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Abstract

The purpose of the tissue processing stage known as “clearing” is to rid the tissue of alcohol and other
dehydrants. Xylene is a chemical that is frequently used as a cleaning agent in laboratories. Nonetheless, it is
well recognized that xylene is extremely hazardous. This article reviews research on the role of cleaning
solutions in the deparaffinization and tissue infiltration processes with the aim of identifying a safer and
more effective alternative. Using secondary data from the Science and Technology Index (SINTA) database,
Google Scholar, PubMed Central, and ScienceDirect, the research methodology is a literature review. As a
result, thirty scholarly articles were acquired for examination. According to the findings, many synthetic
and natural solvents have been shown to have cleaning effectiveness and histology quality that are on par
with xylene, but at a lower risk of toxicity and tissue shrinking. However, recurrence and results might be
impacted by differences in tissue response as well as procedural elements like temperature and cleaning time.
Because of problems with availability and cost, some alternatives have not been extensively embraced, even
though the safety profile promotes the use of ecologically friendly chemicals. Taking everything into account,
integrating these findings leads to a variety of efficient cleaning solutions that strike a balance between
usefulness, security, and effectiveness. This insight offers direction for upcoming laboratory research and
practices that maximize histopathological tissue processing while minimizing risks to the environment and
public health.
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1. Introduction

Research on the role of clearing solutions in the deparaffinization and tissue infiltration
process has emerged as a critical area of investigation due to its fundamental importance in
histopathological diagnostics and biomedical research. Clearing agents facilitate the removal of
dehydrants from tissues and allow for the infiltration of paraffin wax, which is essential for
producing high-quality microscopic sections (Chandraker et al., 2018) (Alwahaibi et al., 2018).
Historically, xylene has been the dominant clearing agent due to its effectiveness in making tissues

transparent and readily soluble in alcohol and paraffin (Chandraker et al., 2018) (Alwahaibi et al.,
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2018). However, concerns about its toxicity, environmental hazards, and occupational health risks
have driven the search for safer alternatives (Chandraker et al., 2018) (Alwahaibi et al., 2018). Over
several decades, research has evolved from exploring aromatic hydrocarbons to vegetable oils and
synthetic solvents, reflecting a trajectory aimed at balancing cleaning efficiency with safety and
environmental sustainability (Cano et al,, 2024). The practical significance of this research is
underscored by the widespread use of clearing agents in clinical and research laboratories
worldwide, where exposure to hazardous chemicals like xylene poses substantial health risks
(Chandraker et al., 2018) (Alwahaibi et al., 2018).

The specific problem discussed in this review is the need to identify and evaluate effective
and less toxic cleaning agents that can replace xylene without sacrificing tissue morphology,
staining quality, or processing efficiency (Chandraker et al., 2018) (Cano et al., 2024). Despite
numerous studies investigating vegetable oils such as coconut, olive, and palm oil, as well as
synthetic substitutes like UltraClear™ and n-heptane, inconsistencies persist regarding cleaning
efficacy, tissue shrinkage, and staining results (Chandraker et al., 2018) (Stockert et al., 2012) (Cano
et al., 2024) (Alwahaibi et al., 2018). Additionally, some replacements require longer cleaning times
or higher temperatures, which can affect workflow and network integrity (Ganesan et al., 2016)
(Bright et al., 2024). Competing perspectives exist, with some studies advocating for vegetable oils
due to their biocompatibility and cost-effectiveness, while others highlight limitations in cleaning
speed or tissue stiffness (Chandraker et al, 2018) (Cano et al., 2024) (Jyostna et al., 2024)
(Chaudhuri et al., 2023). The knowledge gap lies in the lack of a comprehensive and systematic
comparison that integrates these diverse findings to guide the selection of the optimal clearing
agent for routine histopathological use (Cano et al., 2024) (Chaudhuri et al., 2023) (Alwahaibi et al.,
2018). Failure to address this gap can perpetuate dependence on hazardous solvents, impacting
laboratory safety and environmental health (Chandraker et al., 2018).

The conceptual framework for this review is based on the understanding that clearing agents
function to replace dehydrants and make tissues compatible with embedding media, thus
facilitating sectioning and staining (Chandraker et al., 2018) (Alwahaibi et al., 2018). Key concepts
include the physicochemical properties of clearing agents—such as miscibility, toxicity, and
volatility —and their influence on tissue morphology, staining quality, and processing efficiency
(Chandraker et al., 2018). The interaction between clearance efficacy and safety profile forms the

basis for evaluating alternatives to xylene, directly linking the framework to the research objectives
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(Cano et al., 2024) (Alwahaibi et al., 2018). The purpose of this systematic review is to critically
assess the efficacy, safety, and practical application of various clearing solutions as alternatives to
xylene in the deparaffinization and tissue infiltration processes (Cano et al., 2024) (Chaudhuri et
al., 2023). By synthesizing evidence from various studies, this review aims to provide a
comprehensive evaluation that informs laboratory practices and promotes safer and more
environmentally friendly alternatives (Cano et al., 2024) (Alwahaibi et al., 2018). This contribution
addresses identified knowledge gaps by integrating diverse findings into a coherent analysis, thus
supporting evidence-based decision-making in histopathology laboratories (Cano et al., 2024)
(Chaudhuri et al., 2023).

The review methodology involves a systematic literature search and critical assessment of
studies comparing clearing agents, focusing on parameters such as network transparency,
shrinkage, staining quality, and processing time (Cano et al., 2024) (Chaudhuri et al.,, 2023).
Inclusion criteria emphasize studies with experimental comparisons to xylene, while the analytical
framework assesses qualitative and quantitative results (Cano et al., 2024) (Alwahaibi et al., 2018).
These findings are organized thematically to explain the advantages and limitations of each
category of clearing agents, facilitating a structured understanding of their roles in
histopathological processing (Cano et al., 2024) (Chaudhuri et al., 2023).

2. Method

This study employs a literature review as its research method. The data sources utilized
comprise secondary data acquired from the Science and Technology Index (SINTA) database,
Google Scholar, PubMed Central, and Science Direct. This literature study established several
inclusion criteria: national articles indexed at least SINTA 3, international articles indexed by
Google Scholar or Scopus, quantitative research articles, articles in Indonesian or English, full-text
and open access articles, and scientific research articles. The data collection process initiates with
the identification of keywords relevant to the research theme, thereby enhancing the article search
process. The subsequent step involves screening the acquired articles, which will subsequently
undergo analysis.

3. Result and Discussion

Most studies confirm that the clearing agent must be miscible with the dehydrant and

embedding medium for effective tissue processing, with xylene serving as the benchmark for
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miscibility (Chandraker et al., 2018) (Stockert et al., 2012) (Chaudhuri et al., 2023). Alternatives
such as coconut oil, cedarwood o0il, n-heptane, and UltraClear™ also show suitable miscibility
under certain conditions (Cano et al., 2024) (Chaduvula et al., 2024) (Bright et al., 2024) (Alwahaibi
& Aldughaishi, 2019). Some reports indicate challenges with vegetable oils like coconut oil due to
solidification at lower temperatures, affecting processing (Chandraker et al., 2018) (Sermadi et al.,
2014) and potential mixing issues requiring temperature control (Ganesan et al., 2016). Variability
exists in mixture compatibility, such as xylene-kerosene at specific ratios (Ofusori et al., 2009).
Differences in the chemical composition and physical properties (e.g., viscosity, melting point) of

cleaning agents cause variations in the mixture; temperature and mixing ratio affect compatibility.

The majority agree that certain vegetable oils and synthetic solvents can produce histological
sections with comparable staining clarity, nuclear and cytoplasmic detail, and tissue transparency
relative to xylene (Chandraker et al., 2018) (Cano et al., 2024) (Jyostna et al., 2024) (Chaduvula et
al., 2024) (Bhandari et al., 2022) (Ashitha, 2018) (Sermadi et al., 2014). UltraClear™ and n-heptane
also provide acceptable staining and morphological preservation (Stockert et al., 2012). (Alwahaibi
& Aldughaishi, 2019) (Alwahaibi et al., 2018). Some studies report inconsistent staining results
with vegetable and mineral oils (Chandraker et al., 2018) (Chaudhuri et al., 2023) and a slight
decrease in staining quality or clarity with substitutes like UltraClear™, especially in certain
procedural combinations (Alwahaibi & Aldughaishi, 2019) (Alwahaibi et al., 2018). Differences in
ease of division were noted, with some oils causing difficulties (Chandraker et al., 2018) (Bright et
al., 2024). Variability in network type, cleaning duration, temperature, and the physical properties
of oil versus solvent affects staining results; procedural differences and evaluation criteria can also

influence outcomes.

There is consensus that xylene induces significant tissue shrinkage, while natural oils like
coconut and peanut oil cause less shrinkage (Chandraker et al., 2018) (Cano et al., 2024) (Bright et
al., 2024) (Bhandari et al., 2022) (Sermadi et al., 2014). Some oils and synthetic substitutes maintain
tissue morphology well, with low distortion (Chaduvula et al., 2024) (Saribu et al., 2023) (Esan et
al.,, 2015). There are contrasting findings regarding shrinkage, with some studies noting significant
shrinkage with coconut oil at shorter cleaning times and challenges in achieving comparable
stiffness to xylene (Bright et al., 2024). Some synthetic agents cause tissue softening or swelling

depending on their composition. Differences in tissue type, cleaning duration, temperature control,
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and the chemical properties of the cleaning agent explain the variable effects on tissue morphology

and shrinkage; measurement methods may vary.

Since xylene is widely believed to be hazardous, poisonous, and bad for the environment,
research into safer substitutes such as natural oils, artificial non-aromatic solvents, and
biodegradable substances has increased (Chandraker et al., 2018) (Cano et al., 2024) (Chaduvula et
al., 2024) (Alwahaibi & Aldughaishi, 2019) (Alwahaibi et al., 2018). Natural oils and agents like
UltraClear™ are generally less toxic and more environmentally friendly (Cano et al.,, 2024)
(Chaduvula et al., 2024) (Alwahaibi & Aldughaishi, 2019). Although the substitutes are safer, some
(e.g., UltraClear™) are more expensive and less widely available (Alwahaibi & Aldughaishi, 2019)
(Alwahaibi et al., 2018). Some natural oils require temperature control or longer processing times,
which can pose operational safety issues. Differences arise from balancing security with cost,
availability, and processing efficiency. Local availability, commercial production, and handling

requirements contribute to the divergence.

Although it is generally agreed that natural oils and synthetic substitutes can take the place of
xylene without sacrificing quality, there are typical practical problems such lengthier cleaning
durations, temperature sensitivity, and ease of separation (Chandraker et al., 2018) (Cano et al.,
2024) (Bright et al., 2024) (Ashitha, 2018) (Ganesan et al., 2016). Findings differ on ease of
separation, with some oils causing difficulties (Chandraker et al., 2018) (Bright et al., 2024); also,
the temperature dependence of using dishwashing liquid or oil for deparaffinization affects the
duration and quality of the process (Ganesan et al., 2016) (Yadav et al., 2019). Costs and availability
vary significantly, with some synthetic substitutes being very expensive (Alwahaibi &
Aldughaishi, 2019) (Alwahaibi et al., 2018). Variations arise from differences in study protocols
(e.g., clearing time, temperature), tissue type, and economic context; some agents require longer

heating times or durations, which impacts workflow and cost.

Recent studies highlight that cleaning agents, particularly organic solvents like BABB, can alter
fluorescence emission spectra and intensity and cause spectral shifts that affect imaging accuracy
(Eliat et al, 2022) (Kim et al., 2022). New agents like OptiMUs and HyClear offer better
fluorescence preservation and faster cleaning (Nasseri et al., 2022) (Kim et al., 2022). Previous

conventional cleaning agents (e.g., BABB) caused fluorescence quenching and spectral shifts,
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complicating multiband imaging; some agents induced tissue shrinkage or swelling (Eliat et al.,
2022). Compatibility with lipophilic dyes varies (Kim et al.,, 2022). Differences in the chemical
composition of the cleaning solution and its interaction with the fluorophore explain the spectral

shift and quenching; newer formulations aim to reduce these effects to improve imaging.

4. Conclusion

The body of research on cleaning solutions for histopathological tissue processing shows a
clear trend toward finding safer and more efficient substitutes for common clearing agents like
xylene. Both synthetic solvents like n-heptane and Histosol, as well as natural oils like coconut,
olive, palm, pine, and cedarwood oils, regularly show chemical compatibility with dehydrants and
paraffin waxes, allowing for effective cleaning and penetration. In general, this substitute yields
histological outcomes that are on par with or, in certain situations, better than xylene in terms of
staining quality, retention of cellular detail, and tissue transparency. In particular, compared to
xylene, natural oils typically cause less tissue shrinkage and preserve tissue morphology, which
enhances the accuracy of microscopic inspection. Given that conventional aromatic solvents like
xylene provide serious health risks, such as toxicity and carcinogenicity, as well as environmental
dangers, safety and environmental factors strongly favor this alternative. In line with occupational
health concerns in histopathology labs, several synthetic chemicals and vegetable oils have a far
lower toxicity profile and are more environmentally friendly. While some natural oils need higher
temperatures or longer cleaning times to provide the best results, which could affect workflow
productivity, the adoption of some synthetic alternatives is hindered by their higher costs and
restricted availability.One of the literature's major limitations is still methodological heterogeneity.
Direct comparison and synthesis are challenging because of differences in network type, cleaning
time, temperature, and evaluation criteria. However, studies that employ a controlled comparative
design enhance the effectiveness of substitute treatments. Standardized procedures are necessary
to guarantee consistency and optimize cleaning performance, as seen by the paucity of systematic
research into procedural parameters like cleaning temperature and time. New techniques that
promise better cleaning with less toxicity and environmental impact include solvent-free electric
field technologies, enzymatic cleaning, and water-based surfactant compositions. Furthermore,

although their incorporation into standard histopathology is still in its infancy, sophisticated
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clearing techniques designed for three-dimensional imaging place a high priority on maintaining
tissue architecture and fluorescence. In summary, the research backs up the viability of using
natural oils in place of xylene and choosing synthetic solvents without sacrificing histological
integrity. This alternative provides a better safety and environmental profile while maintaining or
enhancing tissue morphology preservation and staining quality. To promote broader use and
streamline tissue processing processes, future studies should give top priority to standardizing
clearing protocols, conducting thorough toxicological evaluations, and evaluating clearing agents

across a range of tissue types and sophisticated histological techniques..
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