of early-onset obesity in 

offspring.  This diet includes green tea, grapes, soy, curries, plants from the broccoli and 

onion family, and a balanced ratio of fatty acids, especially polyunsaturated fatty acids 

(PUFAs), and represents a departure from the modern western diet towards one closer to 

an ancestral diet.  Incorporation of these foods has the potential to protect offspring against 

the effects of prior exposure to a diet high in saturated fat consumed by mothers and 

fathers throughout their lives, especially near the time of offspring conception.  While the 

causes of the sudden surge in childhood obesity rates are still not clear, it has been 

proposed that maternal diets may predispose offspring to weight-gain.  During critical 

windows in fetal development, including egg and sperm formation, modifications to DNA 

can cause “programming” changes that are meant to increase early infant survival, but 

persist into adulthood.  This phenomenon is termed epigenetics (meaning “on top of 

genetics”) because it is not the actual genetic code (nucleotide sequence) that is altered, but 

instead the expression of genes that is modified by non-genetic factors such as the 

gestational environment.  Epigenetics allows an organism to ‘customize’ its gene activity 

when exposed to ‘predictable’ environmental stimuli, and thereby offers adaptation over 

multiple generations to environmental circumstances.  This thesis synthesizes information 

scattered across the primary literature on how energy/nutrient abundance during fetal 

development may shape epigenetic programming by providing critical signals about the 

environmental energy abundance during early development that ultimately influences 

adult expression of those genes that regulate fat metabolism.  Specifically, parents 

consuming a modern diet high in saturated fat may be contributing to the current 

childhood obesity epidemic through epigenetic programming of their offspring to store fat.  

In contrast, it is proposed that plant-based substances typical of the diet of human’s 
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evolutionary ancestors may prevent such fetal epigenetic programming for fat storage.  

This thesis explores the possibility that modest additions of plant-based substances, such 

as the incorporation of omega-3 polyunsaturated fats or drinking tea during pre- and post-

natal nutrition, may prove beneficial in preventing the transmission of obesity from one 

generation to the next.  

 

 

II. Introduction 

 A surge of obesity and related deaths in the last hundred years is reaching epidemic 

proportions, with a third of Americans categorized as overweight and another third as 

obese (World Health Organization, 2000).  Furthermore, the prevalence of obesity-

associated metabolic ‘dysfunctions’, such as diabetes, cardiovascular disease and 

hypertension, is also increasing (Ford, Giles, & Dietz, 2002).  Childhood obesity rates have 

also increased over the last forty years, from 5% in 1971 to 17% in 2008 (Ogden & Carroll, 

2010).  While the causes of childhood obesity are still not clear (Moraru et al., 2006), it has 

been proposed that maternal diets may predispose children to early-onset obesity.  Such a 

predisposition for early-onset obesity has been documented from maternal diets low in 

protein (Bol, Delattre, Reusens, Raes, & Remacle, 2009) or high in saturated fats (Table 1).  

These latter findings suggest that an important link between diet and genetics may 

contribute to the early onset of childhood obesity, although as explained in this thesis, the 

search for dietary components involved in trans-generational regulation of fat metabolism 

is ongoing.  

 

 Obesity can have several contributing factors, including activity level, diet, and 

genetics.  There is mounting evidence that diet may have important interactions with an 
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individual’s genetics, thus creating significant diet-gene interactions (Simopoulos, 2010).  

It has recently been established that parental diet influences diet-gene interactions, 

producing offspring with increased susceptibility to early-onset obesity persisting well into 

adulthood (Elahi, Cagampang, Mukhtar, Anthony, Ohri, & Hanson, 2009).  Understanding 

how parental diet influences these diet-gene interactions is critical in developing strategies 

to prevent the enduring effects of early-onset obesity. 

 

 Consumption of specific dietary factors may have an even greater influence on the 

regulation of metabolism in an individual than others.  For example, saturated and 

unsaturated fatty acids (Vallim & Salter, 2010; Jump, 2002), simple sugars (Jeffcoat, 2007), 

or secondary plant compounds including polyphenols (small carbon-based molecules 

consisting of several OH-group-containing rings) (Fang et al., 2003) have been shown to 

either turn on, or inhibit, genes controlling the storage of fat following their consumption.  

Additionally, a maternal high-fat diet (HFD), i.e. a diet comprised of over thirty percent of 

caloric intake as saturated fats during pre-natal development, produces a significant trans-

generational effect in offspring fat metabolism.  Such lasting effects increase the risk for 

obesity persisting into adult-hood in these individuals through long-term activation or 

silencing of entire gene networks controlling fat accumulation (McCurdy, et al., 2009).  

Correlation studies have documented an increase in obesity risk from the diet of both 

mothers and fathers lasting at least two generations in multiple human cohorts (Kaati, 

Bygren, & Edvinsson, 2002).  Interestingly, diet can also produce protective effects against 

obesity.  For example, protective effects against metabolic fetal programming were found 

when total maternal fat intake was reduced during pregnancy (McCurdy et al., 2009).  This 

suggests that diet can bi-directionally influence the expression of genes associated with fat 

metabolism, rendering offspring vulnerable or resistant to developing obesity. 
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 The propensity to transmit a susceptibility to obesity to offspring relies, in part, on 

the faithful passing on of parental genes and their respective proteins, including marks on 

this DNA that program certain genes for either sustained activation or inactivation (i.e. 

‘epigenetics’).  DNA contains the genes that, in turn, contain instructions on how to 

construct every protein of a cell, with proteins serving in a multitude of functions including 

as enzymes that perform all metabolism.  These instructions are read from each respective 

gene via the process of gene expression.  How frequently and how much the information of 

these genes is copied is strongly influenced by changes in DNA structure that put it into an 

“open” (readable) or “closed” (not-readable) state (Annunziato, 2008).  The open state, or 

active gene expression, results in protein formation, while the closed state inactivates, or 

‘silences,’ the expression of that gene and prevents the protein formation.  During critical 

developmental windows, such as fetal development (gestation), lasting changes to the state 

of the DNA can cause “programming” changes that persist into adulthood.  These epigenetic 

changes in programming represent changes in the genetic expression that arise from non-

genetic factors (other than changes in the genetic code or nucleotide sequence), such as the 

gestational environment.  

 

 Epigenetics allows an organism to customize its gene activity in a lasting manner 

when exposed to environmental stimuli, that presumably occurred with ‘predictable’ 

regularity throughout human evolution, and provides a relatively fast-acting (on an 

evolutionary scale) adaptation to the environment over the course of one to two 

generations.  In response to fetal exposure to particular dietary nutrients, or lack there of, 

offspring may be able to increase their chances of survival.  This can occur through the 

opposing mechanisms of either increasing fat storage capabilities or increasing baseline fat 
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oxidation.  The latter is proposed to occur following fetal exposure to dietary compounds 

in food consumed by humans and produced by the food plants and animals in response to 

environmental stress.  These stress ‘signals’ presumably suggest a near-approaching 

famine or winter months.  As a result, offspring would be energy efficient (fat utilization 

produces more energy per gram in weight), which may serve to prolong life during an 

imminent famine.  Consequently, by preferentially using fat for fuel, these offspring would 

additionally be obese-resistant.   Conversely, increased fat storage in rodent models is seen 

in response to fetal exposure to a diet high in saturated fats (Elahi et al., 2009) or post-natal 

over-nutrition of excess calories during lactation (Chen et al., 2008).  These epigenetic 

modifications that increase fat storage capabilities presumably increase offspring survival 

by maximizing energy storage during times of abundance.  Such a response may possibly 

have conferred survival advantages in an ancestral environment with uncertain energy 

availability (and perhaps characterized by long energy shortages, punctuated by shorter 

opportunities with high energy availability).  However, in light of today’s constantly 

energy-abundant diet, the same response is harmful.  

 

 Overcoming epigenetic programming of metabolism for lasting activation of fat 

storage is critical in preventing, or reversing, such maladaptive fat metabolism.  Little 

research has thus far been conducted on factors that may reverse or prevent aberrant 

programming effects.  However, one study shows that maternal supplementation with 

omega-3 polyunsaturated fatty acids (PUFAs) during lactation reversed fetal programming 

caused by the steroid Dexamethasone and produced offspring that are obesity-resistant 

throughout adulthood (Wyrwoll, Mark, Mori, Puddey, & Waddell, 2006).  Other dietary 

constituents in the parental diet that may contribute to the prevention of early-onset 

obesity should be explored.  For example, plant-based polyphenols found in tea, soy, and 
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wine decrease the accumulation of fat following administration in human cell cultures and 

rat models via immediate, but not necessarily lasting, gene regulation (Sakurai, Mochizuki, 

& Kemeji, 2009; Rayalam, Della-Fera, Yang, Park, Ambati, & Baile, 2007; Lagouge, et al., 

2006).  These immediate effects last only minutes, but recruit proteins that can cause 

permanent gene silencing.  However, compared with immediate effects of polyphenols on 

fat metabolism, their role in preventing or reversing aberrant, lasting epigenetic fetal 

programming on metabolic regulation has not been extensively studied.  Due to their 

immediate diet-gene interactions, phytochemicals (plant-produced compounds including 

polyphenols) consumed by parents in soy, tea, grapes, turmeric, broccoli, onions, and 

related plants presumably counter harmful fetal programming of metabolism.  Parents 

consuming excessive saturated fat could supplement their diet with plant-based fats and 

polyphenols to produce obesity-resistant offspring who preferentially burn fat rather than 

storing it.  

 

 This thesis presents a novel and comprehensive summary of the effects of parental 

intake of dietary factors that oppose fat accumulation and potentially promote epigenetic 

reprogramming towards metabolism active in fat burning.  A specific goal of the thesis is to 

identify dietary factors that presumably prevent and/or reverse epigenetic effects in 

offspring caused by a parental diet high in saturated fats.  An increased intake of such fat-

storage-discouraging dietary factors, e.g. PUFAs and select phytochemicals, from plants 

would represent a return to the diet of human’s evolutionary ancestors when obesity was a 

rarity.  A return to such a diet may ameliorate the increasing prevalence of early-onset 

obesity in our society.  Here, different dietary compounds (i.e. sub-classes of fats, sugars, 

polyphenols, etc.) prevalent in ancestral versus modern diets are compared with respect to 

their potential to influence epigenetic reprogramming that bi-directionally alters the risk 



 8 

for obesity later in life.  This information should help formulate a diet that may prevent 

deleterious effects of fetal programming on obesity. 

 

III: An evolutionary perspective  
This thesis proposes that a return to our “ancestral diet” may prevent or reverse 

harmful epigenetic programming that occurs following fetal exposure to a “modern diet.”  

Human’s ancestral diet had been suggested to be abundant in unsaturated fats and 

phytochemicals found in plant-rich diet (Naughton, O'Dea, & Sinclair, 1986; Simopoulous, 

2001).  The “modern diet” is largely animal-based and higher in saturated fats (U.S. 

Department of Agriculture, 2008).  An ancestral diet may have promoted efficient use of fat 

as fuel and conservation of sugar, which is important during frequent periods of near-

starvation (Owen, Morgan, & Kemp, 1967).  In contrast, the modern western diet stimulates 

the utilization of sugar as a predominant energy source and promotes the storage of fat as 

well as the conversion of excess sugar into fat (Vallim & Salter, 2010).  Seasonal variety has 

presumably always been present in the ancestral diet, and a rarity of saturated fats and 

sugars, combined with annual winter fasting may reconcile the opposing actions between 

the two diets in regulating whether fat should be burned or stored.  Sugars and saturated 

fat abundant in the summer and fall may thus have promoted fat storage in preparation for 

the winter.  Seasonal variation in the modern diet is virtually absent and is typically 

represented by continual abundance of sugars and saturated fat. 

 

On the other hand, phytochemicals and PUFAs are produced as defense compounds 

by plants and are most abundant during environmentally adverse (stressful) periods such 

as winter months (Dixon & Paiva, 1995; Savchenko et al., 2010).  Additionally, omega-3 

PUFAs in some algae are the most abundant fat present in December through February  
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(Honya et al., 1993) and fat from cold-water fish and other seafood would have significant 

omega-3 fat (‘fish oil’) stores.  Hence, phytochemicals and omega-3 PUFAs may have 

signaled the presence of winter and the presence of energy shortages.  These signals, in 

turn, presumably promote fat utilization in human consumers to prevent starvation. 

 

Interestingly, the ancestral and modern diets would theoretically also produce 

opposing effects on the programming of gene regulation in offspring, suggesting that 

nutrient abundance during fetal development may shape epigenetic programming and 

cause lasting influences on fat accumulation and the burning of fat for fuel in offspring 

(Jump, 2008; Vallim & Salter, 2010).  This diet-gene regulation is likely accomplished 

through nutrients physically interacting with DNA controlling entire gene networks related 

to fat metabolism.  Hence, saturated fats, omega-3 PUFAs, and stress-induced 

phytochemicals presumably provide a signal about environmental energy abundance and 

accordingly influence the expression of the key genes controlling metabolism.  Diet-

induced epigenetic programming may thus predispose a fetus to be better at storing fat or 

burning fat, depending on what it is exposed to during early development.  The modern 

diet could be increasing the risk in offspring to have increased fat stores in order to make 

use of the abundant energy available and enhance survival.  Conversely, an ancestral diet 

high in phytochemicals and unsaturated fats presumably predisposes offspring to being 

starvation-resistant by utilizing efficient metabolism of fat.  This thesis therefore proposes 

that a return to a plant-rich diet may curb childhood obesity rates and possibly produce 

obese-resistant offspring.  
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IV. Parental Saturated Fat Intake Increases Offspring Weight 
 It is emphasized in this thesis that parental consumption of a modern western diet 

increases susceptibility to obesity in children via epigenetic mechanisms, and is 

contributing to the current surge in early-onset obesity.  Using a variety of animal models, a 

parental diet high in saturated fat has repeatedly been demonstrated to trigger epigenetic 

programming that increases offspring susceptibility to weight gain early in life as 

illustrated in Table 1 and 2.  Early weight gain was seen in offspring as a result of either 

mothers or fathers consuming a diet high in saturated fat (Ng et al., 2010; Elahi et al., 

2007).  Long-term epigenetic programming in offspring occurred in response to exposure 

to a high-fat diet occurring during either fetal development or early post-natal stages, e.g. 

lactation (Chen et al., 2008).  Increased susceptibility to obesity, apparently caused by 

saturated fat-induced fetal programming, persisted into adulthood, irrespective of whether 

or not the offspring themselves also consumed a diet high in saturated fats (White et al., 

2009; Ng et al., 2010). 

 

 The consequences of epigenetic programming in offspring induced by a parental 

diet high in saturated fat are not limited to fat accumulation.  A parental diet high in 

saturated fat also increases blood glucose levels in offspring, thus contributing to an 

increased diabetes risk (Chen et al., 2008).  Parental diets can also impair secretion of 

hormones regulating offspring’s satiety ultimately leading to overeating (Gallou-Kabani, et 

al., 2007).  Finally, parental high-fat diets have been linked to inflammation in the offspring, 

which exacerbates obesity-related health problems (Elahi et al., 2009; Monteiro & Azevedo, 

2010).  Prevention of these harmful long-term metabolic programming into adulthood is 

pivotal to reducing obesity risk.  
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 A recent study showed that supplementation of maternal diets with long-chain 

omega-3 PUFAs prevented aberrant metabolic effects induced by early steroid exposure 

that produced early-onset obesity in control-diet rats (Wyrwoll et al., 2006).  PUFAs (e.g. 

omega-3 and omega 6 fatty acids) were abundant in the ancestral diet, and omega-3 PUFAs 

are commonly found in foods such as fish, nuts, and certain seeds (Simopoulos, 2001).  

Both classes of PUFAs have been shown to override the short-term activation of fat and 

sugar metabolism genes by glucose and saturated fat (Clarke, Gasperikova, Nelson, & 

Lapillonne, 2002; Limatta, Towle, & Clarke, 1994).  Hence, PUFA exposure in utero may 

prevent harmful fetal programming induced by the modern diet high in saturated fat.  

 

 Government recommendations suggest a daily intake of saturated fat of no more 

than 10% of total calories, yet the average American intake levels exceeds this amount (U.S. 

Department of Agriculture and U.S. Department of Health and Human Services, 2010). 

Early-onset obesity could be induced in rodents via mothers or fathers consuming a diet 

with saturated fat comprising 34% of total caloric intake.  Additionally, consumption of 

PUFAs increases immediate fat utilization and reduces fat storage depots, thereby 

contributing to their role in regulating fat metabolism (Sampath & Ntambi, 2004).  Modest 

dietary supplementation of PUFAs with balanced ratios of omega-3 and -6 fatty acids 

comprising 10% of total caloric intake is recommended in the prevention of cardiovascular 

disease (Calder et al., 2010).  This value is similar to PUFA intake from the Mediterranean 

diet (Razquin, Martinez, Martinez-Gonzalez, Mitjavilia, & Marti, 2009).  Thus maternal 

intake of PUFAS at least 10% total calories may also prove powerful in the prevention of 

metabolic epigenetic programming in offspring induced by a diet high in saturated fats. 
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 PUFAs can apparently control genes involved in fat metabolism by turning on the 

machinery involved in promoting or inhibiting gene expression.  For example, PUFAs 

increases the activity of enzymes that promote the open state of DNA thus allowing for 

increased gene expression.  Through control over these classes of enzymes in variety of 

mechanisms, PUFAs regulate immediate, short-term epigenetic regulation at this may 

extend to long-term fetal programming involved in epigenetic regulation of fat metabolism 

(Mochizuki, Suruga, & Fukami, 2006; Fan, Spencer, Wang, Moyer, & Chapkin, 2003).  

Through these varied mechanisms, PUFAs may ameliorate the harmful programming 

caused by saturated fats that contribute to the development of obesity in offspring 

especially when the different classes of fats are consumed together.  To date, no study has 

directly assessed trans-generational effects of regular parental PUFA consumption on the 

reversal and/or prevention of saturated fat-induced metabolic programming in offspring.  

In order to elucidate the different epigenetic fetal programming mechanisms induced by 

parental saturated fat versus unsaturated fat consumption, more research utilizing 

physiologically relevant fat intake levels of specific sub-classes of fatty acids is needed.  For 

instance, a rodent study using a maternal diet high in saturated fat (greater than 30% of 

total calories), where a portion of the mothers consume omega-3 and -6 fats in a balanced 

fashion and/or individually, may be able to address this fundamental question pertaining 

to PUFA’s protective effects against fetal exposure to saturated.  Early post-natal 

supplementation of PUFAs, e.g. during lactation, may also reverse metabolic programming 

as seen in Wyroll et al. (2006), but replication of this finding using parental saturated fat 

intake is necessary for clarification.  

 

 Year-round abundance of high levels of saturated fat has only appeared recently in 

the modern diet.  The “high-fat diet” described in Table 1 and 2, potently signals to DNA to 
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increase fat storage capabilities via epigenetic regulation that persists into adulthood.  

By including PUFAs common in the ancestral diet, but rare in the modern diet (Simopoulos, 

2001), these harmful fetal fat-storage adaptations may be reduced or eliminated.  Hence, 

parental consumption of PUFAs may help reduce early-onset obesity susceptibility induced 

by the modern diet high in saturated fats.  

 
V. Phytochemicals Regulate Epigenetic Machinery Increasing 
Fat Burning 

Phytochemicals is an umbrella term used to describe plant-based compounds 

presumably abundant in the ancestral diet (Eaton & Konner, 1985), but lacking in the 

modern diet consumed in Western countries today, which is low in plant-based foods 

relative to animal-based products.  Sub-classes of phytochemicals (e.g. polyphenols) are 

produced in plants for protection against environmental stresses including cold weather, 

UV damage, pathogen attack, and soil nutrient deficiencies (Dixon & Paiva, 1995).  This 

thesis discusses polyphenols from green tea, red grapes, soy, turmeric, and sulfides from 

members of the broccoli and onion families (Tables 3 and 4).  Ultimately, environmental 

stresses could reduce plant biomass and thus limit energy abundance in the environment 

and possibly result in famine.  Consumption of plants containing these phytochemicals may 

provide a signal to the consumer of a future food-shortage.  These signals may 

consequently increase the utilization of fat for energy to prevent starvation.  Increased fat 

oxidation has been demonstrated after consumption of the above plant-based foods 

through phytochemical-gene interactions (Table 4).  As the ancestral diet was presumably 

rich in fruits, vegetables, and leafy greens, phytochemicals may affect epigenetic regulation 

during fetal development to predispose offspring to be starvation-resistant and 

programmed for the utilization of fat for fuel. 
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There is much evidence from within-generation studies that phytochemicals induce 

expression of enzymes that mark DNA for immediate inactivation (gene silencing) or make 

DNA inaccessible through epigenetic programming potentially controlling fat metabolism 

(Table 3).  These pre-natal diet-epigenetic interactions provide a mechanism for plant 

compounds to potentially influence genetic programming and produce obesity-resistant 

offspring.  It has not been assessed if the epigenetic effects listed in Table 3 cause the fat 

utilization effects described in Table 4.  Effectively if the epigenetic effects are related to the 

metabolic ones, phytochemical abundance in utero may predispose offspring to increase fat 

utilization throughout adult-hood, thus presumably enhancing survival should similar 

stress-inducing energy constraints persist or return.  Alternatively, phytochemicals that 

inhibit epigenetic silencing of genes may reverse harmful fetal epigenetic programming 

caused by saturated fats if exposure of the former occurs early in development.  

 

The same phytochemical apparently can operate through different epigenetic 

mechanisms to achieve the same outcome, obesity-resistance where fat is preferentially 

utilizes for fuel.  Often, the gene-silencing and reactivation is site-specific.  For example, 

polyphenols in green tea inhibit the expression of genes that turn on the immune response 

(Ito et al, 2002), while reactivating genes involved in cellular protection from damage 

(Pandey, Shukla, & Gupta, 2009).  Both mechanisms promote cell health despite what 

appears to be opposing control over epigenetic regulation.  More research is required to 

fully understand these complicated nutrient-epigenetic interactions.  

 

Some polyphenols prevalent in green tea and soy have the ability to reverse 

epigenetic programming and reactivate “silenced” genes (Pandey, Shukla, & Gupta, 2009; 
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Fang, Chen, & Sun, 2005).  Compounds in soy have already proved useful in reversing 

programming in an obesity-susceptible breed of mice (Dolinoy, Weidman, & Waterland, 

2006), but these trans-generational investigations do not address parental dietary 

influences induced by saturated fats.  These same polyphenols potently increase the 

utilization of fat for fuel in fat cells in vitro (Sakurai, Mochizuki, & Kemeji, 2009), and, when 

provided as supplements in the diet, increase weight loss in rats (Ronis, Chen, & Badeaux, 

2009).  Hence, these polyphenols may potently reverse harmful fetal programming by 

saturated fatty acids if provided through the mother or in the early post-natal diet, e.g. 

during lactation. 

 

Other plant compounds found in turmeric, green tea, broccoli-related plants, and 

garlic/onions inhibit or enhance the immediate behavior of enzymes involved in epigenetic 

regulation described in Table 3 (Balasubramanyam, Varier, & Altaf, 2004; Ito et al., 2002; 

Myzak, Tong, Dashwood, Dashwood, & Ho, 2007; Druesne, Pagniez, & Mayeur, 2004).  

These immediate effects last only minutes, but recruit other epigenetic enzymes that 

transfer methylgroups onto the DNA like a road block and regulate gene expression over 

the long-term.  If these latter proteins are recruited through continued consumption of 

polyphenols,  the potential to silence genes inlolved in fat storage remains a possibility.  

These phytochemicals may thus play a larger role during fetal development than in adults.  

Generational studies are needed to investigate the magnitude of these actions.  In addition 

to their ability to recruit enzymes involved in gene silencing, the above-mentioned plants 

increases fat utilization when consumed chronically (i.e. over the long-term) (Table 4); 

hence, they all remain potential epigenetic regulators of metabolism when combined with 

parental consumption of the modern diet rich in saturated fat. 
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Lastly, resveratol is a polyphenol found in grape skins (and thus wine) that is 

proposed to mimic fasting conditions in the body, i.e. increased fat oxidation (Howitz et al., 

2003).  Additionally, resveratrol increased resting metabolism and decreased food intake 

in non-human primates through the same mechanism  (Dal-Pan, Blanc, & Aujard, 2010).  In 

vivo supplementation with resveratrol increased mitochondrial density in rats, which 

suggests an increase in resting fat oxidation for fuel.  However, these mechanisms are not 

classified as “epigenetic” per se and no trans-generational studies have been conducted.  

Because of its nearly-identical gene expression profile to caloric restriction (Baur, et al., 

2006), resveratrol (consumption of grape juice or supplementation) administration during 

pregnancy may produce obesity-resistant offspring.  Individuals interested in consuming 

red wine for its health benefits, but wanting to largely avoid the alcohol may not need to 

drink much if they combine wine with a vegetable-rich meal, which may have additive 

effects. 

 

Synergystic regulation of enzymes involved in long-term epigenetic programming 

and immediate, short-term metabolic regulatory effects are seen when particular classes of 

phytochemicals are consumed together.  For instance, compounds in red wine and soy are 

thought to regulate epigenetic enzymes through separate mechanisms, but potentiate each 

other’s effects on fat utilization when consumed together at lower doses (Rayalam, Della-

Fera, Yang, Park, Ambati, & Baile, 2007).  These findings suggest that a return to a varied 

ancestral, plant-based diet may prove more effective than individual phytochemical 

supplements in protecting against deleterious fetal programming.  Further examination of 

these nutrient-nutrient interactions will be important to fully explore these synergistic 

effects.  Nutrient-nutrient interactions may not be limited to phytochemicals, and may 

extend to polyphenol interactions with PUFAs.  The combination of varied nutrients 
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(polyphenols and fatty acids) remains unexplored in this regard, but would be supported 

by the hypothesis that an ancestral-based diet is preventive to obesity.  

 

Limited generational studies have investigated whether chronic parental 

consumption of particular plants may potentially reverse and/or prevent saturated-fat-

induced epigenetic programming of metabolism in offspring.  Within epigenetic studies 

examining trans-generational epignetic programming, only soy has been investigated 

(Dolinoy, Weidman, & Waterland, 2006).  However, this latter study uses an obesity-

inducing animal model not comparable to a maternal diet high in fat.  Further research 

must thus be completed to confirm the role of phytochemicals in trans-generational 

programming.  As these compounds are generally safe and non-toxic, human studies using 

a combination of vegetables, spices, and plant-based beverages to formulate an ‘ancestral’ 

diet during pre-natal development may prove useful in elucidating their preventative role 

in the epigenetic programming of metabolism induced by the modern diet. 

 

VI. Conclusions  
 Plant-based dietary nutrients in combination with unsaturated fats may be able to 

prevent, or even reverse, fetal epigenetic programming by high levels of saturated fats that 

results in early-onset obesity.  These former nutrients include polyunsaturated omega-3 

fatty acids and phytochemicals, both powerful inhibitors of fat accumulation and regulators 

of epigenetic programming of offspring for obesity resistance.  Parents consuming a 

modern diet high in saturated fat may be contributing to the current childhood obesity 

epidemic by triggering epigenetic programming, but modest additions of certain 

components of an ancestral diet during pre- and post-natal nutrition may counteract these 

effects. 
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 Mechanisms behind epigenetic programming by saturated fats have been 

extensively investigated (Table 1 & 2), and the logical next step is to expand trans-

generational epigenetic research to unsaturated fats and phytochemicals.  Very little is 

known about whether the latter nutrients are able to effect an in vivo re-programming.  

Critical windows of exposure, e.g. pre-natal versus lactation, also remain to be determined 

to most effectively counteract harmful epigenetic programming.  It does seem likely, 

however, that several of the above-mentioned phytochemicals as well as PUFAs (all as 

constituents abundant in the ancestral diet) would play a role in fetal (and also life-long 

offspring) health and energy metabolism. 

 

 This thesis proposes that continuous pre-natal consumption of green tea, grapes, 

soy, curries (rich in turmeric), broccoli-related plants (e.g. kale, cauliflower, brussels 

sprouts, etc.), onion-related plants (e.g. garlic, leeks, and chives), and polyunsaturated fatty 

acids will effectively eliminate harmful epigenetic metabolic programming by parental 

diets high in saturated fats.  As effects of the former phytochemicals and PUFAs can be 

synergistic, consuming combinations of these foods will likely produce strong protective 

effects at lower doses.  Furthermore, it is possible that these epigenetic regulations 

affecting fat metabolism can persist through several generations.  Hence, a varied and 

colorful diet, with green tea, red wine, yellow curry, throughout one’s lifetime is likely the 

best defense against early-onset obesity in offspring caused by the modern diet consumed 

today. 
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Parental Diet Offspring 
Diet 

Tissue 
Harvested 

Effects Reference 

Mothers fed 
HFD (34%) 
prior to mating 

Reduced litter 
sizes to mimic 
post-natal 
over-nutrition 

Post-natal 
d20 

Maternal obesity alone or 
combined with over nutrition 
produces fatter pups with poor 
blood sugar control & altered 
appetite hormone levels 

Chen et al. 
2008 

Mothers fed 
HFD their 
entire life or 
mating through 
lactation 

Offspring fed 
HFD from 
weaning 

Post-natal 
d120 

Any maternal HFD influences 
offspring obesity 

Howie et al. 
2009 

Maternal HFD 
(60%); Pair-
fed mothers 
consumed 
fewer calories 
from the HFD 

Offspring fed 
HFD (60%) 

Post-natal 
week 18 

Maternal obesity increases 
offspring obesity and may be 
required for fetal programming 

White et al. 
2009 

Paternal HFD 
(34%) 

N/A Post-natal 
week 13 

Paternal HFD impairs offspring 
insulin secretion and increases 
body fat 

Ng et al. 
2010 

Maternal 
omega-3 intake 
(34% of total 
fat) 

Offspring 
were cross-
fostered with 
omega-3 diet 
during 
lactation and 
post-weaning 

Post-natal 
month 6 

Post-natal n-3 PUFA 
supplementation reverses 
steroid-induced fetal 
programming of metabolism in 
offspring 

Wyroll et al. 
2006 

Maternal LFD 
(10%) 
followed by 
HFD-induced 
obesity (60%) 

N/A Post-natal 
month 6 

A maternal LFD increases 
number of offspring that are 
obese- and diabetes-resistant 

Gallou-
Kabani et al. 
2007 

Mothers fed a 
HFD  (60%) 
during early 
offspring 
gestation 

N/A Gestation 
d15 

Placentas undergo sex- and 
diet-specific fetal programming; 
Maternal HFD reduces genetic 
imprinting in female offspring 

Gallou-
Kabani et al. 
2010 

Maternal HFD Offspring HFD Post-natal 
week 36 

Maternal HFD causes 
hypertension, inflammation, 
high cholesterol, more body fat, 
and fatty livers in offspring 

Elahi et al. 
2009 

Table 1. A chart of recent epigenetic studies investigating the influences of a parental fat intake on 
fetal programming concerning obesity, diabetes, and other symptoms of metabolic dysfunction in 

rodents. Abbreviations: HFD- High-fat diet 
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Parental Diet Offspring 
Diet 

Tissue 
Harvested 

Effects Reference 

Maternal HFD 
(35%) 

N/A Gestation d130 Maternal HFD causes a fetal 
fatty liver and greater amounts 
of gene-specific activation  

Aagaard-
Tillery et al. 
2008 

Maternal HFD 
(32%) 
followed by a 
switch to a LFD 

Offspring 
HFD 
(32%) 

3rd trimester 
and post-natal 
d180 

A LFD during gestation reduces 
fat-induced oxidative damage in 
fetal livers caused by maternal 
HFD 

McCurdy et 
al. 2009 

Parental 
dietary 
questionnaire 

N/A Forms filled out 
at 32 week into 
gestation and at 
offspring age 10 

Offspring post-natal dietary 
intake correlates with pre-natal 
maternal diet over post-natal 
maternal diet or paternal diet 

Brion et al. 
2010 

Two-
generational 
cohorts 

N/A Cohorts from 
1890, 1905, and 
1920 

Exposure to food abundance 
during critical post-natal 
developmental windows 
correlates with grandchild CVD 
mortality and diabetes 

Kaati, 
Bygren, & 
Edvinsson, 
2002 

Table 2. A chart of recent epigenetic studies investigating the influences of a parental fat intake on 
fetal programming concerning obesity, diabetes, and other symptoms of metabolic dysfunction in 

primates. Abbreviations: CVD- Cardiovascular Disease; HFD- High-fat diet; LFD- Low-fat diet 

Plant Design  Results  Reference  

Green 
Tea  

In vitro  Treatment of EGCG directly re-expressed  specific genes and 
increases their protein abundance in multiple cancer cell lines  

Fang et al. 2003  

 In vitro  Several tea polyphenols indirectly and directly reverse epigenetic 
gene silencing  

Lee, Shim, & Zhu 
2005  

 In vitro EGCG extensively re-expressed antioxidant genes in cancer cell 
lines 

Pandey, Shukla, & 
Gupta 2009 

 In vivo Theophylline suppresses expression of inflammatory genes Ito et al. 2002 

Turmeric In vitro Curcumin prevents inflammatory gene activation  Li et al. 2008 

 In vivo Curcumin supplementation contributes to gene repression Balasubramanyam 
et al. 2004 

Soy In vitro Genistein indirectly reactivates silenced genes Fang et al. 2005 

 In vivo Genistein supplementation in mice contributes to epigenetic gene 
silencing 

Day et al. 2002 

 In vivo Maternal genistein supplementation in Agouti mice increases the 
prevalence of obese-resisant offspring  

Dolinoy et al. 2006 

 In vivo Maternal genistein supplementation in Agouti mice reverses 
environmentally-induced epigenetic programming 

Dolinoy et al. 2007 

Broccoli 
Family 

In vitro Administration of sulforaphane increases gene expression and 
may reverse gene silencing 

Myzac et al. 2004 

 In vivo Acute supplementation of sulforaphane demonstrates epigenetic 
effects in human subjects for several hours following consumption 

Myzac et al. 2007 

Onion 
Family 

In vitro Administration of disulfides in vivo metabolites increased gene 
activity  

Druesne, et al. 
2004 

Table 3. A chart of known epigenetic regulatory effects in phytochemicals from various plants. 
Abbreviations: EGCG- (-)-epigallocatechin-3-O-gallate 
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Plant Design Results Reference 

Green 
Tea 

In vitro EGCG reduces fat accumulation in fat cells increasing insulin 
sensitivity, although older, larger fat cells typical of obesity 
have impaired uptake of the polyphenol 

Sakurai et al. 
2009 

Turmeric In vivo Curcumin supplementation in rats reduces fat accumulation 
despite a high-fat diet 

Ejaz et al. 2009 

Soy In vivo Adolescent rats fed genistein upregulate gene activity involved 
in fat oxidation and supplementation prevents symptoms of 
metabolic dysfunction in adult rats consuming a high-fat diet  

Ronis et al. 2009 

 In vitro Adminstration of genistein onto rat adipose cells decreases the 
conversion of excess sugar into fat and increases the break 
down of fat for energy 

Kandulska et al. 
1999 

Soy + Red 
Wine 

In vitro Combining resveratrol adminstration with genistein decreases 
fat accumulation in a potentiated fashion in adipose cells 

Rayalam et al. 
2007 

Red Wine In vitro Resveratrol increases longevity in yeast through mimicking 
caloric restriction 

Howitz et al. 
2003 

 In vivo Resveratrol increases fat oxidation and mitochondrial density 
in rats  

Lagouge et al. 
2006 

 In vivo Resveratrol reduces seasonal weight-gain in non-human 
primates by reducing food intake and increasing resting 
metabolic rate 

Dal-Pan, Blanc, & 
Aujard, 2010 

 In vivo Resveratrol increases survival in mice fed a high-fat diet by 
reversing gene activation caused by the latter 

Baur et al. 2006 

Broccoli 
Family 

In vivo Sulforaphane supplementation over 7 weeks downregulates 
genes involved in fat and cholesterol synthesis 

Rodríguez-Cantu 
et al. 2011 

Onion 
Family 

In vitro Allyl Isothiocyanate administration increased fat oxidation in 
rat fat cells 

Okulicz, 2010 

Table 3. Phytochemicals from several plants regulate fat metabolism decreasing the accumulation 
of fat within cells. Abbreviations: EGCG- (-)-epigallocatechin-3-O-gallate 
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