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Abstract

Chloroform, Xylene, Toluene, Paraffin, Methyl benzoate, methyl salicylate, and citrus fruit oils are examples of clearing
agents. Xylene is a natural clearing agent that is miscible with both alcohol and paraffin wax. Clearing is done to
extract alcohol from tissues and substitute it with a fluid that is miscible with wax and must be impregnated into the
tissue. Because the dehydrating agents are not miscible with paraffin, a clearing agent is required. Both the
dehydrating agent and the paraffin wax are miscible with the clearing agent. The main aim of this study is to know the
alternatives of clearing agents. The types of clearing agents will be Benzene, Xylene, Toluene, Chloroform, Petroleum
ether, Oil of wintergreen (Methyl salicylate), Cedar wood oil, Carbon tetrachloride, Clove oil, Dioxane, Aniline oil. Good
clearing agent should remove alcohol quickly, Clear quickly without overhardening, Should not dissolve out aniline

dyes, Should not evaporate too quickly in a wax bath.
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INTRODUCTION

In order to prepare histopathology slides for light microscopy,
clearing is needed. The aim of clearing is to extract dehydrating
agents from the tissues and prepare them for embedding agent
impregnation. Xylene is a sweet-smelling, colourless, aromatic
hydrocarbon found naturally in coal, petroleum, and wood tar in
liquid or gas form(1). Much has been written about the use of
xylene alternatives that are safer and less costly. Limonene,
benzene, toluene, aliphatic and aromatic hydrocarbons, and
various oils are examples of alternative clearing agents. Some
alternatives, such as oil solvents, take a long time to process.
Other chemicals that damage tissue samples include benzene,
limonene, and toluene(2). After the tissues have been
dehydrated, the alcohol must be removed until they are
impregnated and embedded in paraffin(3). Both alcohol and
water are immiscible with the paraffin wax used for embedding.
As a result, the alcohol must be replaced with a medium that can
dissolve both alcohol and paraffin. During wax impregnation,
the medium must be removed(4). The use of a clearing agent
often improves the resale value. The types of clearing agents will
be Benzene, Xylene, Toluene, Chloroform, Petroleum ether, Oil
of wintergreen (Methyl salicylate), Cedar wood oil, Carbon
tetrachloride, Clove oil, Dioxane, Aniline oil. Good clearing
agent should remove alcohol quickly, Clear quickly without
overhardening, Should not dissolve out aniline dyes, Should not
evaporate too quickly in a wax bath. Chloroform, Xylene,
Toluene, Paraffin, Methyl benzoate, methyl salicylate, and citrus
fruit oils are examples of clearing agents(5). Xylene is a natural
clearing agent that is miscible with both alcohol and paraffin
wax. Clearing is done to extract alcohol from tissues and
substitute it with a fluid that is miscible with wax and must be
impregnated into the tissue(6). Because the dehydrating agents
are not miscible with paraffin, a clearing agent is required. Both
the dehydrating agent and the paraffin wax are miscible with the
clearing agent. Clearing agents are used all over the world(7).
Tissue and histology lab in the processes of tissue and histology

lab in the processes of tissue and histology lab in preparation of
the slides (to exclude alcohol and other contaminants) prior to
removing other dehydrants from tissues embedding (most
commonly in paraffin wax), and prior to mounting, the slides are
completed. In addition, they are used to strip paraffin wax after
sectioning following microtome cutting(8). Attempts have been
made in recent years to replace these hazardous solvents with
safer alternatives(9). Although useful, these replacements have
presented additional problems. Our team has extensive
knowledge and research experience that has translated into high
quality publications (10)(11-16)(17-19)(20-29).The aim of the
study is to find the alternatives of clearing agents.

XYLENE

Xylene may cause headaches, fatigue, memory loss, irritability,
dizziness, giddiness, loss of balance and judgement, respiratory
distress or trouble breathing, loss of appetite, nausea, vomiting,
shivering, unconsciousness, coma, and death. Ingestion of
xylene may cause gastrointestinal irritation including abdominal
pain, nausea, and vomiting. Xylene also may affect the liver and
kidneys. In histopathology laboratories, it is the most widely
used clearing agent. It's a smooth, colourless liquid with a
distinct herbal odour.In addition, some xylene substitutes will
not absorb water, whereas xylene can absorb small amounts of
water, which is useful if a tissue was not fully dehydrated, so this
is something else to be aware of, though water tolerance can
differ by brand of substitute. In the 70’s studies began to confirm
that xylene was dangerous. Not only is it flammable, but it is
also not great when breathed in for extended periods of time. The
vapor is absorbed through the lungs, while the liquid can be
absorbed through the skin, then once in the body it is
metabolized by the liver. Prolonged exposure in high
concentrations became associated with respiratory tract
symptoms, anemia, and other symptoms generally associated
with central nervous system issues. Xylene is still widely used,
but there are now more safety precautions to help prevent these
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types of risks. Clinical labs are required to do yearly xylene
exposure testing to maintain CAP accreditation under ANP
.08216 Formaldehyde/Xylene Safety. If the limits are exceeded,
they must develop an action plan for addressing the
overexposure and do a repeated test. Xylene substitutes became
popular as another way of combating these threats. Some of the
substitutes however, come with their own set of risks.Ultimately,
neither xylene substitutes nor xylene is perfect. It is up to your
lab to decide what makes sense for you and be aware of the risks,
and procedural changes needed to use the chemical safely. It is
water insoluble but soluble in organic solvents such as ethanol,
benzene, and acetone(30). The advantages will be its action is
very rapid, Cheap & slightly inflammable, Readily eliminated
in the paraffin oven. The disadvantage will be prolonged
treatment with this reagent makes the soft tissues like Brain &
Spleen quite brittle(31,32).

BENZENE

Benzene is preferred by some as a clearing agent in the
embedding process of tissues because it penetrates and clears
tissues rapidly. The advantages of benzene are it is rapid acting,
hence is recommended for urgent biopsies (15 — 60 minutes) and
routine purposes, It volatizes rapidly in paraffin oven and is
therefore easily eliminated from the tissue, It is miscible with
absolute alcohol, It does not make tissues hard and brittle, It
causes minimum shrinkage and it makes tissues transparent.
Since it is a carcinogen and may cause cancer, benzene is rarely
used as a clearing agent. It's a colourless, flammable liquid with
a distinctive sweet, gasoline-like odour. It's water-insoluble but
fully soluble in organic solvents including acetone, ethanol, and
chloroform. The advantages of benzene will be it penetrates the
tissues rapidly, it causes minimum shrinkage, it is a Cheap
clearing agent(33). Benzene is preferred by some as a clearing
agent in the embedding process of tissues because it penetrates
and clears tissues rapidly. The disadvantage will be it is a
carcinogen and potentially causes cancer, it is a flammable
liquid(34).

CLOVE OIL AND CEDAR WOOD OIL

Chloroform is used for routine clearing of tissues during the
embedding process. The advantages are it is recommended for
routine work (6 — 24 hours), It is miscible with absolute alcohol,
It is recommended for tough tissues (e.g., skin, fibroid and
decalcified tissues) for nervous tissues, lymph nodes and
embryos because it causes minimum shrinkage and hardening of
tissues, It is suitable for large tissue specimens and It is not
inflammable. The disadvantages are it is relatively toxic to the
liver after prolonged inhalation; adequate room ventilation and
proper caution may prevent this when handling the specimen,
Wax impregnation after Chloroform clearing is relatively slow,
it does not make tissue transparent, Its vapor may attack the
rubber seal used in vacuum impregnation bath, Complete
clearing is difficult to evaluate, Tissues tend to float in
chloroform; this may be avoided by wrapping the tissues with
absorbent cotton gauze to facilitate sinking of the section in
solution and it evaporates quickly from a waterbath. Clove oil
is an excellent clearing medium, but it has the power of
extracting certain stains, especially safranin stain, and so it
cannot be used in all cases. Coconut oil is a commonly used
vegetable oil, available throughout the tropical world. It is an
excellent clearing agent for tissues but less commonly used due
to its slow penetration rate(35). It is light yellow to pale brown
colored viscous fluid with a characteristic woody odor. It is
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insoluble in water but soluble in organic solvents like ethanol,
acetone, etc(35).

TOLUENE

Toluene may be used as a substitute for Xylene or Benzene for
clearing both during the embedding and mounting process. Time
recommended for clearing is 1 — 2 hours. The advantages are it
is miscible with both absolute alcohol and paraftin, It acts fairly
rapidly and is recommended for routine purposes, Tissues do not
become excessively hard and brittle even if left in toluene for 24
hours and it is not carcinogenic. The disadvantages of toluene
are it is relatively slower than Xylene and Benzene, It tends to
acidify in a partially filled vessel, Highly concentrated solutions
will emit fumes that are toxic upon prolonged exposure and It is
more expensive. It is also a good clearing agent but less
commonly used in histopathology laboratories. It is a colorless,
flammable and clear liquid with a characteristic aromatic odor.
It is insoluble in water but soluble in Organic solvents like
Acetone, Chloroform, Ethanol, Benzene etc(6,36). The
advantages of toluene as clearing agents will be that tissues can
be kept in this for a longer period, its action is similar to benzene
but it is less toxic. The disadvantages will be it causes irritation
if accidentally inhaled or come into contact with skin or
eyes(37).

CHLOROFORM

Besides its various uses in Pharmaceuticals, Dyes & Pesticides
industries and in Refrigerant industries, it can also be used as a
clearing agent in histopathology laboratory. It is a Colorless,
volatile liquid with a characteristic ether-like odor. It is slightly
soluble in water but completely soluble in organic solvents like
ethanol, benzene, acetone etc(38). The advantages will be it is
widely used for its hardening effect, ideal for hard & delicate
tissues like Bone and the Brain. The disadvantages will be Its
action is slower than other clearing agents, it can cause faintness
if inhaled(39).

CONCLUSION

From the above studied agents the alternatives had been studied
well and the furthermore original researches and studies will
lead to better understanding and can find the best alternative of
clearing agents.
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