
  

 

Exp Biomed Res 2026; 9(3): 145-153                               https://doi.org/ 10.30714/j-ebr.2026.275 
                                          

 

 

Hyperbaric oxygen attenuates fructose-induced tachycardia and electrical remodeling 

in a rat model  

Mehmet Akif Baktir1,     Mustafa Ermiş2,     Sinem Onem1,      Sevdenur Akcay3,     Güven Akcay*4 

1Department of Physiology, Faculty of Medicine, Erciyes University, Kayseri, Türkiye 
2Erciyes University Experimental Research Application and Research Center, Erciyes University, Kayseri, Türkiye 
3Department of Physiology, Faculty of Medicine, Bolu Abant Izzet Baysal University, Bolu, Türkiye 
4Department of Biophysics, Faculty of Medicine, Bolu Abant Izzet Baysal University, Bolu, Türkiye 

 

A BST R AC T   

 

Aim: To investigate the arrhythmogenic potential of a high-fructose diet (HFD) in a rat model and evaluated 

the capacity of adjunctive hyperbaric oxygen (HBO) therapy to mitigate resulting cardiac electrophysiological 

disturbances. 

Methods: Thirty-two adult male Wistar rats were randomly allocated into four groups (n=8 each): Control, 

high-fructose diet (HFD), hyperbaric oxygen (HBO), and HFD+HBO. The HFD groups received a 60 kcal% 

fructose-enriched diet for 10 weeks. HBO was administered during the final two weeks (weeks 9–10) at 2.4 

atmospheres absolute (ATA) with 100% oxygen for 60 minutes daily. At the end of the experimental period, 

standard limb-lead electrocardiograms (ECGs) were recorded under light anesthesia. Heart rate, RR interval, 

PR interval, QRS duration, QT interval, QTc, and QRS complex frequency were analyzed. Data were evaluated 

using one-way ANOVA followed by Fisher’s LSD post hoc test, with p<0.05 considered statistically 

significant. 

Results: The HFD group developed significant tachycardia, evidenced by a reduced RR interval and an 

increased QRS complex count compared to controls (p<0.05). Furthermore, the HFD group exhibited a 

shortened PR interval, indicating accelerated atrioventricular conduction (p<0.05). HBO administration 

significantly attenuated the HFD-induced tachycardia, normalizing both RR interval and QRS count (p<0.05 

vs. HFD group). However, HBO did not fully reverse the shortened PR interval. No significant differences 

were observed in QRS duration, QT interval, or P-wave duration among the groups. 

Conclusion: Hyperbaric oxygen effectively ameliorates the diet-induced tachycardia, supporting its potential 

role as a therapeutic intervention to stabilize cardiac electrical activity in the context of metabolic stress. These 

findings highlight a direct link between dietary fructose excess and pro-arrhythmic cardiac remodeling, while 

proposing HBO as a novel protective strategy. 
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Fructose is a naturally occurring 

monosaccharide that has become a ubiquitous 

component of the modern diet. Its widespread 

use as an inexpensive sweetener, particularly in 

the form of high-fructose corn syrup, has 
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contributed significantly to this trend. While 

moderate consumption is innocuous, excessive 

fructose intake has been increasingly linked to 

the development of a cluster of metabolic 

disturbances, collectively contributing to a 

heightened risk of cardiovascular disease [1]. 

Unlike glucose, fructose undergoes insulin-

independent hepatic metabolism, a unique 

biochemical pathway that promotes de 

novo lipogenesis, disrupts energy homeostasis, 

and fosters the development of insulin 

resistance, dyslipidemia, and hypertension [2]. 

These metabolic alterations constitute a 

primary pathway through which high dietary 

fructose undermines cardiovascular health. 

The detrimental impact of fructose on the 

cardiovascular system extends beyond 

metabolic derangements to direct structural and 

functional injury. Excessive fructose 

consumption elevates serum triglycerides and 

promotes the formation of atherogenic 

lipoproteins, thereby accelerating the 

pathogenesis of atherosclerosis [3]. At the 

vascular level, fructose induces endothelial 

dysfunction by reducing nitric oxide 

bioavailability, promoting oxidative stress, and 

triggering a pro-inflammatory state, which 

collectively impair vasodilation and vascular 

repair mechanisms[4]. Cardiac tissue is also a 

direct target, with studies linking high fructose 

intake to left ventricular hypertrophy, 

myocardial fibrosis, and compromised 

contractile function [5, 6]. A key mediator of 

this cardiac injury is the increased generation of 

reactive oxygen species during fructose 

metabolism, which leads to lipid peroxidation, 

mitochondrial dysfunction, and cardiomyocyte 

apoptosis [7]. 

Hyperbaric oxygen (HBO) therapy is a well-

established medical intervention that involves 

the inhalation of 100% oxygen at pressures 

greater than one atmosphere absolute (ATA). 

By dramatically increasing the partial pressure 

of oxygen in plasma and tissues, HBO enhances 

oxygen delivery to hypoxic areas, modulates 

inflammatory cascades, and stimulates 

antioxidant defense systems [8, 9]. These 

mechanisms underpin its efficacy in conditions 

ranging from diabetic wounds to carbon 

monoxide poisoning.  

Critically, the therapeutic potential of HBO 

extends to cardiovascular pathology. It has been 

shown to improve endothelial function, reduce 

infarct size in models of myocardial ischemia, 

and promote angiogenic and stem cell 

mobilization pathways relevant to cardiac 

repair [10, 11]. Given its capacity to counteract 

oxidative stress and inflammation—central 

processes in fructose-induced cardiometabolic 

disease—HBO emerges as a plausible 

therapeutic strategy to mitigate this dietary 

injury. 

Experimental rodent models, particularly 

those employing a high-fructose diet (HFD), 

have been instrumental in elucidating the 

pathophysiology of fructose-induced 

cardiometabolic syndrome. Fructose-fed rats 

reliably develop hallmark features such as 

hypertriglyceridemia, insulin resistance, 

hypertension, and early signs of cardiac 

dysfunction, providing a validated platform for 

intervention studies [2]. Electrocardiography 

(ECG) serves as a sensitive, non-invasive tool 

to detect subclinical cardiac electrical 

remodeling in these models. Alterations in 

parameters such as heart rate, QT interval, and 

T-wave morphology can signal autonomic 

imbalance, ischemia, or electrolyte 

disturbances before overt structural damage 

occurs [11]. Notably, fructose feeding has been 

associated with ECG abnormalities indicative 

of increased arrhythmic risk, including QT 

prolongation and heart rate variability changes, 

though the underlying neuro-cardiac 
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mechanisms remain an active area of 

investigation [12]. 

This study was designed to investigate two 

primary hypotheses: first, that a high-fructose 

diet induces measurable electrophysiological 

disturbances in the rat heart, detectable by 

surface ECG; and second, that adjunctive 

hyperbaric oxygen can attenuate these fructose-

induced cardiac electrical alterations. By 

systematically evaluating ECG parameters in 

control, HFD-fed, and HBO-treated rats, we 

aimed to delineate the specific 

electrophysiological consequences of dietary 

fructose excess and to evaluate the potential of 

HBO as a novel cardioprotective intervention in 

this context. 

 

 

2.1 Animals and Ethical Approval: Thirty-

two adult male Wistar albino rats (250–300 g) 

were obtained from the Experimental Research 

and Application Center (DEKAM) at Erciyes 

University. Animals were housed under 

standard laboratory conditions (24 ± 1°C, 12-h 

light/dark cycle) with free access to food and 

water throughout the study. All experimental 

procedures were approved by the Erciyes 

University Animal Ethics Committee (approval 

no: 25/014) and conducted in accordance with 

institutional and national guidelines for animal 

research. 

2.2 Study Design and Dietary Intervention: 

Following a one-week acclimatization period, 

rats were randomly assigned to four 

experimental groups (n=8 per group): 

• Control Group: Received standard 

rodent chow for 10 weeks. 

• High-Fructose Diet (HFD) 

Group: Received a fructose-enriched 

diet (Cat. No. ARD-60kcal.F) for 10 

weeks to induce metabolic and 

cardiovascular alterations [13, 14]. 

• Hyperbaric Oxygen (HBO) 

Group: Received standard chow for 10 

weeks and underwent daily HBO during 

the final two weeks (weeks 9 and 10). 

• HFD+HBO Group: Received the 

fructose-enriched diet for 10 weeks and 

underwent daily HBO during weeks 9 

and 10. 

2.3 High-Fructose Diet Composition: High 

fructose diet (60 kcal% fructose; Cat. No. 

ARD-60kcal.F; Arden Feed Industry, Ankara, 

Türkiye) was used in the HFD and HFD+HBO 

groups [15]. The nutritional composition is 

detailed in Table 1. 

 

 

 

 

 

 

 

 

 

 

2.4 Hyperbaric Oxygen Protocol: HBO was 

administered in a custom-designed hyperbaric 

chamber. Animals were exposed to 100% 

oxygen at 2.4 atmospheres absolute (ATA) for 

60 minutes per day, 7 days a week, over two 

consecutive weeks [9, 16]. Compression and 

decompression rates were carefully controlled 

(0.1 ATA/min) to minimize barotrauma risk. 

Control and HFD-only animals were placed in 

the same chamber under normobaric conditions 

for an equivalent duration to control for 

handling stress. 

2.5 Electrocardiographic Recordings: At 

the end of the 10-week experimental period, 

electrocardiograms (ECGs) were recorded from 

all animals under light anesthesia induced by 

intraperitoneal administration of ketamine 

hydrochloride (100 mg/kg) and xylazine (10 

2.  Materials and methods 

Table 1. Composition of the prepared high-

fructose diet 

D02022704 Feed content % 

Protein 20 

Starch 8.9 

Sucrose 1 

Fructose 60.1 

Oil 10 

Total 100 
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mg/kg). The depth of anesthesia was monitored 

and recording procedures were initiated only 

after confirming that the animals were non-

responsive to painful stimuli via the toe-pinch 

test. To ensure physiological stability and 

prevent hypothermia-induced changes in 

cardiac conduction, all recordings were 

performed in a temperature-controlled 

environment (24 ± 1°C). Furthermore, ECG 

acquisitions were completed rapidly (within 5 

minutes) while the animals were kept on a pre-

warmed surface, ensuring that body 

temperature remained within a stable 

physiological range during the procedure. 

Subcutaneous needle electrodes were placed in 

a standard limb lead II configuration. Bio-

signals were acquired for 5 minutes using a 

PowerLab 7 system (ADInstruments, Bella 

Vista, NSW, Australia) and analyzed offline 

with LabChart software (v8.0). The following 

parameters were meticulously measured and 

averaged: heart rate (bpm), RR interval (ms), 

PR interval (ms), QRS duration (ms), QT 

interval (ms), corrected QT (QTc), ST segment 

morphology, and the number of QRS 

complexes per minute 

2.6 Statistical Analysis: Data is presented as 

mean ± standard error of the mean (SEM). 

Comparisons among groups were performed 

using one-way analysis of variance (ANOVA) 

followed by Fisher’s Least Significant 

Difference (LSD) post hoc test for multiple 

comparisons in SPSS software (version 16.0). 

A p-value of less than 0.05 was considered 

statistically significant. 

 

 

Electrocardiographic analysis revealed that a 

high-fructose diet (HFD) induced significant 

alterations in cardiac electrical activity, with 

hyperbaric oxygen demonstrating a selective 

corrective effect. 

3.1 Heart Rate and Rhythm: Rats fed a HFD 

exhibited a pronounced tachycardic response. 

Heart rate was significantly elevated in the 

HFD group compared to the control (Figure 

1A). This was directly evidenced by a 

statistically significant shortening of the RR 

interval (Figure 1B) and a significant increase 

in the number of QRS complexes per minute 

(Figure 1C) in HFD-fed animals. HBO 

administration effectively attenuated this diet-

induced tachycardia. In both the HBO-alone 

(HBO) and HFD+HBO groups, heart rate, RR 

interval, and QRS count showed significant 

improvement compared to the HFD group, 

indicating a partial normalization of cardiac 

rhythm. 

3.2 Atrioventricular Conduction: The HFD 

also accelerated atrioventricular conduction, as 

demonstrated by a significant shortening of the 

PR interval compared to the control group 

(Figure 1D). While HBO treatment alone 

resulted in a modest increase in PR duration 

relative to the HFD group, PR intervals in both 

HBO-treated groups remained significantly 

shorter than those in the control group. This 

indicates that HBO did not fully reverse the 

HFD-induced acceleration of AV conduction. 

3.3 Unaffected Electrocardiographic 

Parameters: In contrast to the clear effects on 

rhythm and AV conduction, several other ECG 

parameters remained unchanged. No significant 

differences were observed among the groups in 

QRS duration, QT interval, P wave duration, or 

TP interval (all p> 0.05), indicating that 

ventricular depolarization and repolarization, as 

well as atrial depolarization time, were 

preserved under the experimental conditions. 

The primary electrophysiological disturbances 

induced by a high-fructose diet were: 

1. Tachycardia, evidenced by increased 

heart rate, shortened RR interval, and 

elevated QRS complex count. 

3. Results 
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2. Accelerated atrioventricular 

conduction, reflected in a shortened PR 

interval. 

The principal therapeutic effect of hyperbaric 

oxygen was the significant attenuation of the 

fructose-induced tachycardia. However, HBO 

did not fully normalize the altered AV 

conduction. Parameters related to ventricular 

and atrial depolarization and repolarization 

were not significantly affected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The present study provides clear 

electrophysiological evidence that a high-

fructose diet (HFD) induces early and 

measurable disturbances in cardiac electrical 

activity, primarily characterized by tachycardia 

and accelerated atrioventricular conduction. 

Importantly, these alterations were observed 

prior    to    the  development  of overt structural 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

 

Figure 1. Effects of high-fructose diet (HFD) and hyperbaric oxygen (HBO) on cardiac electrophysiological 

parameters. The study utilized a 2x2 factorial design to evaluate the interactions between dietary intervention 

and oxygen therapy. The four experimental groups are defined as: Control (standard diet, no HBO), HFD (60 

kcal% fructose-enriched diet), HBO (standard diet with hyperbaric oxygen therapy), and HFD+HBO (high-

fructose diet with adjunctive hyperbaric oxygen therapy). Each panel displays data for a specific parameter: 

(A) Heart rate (measured in beats per minute, bpm), (B) RR interval (milliseconds, ms), (C) Number of QRS 

complexes per minute, and (D) PR interval (milliseconds, ms). Data are presented as mean ± SEM with 

individual data points overlaid (n=8 per group). Statistical significance was determined by one-way ANOVA 

followed by Fisher’s LSD post-hoc test. *p < 0.05 vs. Control group; #p < 0.05 vs. HFD group. 
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heart disease, highlighting the potential for 

dietary factors to disrupt cardiac rhythm even in 

the absence of advanced cardiomyopathy. The 

findings further suggest that hyperbaric oxygen 

(HBO) holds therapeutic potential in mitigating 

these fructose-induced electrophysiological 

disturbances, specifically by attenuating the 

associated tachycardia. 

The observed shortening of the RR interval 

and the significant increase in QRS complexes 

per minute in HFD-fed rats strongly indicate a 

state of sustained tachycardia. This is likely a 

direct consequence of fructose-induced 

autonomic imbalance. Excessive fructose 

consumption promotes insulin resistance, 

hyperinsulinemia, and oxidative stress, all of 

which are known to increase sympathetic 

nervous system activity and suppress 

parasympathetic tone. This shift in autonomic 

balance towards sympathetic predominance is a 

well-established mechanism for increased heart 

rate and reduced heart rate variability, forming 

a plausible explanation for our core findings. 

These observations are consistent with previous 

studies demonstrating that high-fructose 

feeding alters chronotropic parameters in 

rodent models [14, 17].  

Concurrently, the shortening of the PR 

interval suggests accelerated conduction 

through the atrioventricular (AV) node. This 

electrophysiological remodeling may result 

from the same metabolic stressors—heightened 

sympathetic tone and local oxidative stress—

directly affecting the ionic currents and cellular 

properties of the AV nodal tissue. Such 

accelerated conduction can create an 

electrophysiological substrate that predisposes 

to supraventricular arrhythmias, offering a 

potential link between high sugar intake and 

increased arrhythmic risk in clinical 

populations [18, 19]. Previous investigations 

have similarly reported PR interval alterations 

in models of metabolic dysfunction [20]. The 

observed electrophysiological alterations, 

particularly tachycardia and accelerated AV 

conduction, likely stem from a complex 

interplay of molecular mechanisms induced by 

excessive fructose consumption [21]. Oxidative 

stress plays a central role; fructose-induced 

reactive oxygen species (ROS) can modulate 

cardiac ion channel function, potentially 

altering the kinetics of sodium (Na+) and 

potassium (K+) channels, which leads to 

increased excitability [21, 22]. Furthermore, 

high fructose intake is closely associated with 

autonomic nervous system imbalance, 

characterized by chronic sympathetic 

overactivity. This sympathetic surge increases 

the firing rate of the sinoatrial node and 

accelerates conduction through the 

atrioventricular node, directly explaining the 

reduced RR and PR intervals observed in our 

HFD group. At the cellular level, mitochondrial 

dysfunction and subsequent ATP depletion may 

further impair the energy-dependent ion pumps, 

such as Na+/K+-ATPase, leading to alterations 

in calcium (Ca2+) homeostasis. Disrupted 

calcium handling not only promotes triggered 

activity but also shortens action potential 

duration, creating a pro-arrhythmic substrate. 

By mitigating oxidative stress and potentially 

stabilizing mitochondrial membrane potential, 

HBO therapy likely interrupts this cascade, 

thereby attenuating the HFD-induced electrical 

remodeling. 

A key and promising finding of this study is 

the demonstrable effect of HBO in 

counteracting the fructose-induced tachycardia. 

The partial normalization of the RR interval in 

both HBO-treated groups points to a stabilizing 

effect on cardiac autonomic function. The 

primary mechanisms of HBO—enhanced tissue 

oxygenation, potent reduction of oxidative 

stress, and modulation of inflammatory 
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pathways—likely contribute to this effect by 

ameliorating the metabolic disturbances that 

drive autonomic dysfunction [8, 9, 13]. By 

reducing systemic oxidative stress and 

inflammation, HBO may facilitate the 

restoration of a more balanced autonomic tone, 

thereby lowering the heart rate. 

However, it is notable that HBO did not fully 

reverse the shortening of the PR interval, 

particularly in the cohort receiving both HFD 

and HBO. This indicates a differential 

sensitivity of various cardiac electrical 

properties to therapeutic intervention. While 

autonomic-driven heart rate changes may be 

more readily modulated, direct 

electrophysiological remodeling of the AV 

node might require longer treatment durations 

or may be less susceptible to reversal through 

the mechanisms activated by HBO in this 

protocol. 

The absence of significant changes in QRS 

duration and QT interval in our study suggests 

that ventricular depolarization and 

repolarization were preserved under these 

experimental conditions. This finding contrasts 

with report of QT prolongation in diabetic 

models [23] and may indicate that the 10-week 

HFD regimen in otherwise healthy rats induces 

primarily autonomic and conduction 

abnormalities rather than widespread 

ventricular repolarization disturbances. The 

non-significant trend toward TP interval 

reduction observed in HFD-fed animals may 

reflect early alterations in cardiac cycle timing 

that precede more pronounced changes [24]. 

From a translational perspective, these 

findings underscore that adverse dietary 

patterns can compromise cardiac electrical 

stability at an early, potentially reversible stage. 

The early appearance of tachycardia and 

conduction changes provides a plausible 

electrophysiological basis for the elevated risk 

of arrhythmias observed in individuals with 

metabolic syndrome and high dietary sugar 

intake. The positive modulation of these 

parameters by HBO introduces it as a novel 

non-pharmacological candidate for 

cardioprotection in metabolically at-risk 

individuals, targeting the autonomic 

dysfunction that often precedes more severe 

cardiac complications. 

4.1 Limitations of the Study: Despite the 

significant findings, this study has several 

limitations that should be acknowledged. First, 

we used a rodent model, which, while valuable 

for controlled experimental studies, limits the 

direct translation of our findings to human 

clinical physiology. Second, our assessment of 

cardiac electrical activity was based on surface 

ECG parameters. While these provide essential 

global electrophysiological data, they were not 

supplemented by invasive electrophysiological 

studies or cellular action potential recordings. 

Finally, although we discussed potential 

pathways such as oxidative stress and ion 

channel alterations, we did not directly measure 

these mechanistic markers or protein 

expression levels. Future studies incorporating 

molecular analyses and intracellular recordings 

are needed to further elucidate the precise 

pathways through which HBO mitigates 

fructose-induced remodeling. 

4.2 Conclusion: In conclusion, this study 

demonstrates that a high-fructose diet 

precipitates significant electrophysiological 

alterations in the rat heart, manifesting 

primarily as autonomic-mediated tachycardia 

and accelerated AV conduction. Hyperbaric 

oxygen effectively attenuates the tachycardic 

response, supporting its potential role in 

stabilizing cardiac electrical function in the 

context of diet-induced metabolic stress. These 

results reinforce the critical link between 

nutrition and cardiac electrophysiology while 
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positioning HBO as a promising therapeutic 

intervention worthy of further clinical 

investigation in the prevention of dietary 

metabolic cardiomyopathy. 
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