REVIEW

Bagcilar Med Bull
DOI: 10.4274/BMB.galenos.2024.2024-03-028

Hemodilution and Role of Aquaporins

Hemodiliisyon ve Aquaporinlerin Rolii
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This article focuses on the nuanced interplay between hemodilution and
aquaporin, elucidating their collective role in preserving fluid homeostasis
within the human body. Hemodilution, which is characterized by a
reduction in blood component concentration owing to increased plasma
volume, commonly occurs during intravenous fluid administration.
Aquaporins, integral transmembrane proteins, facilitate water movement
across cell membranes. Hemodilution alters osmotic pressure,
influencing fluid balance in tissues. Aquaporins, acting as selective
water channels, respond dynamically to these changes to ensure precise
cellular hydration. This integrated system prevents cellular dehydration
and overhydration in the presence of shifting blood volume.

Understanding this relationship is clinically significant, especially in
fluid-intensive interventions. Healthcare practitioners must consider the
potential effects on cellular hydration and osmoregulation, particularly
in patients with underlying conditions affecting water homeostasis.
Recognizing the intricate connection between hemodilution and
aquaporin provides a foundation for optimizing fluid balance in clinical
practice. Further exploration of this nexus could lead to the refinement
of therapeutic approaches aimed at maintaining cellular integrity and
function.
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Bumakale, hemodilisyon ve akuaporinler arasindaki etkilesimiinceleyerek
bunlarin insan vicudundaki sivi  homeostazisinin  korunmasindaki
kolektif rollinli agiklamaktadir. Artan plazma hacmi nedeniyle kan
bileseni konsantrasyonunun azalmasiyla karakterize hemodillsyon,
genellikle intravendz sivi uygulamasi sirasinda ortaya g¢ikar. Ayni
zamanda, entegre transmembran proteinleri olan akuaporinler, suyun
hiicre zarlari boyunca hareketini kolaylastirir. Hemodillsyon, ozmotik
basingta degisikliklere neden olarak dokulardaki sivi dengesini etkiler.
Segici su kanallari gorevi goren akuaporinler bu degisikliklere dinamik
olarak yanit vererek hassas bir sekilde hicresel hidrasyonu saglar. Bu
entegre sistem, degisen kan hacimleri karsisinda hiicresel dehidrasyonu
veya asir hidrasyonu onler. Bu iliskinin anlasiimasi, 6zellikle yogun sivi
mUdahalelerinde klinik dnem tasir. Saglik uygulayicilari, &zellikle su
homeostazisini etkileyen altta yatan sorunlari olan hastalarda, hiicresel
hidrasyon ve osmoregulasyon uzerindeki potansiyel etkileri dikkate
almalidir. Hemodillisyon ve akuaporinler arasindaki karmasik baglantinin
taninmasi, klinik uygulamada sivi dengesinin optimize edilmesi igin bir
temel saglar. Bu baglantinin daha fazla arastiriimasi, hiicresel bitunligu
ve islevi strdirmeyi amaglayan terapdtik yaklagimlarin gelistirilmesi icin
umut vaat etmektedir.

Anahtar kelimeler: Akuaporinler, hemodillisyon, homeostazis, hlcre
zari, sivi degisimleri

Introduction

Fluid homeostasis is a fundamental aspect of physiological
equilibrium and is orchestrated by intricate mechanisms
that regulate the composition and volume of bodily fluids
(1). One notable phenomenon influencing this delicate
balance is hemodilution, a condition characterized by

a reduction in the concentration of blood components,
primarily driven by an increase in plasma volume (2).
Hemodilution commonly occurs in clinical settings,
particularly during intravenous fluid administration,
raising questions about its impact on the broader context
of fluid homeostasis (3).
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Concurrently, aquaporin, a family of transmembrane
proteins, play a pivotal role in the dynamic regulation of
water movement across cell membranes (4) (Figure 1, Table
1). As integral components of cellular osmoregulation,
aquaporin respond to changes in osmotic pressure to
maintain optimal cellular hydration (5). The relationship
between hemodilution and aquaporin is a crucial nexus in
understanding how the body adapts to alterations in blood
volume and fluid composition (6). This knowledge holds
significant clinical relevance, especially in the context
of medical interventions involving fluid administration,
as it underscores the importance of considering both
hemodilution and aquaporin function for optimal patient
care (7).

In this article, we aimed to present the complex interaction
between hemodilution and aquaporin and their
contribution to fluid homeostasis.

SRR RS

um

Materials and Methods

This study meticulously conducted a comprehensive
literature review, aiming to elucidate the intricate
relationship between hemodilution and aquaporin. The
methodology prioritized the inclusion of articles published
within the substantial timeframefrom 2010 to 2024, ensuring
a thorough incorporation of the most recent and relevant
research findings. Electronic databases, such as PubMed,
MEDLINE, and Google Scholar, were systematically
searched using a well-defined set of keywords, including
“hemodilution”, “aquaporins”, “fluid homeostasis”, and
“cellular hydration”.

The inclusion criteria were stringent, encompassing only
peer-reviewed articles, reviews, and meta-analyses written
in English. The selected studies underwent a rigorous
evaluation process, considering their methodological
robustness, relevance to the research question, and
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Figure 1. Structure of aquaporins in cell membranes

Table 1. Aquaporin distribution in organs

Aquaporin (AQP) type  Organs/tissues

Functions

AQP1 Kidneys, brain, lungs, eyes, red blood cells
AQP2 Kidney collecting ducts

AQP3 Kidneys, skin, eyes, lungs

AQP4 Brain, spinal cord, retina, stomach
AQP5 Salivary glands, lacrimal glands, lungs
AQP6 Kidneys

AQP7 Adipose tissue, pancreas, kidneys
AQP8 Testis, liver, colon

AQP9 Liver, spleen, lungs, lymph nodes
AQP10 Small intestine

AQPM Kidneys, liver

AQP12 Pancreas

Water transport, osmotic balance maintenance

Water reabsorption regulated by antidiuretic hormone
Water and glycerol transport

Regulates brain and cerebrospinal fluid balance

Water secretion, exocrine functions

Water transport in acidic environments

Glycerol and water transport

Transport of water and small molecules

Transport of water and other molecules

Water and glycerol transport, involved in nutrient absorption
Involved in kidney function and possibly small molecule transport

Potential role in pancreatic function, still under research
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incorporation of contemporary research methodologies.
This encompassed studies exploring the molecular and
cellular mechanisms underlying hemodilution and
aquaporin function, with a focus on understanding their
implications for fluid balance across various physiological
and clinical contexts.

Data extraction involved a meticulous analysis of experimental
designs, methodologies, and key findings, and the
identification of any gaps or inconsistencies in the literature.
The critical appraisal of selected articles aimed to synthesize
a nuanced understanding of the dynamic interconnection
between hemodilution and aquaporin, integrating the latest
advancements and perspectives in the field.

Recognizing the inherent limitations of relying on existing
literature, this study aimed to provide a thorough and
up-to-date overview of the current state of knowledge on
the subject. The explicit inclusion of studies from the last
decade ensures that the findings are not only rooted in
established literature but also reflective of the most recent
advancements, providing a robust foundation for exploring
the multifaceted relationship between hemodilution and
aquaporin.

Results

An initial database search identified approximately 62
articles related to hemodilution and aquaporin. Of these,
15 were randomized controlled trials, and 8 were meta-
analyses. Theremainingstudieswere observational, reviews,
and experimental studies related to hemodilution and
aquaporin. After applying the inclusion criteria, 39 studies
were reviewed in detail for relevance to fluid homeostasis,
aquaporin, and cellular hydration mechanisms.

Temporal dynamics of aquaporin expression (8): An
intriguing aspect that emerged from the review was the
temporal dynamics of aquaporin expression following
Longitudinal have provided
evidence of time-dependent shifts in aquaporin levels,
suggesting an adaptive response that evolves over hours
to days. These temporal nuances of aquaporin regulation
have implications for the timing of interventions aimed at
modulating fluid balance.

hemodilution. studies

Cross-species comparisons: Some studies have ventured
intocross-speciescomparisons, examiningthe conservation
or divergence of hemodilution-aquaporin interactions
among different organisms (9,10). Comparative analyses
encompassing human studies, animal models, and in
vitro experiments have enriched our understanding of

evolutionary aspects and identified potential translational
implications.

Technological advances in aquaporin research: The
results highlighted the integration of cutting-edge
technologies in aquaporin research. Advanced molecular
biology techniques, including CRISPR/Cas9 gene editing
and single-cell RNA sequencing, have enabled a deeper
exploration of the intricacies of aquaporin regulation at the
genetic and transcriptomic levels (11). These technological
advances have paved the way for more precise and targeted
investigations (12).

Interactive network analyses (13,14): Network analyses
elucidated the interactive relationships between
aquaporin and other cellular components. Protein-protein
interaction networks and pathway analyses reveal potential
downstream effectors and signaling cascades influenced by
aquaporin activity. This systems biology approach provides
a holistic perspective on the broader cellular response to
hemodilution.

Ethnic and geographical variances (15): Sub-analyses
considering ethnic and geographical variances offered
insights into potential regional disparities in the
hemodilution-aquaporin relationship. Variations in genetic
predispositions and environmental factors were explored,
emphasizing the importance of considering population-
specific factors in understanding fluid homeostasis (16).

Emerging biomarkers: Some studies identified
potential aquaporin-related biomarkers associated with
hemodilution (17). The exploration of these biomarkers
holds promise for developing non-invasive diagnostic tools
or monitoring strategies for conditions characterized by
altered blood volume, providing clinicians with valuable

indicators of cellular hydration status (18).

In conclusion, the expansive results of this comprehensive
literature review underscore the multifaceted nature of
the hemodilution-aquaporin interplay. Beyond molecular
implications, the findings
traverse temporal dynamics, cross-species considerations,
technological advancements, interactive networks, and
ethnic variances (8,11,13,15,16,18). These nuanced insights
provide a foundation for a holistic understanding of fluid
homeostasis and inspire a myriad of directions for future
research and clinical applications.

mechanisms and clinical

Discussion

The clinical implications of the hemodilution-aquaporin
interplay discussed in this review resonate with those of
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previous studies on targeted therapeutic interventions (19).
Understanding the effects of blood volume alterations on
aquaporin function provides a foundation for developing
precise treatment strategies (20). This approach aligns
with emerging paradigms in personalized medicine,
where interventions are tailored based on the molecular
intricacies of individual patients (21).

The integration of the findings from this review into
fluid management strategies is consistent with ongoing
discussions in critical care and perioperative medicine
(22). The nuanced understanding of aquaporin dynamics
in response to hemodilution offers potential insights for
optimizing fluid resuscitation protocols (23,24). These
considerations may be particularly relevant in scenarios
in which maintaining adequate cellular hydration is
paramount for patient outcomes (25).

The comparative effectivenessresearch aspect of thisreview,
particularly considering the temporal dynamics and cross-
species variations, contributes to the evolving landscape
of translational medicine (26). Integrating knowledge
from diverse sources allows for a more comprehensive
evaluation of the effectiveness of interventions in different
contexts. This finding aligns with current efforts to bridge
the gap between bench research and clinical applications
27.

The integration of findings from this review with concepts
from physiology, immunology, and molecular biology
highlights the interdisciplinary nature of fluid homeostasis
research. The discussion on the inflammatory processes
intertwined with hemodilution and aquaporin regulation
underscores the need for collaborative efforts across
scientific disciplines. This multidisciplinary approach
mirrors contemporary scientific inquiry trends that
recognize the interconnectedness of physiological systems.

The consideration of ethnic and geographical variances
underscores the importance of a global perspective on
population health (15,18). Acknowledging the impact of
demographic factors on the hemodilution-aquaporin
relationship is crucial for developing public health
strategies that account for diverse populations. This
aligns with a broader movement toward health equity and
inclusive healthcare practices.

Although the review provides substantial insights, it also
reveals challenges and gaps in our current understanding.
The complexities of the hemodilution-aquaporin interplay
call for continued exploration, emphasizing the need for
morelongitudinalstudies, standardized methodologies, and

deeper exploration of specific aquaporin isoforms. Future
research could investigate the functional consequences of
altered aquaporin expression under various pathological
conditions associated with hemodilution.

The consideration of ethnic and geographical differences
also prompts discussion of the importance of global
research collaborations.
regions can provide a more comprehensive understanding
of the hemodilution-aquaporin relationship in diverse
populations. This collaborative approach aligns with the
increasingly interconnected nature of scientific research,
where insights from different parts of the world contribute
to a more holistic understanding.

Collaborative efforts across

Conclusion

With the findings obtained from this literature review,
we conclude that aquaporin, which play a role in fluid
homeostasis, are also functional in hemodilution formation
owing to their physiological effects.
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