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Abstract: Despite advancements in the treatment of heart failure (HF) and modest improvements in survival rates over the past few
decades, mortality rate remains significantly high. HF not only imposes a significant economic burden on patients’ families but also
presents a substantial challenge to society at large. Therefore, effective treatment and prevention strategies are crucial. Numerous
studies have demonstrated that histamine H2 receptor antagonists (H2RAs) can benefit patients with HF through various mechanisms.
These mechanisms encompass promoting sodium and water excretion, vasodilation, enhancing cardiac output, reducing levels of
inflammatory cytokines, improving ventricular remodeling, and reducing mortality rate. Additionally, H2RAs exert beneficial effects
on typical risk factors and may prevent the onset of HF. This review aims to elucidate the mechanisms underlying the treatment and
prevention of HF using H2RAs. For patients requiring either prevention or management of HF, and who concurrently have acid-related
diseases, H2RAs may represent a suitable therapeutic option.
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Introduction

Heart failure (HF) is a syndrome characterized by symptoms such as dyspnea, ankle swelling, and fatigue, accompanied by
signs including elevated jugular venous pressure, pulmonary crackles, and peripheral edema. It arises due to structural or
functional abnormalities of the heart that can result in increased intracardiac pressure or reduced cardiac output at rest or
during stress." Chronic HF affects approximately 2% of adults globally. HF prevalence varies with age, being less than 2% in
individuals under 60 and exceeding 10% in those aged 75 and older. Despite advancements in the treatment of HF, the
mortality rate remains significantly high. The mortality rate for patients with stable HF is approximately 6%—7% per year. In
contrast, the mortality rate for hospitalized patients experiencing acute HF can reach 25% or higher annually. The high
incidence of HF, coupled with poor clinical outcomes and significant healthcare costs, underscores that this condition remains
a critical public health concern.” There are numerous factors involved in the occurrence and progression of HF. Currently, the
widely recognized mechanisms encompass neuroendocrine mechanisms, ventricular remodeling, and others. In recent years,
the notion that neuroinflammation (ie, neuroimmune cross-talk) could serve as a key driver of disease progression has
garnered significant attention and research.’ The core of HF treatment is to intervene in its pathophysiological mechanism,
with the aim of preventing the onset of HF, effectively alleviating symptoms and prolonging patient survival. Recent advances
in the treatment of HF include angiotensin receptor-neprilysin inhibitors, cardiac resynchronization therapy, and sodium-
glucose cotransporter 2 inhibitors, as well as implantable hemodynamic monitors and left atrial decompression devices.
Furthermore, these non-pharmacological approaches, such as dietary interventions, exercise programs, management of sleep-
disordered breathing, treatment of mood disorders, and medication use management, are receiving increasing attention.*
Beta blockers are regarded as the cornerstone of treatment for this condition.® However, caution should be exercised when
administering beta blockers to patients with severe asthma, acute exacerbations of chronic obstructive pulmonary disease,
atrioventricular block, and other related conditions, as their use may even be contraindicated in these situations.’
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Figure | Mechanisms of H2RAs in the treatment and prevention of HF.

Histamine H2 receptor antagonists (H2RAs) competitively inhibit H2 receptors, resulting in a significant reduction in
gastric acid secretion. These agents are primarily utilized in the management of gastric acid-related disorders, such as
gastric ulcers and reflux esophagitis.® Recent studies have demonstrated that H2RAs alleviate symptoms and extend
survival in patients with HF. This is achieved through multiple mechanisms, including the promotion of sodium and
water excretion, vasodilation, increased cardiac output, reduction of inflammatory cytokine levels, improvement in
ventricular remodeling, and reducing mortality rate. Furthermore, H2RAs may exert beneficial effects on risk factors
associated with HF, thereby contributing to its prevention. The mechanisms of H2RAs in the treatment and prevention of
HF are illustrated in Figure 1. Therefore, for patients who require both the prevention or treatment of HF and have acid-

related diseases, H2 receptor antagonists (H2RAs) may represent a suitable therapeutic option.

Promotion of Sodium and Water Excretion

HF is an edematous condition characterized by abnormal hemodynamics and impaired renal excretion, leading to the retention
of salt and water. The most prevalent symptom in patients with HF is dyspnea, which arises from the impaired cardiac pump
function. This cardiac dysfunction results in retrograde blood flow into the lungs, causing pulmonary congestion.
Concurrently, due to the decreased cardiac pumping capacity, fluid accumulation in body tissues manifests as peripheral
edema. The alleviation of HF symptoms is predominantly accomplished through diuresis, which helps achieve and maintain
optimal blood volume in patients experiencing volume overload.' Atrial natriuretic peptide (ANP) possesses the ability to
enhance glomerular filtration rate, facilitate sodium and water excretion, leading to reducing blood volume and lowering blood
pressure.” Patients with HF usually exhibit significant deficiencies in ANP levels along with a decreased renal response to
ANP, which can result in sodium and water retention.'® Cardiac histamine primarily originates from cardiac mast cells."!
Histamine attenuates the release of ANP through the H2 receptor-cAMP signaling via PKA-dependent and PKA-independent
pathways. Histamine binding to histamine H2 receptors, rather than histamine H1 receptors, leads to a decrease in the release
of ANP.'? H2R As selectively inhibit the interaction of histamine with the H2 receptors on cardiomyocytes, thereby enhancing
ANP secretion from these cells. This mechanism subsequently promotes the excretion of sodium and water."?
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Vasodilation and Increased Cardiac Output

HF is characterized by hemodynamic disturbances, encompassing peripheral vascular constriction and a reduction in
cardiac output." ANP promotes vasodilation by activating natriuretic peptide receptor 1 on vascular smooth muscle
cells.'* Sugiyama et al conducted experiments on rats and discovered that lafutidine enhanced neuro-mediated vasodila-
tion through modulating the function of capsaicin-sensitive calcitonin gene-related peptide neuropeptide-1 receptors.'?
H2RAs have the potential to enhance coronary vasodilation, augment myocardial contractility, and improve cardiac
pumping fraction through the stimulation of ANP release.’

Reducing Inflammatory Cytokine Levels

HF is closely associated with inflammatory syndromes. Elevated levels of local and circulating inflammatory cytokines
lead to tissue edema and increased vascular permeability, while a persistent inflammatory state may result in myocardial
cell injury and structural remodeling of the heart, further exacerbating HF.'®!” Roxatidine has been shown to inhibit the
production of prostaglandin E(2), nitric oxide, and histamine in a dose-dependent manner. Additionally, it downregulates
the expression of cyclooxygenase-2, inducible nitric oxide synthase, as well as histidine decarboxylase at both protein
and mRNA levels. Furthermore, roxatidine reduces the production and expression of vascular endothelial growth factor
along with pro-inflammatory cytokines such as tumor necrosis factor-a, interleukin-1p, and interleukin-6. Electrophoretic
migration analysis combined with reporter gene assays demonstrated that roxatidine diminishes DNA binding activity
and transcriptional activity of nuclear factor kB induced by lipopolysaccharide.'® Famotidine and lafutidine have also
been shown to significantly decrease the levels of circulating inflammatory mediators. The anti-inflammatory effects of
these drugs do not rely on mast cells, rather, they inhibit inflammation through a7 nicotinic acetylcholine receptor
signaling - a mechanism integrated within brain-vagal pathways. While roxatidine, famotidine, and lafutidine all exhibit
reductions in circulating levels of inflammatory cytokines, cimetidine and ranitidine do not demonstrate anti-

inflammatory properties, even at high concentrations.'*-*

Alleviating Ventricular Remodeling

Cardiomyocyte injury, whether occurring directly or via neurohormonal activation, precipitates eccentric hypertrophy in the
surviving cardiomyocytes, fibrosis, progressive dilation of the left ventricle, a transformation in shape from oval to spherical,
and often functional mitral regurgitation. These alterations, collectively referred to as left ventricular remodeling, result in
increased myocardial oxygen consumption and diminished efficiency of myocardial contraction.”' In HF scenarios, histamine
2 receptors negatively influence cardiac remodeling by acting on cardiomyocytes, fibroblasts, and even endothelial cells.*
The hypertrophy observed in cardiomyocytes cultured with histamine and histamine 2 receptor agonists substantiates the role
of histamine in cardiac remodeling. Concurrently, it has been demonstrated that famotidine can facilitate recovery from left
ventricular hypertrophy and ameliorate ventricular remodeling.® One potential mechanism underlying this effect may be
associated with elevated levels of ANP. ANP plays several critical roles within the cardiovascular system; it limits
cardiomyocyte hypertrophy and apoptosis while reducing cardiac fibrosis and promoting vascular integrity.® Cardiac stem
cells are vital for maintaining cardiac homeostasis; however, their efficacy is compromised across various heart diseases.
Preserving a healthy population of stem cells is essential for preventing adverse heart remodeling. Saheera S et al confirmed
through animal experiments that famotidine enhanced both migration and proliferation potential of cardiac stem cells in
spontaneously hypertensive rats while preserving stem cell viability. H2RAs restore the functionality of cardiac stem cells by

mitigating oxidative stress and thus play a protective role for the myocardium.***’

Reducing Mortality Rate

The use of H2RAs has been shown to reduce mortality in patients with HF. Zhang XS et al utilized the Critical Care
Medicine Information Market III database to investigate the association and differences between H2RAs and beta
blockers in terms of their impact on mortality in critically ill patients with HF. The findings indicated that H2RAs
exhibited a comparable reduction in all-cause mortality as beta blockers, with both classes of drugs possessing similar
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pharmacological mechanisms. Furthermore, it was observed that H2RAs and beta blockers may exhibit additive or
synergistic effects, thereby enhancing survival rates among critically ill patients with HF.'*-*®

Beneficial Effects on Typical Risk Factors for HF and Prevention of HF

In the context of HF, prioritizing its prevention should be a primary objective within the healthcare system. The risk factors
associated with HF are well-documented, with common contributors including hypertension, ischemic heart disease, and diabetes
mellitus.”” Given that HF serves as a pivotal endpoint for virtually all cardiovascular diseases, effective prevention strategies
must focus on addressing and managing modifiable risk factors such as high blood pressure and coronary artery disease.”’

Previous studies have demonstrated that H2RAs exhibit a significant capacity to decrease mean arterial pressure and
systemic vascular resistance in critically ill patients. Furthermore, an analysis leveraging the Critical Care Medicine
Information Marketplace III database revealed that H2RAs are associated with a reduction in mortality rates among
critically ill hypertensive patients. This correlation is particularly pronounced in individuals aged over 60 years with
essential hypertension, a body mass index of 25 kg/m? and comorbidities such as coronary atherosclerosis, stroke, and
acute renal failure.'® The underlying mechanism for this effect may be attributed to the ability of H2RAs to promote the
release of ANP from cardiomyocytes. This process activates ANP receptors located on vascular smooth muscle cells,
leading to vasodilation and subsequent reductions in blood pressure.’

Recently, studies have demonstrated that acute stress can trigger the activation of myocardial mast cells, leading to the
release of histamine. Furthermore, histamine derived from cardiac mast cells has been shown to induce constriction of
coronary arteries.'? Notably, histamine interacts with the H2 receptor rather than the HI receptor, resulting in a decrease
in ANP release. This phenomenon is closely associated with the pathophysiology of cardiac disease linked to activated
cardiac mast cells. In this pathological state characterized by mast cell activation and elevated histamine levels, the
reduction in ANP release induced by histamine may exacerbate coronary artery dysfunction. Consequently, following
administration of H2RAs, increased levels of ANP can lead to dilation of coronary vessels, enhancement of myocardial
contractility, and improvement in overall cardiac pumping function.*

In a multicenter prospective observational cohort study involving 6378 patients without cardiovascular disease, users
of H2RAs exhibited a 62% reduction in the incidence of HF compared to non-users. Over time, morphological changes
in the left heart were less pronounced among H2RAs users than their counterparts, indicating that histamine signaling
may play a significant role in the pathogenesis of HF and confirming that H2RAs can inhibit or reverse ventricular
remodeling.”® Leary PJ et al conducted an investigation involving 4,122 participants with atherosclerosis but without
clinical cardiovascular disease. Their findings revealed that H2RAs usage was associated with reduced right ventricular
mass and smaller right ventricular end-diastolic volume. This suggests that H2RAs may have direct clinical implications
for cardiopulmonary diseases.”” In another article, they reported that the rs2241562 minor allele in the H2 histamine
receptor gene was exclusively found in Chinese participants and was associated with an elevated risk of HF. Conversely,
no associations were observed between H2 histamine receptor single nucleotide polymorphisms and HF in black,
Hispanic, or white participants.®® In summary, H2RAs contribute to the management of vascular and coronary artery
dysfunction while inhibiting ventricular remodeling, thereby helping to prevent HF.

Other Considerations to Note

Different H2RAs exhibit varying degrees of efficacy on H2 receptors. Famotidine is recognized as the most potent,
followed by roxatidine and ranitidine, which shares an equal potency with nizatidine. Cimetidine ranks last in this
hierarchy. Notably, famotidine demonstrates approximately eight times greater potency than ranitidine and forty times
greater potency than cimetidine.”” However, some studies suggest that ranitidine may be superior to famotidine in
reducing mortality rates among critically ill patients suffering from HE.'” Most of these antagonists are inverse agonists
with half-lives of 2 to 4 hours. Exposure can cause an increase in H2 receptor density, which is influenced by both the
duration of exposure and the administered dose. This upregulation of H2 receptor density leads to elevated basal, ligand-
independent activity, ultimately leading to drug tolerance and the manifestation of symptoms associated with histamine
overdose or heightened histamine sensitivity.' Therefore, when using these drugs over a long period or in large doses,
attention should be paid to potential adverse reactions, especially upon discontinuation of the drug.
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H2RAs have been shown to effectively prevent gastric and duodenal ulcers, as well as erosive esophagitis, in patients
undergoing low-dose aspirin therapy.>? For patients with no history of upper gastrointestinal bleeding events, H2RAs
may serve as an effective and safe alternative to proton pump inhibitors during dual antiplatelet therapy,® without

compromising the antiplatelet aggregation effect of clopidogrel.>

However, for patients at risk of gastrointestinal
bleeding, proton pump inhibitors are considered superior to H2RAs.**

It is also crucial to consider potential interactions between H2RAs and other concurrently administered medications.
For instance, H2RAs can bind with captopril, resulting in the formation of charge-transfer complexes that diminish the
bioavailability of captopril.*>

In addition, famotidine has the potential to prolong the QT interval, thereby increasing the risk of arrhythmias,
particularly in patients with electrolyte imbalances such as hypomagnesemia and hypocalcemia. Consequently, it may be

necessary to monitor both electrocardiographic and electrolyte levels during H2RAs therapy.>®

Conclusion

H2RAs exhibit therapeutic effects on HF by promoting sodium and water excretion, vasodilation, increasing cardiac
output, reducing inflammatory cytokine levels, alleviating ventricular remodeling, and reducing mortality rate.
Furthermore, H2RAs may also play a beneficial role in addressing HF-related risk factors, thereby contributing to the
prevention of HF. Additional research with larger sample sizes and rigorous methodologies is required to further validate
these observations. It is crucial to consider the specific circumstances of the patient, including their medication regimen,
complications, and comorbidities, when determining the appropriate use of H2RAs.
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HF, heart failure; H2RAs, histamine H2 receptor antagonists; ANP, atrial natriuretic peptide.
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