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Abstract: Background: Xylene is the most commonly used deparaffinizing agent in routine histopathology; however, its toxic effects
have prompted the search for safer alternatives. Coconut oil has been proposed as a biodegradable and eco-friendly substitute. Aim: To
evaluate the efficacy of coconut oil as a deparaffinizing agent for routine hematoxylin and eosin (H&E) staining and compare its
performance with xylene. Materials and Methods: This comparative study included 100 histopathological specimens. Two serial 4-um
sections were prepared from each specimen. One section was deparaffinized using xylene and the other using coconut oil. Stained sections
were evaluated by a blinded pathologist for nuclear staining, cytoplasmic staining, staining uniformity, wax retention, and overall
histological appearance. Results: Xylene demonstrated superior staining quality in all evaluated parameters. Good nuclear and
cytoplasmic staining was observed in 98% of xylene-treated sections compared with 68% of coconut oil-treated sections. Uniform staining
was achieved in 99% versus 66%, satisfactory wax removal in 100% versus 60%, and good overall histological appearance in 100% versus
30% of sections processed with xylene and coconut oil, respectively. Conclusion: Xylene produced superior staining quality compared with
coconut oil for routine H&E staining. Although coconut oil is a safer and environmentally friendly alternative, it did not provide staining
quality comparable to xylene under the conditions employed in this study. Further studies are required to optimize its use as a potential

deparaffinizing agent.
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1. Introduction

Histopathological examination remains the gold standard for
the diagnosis of a wide spectrum of diseases, and the quality
of tissue processing plays a vital role in ensuring accurate
microscopic interpretation. Hematoxylin and eosin (H&E)
staining is the most commonly employed staining technique
because it provides excellent visualization of tissue
architecture, nuclear morphology, and cytoplasmic details.
Effective deparaffinization is an essential prerequisite for
successful H&E staining, as incomplete removal of paraffin
wax adversely affects stain penetration and compromises
histomorphological evaluation.!,?

Xylene has long been used as the standard clearing and
deparaffinizing agent in histopathology because of its
excellent ability to dissolve paraffin wax. However,
prolonged occupational exposure to xylene is associated with
several adverse health effects, including irritation of the skin,
eyes, and respiratory tract, as well as neurological, hepatic,
and renal toxicity. In addition, its volatility and environmental
hazards have prompted increasing interest in identifying safer
and eco-friendly alternatives for routine laboratory use.?

Several substitutes, including vegetable oils, cedarwood oil,
olive oil, UltraClear™, liquid dishwashing solution, and
diluted lemon water, have been investigated as alternatives to
xylene. Although many of these agents have demonstrated
promising results, none has consistently matched the
effectiveness of xylene under routine laboratory conditions,

and further validation is required before their widespread
adoption.*?

Coconut oil is a biodegradable, inexpensive, readily available,
and relatively non-toxic natural product with favorable
physicochemical properties. Previous studies have evaluated
its use as a deparaffinizing agent and reported variable
findings regarding staining quality and tissue morphology,
highlighting the need for further investigation under
standardized laboratory conditions.®,’

Therefore, the present study was undertaken to evaluate the
efficacy of coconut oil as a clearing/deparaffinizing agent for
routine H&E staining and compare its performance with
xylene. The study also aimed to determine whether coconut
oil could serve as a safer alternative to xylene by comparing
nuclear staining, cytoplasmic staining, staining uniformity,
wax retention, and overall histological appearance.

Aim

To evaluate the efficacy of coconut oil as a
deparaffinizing/clearing agent for routine hematoxylin and
eosin (H&E) staining and compare its performance with
xylene.

Objectives

1) To compare the staining quality of tissue sections
deparaffinized with coconut oil and xylene based on
nuclear staining, cytoplasmic staining, staining
uniformity, wax retention, and overall histological
appearance.
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2) To assess whether coconut oil can serve as a safer
alternative to xylene for routine histopathological
deparaffinization

2. Review of Literature

Criteria for choosing good deparaffinizing agent: -
o Fast tissue penetration

e Minimal tissue injury

e Quick elimination of the dehydrating agent

e Minimal toxicity

o Low flammability

e Low cost

In the year of 2021 a study was conducted by Snega
Thamilselvan et al to evaluate the efficacy of cedarwood oil
as a substitute of xylene in clearing process of histopathology
using tissue samples from oral squamous cell carcinoma
resection specimens collected at the department of Oral
Pathology and Microbiology from Saveetha Dental College
and Hospitals. 50 tissue samples total were used in the
investigation and they were split into two groups. Of these, 25
tissue specimens (Group A) underwent processing using
cedarwood oil as a xylene substitute, while 25 tissue
specimens (Group B) underwent regular xylene processing.
Based on the various tissue types—such as skin, muscle,
adipose tissue, glands and mucosa— each group was divided
into five subgroups, each containing five tissue specimens.
Initially, the chosen tissue samples were dehydrated for 30
minutes each using 1 change of 99.9% 2-isopropyl alcohol
and 2 changes of acetone. Following dehydration, 100
millilitres of cedarwood oil solution were used to clean the
tissues. The 99.9% pure cedarwood oil was bought from the
neighbourhood commercial organic market. To prevent the
production of crystalline cedrol, 95 millilitres of cedarwood
oil were mixed with 5 millilitres of xylene. A little amount of
thymol crystals, which are a bactericidal component of
botanical thyme oil, were also added. The tissue specimens
cleansed with xylene were exposed to 40°—45° for 30 minutes
(2 changes), whereas the tissues were cleared in cedarwood
oil solution for an entire night at room temperature (37°-39°).
This study demonstrates that in routine histopathological
tissue processing, cedarwood oil's cleaning capacity is
comparable to that of xylene. This will assist us in keeping
the histopathology laboratory atmosphere conducive to good
health. Even though we have very encouraging results, more
research is needed, ideally with a bigger sample size. ®

A study was carried out by BIRGITTE BRUUN
RASMUSSEN et al, on the topic of Vegetable oils instead of
xylene in tissue processing in the year of 1992 at Department
of Pathology, Roskilde County Hospital, Roskilde, Denmark.
Two tissue blocks were processed in parallel in xylene and
vegetable oil from each of the 232 specimens that were sent
for histopathologic assessment. The samples showed a wide
range of tissue types. To enable the assessment of histologic
and cytologic details, Hematoxylin-eosin was applied to all
sections. Additionally, a subset of tissue slices was stained
using a variety of histochemical and immunohistochemical
methods. The samples treated with vegetable oil were deemed
equally suitable for histologic diagnosis in all cases. No
changes were observed between the immunohistochemical

and histochemical staining. Though it's unclear how stable
vegetable oil-processed tissue will be in the long run.’

In the year of 2017 a project on Honey and olive oil was
carried out by Keerthi muddana at el, the purpose of this
investigation was to determine whether olive oil and honey
might be used in place of xylene and formalin, respectively.
A total of thirty 1-2 cm routine biopsy samples were obtained.
The study group was divided into Group A and Group B.
Group A received standard processing treatment. After being
fixed in honey for twenty-four hours, Group B underwent
standard processing and was thereafter submerged in olive oil
rather than xylene. Hematoxylin and eosin staining will be
used as the standard method for all the sections. After the
experiments they conclude that honey preservation of tissue
yields better results than formalin preservation. It was
discovered that olive oil worked better as a clearing agent than
xylene.!?

A study was carried out by Viswanathan Prema et al in 2020
at Department of Oral and Maxillofacial Pathology, KSR
Institute of Dental Science and Research, Tiruchengode,
Tamil Nadu, India. Where 15 tissue blocks with paraffin
embedded were chosen. Every block was divided into four
pieces. Group A underwent standard H&E staining using
xylene as the deparaffinizing agent, while Group B, C, and D
had xylene-free H & E staining using 1.7% dishwashing
solution, 95% lemon water and 100% coconut oil,
respectively. One pathologist graded the slides in a blind
manner, taking into account factors such wax retention,
uniformity, crispness, and clarity of staining, as well as
nuclear and cytoplasmic staining. It was concluded that 100%
coconut oil, 95% diluted lemon water and 1.5% dishwashing
solution can all be utilised as efficient substitutes for xylene
in standard H&E staining procedures. They also came with
the added benefits of being disposable, inexpensive, safe,
easy to handle and non-hazardous. Our findings need to be
confirmed by larger sample size investigations.!!

Another study was conducted by Wajid Sermadi et al, at
Department of Dentistry, Chamrajnagar Institute of Medical
Sciences, Chamrajnagar, India in 2014, For this 20
investigation, a total of 60 tissue specimens were taken. Every
specimen was divided into two equal parts. The tissue bit was
processed in two parts: one half at a time in xylene and the
other half consecutively in coconut oil. For both solutions, the
clearing time remained consistent at one hour each (two
alterations). To assess for shrinking, the tissue pieces were
measured both before and after cleaning. Additionally, the
specimens were examined for noticeable alterations during
cleaning and de-alcoholization. Hematoxylin and eosin (H
and E) was applied to each section to enable examination of
the histological features. A small number of the sections
(salivary gland specimens) were additionally exposed to
periodic acid Schiff (PAS) to determine if coconut oil was
causing interference with this often used special staining
technique. Utilising the advanced method of computer
assisted morphometry, morphological characteristics such as
mean cell area were observed to determine whether there
were any consistent changes between the study groups. And
their study's findings suggest that coconut oil is a good
replacement for xylene because it is less expensive, less
dangerous and causes less tissue shrinking. Without
sacrificing the quality of the histological details, it can be
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utilised as a de-paraffinizing agent in the histopathology
laboratory. To determine which xylene substitute is superior,
all of the alternatives must be carefully considered. To
determine whether coconut oil is a more effective and secure
alternative to xylene, more research in this field is anticipated.
The specimen that has been treated with coconut oil will
likely be exposed to various stains and sophisticated histology
techniques, such as immunohistochemistry.'?

Problem Statement

This study was design to evaluate the efficacy of coconut oil
as deparaffinizing agent, as xylene are widely used chemicals
with highly toxic properties. Some studies indicate that
dishwashing solutions work best, others suggest that coconut
oil works best and yet others indicate more research is
necessary to validate the findings. Furthermore, no research
has been done on this topic in the Bathinda sector, and the
conclusions of any studies that have been done are unclear.
Thus, the goal of my investigation is to obtain the most
accurate data and insights possible.

3. Materials and Methods

Study design and setting: This comparative observational
study was conducted in the Department of Pathology, Adesh
Institute of Medical Sciences and Research, Bathinda, India.
A total of 100 histopathological tissue specimens received for
routine diagnostic evaluation were included in the study.

Study population: After routine tissue processing, two serial
sections of 4 pm thickness were obtained from each paraffin-
embedded tissue block. One section from each specimen was
processed using xylene as the deparaffinizing agent (control
group), while the corresponding serial section was processed
using coconut oil (study group). Thus, a total of 200 tissue
sections derived from 100 specimens were evaluated.

Inclusion and exclusion criteria: Viable histopathological
tissue specimens measuring >5 mm were included in the
study. Small biopsy specimens measuring <5 mm and tissues
with inadequate morphology or processing artifacts were
excluded.

Deparaffinization and H&E staining: Following
sectioning, tissue sections were mounted on adhesive-coated
glass slides and placed on a hot plate to facilitate melting of
paraffin wax.

For the xylene group, slides were deparaffinized in two
changes of xylene for 15 minutes each at room temperature.
The sections were subsequently rehydrated through
descending grades of alcohol (100%, 70%, and 50%), rinsed
in distilled water, stained with Harris hematoxylin for 8
minutes, differentiated with 1% hydrochloric acid, blued
under running tap water for 15 minutes, counterstained with
1% eosin for 2 minutes, dehydrated through ascending grades
of alcohol, cleared in xylene, and mounted using DPX with a
coverslip.

For the coconut oil group, slides were deparaffinized in two
changes of coconut oil maintained at 90°C for 15 minutes
each. The remaining staining procedure, including
rehydration, hematoxylin and eosin staining, differentiation,

dehydration, and mounting, was performed using the same
protocol as the xylene group, except that the slides were air-
dried before mounting without xylene clearing.

Evaluation of staining quality

All stained slides were examined under light microscopy by a
pathologist blinded to the deparaffinization method. The
staining quality was assessed using the following five
parameters:

1) Nuclear staining

2) Cytoplasmic staining

3) Uniformity of staining

4) Wax retention

5) Overall histological appearance

Each parameter was graded using a binary scoring system,
where 0 indicated poor staining quality and 1 indicated good
staining quality.

4. Results

A total of 100 histopathological specimens were included in
the study. Two serial sections were prepared from each
specimen, with one section processed using xylene and the
other using coconut oil as the deparaffinizing agent. All
stained sections were evaluated independently by a blinded
pathologist using five histological parameters: nuclear
staining, cytoplasmic staining, staining uniformity, wax
retention, and overall histological appearance.

Table 1: Comparison of nuclear staining between xylene
and coconut oil

Nuclear staining | Xylene, n (%) |Coconut oil, n (%)
Good 98 (98.0) 68 (68.0)
Poor 2 (2.0) 32 (32.0)
Total 100 (100.0) 100 (100.0)

Good nuclear staining was observed in 98% of tissue sections
processed with xylene compared to 68% of those processed
with coconut oil.

Table 2: Comparison of cytoplasmic staining between
xylene and coconut oil

Cytoplasmic staining | Xylene, n (%) |Coconut oil, n (%)
Good 98 (98.0) 68 (68.0)
Poor 2 (2.0) 32 (32.0)
Total 100 (100.0) 100 (100.0)

Xylene demonstrated superior cytoplasmic staining, with
good staining observed in 98% of sections, whereas only 68%
of coconut oil-treated sections showed good cytoplasmic
staining.

Table 3: Comparison of staining uniformity between xylene
and coconut oil

[Uniformity of staining| Xylene, n (%) |Coconut oil, n (%)
Good 99 (99.0) 66 (66.0)
Poor 1 (1.0) 34 (34.0)
Total 100 (100.0) 100 (100.0)

Uniform staining was observed in 99% of xylene-treated
sections compared with 66% of coconut oil-treated sections.
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Table 4: Comparison of wax retention between xylene and
coconut oil

Wax retention Xylene, n (%) |Coconut oil, n (%)
Good 100 (100.0) 60 (60.0)
Poor 0 (0.0) 40 (40.0)
Total 100 (100.0) 100 (100.0)

Complete wax removal was achieved in all sections processed
with xylene, whereas satisfactory wax removal was observed
in only 60% of sections processed with coconut oil.

Table 5: Comparison of overall histological appearance
between xylene and coconut oil

Overall histological Xylene, Coconut oil,
appearance n (%) n (%)
Good 100 (100.0) 30 (30.0)
Poor 0 (0.0) 70 (70.0)
Total 100 (100.0) | 100 (100.0)

All tissue sections processed with xylene demonstrated good
overall histological appearance, whereas only 30% of sections
processed with coconut oil achieved good overall histological
quality.

5. Discussion

Xylene has long been the standard deparaffinizing agent in
histopathology because of its excellent wax-dissolving
properties and compatibility with routine hematoxylin and
eosin (H&E) staining. However, its toxic effects and
environmental hazards have prompted the search for safer
alternatives.>* Coconut oil has gained attention as a
biodegradable, inexpensive, and non-toxic substitute with
potential application in histopathology.®’

In the present study, xylene demonstrated superior staining
quality compared with coconut oil for all evaluated
parameters. Good nuclear and cytoplasmic staining was
observed in 98% of xylene-treated sections compared with
68% of coconut oil-treated sections. Similarly, xylene showed
better staining uniformity (99% vs. 66%), wax retention
(100% vs. 60%), and overall histological appearance (100%
vs. 30%). These findings indicate that coconut oil was less
effective as a deparaffinizing agent under the conditions
employed in this study. The inferior performance of coconut
oil may be attributed to incomplete paraffin removal, leading
to residual wax that interfered with stain penetration and
adversely  affected  tissue  morphology.  Efficient
deparaffinization is essential for obtaining optimal nuclear
and cytoplasmic staining and preserving histological details
required for accurate diagnosis. '

Our findings differ from those reported by Sermadi et al., who
observed staining quality comparable to xylene using coconut
oil as a clearing agent.” Similarly, Prema et al. reported that
coconut oil could be used as a biofriendly substitute for
xylene during routine H&E staining.® The differences
between these studies and the present findings may be due to
variations in sample size, tissue type, deparaffinization
temperature, processing protocols, and evaluation criteria.

Although coconut oil offers several advantages, including low
toxicity, affordability, and environmental safety, these
benefits cannot outweigh compromised staining quality in

routine diagnostic practice. Accurate histopathological
diagnosis depends on complete deparaffinization and optimal
preservation of tissue morphology. Therefore, based on the
findings of the present study, coconut oil cannot be
recommended as a routine substitute for xylene under the
protocol employed. Nevertheless, further studies using
modified deparaffinization protocols, different grades of
coconut oil, and larger multicentric samples are warranted to
explore its potential application.®

6. Conclusion

The present study demonstrated that xylene produced
superior staining quality compared with coconut oil for all
evaluated parameters, including nuclear staining, cytoplasmic
staining, staining uniformity, wax retention, and overall
histological appearance. Although coconut oil is a
biodegradable, inexpensive, and safer alternative with
minimal health and environmental hazards, it did not provide
staining quality comparable to xylene under the conditions
employed in this study. Therefore, coconut oil cannot be
recommended as a routine substitute for xylene for
deparaffinization in H&E staining. Further studies with
optimized deparaffinization protocols, different grades of
coconut oil, and larger multicentric samples are warranted to
explore its potential as an alternative deparaffinizing agent in
histopathology laboratories.

Conflict of Interest: NIL

Funding: NIL

Prior publication: Nil

Support: Nil

Conflicts of interest: Nil

Encl: Research approval and Ethical approval
Contributor’s form signed by all the contributors
Source of support: Nil

Presentation at meeting, Conflicting Interest: Nil
References

[17] Ramamoorthy A, Ravi S, Jeddy N, Thangavelu R,
Janardhanan S. Natural alternatives for chemicals used
in histopathology lab: A literature review. J Clin Diagn
Res. 2016;10(11):EE01-EE04.

[2] Buesa RJ, Peshkov MV. Histology without xylene. Ann
Diagn Pathol. 2009;13(4):246-56.

[3] Negi A, Puri A, Gupta R, Chauhan I, Nangia R,
Sachdeva A. Biosafe alternative to xylene: A
comparative study. J Oral Maxillofac Pathol.
2013;17(3):363-6.

[4] Falkeholm L, Grant CA, Magnusson A, Moller E.
Xylene-free method for histological preparation: A
multicentre evaluation. Lab Invest. 2001;81(9):1213-21.

Volume 15 Issue 7, July 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
www.ijsr.net

Paper |D: SR26728224831

DOI: https://dx.doi.org/10.21275/SR26728224831 2343


http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2025: 7.089

(3]

(6]

(7]

(8]

(9]

[10]

Bruun Rasmussen B, Hjort KN, Mellerup I, Sether G,
Christensen N. Vegetable oils instead of xylene in tissue
processing. APMIS. 1992;100(9):827-31.

Prema V, Prasad H, Srichinthu KK, Kumar SS,
Rajkumar K, Marudhamani C. Biofriendly substitutes
for xylene in deparaffinization. J Pharm Bioallied Sci.
2020;12(Suppl 1):S623-S630.

Sermadi W, Prabhu S, Acharya S, Javali S. Comparing
the efficacy of coconut oil and xylene as a clearing agent
in the histopathology laboratory. J Oral Maxillofac
Pathol. 2014;18(Suppl 1):S49-S53.

Thamilselvan, S., Sherlin, H. J., Jayaraj, G., Don, K. R.,
& Santhanam, A. (2021). Cedarwood oil as an
alternative to xylene as a clearing agent in
histopathological tissue processing—A comparative
study. Journal of Oral and Maxillofacial Pathology:
JOMFP, 25(2), 299.

Bruun Rasmussen, B., Norring Hjort, K., Mellerup, 1.,
Sether, G., & Christensen, N. (1992). Vegetable oils
instead of xylene in tissue processing. APMIS: acta
pathologica,  microbiologica, et immunologica
Scandinavica, 100(9), 827-831.
https://doi.org/10.1111/j.1699-0463.1992.tb04006.x
Muddana, K., Muppala, J. N. K., Dorankula, S. P. R.,
Maloth, A. K., Kulkarni, P. G., & Thadudari, D. (2017).

Proof of ethical and research aprovals:

Paper |D: SR26728224831

[11]

[12]

Honey and olive oil as bio-friendly substitutes for
formalin and xylene in routine histopathology. Indian
journal of dental research: official publication of Indian
Society for Dental Research, 28(3), 286-290.
https://doi.org/10.4103/ijdr.IJDR 246 16

Prema, V., Prasad, H., Srichinthu, K. K., Kumar, S. S.,
Rajkumar, K., &Marudhamani, C. (2020). Biofriendly
Substitutes for Xylene in Deparaffinization. Journal of
pharmacy &bioallied sciences, 12(Suppl 1), S623 S630.
Sermadi, W., Prabhu, S., Acharya, S., & Javali, S.
(2014). Comparing the efficacy of coconut oil and
xylene as a clearing agent in the histopathology
laboratory. Journal of oral and maxillofacial pathology:
JOMFP, 18(Suppl 1), S49-S53.
https://doi.org/10.4103/0973-029X.141348

Author Profile

Prakash Chakraborty, Assistant Professor, Pratiksha
Institute of Allied Health Sciences, SSUHS, Guwabhati,
Assam

Corresponding Author Email:
chakrabortyprakashp2[at]gmail.com

Volume 15 Issue 7, July 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWWw.ijsr.net
DOI: https://dx.doi.org/10.21275/SR26728224831

2344


http://www.ijsr.net/
https://doi.org/10.1111/j.1699-0463.1992.tb04006.x
https://doi.org/10.4103/0973-029X.141348
mailto:chakrabortyprakashp2@gmail.com

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2025: 7.089

Paper 1D: SR26728224831

Volume 15 Issue 7, July 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

www.ijsr.net

DOI: https://dx.doi.org/10.21275/SR26728224831

2345


http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2025: 7.089

Volume 15 Issue 7, July 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

www.ijsr.net

Paper 1D: SR26728224831 DOI: https://dx.doi.org/10.21275/SR26728224831


http://www.ijsr.net/



