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Abstract:

This study examines the effects of dietary hyperglycemia on gut microbiota dysbiosis and aging
in Drosophila melanogaster. Flies were maintained on control and high-sugar diets and analyzed
across different age stages. Results revealed a significant reduction in microbial diversity under
high-sugar conditions, with depletion of beneficial bacteria such as Lactobacillus and increased
abundance of opportunistic taxa including Enterobacter and Serratia. Elevated bacterial load and
pronounced dysbiosis were observed, particularly in older flies. Physiological analysis showed
reduced body size, impaired metabolic efficiency, and accelerated somatic decline. Reproductive
parameters, including fecundity and offspring viability, were significantly decreased in
hyperglycemic groups. Statistical analyses confirmed that both diet and age, along with their
interaction, strongly influence microbial composition and host fitness. Overall, the findings
highlight that high-sugar diets disrupt gut microbial balance and accelerate aging-related
physiological decline, emphasizing the importance of diet in regulating host—microbiota
interactions.
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Introduction

The growing prevalence of high-sugar diets in modern societies has raised significant concerns
regarding their impact on metabolic health and overall physiological functioning. Excessive intake
of dietary sugars, particularly glucose and fructose, is strongly associated with the development of
hyperglycemia, obesity, insulin resistance, and other metabolic disorders. Beyond systemic
metabolic effects, emerging evidence suggests that dietary sugar plays a crucial role in shaping the
composition and function of the gut microbiota, a complex community of microorganisms that
reside within the gastrointestinal tract. The gut microbiome is now recognized as a key regulator
of host physiology, influencing nutrient metabolism, immune responses, and even reproductive
performance. Therefore, understanding the interplay between dietary hyperglycemia, gut
microbiota, and host aging has become a central focus in contemporary biological research (Wong
et al., 2014; Baenas & Wagner, 2022).
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Drosophila melanogaster has emerged as a powerful and widely used model organism for studying
diet-microbiota interactions and metabolic disorders. The species offers several advantages,
including a short life cycle, ease of maintenance, well-characterized genetics, and conserved
metabolic pathways that are comparable to those in mammals. Importantly, the gut microbiota of
Drosophila is relatively simple, typically dominated by a few bacterial genera such as
Lactobacillus and Acetobacter, making it an ideal system for investigating microbial dynamics
under controlled experimental conditions (Broderick & Lemaitre, 2012; Ridley et al., 2012).
Previous studies have demonstrated that dietary composition directly influences microbial
community structure in Drosophila, thereby affecting host development, metabolism, and lifespan.
For instance, alterations in macronutrient balance can lead to shifts in microbial diversity, which
in turn influence host physiological outcomes (Henry et al., 2020).

Figure 1 illustrates metabolic organs relevant to the use of Drosophila in studies of diet and aging
(Gélikova & Klepsatel, 2018).
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Figure 1. Metabolic organs in Drosophila and their functional human counterparts
Galikova and Klepsatel (2018)
metabolic dysfunction in Drosophila melanogaster, including phenotypes analogous to obesity
and type 2 diabetes in humans. Experimental studies have reported that flies fed with sugar-rich
diets exhibit elevated hemolymph glucose levels, increased lipid accumulation, and impaired
insulin signaling pathways (Palanker Musselman et al., 2011; van Dam et al., 2020). These
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metabolic disturbances are often accompanied by significant changes in the gut microbiota,
suggesting a close relationship between dietary sugar and microbial composition. In particular,
hyperglycemic conditions tend to reduce microbial diversity and promote the growth of
opportunistic bacteria, leading to a state of dysbiosis. Such dysbiotic conditions are associated with
impaired gut function, increased oxidative stress, and reduced host fitness (Clark et al., 2015;
Zhang et al., 2017).

The fat-body images in Figure 2 provide anatomical context for energy storage and metabolic
dysfunction (Gélikova & Klepsatel, 2018).

Figure 2. Drosophila fat body under bright-field and confocal microscopy

The gut microbiota functions as a dynamic ecological system, where microbial species interact
through cooperative and competitive relationships. Beneficial bacteria such as Lactobacillus
plantarum and Acetobacter pomorum play important roles in maintaining metabolic homeostasis
by facilitating nutrient absorption, producing essential metabolites, and regulating hormonal
pathways involved in growth and reproduction (Erkosar et al., 2013; Consuegra et al., 2020).
However, high-sugar diets can disrupt these interactions by altering the availability of nutrients
and changing the gut environment. Excess sugar creates conditions that favor the proliferation of
fast-growing, sugar-metabolizing bacteria, often at the expense of beneficial commensals. This
shift from a balanced microbial community to a dysbiotic state can impair nutrient utilization and
reduce the efficiency of metabolic processes (Whon et al., 2017).

In addition to metabolic effects, dietary hyperglycemia has been shown to influence reproductive
fitness, which is a critical determinant of evolutionary success. Reproductive traits such as
fecundity, ovariole number, and offspring viability are highly sensitive to nutritional status and
energy availability. In Drosophila, optimal reproductive performance depends on efficient nutrient
allocation and proper hormonal regulation. Studies have demonstrated that excessive sugar intake
can negatively affect reproductive output by disrupting energy balance and altering signaling
pathways involved in oogenesis (Lushchak et al., 2014; Klepsatel et al., 2020). Furthermore,
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microbial dysbiosis induced by high-sugar diets may indirectly affect reproduction by impairing
metabolic efficiency and increasing physiological stress.

Aging is another important factor that influences both gut microbiota composition and host
physiology. As organisms age, natural changes occur in microbial diversity and community
structure, often resulting in reduced stability and increased susceptibility to dysbiosis. In
Drosophila melanogaster, aging has been associated with shifts in gut microbiota that impair
intestinal function and contribute to decreased lifespan (Clark et al., 2015). When combined with
dietary stress, such as high-sugar intake, these age-related changes may be amplified, leading to
accelerated physiological decline. Recent research suggests that diet and age interact
synergistically to influence microbial composition, with high-sugar diets intensifying age-related
dysbiosis and metabolic dysfunction (Arias-Rojas & latsenko, 2022; Jelena et al., 2025).

The relationship between gut microbiota and host physiology is further mediated by microbial
metabolites, which play a crucial role in regulating metabolic and reproductive processes.
Microbial-derived compounds such as short-chain fatty acids, vitamins, and amino acids contribute
to energy balance and influence signaling pathways such as insulin and TOR pathways (Ankrah et
al., 2021). Disruption of microbial composition under hyperglycemic conditions may therefore
impair these metabolic interactions, leading to reduced efficiency of nutrient utilization and
compromised physiological performance. Additionally, the increase in opportunistic bacteria
under high-sugar conditions may trigger inflammatory responses and oxidative stress, further
exacerbating the negative effects on host health (Zhang et al., 2017).

Despite extensive research on diet-induced metabolic disorders, there remains a need for integrated
studies that examine the combined effects of hyperglycemia on gut microbiota, aging, and
reproductive fitness. Many previous studies have focused on individual aspects, such as microbial
composition or metabolic outcomes, without considering their interconnected nature. The present
study addresses this gap by adopting a comprehensive approach that simultaneously evaluates
microbial diversity, physiological traits, and reproductive performance across different age stages
in Drosophila melanogaster. By analyzing both independent and interactive effects of diet and
age, the study aims to provide a deeper understanding of the mechanisms through which dietary
hyperglycemia influences host-microbe interactions.

3: Research Methodology

The study is designed to investigate how high-sugar diet-induced hyperglycemia influences gut
microbiota composition, physiological traits, and reproductive fitness across different age stages.
A controlled laboratory experimental approach was employed to ensure accuracy, reproducibility,
and validity of results.

3.2 Research Design

The study follows an experimental, comparative, and longitudinal research design. Two dietary
groups—control and high-sugar diet (HSD)—were established, and observations were recorded at
multiple time points (7, 21, and 45 days). This design allows for the analysis of:
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Independent effects: Diet and age
Interaction effects: Diet x Age
Temporal trends: Age-related changes under both dietary conditions
3.3 Study Organism
The model organism used in this study is Drosophila melanogaster, chosen for its:
Short life cycle and ease of maintenance
Well-characterized genome
Conserved metabolic and aging pathways
Simplicity of gut microbiota
Female flies were primarily used for reproductive and morphometric analyses due to their
relevance in fecundity and ovarian studies.
3.4 Experimental Groups and Diet Composition
Two experimental groups were established:
Control Group:
Diet: Standard cornmeal—yeast—agar medium
Sugar concentration: ~6% wi/v
Purpose: Baseline physiological condition
High-Sugar Diet Group (HSD):
Diet: Modified semi-defined medium
Sugar concentration: ~32% w/v (mixture of glucose and fructose)
Purpose: Induction of hyperglycemia and metabolic stress
Flies were maintained on these diets continuously throughout the experimental period.
4. Results and Data Analysis
The results provide insights into microbial, physiological, and reproductive responses under high-
sugar dietary conditions. Each table is followed by a concise, paragraph-wise discussion.
4.1 Alpha Diversity of Gut Microbiota
Table 1: Microbial Diversity Indices under Dietary Treatments

Age Diet Shannon Index | Simpson Index | Chaol Observed OTUs
(Days) (H") (D) Richness +SD

7 Control | 2.62 +0.07 0.85+0.02 42 +3 45+ 3

7 HSD 2.05+0.05 0.77 £ 0.03 3112 33+3

21 Control |2.48 +0.06 0.83£0.02 40 £ 3 42 +2

21 HSD 1.72 +0.08 0.68 £ 0.04 27+ 3 29+2

45 Control |2.19+0.09 0.79£0.03 36+2 38+3

45 HSD 1.41 +£0.07 0.58 + 0.05 22+2 25+2

The diversity indices reveal a consistent and progressive decline in microbial diversity in HSD-

fed flies compared to controls. At all time points, both Shannon and Simpson indices are lower in

HSD groups, indicating reduced microbial richness and evenness. The effect becomes more
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pronounced at later stages (45 days), suggesting that prolonged exposure to high sugar exacerbates
microbial dysbiosis. The reduction in Chaol richness and OTUs further confirms the loss of
microbial complexity. In contrast, control groups maintain relatively stable diversity with only
mild age-related decline. These findings indicate that dietary hyperglycemia is a dominant factor
driving microbial simplification and ecosystem instability.
4.2 Beta Diversity and Community Structure

Table 2: PERMANOVA Analysis of Microbial Community Variation

Source df | Sum of Squares | Mean Square | F-value | p-value
Diet 1 2.641 2.641 6.72 0.0008
Age 2 3.115 1.558 4.28 0.001
Diet x Age |2 1.892 0.946 3.45 0.018
Residual 12 | 4.712 0.392 — —

The PERMANOVA results demonstrate that both diet and age significantly influence gut
microbial community structure. The highly significant diet effect (p = 0.0008) indicates that sugar
concentration is the primary driver of variation. Age also contributes significantly, reflecting
natural temporal changes in microbial composition. The interaction term further suggests that the
effect of diet intensifies with aging, resulting in increasingly distinct microbial communities in
older HSD groups. These results highlight the dynamic interplay between environmental (dietary)
and biological (age) factors.

4.3 Taxonomic Shifts at Phylum Level

Table 3: Relative Abundance of Major Bacterial Phyla (%)

Phylum Control Control Control HSD HSD HSD
(7d) (21d) (45d) (7d) (21d) (45d)
Firmicutes 445 42.2 40.1 37.6 29.5 22.8
Proteobacteria | 29.8 32.5 34.0 39.7 45.9 51.2
Bacteroidetes | 18.3 17.1 15.9 14.9 12.8 10.2
Actinobacteria | 7.4 8.2 10.0 7.8 11.8 15.8

A clear compositional shift is observed under high-sugar conditions, with a decrease in Firmicutes
and a corresponding increase in Proteobacteria. The rise of Proteobacteria in HSD groups suggests
proliferation of opportunistic bacteria associated with dysbiosis. Actinobacteria also increase with
age in HSD groups, indicating adaptive microbial responses to altered gut conditions. In contrast,
control groups show relatively stable phylum distribution. These findings confirm that dietary
sugar induces major taxonomic restructuring.

4.4 Bacterial Load Variation

Table 4: Total Bacterial Load (CFU/ml)
Group Mean CFU/ml (£ SD)
Control 3.1 x10°+0.4
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| High-Sugar Diet [ 5.6 x 10°+0.6 |
The bacterial load is significantly higher in HSD-fed flies, indicating enhanced microbial
proliferation under hyperglycemic conditions. However, this increase likely reflects the growth of
opportunistic taxa rather than beneficial microbes. The higher standard deviation in HSD groups
suggests instability and variability in microbial populations. This pattern is indicative of dysbiotic
conditions rather than healthy microbial expansion.
4.5 Reproductive Output
Table 5: Fecundity (Eggs per Female)

Age (Days) | Control | HSD

7 72+6 60+5
15 63+5 47 + 4
30 49+ 4 31+3

Fecundity declines with age in both groups, but the reduction is significantly greater in HSD-fed
flies. The lower egg production suggests impaired ovarian function and reduced reproductive
capacity. The sharper decline in HSD groups indicates accelerated reproductive aging, likely due
to metabolic stress and microbial imbalance.
4.6 Developmental Viability

Table 6: Egg-to-Adult Survival (%)
Group Viability (%0)
Control 91+2
High-Sugar Diet | 68 +5
The survival rate is significantly reduced in HSD-fed flies, indicating that hyperglycemia
negatively affects developmental processes. The lower viability suggests impaired embryonic
development and larval growth, possibly due to metabolic stress and altered microbial interactions.
4.7 Morphometric Traits

Table 7: Thorax Length (mm)
Age | Control HSD
7 1.18+£0.04 |1.03+0.05
21 1.14+0.06 |0.98 +0.06
45 1.05+£0.07 |0.90+0.08
Thorax length decreases with age in both groups, but the reduction is more pronounced in HSD-
fed flies. This indicates impaired somatic growth under hyperglycemic conditions. The results
suggest reduced anabolic activity and nutrient assimilation efficiency.
4.8 Body Weight and Size Index

Table 8: Body Weight and BSI

Age | Diet Body Weight (mg) | BSI (mm?)
7 Control | 1.30 1.48
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7 HSD 1.36 1.02
45 Control | 1.12 1.08
45 HSD 0.92 0.72

HSD-fed flies show higher early body weight but lower BSI, indicating fat accumulation rather
than structural growth. With age, both weight and BSI decline sharply, suggesting metabolic
exhaustion. This biphasic trend reflects early overnutrition followed by physiological decline.
4.9 Reproductive Morphology

Table 9: Ovariole Number

Age | Control HSD

7 192+13 |165+14
21 171+1.2 |138+1.3
45 153+15 |11.2+16

Ovariole number declines significantly under HSD conditions, indicating impaired reproductive
development. The reduction is more severe with age, suggesting accelerated reproductive
senescence under hyperglycemia.
The results collectively demonstrate that dietary hyperglycemia significantly alters gut microbiota
composition, increases bacterial load, reduces diversity, and negatively impacts physiological and
reproductive traits in Drosophila melanogaster. The combined effects of diet and aging lead to
progressive dysbiosis, metabolic imbalance, and reduced fitness, confirming the central role of
diet in host-microbe interactions.
5. Conclusion
the present study demonstrates that dietary hyperglycemia induced by a high-sugar diet
significantly disrupts gut microbiota composition and accelerates physiological and reproductive
aging in Drosophila melanogaster. The findings reveal a marked decline in microbial diversity,
with a shift from beneficial commensal bacteria to opportunistic taxa, indicating pronounced
dysbiosis under hyperglycemic conditions. This microbial imbalance is closely associated with
impaired metabolic regulation, reduced somatic growth, and a substantial decline in reproductive
fitness, including decreased fecundity, ovariole number, and offspring viability. Furthermore, the
interaction between diet and age intensifies these effects, leading to accelerated deterioration of
both microbial stability and host physiology over time. The study highlights the critical role of diet
as a primary environmental driver influencing host-microbe interactions and underscores the
importance of maintaining microbial homeostasis for optimal metabolic and reproductive health.
Overall, the results provide strong evidence that excessive sugar intake has detrimental long-term
consequences on biological systems, emphasizing the need for balanced nutrition to preserve
health and longevity.
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