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Abstract 

Throughout their lives, all organisms are affected by environmental factors. The duration of the 

photoperiod and the type of diet to which the organism is exposed are among the most important 

parameters of the interaction between genes and the environment. In this study, Syrian hamsters were left 

in two separate light conditions, 16L (04.00-20.00) and 8L (12.00-20.00). Adult hamsters were 

randomized into two major groups and fed with ad-libitum and methyl-rich diets. Daily feed intake and 

weekly body weights were monitored. At the end of 8 weeks, the hypothalamus tissues of Syrian hamsters 

were isolated by decapitating them at four different times of the day. lights on, mid-day, lights off, and 

midnight. As shown in the results of DNA materials by the Trisole method, global methylation amounts 

were measured by ELISA. Hamsters fed a diet high in methyl consumed more nutrients than those supplied 

ad-libitum.  (p<0,05). There was no effect of diet type on body weight, The amount of methylation 

increased in both long and short photoperiods during the hours when the lights were off (p<0,05). 

Although each content of methyl-rich foods affects different enzymes or hormones, it has an important 

role in metabolic activities. Photoperiodically varying methylation balances were also shown to vary 

widely in multiple ways depending on the methyl level in the environment. 
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1.  Introduction 

Epigenetic regulations are biochemical processes that modulate gene expression without changes in the 

DNA sequence (Jaenisch and Bird, 2003). Among these regulations, DNA methylation plays a critical 

role in gene silencing and expression (Newell-Price et al., 2000; Retis-Resendiz et al., 2021). DNA 

methylation occurs through the addition of methyl groups to cytosine bases in DNA, and this process is a 

significant mechanism in regulating gene expression (Moore et al., 2013; Siegfried and Simon, 2010). 

Photoperiods influence biological rhythms in many animal species, leading to physiological and 

behavioral changes (Dunlap et al., 2004; Kriegsfeld and Bittman, 2010). Particularly, seasonal animals 

like Syrian hamsters (Mesocricetus auratus) are sensitive to light durations, and changes in these durations 

can affect reproduction, metabolism, and other biological functions (Goldman and Nelson, 1993; 

Bradshaw and Holzapfel, 2007). Studies on the effects of photoperiods on DNA methylation have shown 

that these durations can lead to changes in epigenetic regulations (Stevenson and Prendergast, 2013; 

Pegoraro et al., 2016). 
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Nutrition, especially diets containing methyl donor substances, has a decisive impact on epigenetic 

mechanisms (Anderson et al., 2012; Waterland, 2006; Zhang, 2015). Methyl donor foods provide the 

necessary methyl groups for methylation processes and directly affect these processes. Therefore, the 

impact of nutrition on DNA methylation is a crucial factor in understanding epigenetic regulations 

(Anderson et al., 2012; Waterland, 2006). Because methylation affects gene expression and is transmitted 

to the next generation, nutrients may have various effects on gene regulation. For example, folate, vitamin 

B12, choline, betaine, and methionine may be donors in providing methyl groups. (Wolff et al., 1998). 

These reactions are based on a single carbon exchange; even the microchanges involved in nutrient uptake 

affect the amount of methylation. Folate is involved in carbon metabolism pathways through the 

interaction of cofactors such as choline, betaine, and B12. This in turn affects DNA methylation and 

therefore all reactions, including the amount of mRNA (Selhub, 1999; Maunakea et al., 2010). 

This study aims to investigate the effects of different photoperiods on DNA methylation levels in Syrian 

hamsters and how this effect can be modulated by methyl donor nutrition. Previous studies have separately 

examined the impacts of photoperiods and nutrition on epigenetic processes; however, research examining 

the interaction of these two factors together is limited. 

 

2.  Materıal Method 

Male adult Syrian hamsters (Mesocricetus auratus) used in the experiments were obtained from colonies 

in the Hamster and Gerbil unit of Çanakkale Onsekiz Mart University Experimental Animals Research 

and Application Center (ÇOMUDAM). The food and water were ad-libitum and the temperature in the 

rooms was standardized to 22 ± 2 ºC. The animals were kept under at least 200 lux of white fluorescent 

light in the light period in the photoperiod chambers. All methods were carried out with the decision 

number 2019/06-08 taken from Çanakkale Onsekiz Mart University, Experimental Animals Ethics 

Committee. 

The study was conducted in two separate photoperiods. In the long photoperiod (16 L = 16 hours of light; 

(from 04.00 to 20.00, the lights are on for 16 hours, 8 hours off) (n = 40)) and in the short photoperiod (8L 

= 8 hours of light; at 12.00). from 20.00 to 20.00 (lights on for 8 hours, 16 hours off) (n=40) animals were 

divided into two groups. Methyl Donor nutrient-fed group (n=20) and the Standard nutrient-fed group 

(n=20). Depending on the time of collection times of tissue and blood samples in each group; Before the 

lights are turned on (16L;04.00, 8L;12.00) (n=5), after the lights are turned off (16L and 8L;20.00) (n=5), 

midday (16L;12.00, 8L; 16.00) (n=5) and midnight (16L;00.00, 8L;04.00) (n=5) is divided into four 

subgroups (Table 1) 

Table1 Experimental design of male Syrian hamster (Mesocricetus auratus) examining the influence of ad 

libitum and methyl donor diet supplementation during long(16L) and short (8L) photoperiods. Also 

decapitations times given as; lights on, middle of the day light, lights off and middle of the night time. 
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The feeding process continued for 2 months in total, and at the end of the experiment, hypothalamic tissues 

were taken from the animals (when the lights turned on in, the middle of the day, the lights turned off, and 

in the middle of the night) within the periods specified in the subgroups. 

Testes Measurements 

Testicular weight was calculated by measuring testicular dimensions with the help of calipers according 

to the formula in their study by Gündüz and Stetson (2002). Firstly, single testicle volume (STV) was 

calculated and then paired testicle weights (PTW) were calculated. 

Body Weight Measurement 

Hamsters fed with standard nutrients and methyl-rich nutrients were followed by weighing on a weekly 

basis. Weighing operations were carried out at the hour corresponding to midday (16L; 12.00, 8L; 16.00) 

for both photoperiods. 

Food Intake 

All individuals were taken to single cages in order to make feed follow-ups. A certain amount of feed was 

placed in each cage and the remaining amount was measured the next day. During the measurement 

process, the baits in the mouth of the hamsters were emptied and crumbs in the cage were collected. This 

process was carried out at the time of day corresponding to the middle of the day for both photoperiods. 

Feed monitoring during the feeding phase, which lasts about 2 months, was done every day. 

Tissue Samples 

At the end of the experiment, hamsters were decapitated and the brain was quickly removed.The 

hypothalamus region of the brain was quickly removed with microdissection scissors under a stereo 

dissecting microscope in 0.9% NaCl solution, which ensured the survival of the tissue. Tissues taken for 

each group were taken separately to the eppendorf and immediately frozen in liquid nitrogen and stored 

in the DNA isolation - up to 84°C. 

DNA Isolation 

Total DNA isolation was carried out using the trisole method. Trizol solution was added to the tissue 

samples, providing 500 µl of Trizol reagent per 50 milligrams of tissue in 2 ml tubes. Chloroform, ethanol, 

sodium citrate, and the last obtained pellet 0.3-0.6 mL 8 mM NaOH are added and suspended by pipetting 

up and down. The concentrations and purities of the obtained DNAs were determined by microdrop 

(Multiskan™ GO Microplate Spectrophotometer, Thermo Scientific™, Finland). 

Measuring whole genome methylation 
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Global methylation analyses include methods for analyzing the density of all 5m-Cs present in the genome 

of an organism. Global DNA methylation analysis was performed after DNA denaturation with a 

commercial kit. 

Quantified DNA samples were transferred to the wells as 100ng after calculations were made. Then the 

final volume was added to the primary antibody to be 100l, and the amount of methylation was determined 

using the Zymo Research 5mC DNA ELISA kit (California, USA). Samples added to 5-mC containing 

anti-5-methylcitosine and secondary antibody were incubated for 10-60 minutes of color change. 

Measurements were made on an ELISA Plate reader ((Multiskan™ GO Microplate Spectrophotometer, 

Thermo Scientific™, Finland) at 405-450 nm absorbance value. The samples were evaluated by 

comparison with the negative and positive control DNA samples provided in the kit. 

 

3.  Results 

Testicular Weight 

Testicular weights were measured on a weekly basis to observe whether the hamsters in the long 

photoperiod adapted to the short photoperiod. 

Testis weight, which was approximately 2 grams in the long photoperiod, shrank over time after being 

placed in the short photoperiod and decreased to 0.5 grams at the end of the 8th week (Figure 1). 

Figure 1 Paired Testes Weight (PTW) of Mesocricetus auratus,which were transferred from 16L 

photoperiods to 8L photoperiods,were measured weekly to observe  seasonal rythym adaptations. 

Each points represents mean±SD of n=40 individual for short (8L) photoperiods. 

 

Syrian hamsters, which were being cared for in a 16L long photoperiod environment, were placed in an 

8L (8 hours light-16 hours dark) short photoperiod environment, and their testicular dimensions were 

followed for 8 weeks. Individuals adapted to the short photoperiod were randomly selected and divided 

into groups, and experimental groups were formed by feeding both ad-libitum and methyl-rich nutrients 

for 8 weeks. 

Food Intake 

While it was observed that hamsters consumed more food in the short photoperiod (p<0.05), hamsters 

consuming methyl-rich food consumed more food than those fed ad-libitum food (p<0.05) (Figure 2.). 
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Figure 2. The ad libitum and Methyl Donor Nutrient İntake of Mesocricetus auratus on Long 

(16L) and short (8L) photoperiods. Food intake was measured daily in single housed animals 

although data shown here in the figüre represented weekly. Values are reported as the mean ±SD 

(n=20) 

Body Weights 

The weight of the individuals in both long and short photoperiods was monitored weekly. In individuals 

fed with ad-libitum food in a long photoperiod (16L), the individuals weighed approximately 90g, and no 

change was observed in their weight in the following weeks (p>0.05), while in individuals fed with 

methyl-rich food, an increase was observed after the 6th week (p<0.05). In the short photoperiod (8L), it 

was observed that the weight of individuals fed with ad-libitum food first decreased and then increased 

slightly after the 4th week, but stabilized again after the 6th week (p<0.05). Additionally, as seen in Figure 

3, body weights increased in the short photoperiod compared to the long photoperiod (p<0.05) (Figure 3.). 

 
Figüre 3. . The body weight changes of ad libitum and Methyl Donor Nutrient group of 

Mesocricetus auratus on Long (16L) and short (8L) photoperiods. Body weight was measured 

every week. Values are expressed as the mean ±SD (n=20) 

 

Methylation percentage 

Hamsters are decapitated at 4 different times of the day (when the lights are turned on, mid-day when the 

lights turn off, and at midnight). After DNA was isolated from hypothalamus tissues, 5mC global 
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methylation amounts were measured with the help of a kit. The methylation amounts of both short and 

long photoperiods are given in the table (Figure 4-5). 

 
Figure 4 Methylation percentage of 16L long photoperiod group fed ad libitum and Methyl Donor 

Suplemented of Mesocricetus auratus. Tissue samples were collected from animals (n=5) at 04.00 

(lights on), 12.00 (middle of the day), 20.00 (lights off) and 00.00 (middle of the night)and the 

experiments trippled each. Values are shown as mean ±SD. Different letters indicate statistical 

significance (Dunn's post hoc test, p<0.05). 

 

Methylation percentages in individuals fed with ad-libitum and methyl-rich food in a long photoperiod 

(16L) are given in Figure 4. While the amount of methylation does not change in the control groups 

(p>0.05), the amount of methylation in the 20.00 and 00.00 groups with methyl donor nutrition is higher 

than in the other groups. The time when the most methylation occurs is when the lights are turned off 

(20.00; p<0.05). 

 
Figure 5 Methylation percentage of 8L long photoperiod group fed ad libitum and Methyl Donor 

Suplemented of Mesocricetus auratus. Tissue samples were collected from animals (n=5) at 12.00 

(lights on), 16.00 (middle of the day), 20.00 (lights off) and 04.00 (middle of the night)and the 

experiments trippled each. Values are shown as mean ±SD. Different letters indicate statistical 

significance (Dunn's post hoc test, p<0.05). 

 

In the short photoperiod, the maximum methylation level is seen to be hypermethylation at the hours 

corresponding to the dark phase (20.00, and 04.00) (p<0,05)(Figure 5). In the ad-libitum nutrient-fed 
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group, hypermethylation was observed in 1200, which is the time when the lights were turned on, and 

there was no statistically significant difference in other periods (p>0,05). 

Methylation percentages in hamsters fed with ad-libitum and methyl-rich food in a long photoperiod (8L) 

are given in Figure 5. In ad-libitum nutrition groups, the amount of methylation increased only in the 12.00 

group. In the groups fed with methyl donors, although the increase was in the 20.00 and 04.00 groups, the 

highest increase occurred in the 04.00 group (hypermethylation). In the short photoperiod, methylation 

amounts decreased in both the control and methyl donor-fed groups varying between 37% up to 60% in 

each group. 

 

4.  Dıscussıon 

Environmental factors and dietary habits have been shown to significantly influence epigenetic regulations 

(Faulk and Dolinoy, 2011). 

Significant changes in testis size in hamsters exposed to a short photoperiod demonstrate the strong 

influence of photoperiod on biological rhythms. These findings, consistent with existing literature, support 

the regulatory role of photoperiod on reproductive functions (Butler et al., 2008; Nelson and Zucker, 

1987). 

Figure 2. and Figure 3. When evaluated together, it is seen that the weights of individuals increase 

depending on the season. Feeding capacity increased in direct proportion to the changing body mass. In 

the study conducted by Karakaş et al. in 2005, it was reported that the eating capacity of the individuals is 

directly proportional to the size of the individuals. Our study supports this hypothesis. This seasonal 

pattern of weight gain and loss has been observed in various studies on golden hamsters, and it is believed 

to be an adaptive response to changing environmental conditions.(Ithinji et al., 2022; Smit and Smit-Vis, 

1969; Hoffman et al., n.d; Gordon et al., 1986; Figala et al., 1973; Rosen, 1973) Since these rhythmic 

changes occur concerning metabolic activities, it comes to mind that they may play a role in monitoring 

gene expression (Wang and Zhou, 2021; LaSalle et al., 2013). 

The content of methyl-rich food is slightly different than ad-libitum eating, which may be high due to the 

proportional work of appetite-stimulating hormones and growth hormones. Studies on both humans and 

animals have shown that the developmental functions of methyl-rich at a young age are positively affected 

(Irvine et al., 2022; Ryan et al., 2018; Ishii et al., 2014; Paternain et al., 2016; Sahaa et al., 2019). 

The findings of this study revealed that the hamsters fed the methyl donor-supplemented diet exhibited a 

significant reduction in ad-libitum food intake compared to the control group (Chayama et al., 2016). 

Additionally, the supplemented group showed a slower rate of body weight gain over time, suggesting 

that the methyl donors may have had a regulatory effect on energy metabolism and body weight 

homeostasis (Kohguchi et al., 2004; Steinlechner et al., 1983). 

DNA methylation patterns are generally stable, but recent evidence suggests that they can undergo 

dynamic changes in response to various environmental cues (Szyf and Bick, 2012). Importantly, the 

dynamic nature of DNA methylation is not limited to the early stages of development. Studies have 

revealed that methylation patterns exhibit distinct circadian rhythms, fluctuating cyclically over the course 

of the day (Wang and Zhou, 2021; LaSalle et al., 2013) This intriguing phenomenon suggests that the 

epigenome is not a static entity, but rather a highly responsive and adaptive system, capable of aligning 

its activity with the external environment (Wang and Zhou, 2021; LaSalle et al., 2013). 

Understanding the epigenetic mechanisms underlying the relationship between diet and gene expression 

is crucial for developing targeted interventions to promote health. Recent research has highlighted the role 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240425428 Volume 6, Issue 4, July-August 2024 8 

 

of DNA methylation, a key epigenetic modification, in mediating the effects of dietary factors on gene 

regulation and phenotypic outcomes (Daskalakis and Yehuda, 2014; Roth, 2013). Specifically, studies in 

animal models have demonstrated that exposure to different dietary regimes, such as ad-libitum feeding 

versus methyl donor supplementation, can induce both transient and persistent changes in DNA 

methylation patterns (Eckstein et al., 2017; Moghadam et al., 2015) changes that may have significant 

implications for the development and progression of stress-related psychiatric disorders (Klengel et al., 

2014; Weaver, 2009). 

In the golden hamster, a well-established model organism for investigating the influence of environmental 

factors on epigenetic processes, researchers have begun to elucidate the complex relationship between 

dietary exposure and epigenetic reprogramming (Hing et al., 2014). Exposure to ad-libitum feeding during 

critical developmental windows has been linked to aberrant DNA methylation profiles in genes associated 

with the hypothalamic-pituitary-adrenal axis, a key neuroendocrine system involved in the stress response 

(Bick et al., 2012). Conversely, supplementation with methyl donor compounds, such as folate, vitamin 

B12, and betaine, has been shown to counteract these diet-induced epigenetic changes, potentially 

conferring resilience to the detrimental effects of stress exposure (Klengel et al., 2014; Roth, 2013). 

The percentage of methylation depends on the presence of methyl donor and methyl transferase in the 

environment. Diet may modify DNA methyltransferase activity. Within the scope of the study, the amount 

of methylation increased when the lights were turned off in both photoperiods (Figure 4-5). In the study 

conducted by Xia et al. on mice in 2015, methylation levels in the liver tissue were shown to peak when 

the lights turned off and in the dark phase. The data we obtained in our study match the literature 

information. In cases of hypermethylation, gene expression is also shut down as CpG sites are methylated 

and turned off (Mathers, 2007). Considering that the Syrian hamster is nocturnal, it is not yet known which 

gene regions were turned off. 

Although each ingredient affects a different enzyme or hormone, studies show that methyl-rich foods are 

effective in metabolism (Wu et al., 2020; Villatoro-Santos et al., 2020). Taken together, these findings 

suggest that optimal methyl donor nutrition, in combination with appropriate environmental cues, may be 

essential for maintaining reproductive health and performance in Mesocricetus auratus. In future studies, 

it is planned to examine epigenetic changes at the gene-specific level. 

 

5.  Acknowledgments 

GÜLSÜM AKKUŞ, who took part in this study, was supported by the Council of Higher Education (YÖK) 

throughout her PhD Program, within the scope of YÖK 100/2000 Doctoral Scholarship Program in the 

field of Human Brain and Neuroscience, and within the scope of TUBİTAK (Turkish Scientific and 

Technological Research Council) 2211-A Domestic Doctoral Scholarship Program. 

 

6.  References 

1. Anderson, O. S., Sant, K. E., & Dolinoy, D. C. (2012). Nutrition and epigenetics. an interplay of 

dietary methyl donors, one-carbon metabolism and DNA methylation. The Journal of Nutritional 

Biochemistry, 23(8), 853-859. 

2. Bick, J., Naumova, O Y., Hunter, S R., Barbot, B., Lee, M., Luthar, S S., Raefski, A., & Grigorenko, 

E L. (2012, October 15). Childhood adversity and DNA methylation of genes involved in the 

hypothalamus–pituitary–adrenal axis and immune system. Whole-genome and candidate-gene 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240425428 Volume 6, Issue 4, July-August 2024 9 

 

associations. Cambridge University Press, 24(4), 1417-1425. 

https.//doi.org/10.1017/s0954579412000806 

3. Bradshaw, W. E., & Holzapfel, C. M. (2007). Evolution of animal photoperiodism. Annu. Rev. Ecol. 

Evol. Syst., 38(1), 1-25. 

4. Butler, C. M., Shaw, G., Clark, J., & Renfree, M. B. (2008). The functional development of Leydig 

cells in a marsupial. Journal of Anatomy, 212(1), 55-66. 

5. Chayama, Y., Ando, L., Tsutsumi, Y., Miura, M., & Yamaguchi, Y. (2016, April 1). Decreases in body 

temperature and body mass constitute pre-hibernation remodeling in the Syrian golden hamster, a 

facultative mammalian hibernator. Royal Society, 3(4), 160002-160002. 

https.//doi.org/10.1098/rsos.160002 

6. Daskalakis, N P., & Yehuda, R. (2014, November 21). Site-specific methylation changes in the 

glucocorticoid receptor exon 1F promoter in relation to life adversity. systematic review of 

contributing factors. Frontiers Media, 8. https.//doi.org/10.3389/fnins.2014.00369 

7. Dunlap, J. C., Loros, J. J., & DeCoursey, P. J. (2004). Chronobiology. biological timekeeping. Sinauer 

Associates. 

8. Eckstein, M., Rea, M., & Fondufe‐Mittendorf, Y. (2017, September 1). Transient and permanent 

changes in DNA methylation patterns in inorganic arsenic-mediated epithelial-to-mesenchymal 

transition. Elsevier BV, 331, 6-17. https.//doi.org/10.1016/j.taap.2017.03.017 

9. Faulk, C., & Dolinoy, D. C. (2011). Timing is everything. the when and how of environmentally 

induced changes in the epigenome of animals. Epigenetics, 6(7), 791-797. 

10. Figala, J., Hoffmann, K., & Goldau, G. (1973, January 1). Zur Jahresperiodik beim Dsungarischen 

Zwerghamster Phodopus sungorus Pallas. Springer Science+Business Media, 12(2), 89-118. 

https.//doi.org/10.1007/bf00345511 

11. Goldman BD, Nelson RJ (1983) Melatonin and seasonality in mammals. In. Yu HS, Reiter RJ (eds) 

Melatonin. biosynthesis, physiological effects and clinical applications. CRC Press, New York, pp 225 

252 

12. Gordon, C J., Fehlner, K S., & Long, M D. (1986, August 1). Relationship between autonomic and 

behavioral thermoregulation in the golden hamster. American Physiological Society, 251(2), R320-

R324. https.//doi.org/10.1152/ajpregu.1986.251.2.r320 

13. Hing, B., Gardner, C., & Potash, J B. (2014, August 19). Effects of negative stressors on DNA 

methylation in the brain. Implications for mood and anxiety disorders. Wiley, 165(7), 541-554. 

https.//doi.org/10.1002/ajmg.b.32265 

14. Hoffmann K., 1979. Photoperiod, Pineal and Reproduction in Hamsters. Progress in Brain Research, 

52. 397–415. 

15. Hoffmann, K. 1982. The critical photoperiod in the Ojungarian hamster (Phodopus sungorus), In 

Vertebrate Circadian Systems (eds Aschoff, j., Daan, S., Groos, G.),  Berlin, Springer. 

16. Irvine, N., England-Mason, G., Field, C. J., Dewey, D., & Aghajafari, F. (2022). Prenatal folate and 

choline levels and brain and cognitive development in children. a critical narrative review. Nutrients, 

14(2), 364. 

17. Ishii M, Iadecola C (2015) Metabolic and non-cognitive manifestations of Alzheimer’s disease. the 

hypothalamus as both culprit and target of pathology. Cell Metab 22.761–776. 

doi.10.1016/j.cmet.2015.08.016 

 

https://www.ijfmr.com/
https://doi.org/10.1016/j.cmet.2015.08.016


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240425428 Volume 6, Issue 4, July-August 2024 10 

 

18. Ithinji, D G., Buchholz, D W., Ezzatpour, S., Monreal, I A., Cong, Y., Sahler, J., Bangar, A S., 

Imbiakha, B., Upadhye, V., Liang, J., Ma, A., Bradel-Tretheway, B., Kaza, B., Yeo, Y Y., Choi, E J., 

Johnston, G P., Huzella, L., Kollins, E., Dixit, S., . . . Aguilar, H C. (2022, December 17). Multivalent 

viral particles elicit safe and efficient immunoprotection against Nipah Hendra and Ebola viruses. 

Nature Portfolio, 7(1). https.//doi.org/10.1038/s41541-022-00588-5 

19. Jaenisch, R., & Bird, A. (2003). Epigenetic regulation of gene expression. How the genome integrates 

intrinsic and environmental signals. Nature Genetics, 33(S3), 245– 254. 

https.//doi.org/10.1038/ng1089 

20. Karakaş, A., Çamsarı, Ç., Erdinç, S., & Gündüz, B. (2005). Effects of photoperiod and food 

availability on growth, leptin, sexual maturation and maintenance in the Mongolian gerbils (Meriones 

unguiculatus). Zoological science, 22(6), 665-670. 

21. Klengel, T., Pape, J C., Binder, E B., & Mehta, D. (2014, May 1). The role of DNA methylation in 

stress-related psychiatric disorders. Elsevier BV, 80, 115-132. 

https.//doi.org/10.1016/j.neuropharm.2014.01.013 

22. Kohguchi, M., Inoue, S., Ushio, S., Iwaki, K., Ikeda, M., & Kurimoto, M. (2004, January 1). Effect of 

Royal Jelly Diet on the Testicular Function of Hamsters. Karger Publishers, 10(4), 420-423. 

https.//doi.org/10.3136/fstr.10.420 

23. Kriegsfeld, L. J., & Bittman, E. L. (2010). Photoperiodism in mammals. reproduction. 

Photoperiodism. Biological Calendar, 503-542. 

24. LaSalle, J M., Powell, W T., & Yasui, D H. (2013, August 1). Epigenetic layers and players underlying 

neurodevelopment. Elsevier BV, 36(8), 460-470. https.//doi.org/10.1016/j.tins.2013.05.001 

25. Mathers, J. C. (2007). Early nutrition. impact on epigenetics. Nutrigenomics-Opportunities in Asia, 

60, 42-48. 

26. Maunakea, A. K., Nagarajan, R. P., Bilenky, M., Ballinger, T. J., D’Souza, C., Fouse, S. D., ... & 

Costello, J. F. (2010). Conserved role of intragenic DNA methylation in regulating alternative 

promoters. Nature, 466(7303), 253-257. 

27. Moghadam, H K., Mørkøre, T., & Robinson, N. (2015, April 23). Epigenetics—Potential for 

Programming Fish for Aquaculture?. Multidisciplinary Digital Publishing Institute, 3(2), 175-192. 

https.//doi.org/10.3390/jmse3020175 

28. Moore, D. S. (2013). Behavioral genetics, genetics, and epigenetics. Oxford handbook of 

developmental psychology, 1, 91-128. 

29. Nelson, R. J., & Zucker, I. (1987). Spontaneous testicular recrudescence of Syrian hamsters. role of 

stimulatory photoperiods. Physiology & behavior, 39(5), 615-617. 

30. Newell-Price, J., Clark, A. J., & King, P. (2000). DNA methylation and silencing of gene expression. 

Trends in Endocrinology & Metabolism, 11(4), 142-148. 

31. Paternain, L., Martisova, E., Campión, J., Martínez, J. A., Ramírez, M. J., & Milagro, F. I. (2016). 

Methyl donor supplementation in rats reverses the deleterious effect of maternal separation on 

depression-like behaviour. Behavioural brain research, 299, 51-58. 

32. Pegoraro, M., Bafna, A., Davies, N. J., Shuker, D. M., & Tauber, E. (2016). DNA methylation changes 

induced by long and short photoperiods in Nasonia. Genome research, 26(2), 203-210. 

33. Retis-Resendiz, A.M., González-García, I.N., León-Juárez, M. et al. The role of epigenetic 

mechanisms in the regulation of gene expression in the cyclical endometrium. Clin Epigenet 13, 116 

(2021). https.//doi.org/10.1186/s13148-021-01103-8 

https://www.ijfmr.com/
https://doi.org/10.1038/s41541-022-00588-5
https://doi.org/10.1038/ng1089
https://doi.org/10.1038/ng1089
https://doi.org/10.3136/fstr.10.420
https://doi.org/10.3136/fstr.10.420
https://doi.org/10.1016/j.tins.2013.05.001
https://doi.org/10.1186/s13148-021-01103-8


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240425428 Volume 6, Issue 4, July-August 2024 11 

 

34. Rosen, J K. (1973, April 1). Renal physiology of cold exposed and uninephrectomized golden 

hamsters. Elsevier BV, 44(4), 1277-1287. https.//doi.org/10.1016/0300-9629(73)90267-3 

35. Roth, T L. (2013, November 1). Epigenetic mechanisms in the development of behavior. Advances, 

challenges, and future promises of a new field. Cambridge University Press, 25(4pt2), 1279-1291. 

https.//doi.org/10.1017/s0954579413000618 

36. Ryan, J., & Casidy, R. (2018). The role of brand reputation in organic food consumption: A behavioral 

reasoning perspective. Journal of Retailing and Consumer Services, 41, 239-247. 

37. Saha, A., Raut, R. D., & Kumar, M. (2024). Leveraging blockchain technology to combat food fraud 

in the agri‐food supply chain. International Journal of Food Science & Technology, 59(5), 3469-3477. 

38. Selhub, J. (1999). Homocysteine metabolism. Annual review of nutrition, 19(1), 217-246. 

39. Siegfried, Z., & Simon, I. (2010). DNA methylation and gene expression. Wiley Interdisciplinary 

Reviews. Systems Biology and Medicine, 2(3), 362-371. 

40. Smit, G., & Smit-Vis, J. (1969, January 1). Hibernation in the Golden Hamster in Relation To Age 

and To Season. Brill, 20(1), 141-147. https.//doi.org/10.1163/002829670x00114 

41. Steinlechner, S., Heldmaier, G., & Becker, H F. (1983, December 1). The seasonal cycle of body 

weight in the Djungarian hamster. photoperiodic control and the influence of starvation and melatonin. 

Springer Science+Business Media, 60(3), 401-405. https.//doi.org/10.1007/bf00376859 

42. Stevenson, T. J., & Prendergast, B. J. (2013). Reversible DNA methylation regulates seasonal 

photoperiodic time measurement. Proceedings of the National Academy of Sciences, 110(41), 16651-

16656. 

43. Szyf, M., & Bick, J. (2012, August 10). DNA Methylation. A Mechanism for Embedding Early Life 

Experiences in the Genome. Wiley-Blackwell, 84(1), 49-57. https.//doi.org/10.1111/j.1467-

8624.2012.01793.x 

44. Tamai, Y., Wada, K., Tsuji, M., Nakamura, K., Sahashi, Y., Watanabe, K., ... & Nagata, C. (2011). 

Dietary intake of vitamin B12 and folic acid is associated with lower blood pressure in Japanese 

preschool children. American journal of hypertension, 24(11), 1215-1221. 

45. Villatoro-Santos, C. R., Ramirez-Zea, M., & Villamor, E. (2021). B-vitamins and metabolic syndrome 

in Mesoamerican children and their adult parents. Public health nutrition, 24(14), 4537-4545. 

46. Wang, J., & Zhou, W. (2021, September 14). Epigenetic clocks in the pediatric population. when and 

why they tick?. Lippincott Williams & Wilkins, 134(24), 2901-2910. 

https.//doi.org/10.1097/cm9.0000000000001723 

47. Waterland, R. A. (2006). Assessing the effects of high methionine intake on DNA methylation. The 

Journal of nutrition, 136(6), 1706S-1710S. 

48. Weaver, I C. (2009, June 1). Epigenetic effects of glucocorticoids. Elsevier BV, 14(3), 143-150. 

https.//doi.org/10.1016/j.siny.2008.12.002 

49. Wolff, G. L., Kodell, R. L., Moore, S. R., & Cooney, A. C. (1998). Maternal epigenetics and methyl 

supplements affect agouti gene expression in avy/a mice. FASEB Journal, 12, 949– 957. 

https.//doi.org/10.1096/ fasebj.12.11.949 

50. Wu, Y., Zhang, S., Gong, X., Tam, S., Xiao, D., Liu, S., & Tao, Y. (2020). The epigenetic regulators 

and metabolic changes in ferroptosis-associated cancer progression. Molecular cancer, 19, 1-17. 

51. Zhang, N. (2015). Epigenetic modulation of DNA methylation by nutri tion and its mechanisms in 

animals. Animal Nutrition, 1, 144–151. https.//doi.org/10.1017/S0007114515000252 

 

https://www.ijfmr.com/
https://doi.org/10.1163/002829670x00114

