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ANNOTATION 

 

Hurza V.V. Dietary correction of age- and margarine-induced metabolic 

disorders in mice: energy metabolism and oxidative stress. – Qualifying scientific work 

on the rights of manuscripts. 

Thesis for the degree of Doctor of Philosophy in the field of knowledge 09 

Biology, specialty 091 Biology. 3 Vasyl Stefanyk Precarpathian National University, 

Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2025. 

The study was conducted at the Department of Biochemistry and Biotechnology, 

Faculty of Natural Sciences, Vasyl Stefanyk Precarpathian National University (Ivano-

Frankivsk, Ukraine) and partially at Department of Neurophysiology, Institute of 

Physiology, Eberhard Karls University of Tübingen (Tübingen, Germany) during 2020-

2025. 

The dissertation consists of two parts. The first part is devoted to the study of the 

effect of margarine-containing foods separately and in combination with a chamomile 

flower water decoction (CWD) or every-other-day fasting regimen (EODF) as potential 

supplements to nutrition that can change the course of metabolic processes in the mice 

body. For the study, C57BL/6J mice of both sexes were used, which were fed 70%-fat 

margarine, margarine and CWD, and margarine with EODF for four months. The study 

aimed to determine whether margarine-enriched food can cause metabolic syndrome 

(MS) or related disorders, and whether the addition of CWD or the use of EODF can 

mitigate negative effects that may arise from margarine consumption. Another goal was 

to test whether male and female mice would respond equally to the experimental diet. 

Obesity is one of the key features of MS, along with high levels of 

triacylglycerols (TAG) and glucose, the development of insulin resistance, 
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inflammation, and oxidative stress (OS). Morphometric, physiological, and biochemical 

parameters were determined to check what disturbances may occur in mice after 

consuming food with margarine. The study showed that margarine consumption alone, 

and in combination with CWD or EODF, did not cause obesity. At the same time body 

mass index and Lee's obesity index were within normal limits, although females who 

consumed margarine constantly and males who were on the EODF gained weight faster 

than other groups. Both males and females in all experimental groups consumed less 

food and drank less water, or CWD compared with controls. It was found that the 

animals preferred margarine to laboratory chow. Although both sexes consumed less 

food on the studied regimens, the experimental males received more calories than the 

control males, and the females received the same amount as the control group.The 

results obtained in this study indicate that consumption of margarine for four months 

has a stronger negative effect on female mice compared with males. In addition to 

gaining body weight faster, they had lower plasma paraoxonase (PON) activity. This 

indicates the development of OS in the liver, kidneys, and cerebral cortex. In contrast to 

females, males had elevated levels of lipid peroxides (LOOH) in adipose tissue and a 

tendency to increase interleukin-1³ (IL-1³) levels, indicating mild signs of 

inflammation. They also had a higher intensity of OS in the cerebral cortex.  At the 

same time, in the liver, higher catalase activity was observed, which led to a decrease in 

OS in this organ. In both males and females, the activity of hepatic glycolytic enzymes 

(phosphofructokinase and pyruvate kinase) was higher after margarine consumption, 

which is a sign of more intense glycolysis. 

Adding CWD to margarine-enriched food prevented weight gain in females and 

improved food intake in males. However, chamomile had different effects on animal 

organs. In females, CWD showed antioxidant properties in the liver and caused lower 

plasma glucose levels. In males, BBR induced higher glutathione peroxidase (GPx) 

activity in the kidneys, but intensified OS in the heart. No signs of OS were found in the 

cerebral cortex of both males and females, indicating a positive effect of CWD on the 

animal brain. 
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This study is the first to show that consumption of EODF together with 

margarine can be harmful to male mice. In addition to gaining weight faster, these 

animals also tended to overeat on days when they had access to food. In the blood of 

males, the total number of leukocytes was higher, which is a sign of inflammatory 

processes. They also had low plasma TAG levels but high glucose levels. In the liver of 

males, accumulation of TAG was observed with low glycogen content. Together with 

the results obtained in the blood plasma, this indicates a disturbance in glycolytic and 

lipid metabolism. The development of OS was detected in the heart of males, but the 

activity of GPx in the kidney and cerebral cortex was higher, indicating a weak 

antioxidant effect of EODF in these organs. Female mice, on the other hand, showed 

positive changes after using this diet. In contrast to animals that constantly consumed 

margarine, females that periodically starved gained body weight more slowly. They also 

had lower levels of inflammatory markers, lower plasma MPO activity, and lower levels 

of IL-1³ in adipose tissue. We found a lower intensity of OS in the liver and higher 

activity of antioxidant enzymes in the kidneys and heart of females. However, EODF 

did not prevent the development of OS in the cerebral cortex of mice of this sex. 

Overall, the results indicate a greater vulnerability of females to margarine-

enriched diets and males to EODF, but do not indicate the development of MS, only 

certain associated comorbidities. Due to its antioxidant properties, chamomile decoction 

can reduce the negative effects of margarine on females, but not on males. Fasting every 

other day also shows a greater positive effect for females, although it does not protect 

cerebral cortex from development OS. 

The second part of the dissertation is devoted to studying the impact of caloric 

restriction (CR) as a dietary regimen that can reduce the damage in the body that occurs 

with age. The study was conducted on middle-aged and older C57BL/6N mice. When 

the animals reached three and six months, middle age and older, respectively, they were 

given 30% less food. This diet continued until the animals reached nine (middle-aged) 

and eighteen (older) months. This part of the study aimed to test whether CR would 

cause changes in the defense system against reactive oxygen species (ROS) in the liver, 
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kidneys, and brain cortex and whether this type of nutrition would affect the intensity of 

liver glycolysis in experimental animals. 

It is known that during aging, the body's ROS defense systems weaken, and the 

level of damage in cells increases, which leads to increasing ROS levels. Dietary 

restriction can act as a mild stressor that activates the antioxidant system. This study 

showed that CR reduced the intensity of OS in middle-aged animals but had no effect 

on the older group. In particular, lower levels of LOOH were found in the kidneys and 

cerebral cortex, in the cortex to the higher activity of glutathione-dependent enzymes in 

middle-aged mice. It was also shown middle-aged animals had higher glucose-6-

phosphate dehydrogenase activity under CR conditions, but its activity was lower at 

older group. Combined with the lower activity of glycolytic enzymes and low glucose 

content in hepatocytes, this indicates that the pentose phosphate pathway is intensive in 

middle-aged animals that were restricted in caloric intake. It is the increase in the 

intensity of this pathway that contributes to the production of NADPH, which is a 

coenzyme for the glutathione system of defense against ROS.  

The data obtained in the dissertation research deepen the knowledge of the effect 

of high-calorie foods, in particular margarine, CWD, and EODF on morphometric, 

physiological, and biochemical parameters of mice, on the pro-/antioxidant system, and 

energy metabolism, as well as changes in these systems that may be induced by the use 

of CR in middle age and older. Based on these results, chamomile decoction and 

intermittent fasting can be recommended for further research in female patients with 

early signs of MS, and CR in middle-aged people to mitigate aging-related disorders. 

 

Key words: aging; antioxidant enzymes; caloric restriction; chamomile 

decoction; glycolysis; inflammation; margarine; body weight; metabolic syndrome; 

mice; oxidative stress; intermittent fasting; lipid peroxides; liver; triacylglycerols. 
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