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hippocampus, MIIT, neurons, disturbances that lead to various organ disorders, including
and neurodegenerative disease. Women are more susceptible to metabolic
short-term memory. disorders due to a high-calorie diet, so they have higher risk factors for

neuroinflammation. This study was conducted to explain the effect of
Moderate Intensity Interval Training (MIIT) on short-term memory,
neocortex glia neuron ratio, and hippocampal pyknotic granule cells in
female Wistar rats (Rattus norvegicus) with a high-calorie diet. The
Wistar rats used were two months old. The study was conducted for four
weeks, preceded by the acclimatization of experimental animals. MIIT
intervention in the form of swimming is done every 5 minutes with a rest
period of 2.5 minutes with two repetitions. Measurement of short-term
memory using Y-maze instrument. Results: Before treatment, the highest
average body weight was in groups C, B, and A (p=0.006). After
treatment, the highest average body weight was found in groups B, C,
and A (p=0.569). The test results of short-term memory measurement
using the alternation indicator showed no significant difference between
groups in the pre-alternation test (p=0.481). There was a significant
difference between groups for the neuron-glia ratio (p=0.370) and the
hippocampus of the pyknosis granule cells (p=0.078). In conclusion,
there is a significant difference between groups A, B, and C towards the
MIIT intervention.
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INTRODUCTION

Nutrition is one of Indonesia's most significant contributing factors to health problems
(Ramlah, 2021). Consuming food that meets the nutritional adequacy rate (RDA) can reduce the risk
of non-communicable diseases such as hypertension, diabetes mellitus, cancer, stroke, and others
(Downer et al., 2020). In 2018, the average calorie consumption of Indonesian people was 2,147.09
Kcal/day, while in 2022, it was 2,079.09 Kcal/day. The level of consumption of ready-made food and
drinks in Indonesia in 2022 will reach 99.19% percent. This figure is much higher than in 2018,
namely 24.61% (Kumara & IWGAE, 2022). Even though Indonesian people’s calorie consumption in
2022 tends to decline, changes in food consumption patterns are visible in the largest group, namely
from the grain group to ready-made foods and drinks (Kumara & IWGAE, 2022). According to 2018
Riskesdas data, 47.8% of people consumed sweet foods six times per week, and 61.3% consumed
sweet drinks more than once daily (Sari & Adelina, 2020). Consuming excessive amounts of
processed foods and drinks with sugar can harm the body and increase metabolic disease risk
(Lawrence & Baker, 2019). A high-calorie diet is associated with increased risk factors for dementia
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due to impaired regulation of reactive oxygen species (ROS) and glucose toxicity, which results in
neuroinflammation and impaired cognitive function (Pikir, 2015). Currently, an estimated 55 million
people with dementia worldwide, with 10 million new cases every year. Dementia is the number
seven killer among other diseases and the most significant cause of instability among geriatric
patients. Dementia has social, psychological, and economic impacts on sufferers, families, caregivers,
and the wider community (Weston et al., 2021). Around 60-70% of dementia cases are dominated by
Alzheimer's. Studies suggest that gender differences play a role in the pathogenesis of Alzheimer's
disease, which is caused by the presence of risk factors such as cardiometabolic, depression, circadian
and hormonal cycles, which are higher in women compared to men (Nebel et al., 2018).

Regular activities such as brisk walking or swimming can help reduce the risk of developing
Alzheimer's disease, especially in women with higher risk factors. Therefore, exercise not only
provides physical benefits but can also have a positive impact in reducing the social, psychological,
and economic consequences associated with dementia, not only for patients but also for families,
caregivers, and the wider community (Wang & Ashokan, 2021). Studies show that Moderate Intensity
Interval Training (MIIT) improves fitness in patients with cardiovascular and metabolic diseases by
improving blood sugar control and reducing chronic inflammation. Research also states that
moderate-intensity exercise better influences cardiometabolic function in obese patients than high-
intensity exercise (Putri, 2021). Improvements in the antioxidant status of the hippocampus were
observed in mice with MIIT intervention and improved memory function, especially Brain-Derived
Neurotrophic Factor (BDNF) (Shafiei et al., 2022). Other research states that moderate-intensity
exercise performed on Parkinson's patients can reduce neuroinflammatory processes, especially
Tumor necrosis factor alpha (TNF-a) (Zoladz et al., 2014).

Short-term memory (STM) is the capacity to store a certain amount of information in a short
period, generally a few seconds (van Goethem et al., 2018). STM forms working memory, namely
temporary sensory input, into stable memory that can be manipulated and recalled after a delay
(Ricker et al., 2018). Sensory input received by the eyes will be transmitted to the parietal and
occipital lobes of the brain (Lazarou et al., 2022). Furthermore, the invocation of STM requires
connections with the prefrontal lobe and hippocampus areas (Friedman & Robbins, 2022). STM
disorders are observed in the early stages of neurodegenerative diseases, followed by impairments in
problem-solving, judgment, executive function, lack of motivation, and disorganization. Language
disorders and visuospatial abilities can follow these symptoms (Herman, 2016).

The nervous system consists of neurons and glia, essential for maintaining physiological
functions. Neurons are cells that carry out receiving, sending, and modulating impulses, translated as
a response to external stimuli. Glia are supporting cells of the nervous system that are as important as
neurons (Matias et al., 2019). Glial cells can maintain the condition of the extracellular environment
of neurons, remodeling, nutrient storage, repair, and defense to maintain brain homeostasis
(Verkhratsky et al., 2019). Research says there is a correlation between brain density and the ratio of
neuron-glia, namely that the greater the brain density, the higher the ratio. This is because the number
of glial cells is much greater than neurons to support the physiological functions of neurons
(Herculano-Houzel, 2014). Depletion of astrocytes is found in the brains of people living with
Alzheimer's, so it will also reduce the ratio of neuron-glia. Astrocyte sheathing is increased in
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Parkinson's disease with a greater surface area of astrocyte processes (B. Zhou et al., 2019). Research
states a significant difference in the ratio of neuron-glia in the laminar compartment of the human
optic nerve, making it more susceptible to ischemia than other species (Chan et al., 2020).

The hippocampus is a component of the limbic system, located deep in the brain's parietal lobe
(Hatadaj, 2020). Histologically, the hippocampus is divided into several subregions: the cornu
ammonia (CA), CAl, CA2, and CA3. The CA3 subregion borders CA4, part of the dentate gyrus
(DG). Cells found in the hippocampus are neurons, astrocytes, oligodendrocytes, microglia, and
granule cells (Adler et al., 2018). These cell components can change due to certain diseases. There is
increased autophagy, phagocytosis, and proteostasis in the microglia of Alzheimer's patients (Smith et
al., 2022). Research reveals an accumulation of Tau protein in dentate gyrus astrocytes, which causes
neuronal dysfunction in people with Alzheimer's (Richetin et al., 2020). The processes of apoptosis
and necrosis have also been found to play a role in the pathogenesis of Alzheimer's, especially in the
hippocampus (Telegina et al., 2019). Moreover, recent studies found that granule cells are responsible
for neurogenesis to maintain brain plasticity (Y. Zhou et al., 2022). As dementia progresses, changes
in granule cell morphology in the dentate gyrus are found (Marquez-Valadez et al., 2022).

Based on the explanation above, a high-calorie diet can cause metabolic disorders, which affect
the incidence of other diseases, such as neurodegenerative diseases, which are a global burden
disease. On the other hand, MIIT is currently an alternative in the world of health for exercise therapy,
which targets subjects with obesity and a sedentary lifestyle because it is considered safer (Finer,
2021).

However, studies analyzing the effects of MIIT in subjects with a high-calorie diet on changes
in brain morphology and function still need to be made more explicit. Therefore, researching the
effect of Moderate Intensity Interval Training (MIIT) on Short Term Memory (STM), the ratio of
neocortical glial neurons, and hippocampal pyknotic granule cells in rat subjects on a high-calorie diet
is essential to provide a solution to the above problems (Schworer et al., 2022).

This research is expected to promote regular exercise, especially MIIT, as part of a healthy
lifestyle, particularly for individuals at risk of cognitive decline or those following a high-calorie diet,
and it could open opportunities for non-pharmacological interventions for memory-related issues.

This study aimed to analyze the effect of Moderate Intensity Interval Training (MIIT) on short-
term memory, the ratio of neocortical glial neurons, and hippocampal pyknotic granule cells in
subjects on a high-calorie diet. To explain the comparison of short-term memory in rat subjects on a
high-calorie diet (McNeilly et al., 2016). To compare the ratio of neocortical glia neurons in rat
subjects on a high-calorie diet. To compare the number of hippocampal pyknotic granule cells in rat
subjects on a high-calorie diet.

METHOD

The research design uses experimental research with a post-test control design model. The
research subjects used female white rats (Rattus Copernicus) that had undergone acclimatization.
Each rat underwent a vaginal swab before testing the Y maze to obtain the same estrus phase. Then,
the mice will be randomized and grouped into three groups, and testing will be carried out for four
weeks. The sample size in the study was measured using the Federer formula. The sample was
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increased to 15 animals per group in the research process. When taking the video, three samples could
not be read due to technical errors, so exclusion was done. Namely, B2 left rear, B2 without markings,
and D3 head so that the total number taking part in this study was 33 mice. The sampling technique in
this research uses probability sampling with simple random sampling. The research was carried out at
the Laboratory of the Biochemistry Experimental Animal Unit of the Faculty of Medicine, Universitas
Airlangga and the research time was carried out from September to October 2021. The study was
conducted within 9 weeks.

RESULTS AND DISCUSSION
Group Characteristics

The total number of samples calculated based on the Ferderer formula was 9 per group, so a
minimum of 27 mice were needed. Researchers then gave 15 mice to each group so that the total
number of mice participating in this study was 45. As time passed, seven animals died, namely A2
front right, A3 rear left, B1 front right, B3 without markings, D2 front right, D2 back, and D3 rear
left. Then, two mice were dropped out through the outliers process, namely in groups 31 (D2 head)
and 35 (D3 without markings). When taking the video, three samples could not be read due to
technical errors, so exclusion was carried out; namely B2 left rear, B2 without markings, and D3
head, so the total number taking part in this study was 33 mice.

Before treatment, the highest average body weight was in groups C, B, and A (p=0.027). After
treatment, the highest mean body weight was found in groups B, C, and A (p=0.569). There was no
difference between groups A, B, and C in body weight after treatment. The average results for each
body weight between groups are listed in Table 1.

Table 1 Body Weight Characteristics

Variable Group Markp
A (N=13) B (N=11) C (N=9)
Average Body WeightBeginning ~ 138.92+17.134  140.27+14.332  158.33+19.052  0.027
(Mean£SD) (grams)
Average Final Body Weight 148.84+15.328 156.18+22.855 151.22+7.902 0.569
(Mean+SD)(grams)

The analysis results found that the data was normally distributed or there were no differences in
variance in the three variables analyzed using the Shapiro-Wilk homogeneity test (p>0.05). Further
analysis was carried out using One-Way Anova, and there were no differences between groups in the
three variables (p>0.05) in Table 2.

Table 2 Analysis Descriptive

Variable Group p
A B C
pre-Alternation (%) (Rerata+SD) 38.29+20.012  32.41+13.191  40.1946.552 0.481
post-Alternation (%) (ReratatSD) 38.40+11.835 34.98+9.290 35.20+7.023 0.646
Granul Piknosis(ReratatSD) 134.77£17.608 151.82+20.188 151.56+23.410 0.078
Ratio NeuronsGlia (Mean+SD) 0.44+.0632 0.39+0.101 0.41+0.073 0.370
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Comparison of Mean Short-term Memory Counts between Groups

Short-term memory measurement uses an indicator, namely spontaneous alternation (SA). The
test results showed no significant difference between groups in the pre-alternation test (p=0.481)
(table 2). After treatment, there was no difference between groups in post-alternative (p=0.646) (table
2).
Comparison of Mean Neocortical Glia Neuron Count Ratio between Groups

The highest average results for measuring the ratio of neurons to glia were obtained in groups
C, A, and B (table 2). There was no significant difference between groups (p=0.370) (table 2).
Comparison of Hippocampal Pycnosis Granule Cells between Groups

The mean pyknotic granule cells were found in groups C, B, and A based on the measurement
results. There was no significant difference between groups (p=0.078) (table 2).

Figure 1. A: CAl (A) Negative Control, yellow arrows show dense granule cells with open face type
nuclei; B: CAl Intervention (B), yellow arrows show granule cell features; C: CA1 Positive control (C),

red arrow shows pyknotic granule cells with missing cytoplasm and very dense nuclei.
B

Figure 2. A: Neocortex of group A (negative control); B: Neocortex of the positive control group
(B); C: Neocortex of the intervention group (D). Blue arrows: neurons; Green Arrows: astrocytes; Purple
arrows: oligodendrocytes.

The study results showed that the two variables, spontaneous alternation, and pyknosis granule
cells, did not have a significant difference; however, the variable ratio of neuron-glia showed a
significant difference in the positive control and intervention groups. Before the research procedure,
the intervention group had the highest average body weight. In contrast, the positive control group had
the highest body weight after the procedure (Yin et al., 2013).

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 871



Nabila Rahmaniah

The Effect of Moderate Intensity Interval Training (MIIT) on Short-Term Memory Function, the Ratio of
Neocortical Neurons and Glial Cells, and the Number of Hippocampal Pyknotic Granule Cells in Rats on a
High-Calorie Diet

The high-calorie diet intake given to the intervention and control groups was positively related
to the regulation of body metabolism by insulin, resulting in weight gain (Stice & Burger, 2019).
Hyperglycemia conditions stimulate pancreatic beta cells to produce insulin, thereby triggering
glucose uptake by the liver, muscles, and adipose tissue. Insulin prevents muscle glycogenolysis,
adipose lipolysis, and liver gluconeogenesis (Shakoor et al., 2021). A study states that women have
lower muscle mass, more adipose tissue, and higher Free Fatty Acid (FFA) levels than men. This
indicates that women are more susceptible to insulin resistance (Mauvais-Jarvis, 2018). High
androgen levels in men increase insulin sensitivity, but women show the opposite effect (Navarro et
al., 2015). Researchers found a positive correlation between insulin regulation and the metabolic
pathways of pyruvate, purine, cysteine, glycolysis, and gluconeogenesis in accelerating neuronal
degeneration in Alzheimer's disease. These factors are known to be higher in women than in men, so
women are at higher risk of neuroinflammation. (Maffioli et al., 2022) .

Research finds that hyperglycemia conditions decrease cognitive function (Dyer et al., 2021).
(Suput Omladi¢ et al., 2020) stated that a decrease in spatial working memory function was observed
in acute hyperglycemia conditions. Mice induced with long-term hyperglycemia show reduced
integration of new hippocampal neurons, which affects the neurogenic capacity of the hippocampus,
resulting in decreased synaptic plasticity and impaired short-term memory (Ferreiro et al., 2020). The
mechanism of this reduction in cognitive function is not yet clearly known; however ( Ledo et al.,
2020) found that there is involvement of glucose transporters (GLUT-1) and (GLUT3) in the
neurodegeneration process in people living with Alzheimer's. In addition, hyperglycemia activates
HSPO70 and HO-1, stress-induced proteins. Hence, ROS production increases through the stress-
induced glucotoxicity pathway mediated by microglia (Hsieh et al., 2019). Research (Bonds et al.,
2020) using mice revealed that chronic hyperglycemia reduces neurogenesis in the hippocampus,
resulting in cognitive impairment.

Quantifying cells and ratios in the nervous system is an approach to understanding the cellular
composition, development, and evolution of the brain to reveal the pathophysiology of neurological
and psychiatric disorders (Von Bartheld et al., 2016). The ratio of neuron-glia does not correlate with
an increase in brain size. Research suggests this relationship varies between species (Herculano-
Houzel et al., 2015). Conversely, a decrease in the ratio of neurons to glia is associated with a
decrease in neuron density and an increase in neuron size. Studies have found that the larger the size
of neurons, the more glial cells they need for metabolic needs so that neurons can carry out their
physiological functions (Herculano-Houzel, 2014) (Edler et al., 2020) found that there is a decrease in
the ratio of neurons to glia with aging. In addition, (Stevens et al., 2023) stated that a reduced number
of astrocytes results in increased contact between neurons, resulting in hyperactivation of neurons and
impaired working memory in mice and is thought to play a role in the pathophysiology of Attention
Deficit Hyperactivity Disorder (ADHD). Changes in the ratio of neurons to glia are also influenced by
metabolism (Henn et al., 2022). Studies suggest that high-calorie diets reduce the neuron-glia ratio
due to neuroinflammatory processes resulting from loss of oligodendrocytes, disruption of glucose
homeostasis by astrocytes, and aberrations of microglial phagocytosis (Cope et al., 2018) ; (Garcia-
Caceres et al., 2016) ; (Langley et al., 2020). In addition, research (Anggraeni et al., 2017) found that
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mice induced by a high-calorie diet had decreased neuroglia due to increased superoxide production,
which bridges the activation of Advanced Glycogen End-products (AGE).

Granule cells are the most abundant cell type found in the dentate gyrus of the hippocampus (Li
et al., 2017). The dentate gyrus is essential in the learning process and memory formation. Granule
cells have unmyelinated axons called mossy fibers. These specialized structures function as projectors
of impulses conducted through collateral structures and mainly terminate in polymorphic layers in
GABAnergic interneurons. Young granule cells have increased plasticity and have a long-term
potentiation (LTP) induction threshold (Weston et al., 2021). (Razi et al., 2015) In mice induced by a
high-calorie diet, granule cell density was reduced in the intervention group compared with the
control group. Research (Gupta et al., 2022) found increased apoptosis markers, namely Bcl-2, Bcl-xI,
Bax, and caspase 3, in mice exposed to a long-term high-calorie diet.

The direct influence of moderate-intensity interval training (MIIT) on the ratio of glial neurons
and granule cells has yet to be widely studied. However, the correlation between exercise and
cognitive ability has been widely studied. A study by (Chang et al., 2015) found that Moderate
Intensity Interval Training (MIIT) for 20 minutes can improve cognitive abilities. Research (Kim et
al., 2019) states that moderate-intensity exercise increases neurogenic factors so that they have a
positive correlation with neurogenesis, memory, and learning. Apart from that, exercise also increases
neuron proliferation in the dentate gyrus and prevents apoptosis. Moderate-intensity exercise also
regulates the immune system, including microglia, and protects against neuroinflammation (Hashioka
et al., 2021); (Xie et al., 2019). Another study suggested that moderate-intensity exercise affected the
increase in neuroglia in the mouse cortex (Serra et al., 2019); (Verkhratsky et al., 2019).

Female rats whose memory was measured when estradiol levels were high or during the
proestrus phase showed decreased spatial memory compared to measurements taken during the estrus
phase with low estradiol levels (Duarte-Guterman et al., 2015). Measuring the Y maze was carried out
during the estrus phase to avoid bias due to hormonal fluctuations in the rat's estrus cycle.

According to research, one of the factors that can cause research results to be less meaningful is
the length of treatment on the subjects studied (Davidson et al., 2013). Research suggests that mice
induced by a high-calorie diet can improve working memory as measured using the Y maze
(Yoshizaki et al., 2020). Another study stated that mice induced on a sugar solution diet for a short
period did not show significant short-term memory impairment (Pikir, 2015). Based on studies, a
high-calorie diet is carried out to see changes in brain morphology and behavior for an average of 14
weeks (Arnold et al., 2014) ; (Davidson et al., 2013). On the other hand, this research was conducted
for four weeks and included a short period. This causes the buildup of ROS and AGEs not to reach the
saturation point so that changes in brain morphology cannot be observed with a simple microscope.

Young rats tend to have higher curiosity and lower risk factors for metabolic syndrome than
adult rats, which can affect cognitive abilities (Wikgren et al., 2021). This study used an adult female
Rattus norvegicus, which can influence the results of measuring spontaneous alternation, making it
less meaningful.

Fat oxidation and blood glucose are The primary energy sources used during moderate-intensity
exercise (Collins et al., 2022). Research shows moderate-intensity exercise has more excellent insulin
sensitivity effects than high-intensity exercise. Research related to Moderate-Intensity Interval
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Training (MIIT) is mainly carried out using cycling. At the same time, few studies have discussed
aquatic MIIT (Jiménez-Pavon & Lavie, 2017). The research found that the effects of moderate-
intensity exercise and high-intensity aquatic exercise were considered equally effective in improving
hemodynamic, vascular quality, and blood glucose regulation in subjects with a sedentary lifestyle
(Tang et al., 2022). Body weight measurement in the MIIT intervention group showed lower results
than the control group. This shows that MIIT positively correlates with body weight regulation by
reducing blood leptin levels.

Female mice have a higher threshold value of corticosterone, a stress hormone, than males.
Acute stressors do not increase the level of this hormone. However, chronic exposure to stress
increases corticosterone, which impacts hippocampal granule cell apoptosis (Hurin'in, 2023). Even
though the experimental animals had undergone prior acclimatization, it does not rule out the
possibility that the research intervention caused chronic stress in the subjects. Previous research found
that mild stress over a long period changes mice's physiological and behavioral stress responses
(Cavigelli et al., 2018).

Based on the research results, it was found that the highest mean for post-alternation was in
group A. Groups B and C had almost the same mean neuron-glia ratio. The highest mean of pyknosis
granule cells was also in group B. There was a shift in the results in alternation from initially the
highest mean in group C to group A. Alternation describes cognitive abilities, namely short-term
memory. In addition, cognitive function is also described by the ratio of neurons to glia. The greater
the value of the neuron-glia ratio, the more cognitive function will increase (Bahney & von Bartheld,
2018).

CONCLUSION

Before the treatment, the highest mean body weight was in the intervention group. However,
after the treatment, it was in group B. Based on the results of the comparison test with the MIIT
intervention, it did not show a significant difference between groups in body weight (p=0.646).
However, if we look at body weight measurements using digital scales, changes were found between
groups A, B, and C. Group C, which initially had the most significant average body weight,
experienced a decrease after the MIIT intervention.

As measured by the alternation indicator, short-term memory showed no differences between
groups A, B, and C before treatment (p=0.481) and after treatment (p=0.646). The variable ratio of
neocortical neurons and glia was not found to be significantly different between groups A, B, and C
(p=0.370). The histology of the neocortex shows that the cytoplasm of pyramidal cells and glia is
darker in color compared with the negative control (A) and intervention (B) groups. Another variable,
hippocampal pyknosis granule cells, showed no differences between groups A, B, and C (p=0.078).

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 874



Nabila Rahmaniah

The Effect of Moderate Intensity Interval Training (MIIT) on Short-Term Memory Function, the Ratio of
Neocortical Neurons and Glial Cells, and the Number of Hippocampal Pyknotic Granule Cells in Rats on a
High-Calorie Diet

REFERENCES

adler, D. H., Wisse, L. E. M., lttyerah, R., Pluta, J. B., Ding, S.-L., Xie, L., Wang, J., Kadivar, S.,
Robinson, J. L., & Schuck, T. (2018). Characterizing The Human Hippocampus In Aging And
Alzheimer’s Disease Using A Computational Atlas Derived From Ex Vivo Mri And Histology.
Proceedings Of The National Academy Of Sciences, 115(16), 4252—-4257.

Anggraeni, N., Wigati, K. W., & Wardani, I. L. (2017). High-Calorie Diet Reduces Neuroglia Count.

Arnold, S. E., Lucki, I., Brookshire, B. R., Carlson, G. C., Browne, C. A., Kazi, H., Bang, S., Choi,
B.-R., Chen, Y., & Mcmullen, M. F. (2014). High Fat Diet Produces Brain Insulin Resistance,
Synaptodendritic Abnormalities And Altered Behavior In Mice. Neurobiology Of Disease, 67,
79-87.

Bahney, J., & Von Bartheld, C. S. (2018). The Cellular Composition And Glia—Neuron Ratio In The
Spinal Cord Of A Human And A Nonhuman Primate: Comparison With Other Species And
Brain Regions. The Anatomical Record, 301(4), 697-710.

Bonds, J. A., Shetti, A., Stephen, T. K. L., Bonini, M. G., Minshall, R. D., & Lazarov, O. (2020).
Deficits In Hippocampal Neurogenesis In Obesity-Dependent And-Independent Type-2 Diabetes
Mellitus Mouse Models. Scientific Reports, 10(1), 16368.

Cavigelli, S. A., Bao, A. D., Bourne, R. A., Caruso, M. J., Caulfield, J. I., Chen, M., & Smyth, J. M.
(2018). Timing Matters: The Interval Between Acute Stressors Within Chronic Mild Stress
Modifies Behavioral And Physiologic Stress Responses In Male Rats. Stress, 21(5), 453-463.

Chan, G., Morgan, W. H., Yu, D.-Y., & Balarathasingam, C. (2020). Quantitative Analysis Of
Astrocyte And Axonal Density Relationships: Glia To Neuron Ratio In The Optic Nerve
Laminar Regions. Experimental Eye Research, 198, 108154.

Chang, Y.-K., Chu, C.-H., Wang, C.-C., Wang, Y.-C., Song, T.-F., Tsai, C.-L., & Etnier, J. L. (2015).
Dose—Response Relation Between Exercise Duration And Cognition. Medicine & Science In
Sports & Exercise, 47(1), 159-165.

Collins, K. A., Ross, L. M., Slentz, C. A., Huffman, K. M., & Kraus, W. E. (2022). Differential
Effects Of Amount, Intensity, And Mode Of Exercise Training On Insulin Sensitivity And
Glucose Homeostasis: A Narrative Review. Sports Medicine-Open, 8(1), 1-23.

Cope, E. C., Lamarca, E. A., Monari, P. K., Olson, L. B., Martinez, S., Zych, A. D., Katchur, N. J., &
Gould, E. (2018). Microglia Play An Active Role In Obesity-Associated Cognitive Decline.
Journal Of Neuroscience, 38(41), 8889-8904.

Davidson, T. L., Hargrave, S. L., Swithers, S. E., Sample, C. H., Fu, X., Kinzig, K. P., & Zheng, W.
(2013). Inter-Relationships Among Diet, Obesity And Hippocampal-Dependent Cognitive
Function. Neuroscience, 253, 110-122.

Downer, S., Berkowitz, S. A., Harlan, T. S., Olstad, D. L., & Mozaffarian, D. (2020). Food Is
Medicine: Actions To Integrate Food And Nutrition Into Healthcare. Bmj, 3609.

Duarte-Guterman, P., Yagi, S., Chow, C., & Galea, L. A. M. (2015). Hippocampal Learning,
Memory, And Neurogenesis: Effects Of Sex And Estrogens Across The Lifespan In Adults.
Hormones And Behavior, 74, 37-52.

Dyer, A. H., Mckenna, L., Gamage, G., Bourke, N. M., Killane, 1., Widdowson, M., Woods, C. P.,
Gibney, J., Reilly, R., & O’neill, D. (2021). Cognitive Performance In Midlife Type 2 Diabetes:
Results From The Enbind Study. Diabetic Medicine, 38(6), E14412.

Edler, M. K., Munger, E. L., Meindl, R. S., Hopkins, W. D., Ely, J. J., Erwin, J. M., Mufson, E. J.,
Hof, P. R., Sherwood, C. C., & Raghanti, M. A. (2020). Neuron Loss Associated With Age But
Not Alzheimer’s Disease Pathology In The Chimpanzee Brain. Philosophical Transactions Of
The Royal Society B, 375(1811), 20190619.

Ferreiro, E., Lanzillo, M., Canhoto, D., Da Silva, A. M. C., Mota, S. I., Dias, I. S., Ferreira, I. L.,

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 875



Nabila Rahmaniah

The Effect of Moderate Intensity Interval Training (MIIT) on Short-Term Memory Function, the Ratio of
Neocortical Neurons and Glial Cells, and the Number of Hippocampal Pyknotic Granule Cells in Rats on a
High-Calorie Diet

Fontes, A. R., Mastrella, G., & Pinheiro, P. (2020). Chronic Hyperglycemia Impairs
Hippocampal Neurogenesis And Memory In An Alzheimer’s Disease Mouse Model.
Neurobiology Of Aging, 92, 98-113.

Finer, N. (2021). Future Directions In Obesity Pharmacotherapy. European Journal Of Internal
Medicine, 93, 13-20.

Friedman, N. P., & Robbins, T. W. (2022). The Role Of Prefrontal Cortex In Cognitive Control And
Executive Function. Neuropsychopharmacology, 47(1), 72-89.

Garcia-Céceres, C., Quarta, C., Varela, L., Gao, Y., Gruber, T., Legutko, B., Jastroch, M., Johansson,
P., Ninkovic, J., & Yi, C.-X. (2016). Astrocytic Insulin Signaling Couples Brain Glucose Uptake
With Nutrient Availability. Cell, 166(4), 867-880.

Gupta, M., Pandey, S., Rumman, M., Singh, B., & Mahdi, A. A. (2022). Molecular Mechanisms
Underlying Hyperglycemia Associated Cognitive Decline. Ibro Neuroscience Reports.

Hatadaj, R. (2020). Anatomical Variations Of The Dentate Gyrus In Normal Adult Brain. Surgical
And Radiologic Anatomy, 42(2), 193-199.

Hashioka, S., Wu, Z., & Klegeris, A. (2021). Glia-Driven Neuroinflammation And Systemic
Inflammation In Alzheimer’s Disease. Current Neuropharmacology, 19(7), 908-924.

Henn, R. E., Noureldein, M. H., Elzinga, S. E., Kim, B., Savelieff, M. G., & Feldman, E. L. (2022).
Glial-Neuron Crosstalk In Health And Disease: A Focus On Metabolism, Obesity, And
Cognitive Impairment. Neurobiology Of Disease, 170, 105766.

Herculano-Houzel, S., Messeder, D. J., Fonseca-Azevedo, K., & Pantoja, N. A. (2015). When Larger
Brains Do Not Have More Neurons: Increased Numbers Of Cells Are Compensated By
Decreased Average Cell Size Across Mouse Individuals. Frontiers In Neuroanatomy, 9, 64.

Herculano-Houzel, S. (2014). The Glia/Neuron Ratio: How It Varies Uniformly Across Brain
Structures And Species And What That Means For Brain Physiology And Evolution. Glia,
62(9), 1377-1391.

Herman, I. (2016). Hubungan Lama Hemodialisis Dengan Fungsi Kognitif Pasien Penyakit Ginjal
Kronik Yang Menjalani Hemodialisis Di Rsud Abdul Moeloek Provinsi Lampung. Fakultas
Kedokteran.

Hsieh, C.-F., Liu, C.-K,, Lee, C.-T., Yu, L.-E., & Wang, J.-Y. (2019). Acute Glucose Fluctuation
Impacts Microglial Activity, Leading To Inflammatory Activation Or Self-Degradation.
Scientific Reports, 9(1), 840.

Hurin’in, N. M. (2023). Bidankupedia: Mengenal Synapsin-1 Dan Peran Maternal Pada 1000 Hari
Pertama Kehidupan. Rena Cipta Mandiri.

Jiménez-Pavon, D., & Lavie, C. J. (2017). High-Intensity Intermittent Training Versus Moderate-
Intensity Intermittent Training: Is It A Matter Of Intensity Or Intermittent Efforts? In British
Journal Of Sports Medicine (Vol. 51, Issue 18, Pp. 1319-1320). Bmj Publishing Group Ltd And
British Association Of Sport And Exercise Medicine.

Kim, J. H,, Liu, Q. F., Urnuhsaikhan, E., Jeong, H. J., Jeon, M. Y., & Jeon, S. (2019). Moderate-
Intensity Exercise Induces Neurogenesis And Improves Cognition In Old Mice By Upregulating
Hippocampal Hippocalcin, Otubl, And Spectrin-A. Molecular Neurobiology, 56, 3069-3078.

Kumara, K. D. M., & lwgae, P. (2022). Pola Makan, Aktivitas Fisik, Dan Status Gizi Siswa Sma
Negeri 1 Singaraja Di Masa Pandemi Covid-19. Health (Irvine Calif).

Langley, M. R., Yoon, H., Kim, H. N., Choi, C.-1., Simon, W., Kleppe, L., Lanza, I. R., Lebrasseur,
N. K., Matveyenko, A., & Scarisbrick, I. A. (2020). High Fat Diet Consumption Results In
Mitochondrial Dysfunction, Oxidative Stress, And Oligodendrocyte Loss In The Central
Nervous System. Biochimica Et Biophysica Acta (Bba)-Molecular Basis Of Disease, 1866(3),
165630.

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 876



Nabila Rahmaniah

The Effect of Moderate Intensity Interval Training (MIIT) on Short-Term Memory Function, the Ratio of
Neocortical Neurons and Glial Cells, and the Number of Hippocampal Pyknotic Granule Cells in Rats on a
High-Calorie Diet

Lawrence, M. A., & Baker, P. I. (2019). Ultra-Processed Food And Adverse Health Outcomes. In
Bmj (Vol. 365). British Medical Journal Publishing Group.

Lazarou, I., Georgiadis, K., Nikolopoulos, S., Oikonomou, V. P., Stavropoulos, T. G., Tsolaki, A.,
Kompatsiaris, I., & Tsolaki, M. (2022). Exploring Network Properties Across Preclinical Stages
Of Alzheimer’s Disease Using A Visual Short-Term Memory And Attention Task With High-
Density Electroencephalography: A Brain-Connectome Neurophysiological Study. Journal Of
Alzheimer’s Disease, 87(2), 643-664.

Ledo, L. L., Tangen, G., Barca, M. L., Engedal, K., Santos, S. H. S., Machado, F. S. M., De Paula, A.
M. B., & Monteiro-Junior, R. S. (2020). Does Hyperglycemia Downregulate Glucose
Transporters In The Brain? Medical Hypotheses, 139, 109614.

Li, L., Sultan, S., Heigele, S., Schmidt-Salzmann, C., Toni, N., & Bischofberger, J. (2017). Silent
Synapses Generate Sparse And Orthogonal Action Potential Firing In Adult-Born Hippocampal
Granule Cells. Elife, 6, E23612.

Maffioli, E., Murtas, G., Rabattoni, V., Badone, B., Tripodi, F., lannuzzi, F., Licastro, D., Nonnis, S.,
Rinaldi, A. M., & Motta, Z. (2022). Insulin And Serine Metabolism As Sex-Specific Hallmarks
Of Alzheimer’s Disease In The Human Hippocampus. Cell Reports, 40(10).

Marquez-Valadez, B., Rabano, A., & Llorens-Martin, M. (2022). Progression Of Alzheimer’s Disease
Parallels Unusual Structural Plasticity Of Human Dentate Granule Cells. Acta Neuropathologica
Communications, 10(1), 1-11.

Matias, I., Morgado, J., & Gomes, F. C. A. (2019). Astrocyte Heterogeneity: Impact To Brain Aging
And Disease. Frontiers In Aging Neuroscience, 11, 59.

Mauvais-Jarvis, F. (2018). Gender Differences In Glucose Homeostasis And Diabetes. Physiology &
Behavior, 187, 20-23.

Mcneilly, A. D., Gao, A,, Hill, A. Y., Gomersall, T., Balfour, D. J. K., Sutherland, C., & Stewart, C.
A. (2016). The Effect Of Dietary Intervention On The Metabolic And Behavioural Impairments
Generated By Short Term High Fat Feeding In The Rat. Physiology & Behavior, 167, 100-109.

Navarro, G., Allard, C., Xu, W., & Mauvais-Jarvis, F. (2015). The Role Of Androgens In Metabolism,
Obesity, And Diabetes In Males And Females. Obesity, 23(4), 713-719.

Nebel, R. A., Aggarwal, N. T., Barnes, L. L., Gallagher, A., Goldstein, J. M., Kantarci, K.,
Mallampalli, M. P., Mormino, E. C., Scott, L., & Yu, W. H. (2018). Understanding The Impact
Of Sex And Gender In Alzheimer’s Disease: A Call To Action. Alzheimer’s & Dementia, 14(9),
1171-1183.

Pikir, B. S. (2015). Hipertensi Manajemen Komprehensif. Airlangga University Press.

Putri, E. A. C. (2021). Pengaruh Diet Tinggi Kalori Intermiten Dan Latihan Kontinu Intensitas Sedang
Terhadap Diameter Kardiomiosit Dan Ekspresi Brain Natriuretic Peptide (Bnp) Pada Otot
Jantung Mencit Betina Yang Dipapar Diet Tinggi Kalori. Universitas Airlangga.

Ramlah, U. (2021). Gangguan Kesehatan Pada Anak Usia Dini Akibat Kekurangan Gizi Dan Upaya
Pencegahannya. Ana’bulava: Jurnal Pendidikan Anak, 2(2), 12-25.

Razi, E. M., Ghafari, S., & Golalipour, M. J. (2015). Effect Of Gestational Diabetes On Purkinje And
Granule Cells Distribution Of The Rat Cerebellum In 21 And 28 Days Of Postnatal Life. Basic
And Clinical Neuroscience, 6(1), 6.

Richetin, K., Steullet, P., Pachoud, M., Perbet, R., Parietti, E., Maheswaran, M., Eddarkaoui, S.,
Bégard, S., Pythoud, C., & Rey, M. (2020). Tau Accumulation In Astrocytes Of The Dentate
Gyrus Induces Neuronal Dysfunction And Memory Deficits In Alzheimer’s Disease. Nature
Neuroscience, 23(12), 1567-1579.

Ricker, T. J., Nieuwenstein, M. R., Bayliss, D. M., & Barrouillet, P. (2018). Working Memory
Consolidation: Insights From Studies On Attention And Working Memory. Annals Of The New

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 877



Nabila Rahmaniah

The Effect of Moderate Intensity Interval Training (MIIT) on Short-Term Memory Function, the Ratio of
Neocortical Neurons and Glial Cells, and the Number of Hippocampal Pyknotic Granule Cells in Rats on a
High-Calorie Diet

York Academy Of Sciences, 1424(1), 8-18.

Sari, S. W., & Adelina, R. (2020). Apakah Pola Makan Menjadi Faktor Dominan Kejadian Diabetes
Melitus Tipe 2 Di Indonesia?(Studi Literatur). Jurnal Pangan Kesehatan Dan Gizi Universitas
Binawan, 1(1), 54-63.

Schworer, E. K., Voth, K., Hoffman, E. K., & Esbensen, A. J. (2022). Short-Term Memory Outcome
Measures: Psychometric Evaluation And Performance In Youth With Down Syndrome.
Research In Developmental Disabilities, 120, 104147,

Serra, F. T., Carvalho, A. D., Araujo, B. H. S., Torres, L. B., Cardoso, F. Dos S., Henrique, J. S.,
Placencia, E. V. D., Lent, R., Gomez-Pinilla, F., & Arida, R. M. (2019). Early Exercise Induces
Long-Lasting Morphological Changes In Cortical And Hippocampal Neurons Throughout Of A
Sedentary Period Of Rats. Scientific Reports, 9(1), 13684.

Shafiei, A., Haghighi, A. H., Askari, R., Keyhani, A., Nabavizadeh, M. S., & Asadi-Shekaari, M.
(2022). Effects Of Moderate-Intensity Interval Training On Gene Expression And Antioxidant
Status In The Hippocampus Of Methamphetamine-Dependent Rats. Neurotoxicity Research,
40(5), 1455-1463.

Shakoor, H., Apostolopoulos, V., Feehan, J., Ali, H. I, Ismail, L. C., Al Dhaheri, A. S. O. S, &
Stojanovska, L. (2021). Effect Of Calorie Restriction And Exercise On Type 2 Diabetes. Prilozi,
42(1), 109-126.

Smith, A. M., Davey, K., Tsartsalis, S., Khozoie, C., Fancy, N., Tang, S. S., Liaptsi, E., Weinert, M.,
Mcgarry, A., & Muirhead, R. C. J. (2022). Diverse Human Astrocyte And Microglial
Transcriptional Responses To Alzheimer’s Pathology. Acta Neuropathologica, 143(1), 75-91.

Stevens, H. E., Scuderi, S., Collica, S. C., Tomasi, S., Horvath, T. L., & Vaccarino, F. M. (2023).
Neonatal Loss Of Fgfr2 In Astroglial Cells Affects Locomotion, Sociability, Working Memory,
And Glia-Neuron Interactions In Mice. Translational Psychiatry, 13(1), 89.

Stice, E., & Burger, K. (2019). Neural Vulnerability Factors For Obesity. Clinical Psychology
Review, 68, 38-53.

Suput Omladic, J., Slana Ozimi¢, A., Vovk, A., Suput, D., Repovs, G., Dove, K., Bratina, N., Avbelj
Stefanija, M., & Battelino, T. (2020). Acute Hyperglycemia And Spatial Working Memory In
Adolescents With Type 1 Diabetes. Diabetes Care, 43(8), 1941-1944.

Tang, S., Huang, W., Wang, S., Wu, Y., Guo, L., Huang, J., & Hu, M. (2022). Effects Of Aquatic
High-Intensity Interval Training And Moderate-Intensity Continuous Training On Central
Hemodynamic Parameters, Endothelial Function And Aerobic Fitness In Inactive Adults.
Journal Of Exercise Science & Fitness, 20(3), 256-262.

Telegina, D. V, Suvorov, G. K., Kozhevnikova, O. S., & Kolosova, N. G. (2019). Mechanisms Of
Neuronal Death In The Cerebral Cortex During Aging And Development Of Alzheimer’s
Disease-Like Pathology In Rats. International Journal Of Molecular Sciences, 20(22), 5632.

Van Goethem, N., Blokland, A., & Prickaerts, J. (2018). Theories And Concepts. In Handbook Of
Behavioral Neuroscience (Vol. 27, Pp. 23-38). Elsevier.

Verkhratsky, A., Ho, M. S., Zorec, R., & Parpura, V. (2019). The Concept Of Neuroglia. Neuroglia In
Neurodegenerative Diseases, 1-13.

Von Bartheld, C. S., Bahney, J., & Herculano-Houzel, S. (2016). The Search For True Numbers Of
Neurons And Glial Cells In The Human Brain: A Review Of 150 Years Of Cell Counting.
Journal Of Comparative Neurology, 524(18), 3865-3895.

Wang, Y., & Ashokan, K. (2021). Physical Exercise: An Overview Of Benefits From Psychological
Level To Genetics And Beyond. Frontiers In Physiology, 12, 731858.

Weston, N. M., Rolfe, A. T., Freelin, A. H., Reeves, T. M., & Sun, D. (2021). Traumatic Brain Injury
Modifies Synaptic Plasticity In Newly-Generated Granule Cells Of The Adult Hippocampus.

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 878



Nabila Rahmaniah

The Effect of Moderate Intensity Interval Training (MIIT) on Short-Term Memory Function, the Ratio of
Neocortical Neurons and Glial Cells, and the Number of Hippocampal Pyknotic Granule Cells in Rats on a
High-Calorie Diet

Experimental Neurology, 336, 113527.

Wikgren, J., Nokia, M. S., Mdkinen, E., Koch, L. G., Britton, S. L., Kainulainen, H., & Lensu, S.
(2021). Rats With Elevated Genetic Risk For Metabolic Syndrome Exhibit Cognitive
Deficiencies When Young. Physiology & Behavior, 236, 113417.

Xie, Y., Li, Z.,, Wang, Y., Xue, X., Ma, W., Zhang, Y., & Wang, J. (2019). Effects Of Moderate-
Versus High-Intensity Swimming Training On Inflammatory And Cd4+ T Cell Subset Profiles
In Experimental Autoimmune Encephalomyelitis Mice. Journal Of Neuroimmunology, 328, 60—
67.

Yin, L., Li, G, Liu, T., Yuan, R., Zheng, X., Xu, G., Xu, Y., Che, J., Liu, X., & Ma, X. (2013).
Probucol For The Prevention Of Cystatin C-Based Contrast-Induced Acute Kidney Injury
Following Primary Or Urgent Angioplasty: A Randomized, Controlled Trial. International
Journal Of Cardiology, 167(2), 426-429.

Yoshizaki, K., Asai, M., & Hara, T. (2020). High-Fat Diet Enhances Working Memory In The Y-
Maze Test In Male C57bl/6j Mice With Less Anxiety In The Elevated Plus Maze Test.
Nutrients, 12(7), 2036.

Zhou, B., Zuo, Y., & Jiang, R. (2019). Astrocyte Morphology: Diversity, Plasticity, And Role In
Neurological Diseases. Cns Neuroscience & Therapeutics, 25(6), 665-673.

Zhou, Y., Su, Y., Li, S., Kennedy, B. C., Zhang, D. Y., Bond, A. M., Sun, Y., Jacob, F., Lu, L., & Hu,
P. (2022). Molecular Landscapes Of Human Hippocampal Immature Neurons Across Lifespan.
Nature, 607(7919), 527-533.

Zoladz, J. A., Majerczak, J., Zeligowska, E., Mencel, J., Jaskolski, A., Jaskolska, A., & Marusiak, J.
(2014). Moderate-Intensity Interval Training Increases Serum Brain-Derived Neurotrophic
Factor Level And Decreases Inflammation In Parkinson’s Disease Patients. J Physiol Pharmacol,
65(3), 441-448.

@ @ © 2023 by the authors. It was submitted for possible open-access publication under the terms
@ and conditions of the Creative Commons Attribution (CC BY SA) license
(https://creativecommons.org/licenses/by-sa/4.0/).

International Journal of Social Health - Vol 2 (11) November 2023 - (867-879) 879



