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ABSTRACT

Background: An important stage in histopathological examination is the tissue staining
process where the staining technigque uses Hematoxylin Eosin. Eosin as a dye component
is carsinogenic and poses a risk to health and the environment if used in the long term.
Sappan wood containing brazilin has the potential to be developed as a natural alternative
to eosin

Objective: This study aims to determine the interpretation of staining results using sappan
wood as a substitute for eosin in hematoxylin eosin staining

Methods: This study is an experimental study with an intact Group Comparoson design
consisting of two treatment groups, namely staining using eosin and sappan wood. Data
analysis was carried out using the Chi square test. This study was conducted at the
Barokah Palembang anatomical pathology laboratory on March 16-17, 2025.The
population taken was histological tissue preparations in this study werw 32 sampels
calculated using the Federer formula.

Results: staining using eosin with 100% very good quality of preparation, for staining
using sappan wood the quality of preparation is not good 6.3%, less good 50% and good
quality 43.8%. The results of the statistical test obtained p = 0.000 < 0.05 this indicates a
significant difference between the results of staining using eosin and sappan wood filtrate
Conclusion: Sappan wood staining has the potential as a natural dye to replace eosin in
Hematoxylin-Eosin staining.
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ABSTRAK

Latar Belakang: Tahapan penting dalam pemeriksaan histopatologi adalah proses
pewarnaan jaringan, dimana teknik pewarnaan menggunakan Hematoxylin Eosin. Eosin
sebagai komponen pewarna bersifat karsogenik dan beresiko terhadap kesehatan dan
lingkungan jika digunakan dalam jangka panjang. Kayu secang yang mengandung
brazilin berpotensi dikembangkan sebagai alternatif alami pengganti eosin.

Tujuan: Penelitian ini bertujuan untuk mengetahui interpretasi hasil pewarnaan
menggunakan kayu secang sebagai pengganti eosin pada pewarnaan hematoxylin
eosin.

Metode: Penelitian ini merupakan penelitian eksperimental dengan design intact group
comparison yang terdiri dari dua kelompok perlakuan yaitu pewarnaan menggunakan
eosin dan kayu secang. Analisis data dilakukan menggunakan uji Chi square. Penelitian
ini dilakukan di laboratorium patologi anatomi barokah Palembang pada tanggal 16-17
Maret 2025. Populasi yang diambil adalah preparat jaringan histologi yang berada di
laboratorium Patologi Anatomi Barokah Palembang, sampel yang digunakan pada
penelitian ini berjumlah 32 sampel yang dihitung menggunakan rumus federer.
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Hasil: pewarnaan menggunakan eosin dengan kualitas sediaan 100% sangat baik,
untuk pewarnaan menggunakan kayu secang kualitas sediaan tidak baik 6,3%, kurang
baik 50% dan kualitas baik 43,8%. Hasil uji statistik didapatkan p = 0,000 < 0,05 hal ini
menandakan adanya perbedaan yang signifikan antara hasil pewarnaan menggunakan
eosin dan filtrat kayu secang.

Kesimpulan: Pewarnaan kayu secang memiliki potensi sebagai pewarna alami
pengganti eosin pada pewarnaan Hematoxylin-Eosin.

Kata kunci: eosin, histopatologi, hematoxylin-eosin, kayu secang

INTRODUCTION

Cancer is a dangerous non-communicable disease, characterized by uncontrolled
growth and division of abnormal cells.! Systematic cancer diagnosis begins with a
history, physical examination, and supporting tests such as mammography, ultrasound
(USG), CT scan, bone scan, and magnetic resonance imaging (MRI). However,
histopathology remains the gold standard for confirming a malignant diagnosis.2

Histopathological examination is a very important diagnostic for identifying infectious
organisms.® The stages of histopathological examination consist of pre-analytical,
analytical, and post-analytical stages.®* One important stage in this process is tissue
staining during the analytical stage, which aims to provide visual contrast between
cellular components so they can be clearly observed under a microscope.®

Hematoxylin-Eosin (HE) staining is the most commonly used routine staining method
in histopathology laboratories.® Hematoxylin acts as a basic dye that binds to nucleic
acids in the cell nucleus, producing a blue color, while eosin is an acidic dye that stains
the cytoplasmic components pink.” However, long-term use of eosin has been reported
to have the potential to cause toxic effects, such as irritation to the skin, eyes, or
respiratory tract, and poses a risk of environmental pollution if the waste is not managed
properly.2 Therefore, an alternative dye that is safer and more environmentally friendly
is needed to replace eosin in the tissue staining process.®

The use of alternatives to eosin is being done to reduce risks to health and the
environment, one way being to find substitutes for eosin.® Mamay's research has shown
that several natural ingredients, such as sappan wood extract (Caesalpinia sappan L.),
can be used as eosin substitutes in the dyeing process.!! Sappan wood is a medicinal
herb used as a traditional medicine, as well as as a textile and food dye. Its main
pigment, brazilin, produces a reddish-yellow color at pH 2-5 and binds to positively
charged proteins in the cytoplasm and connective tissue.!? Brazilin has the potential to
be a natural dye to replace eosin and Giemsa in staining worm eggs.t® Although it is
safe and has the potential to support health,** Brazilin has a weakness, namely low color
stability against pH changes.®®

Previous research has shown that sappan extract can be used as a natural dye in
identifying soil-transmitted helminth (STH) eggs, as the shell structure and egg contents
are more clearly visible.'® Sappan lignum extract contains brazilin as the main
compound, as well as flavonoids, lignin, steroids, triterpenoids, and diterpenoids. The
red color produced by this extract has the potential to replace the use of 2% eosin in
microscopic staining.’

Previous research conducted by Bose S (2022) found that staining using turmeric
and hibiscus water derived from the rhizome of Curcuma longa and the petals of Hibiscus
rosa-sinensis can be used as an alternative to eosin in staining cytoplasm. In this study,
statistical analysis was performed to compare six parameters between turmeric and
hibiscus. The results showed no significant difference.!®
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The potential of sappan wood (Caesalpinia sappan L.) extract as an alternative to
eosin in hematoxylin—eosin staining was evaluated based on the characteristics of the
tissue staining results. The brazilin and brazilein compounds in sappan wood are known
to produce red to purplish red colors and have an affinity for certain tissue components,
thus potentially being used as a natural dye in histological examinations.

METHODS

Study design

An experimental approach was used to evaluate the interpretation of staining results
using sappan wood extract (Caesalpinia sappan L.) as a substitute for eosin in
Hematoxylin—Eosin staining. The study was conducted from March 1-30, 2025, at the
Barokah Anatomical Pathology Specialist Clinical Laboratory, Palembang.
Data source and sampling procedure

The study population was histological tissue preparations at the Barokah Palembang
Anatomical Pathology Laboratory. The sampling technique used nonprobability sampling
in the form of purposive sampling, namely determining samples based on certain
considerations.!® The sample consisted of 32 mammary tissue preparations with codes
S1-16 for the sappanwood group and E1-16 for the eosin group, which met the inclusion
criteria in the form of good tissue condition and appropriate sappanwood material quality.
Variables of the study

The research variables consist of independent variables in the form of the use of
sappanwood extract as an alternative dye and dependent variables in the form of the
results of tissue staining interpretation in the Hematoxylin—Eosin method. The data
collection method used is primary data. The tools and materials used are sappanwood
flowers, analytical scales, hot plates, filter paper, distilled water, water bath, hematoxylin
eosin staining.
Measurement and instruments

The tools and materials used include sappanwood flowers, analytical scales, hot
plates, filter paper, distilled water, water baths, and Hematoxylin-Eosin staining
reagents.?° The procedure for making sappanwood filtrate is carried out by washing and
drying the sappanwood, then boiling 100 grams of sappanwood in 1000 mL of distilled
water at 70°C for 21 minutes. The extraction results are cooled to room temperature
(£27°C), then filtered using filter paper and stored in a brown bottle as a reagent.!! The
hematoxylin-eosin staining procedure begins with immersing the tissue in xylene for 5
minutes three times. Next, the tissue is drained and then immersed in ethanol for 3
minutes with two repetitions, followed by 96% alcohol for 3 minutes twice. After that, the
tissue is washed with running water for 3 minutes, immersed in hematoxylin for 5-7
minutes, then washed again using running water for 3 minutes. The hematoxylin staining
process is repeated (5-7 minutes), then washed again with running water for 5 minutes.
The next stage, the tissue is dipped in 70% alcohol 7 times, then in 80% alcohol 7 times,
then in sappanwood filtrate 1-2 times. After that, the tissue is dipped in 96% alcohol 7
times with two repetitions, continued in 100% ethanol 7 times, and finally with immersion
in xylene 7 times.?
Data collection

The data used are primary data obtained through direct observation of the results of
staining tissue preparations that have been processed using sappanwood and eosin.
Ethical considerations

This research has obtained ethical approval with number 000486/KEP IKesT
Muhammadiyah Palembang/2025 and was carried out in accordance with research
ethics principles.
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Data analysis

The collected data was then processed using the Chi-Square statistical test to
determine the relationship or difference between the two observed variables. The results
of the analysis of each observed indicator were first accumulated in the form of a
percentage (%) as the result value. Interpretation of the test results is based on the
significance value (Asymp. Sig.). If the Asymp. Sig. value is <0.05, then HO is rejected,
which means there is a significant difference between the two variables being tested.
Conversely, if the Asymp. Sig. value is >0.05, then HO is accepted, which indicates that
there is no significant difference between the two observed variables.

RESULT
The results of tissue quality in staining using eosin obtained the interpretation of the

Figure 1. Results of Microscopic Observation of Staining Using Eosin at 400x
Magnification

Based on Figure 1, the microscopic results of sample no. 3 were obtained with very
good criteria (score 4) in code (A) the cell nucleus appears very clearly blue, code (B)
the cytoplasm appears very clearly red, the contrast against the background is very clear
and the results of the smear preparation are very uniform.2

The results of tissue quality in sappan wood filtrate staining are interpreted based on
observations made by an anatomical pathology expert in Figure 2 as follows:

5 o PP L VRN
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Figure 2. Results of Microscopic Observations of Coloring Using Sappan Wood at 400x
Magnification
Based on Figure 2, the microscopic results of sample no. 9 were obtained with good
criteria (score 3) in code (A) the cell nucleus was clearly visible in blue, code (B) the
cytoplasm was clearly visible in red, the contrast against the background was clearly
visible, and the smear results of the preparation were uniform
Based on table 1, it shows that in the staining process using eosin, 16 preparations
were obtained with very good criteria, and staining using sappan wood filtrate produced
1 preparation with poor criteria, 8 preparations with fair criteria, and 7 preparations with
good criteria.
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Table 1. Coloring Tabulation Results

Eosin Check up result Sample of Check up result
Sample Coloring Score Sappan Wood Coloring Skor
E1l Very good 4 S1 Good 3
E2 Very good 4 S2 Fair 2
E3 Very good 4 S3 Good 3
E4 Very good 4 S4 Good 3
E5 Very good 4 S5 Fair 2
E6 Very good 4 S6 Fair 2
E7 Very good 4 S7 Good 3
E8 Very good 4 S8 Fair 2
E9 Very good 4 S9 Good 3
E10 Very good 4 S10 Fair 2
E1ll Very good 4 S11 Fair 2
E12 Very good 4 S12 Good 3
E13 Very good 4 S13 Poor 1
E14 Very good 4 S14 Fair 2
E15 Very good 4 S15 Fair 2
E16 Very good 4 S16 Good 3

Based on table 1, it shows that in the staining process using eosin, 16 preparations
were obtained with very good criteria, and staining using sappan wood filtrate produced
1 preparation with poor criteria, 8 preparations with fair criteria, and 7 preparations with
good criteria.

Table 2. Statistical Test Results

Nilai Asymp. Sig

(p-value) Statistical Decision Interpretasi
<0.05 HO is reiected There is a significant difference between the two
, : variables tested
>0.05 HO is accepted There is no significant difference between the

two variables tested.

The collected data was then processed using the Chi-square test. Data on each
observed indicator was accumulated into a % (percentage) as the result. Data with a
significant result (asymp. Sig.) <0.05 indicates a difference between the two variables,
while data with a value >0.05 indicates no difference between the two variables.

AVERAGE STAINING QUALITY RESULTS

Eosin Staining B Sappon Wood Staining

Very Good Good

Figure 3. Average Staining Results Diagram Using Eosin and Sappan Wood Filtrate
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Based on the average staining results diagram, there is a clear difference between
the use of Eosin staining and Sappan Wood staining in the observation results. In Eosin
staining, all observation results show the category "Very Good" with a percentage of
100%, while in the categories "Good", "Fair", and "Poor" no results were found (0%).
This shows that Eosin staining provides very optimal and consistent results in providing
good staining quality on the samples observed. Conversely, in Sappan Wood staining,
there are no results in the category "Very Good" (0%). Most of the results are in the
category "Good" at 50%, followed by the category "Fair" at 43.80%, and "Poor" at 6.30%.
This data shows that Sappan Wood staining still has variations in the quality of the results
and in general has not reached the optimal level like Eosin staining.

DISCUSSION

This study used 32 mammary tissue samples, consisting of 16 preparations stained
with eosin and 16 preparations stained with sappanwood filtrate. Microscopic
examination results showed that all preparations stained with eosin (16 preparations;
100%) had very good criteria (score 4). Meanwhile, in staining using sappanwood filtrate,
1 preparation (6.3%) was obtained with poor criteria (score 1), 8 preparations (50%) with
less good criteria (score 2), and 7 preparations (43.8%) with good criteria (score 3).

The results of statistical tests showed a significant difference between the quality of
staining using eosin and sappanwood, so that the sappanwood dye formulation could
not match the effectiveness of eosin in staining histological tissue. The results of
microscopic examination showed that all preparations (100%) stained with eosin had
very good quality (score 4), because eosin as a counter dye produced a pink color that
stained the cytoplasm.? Eosin is acidic so basic cell structures, such as the cytoplasm,
will bind this dye and appear pink.?

Microscopic examination results showed that of the 16 preparations stained with
sappanwood filtrate, 1 preparation was of poor quality, 8 preparations were of poor
quality, and 7 preparations were of good quality. Brasilin in sappanwood is susceptible
to degradation during storage and is strongly influenced by pH and temperature.
Although high temperatures during extraction can increase color intensity, under certain
conditions the color can decrease due to pigment denaturation, thus affecting the quality
of the staining. 4

Previous research has shown that the stability of anthocyanin and brazilin compounds
is highly dependent on extraction and storage conditions. Anthocyanins are known to
experience color degradation during storage, particularly at neutral to alkaline pH, which
results in a decrease in color intensity. Optimal coloration occurs under acidic conditions,
where anthocyanins produce a more stable red color. 2* Other researchers have noted
the importance of extraction temperature and solvent type. Too high an extraction
temperature can cause degradation of the active compounds, while the solvent type
affects the efficiency of pigment extraction. Polar solvents like water tend to produce
weaker colors than semipolar solvents like ethanol.?® This is supported by previous
research which showed that 96% ethanol-sappan solution provided the best color
intensity compared to water solvent.?

This aligns with previous research that found anthocyanin concentration also affects
the resulting color. High concentrations produce red, while low concentrations tend to
produce purplish-blue. The difference in color intensity in this study may be due to the
inconsistent concentration of the filtrate, which has not been consistently standardized .

The results of the study indicate that sappanwood has the potential as a natural dye
to replace eosin in Hematoxylin—Eosin staining, but its staining quality is not yet
comparable to eosin. Optimization of the filtration and staining process of sappanwood
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is needed so that it can become an effective and efficient alternative dye in
histopathology. Alternative isolation processes that can produce more
concentrated/effective compounds are extraction with appropriate solvents,
chromatography, distillation, ultrasonic extraction, and microwave extraction. The
selection of the appropriate isolation process depends on the nature of the target
compound and the sample matrix, so optimization of the isolation process is needed to
obtain optimal results.

This research has the advantage of reducing health and environmental risks by using
natural sappanwood dye. However, the dye quality remains low due to factors such as
extraction temperature, solvent, pH, heating time, and anthocyanin stability. There are
no conflicts of interest in this publication.

CONCLUSION

This study shows that sappanwood has the potential as a natural dye to replace eosin
in hematoxylin-eosin staining, but the staining quality still needs to be improved through
optimization of the filtration and staining processes. Based on the results of the research
that has been conducted, it is recommended that further research can optimize the
process of using sappanwood as a natural dye, especially in the filtration and staining
stages. This aims to improve the quality of the staining results so that it can approach or
match the quality of eosin staining in hematoxylin-eosin staining. In addition, further
research is needed regarding variations in the concentration of sappanwood extract, the
length of soaking time, and different extraction methods to obtain more optimal and
consistent staining results. The development of standard work procedures (SOPSs) is also
needed so that the use of this natural dye can be applied more widely in the field of
histotechnology and anatomical pathology laboratories.
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