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Abstract
Objectives: This research was conducted to look for the vest conditions of Hematoxylin-eosin staining. Methods/
Statistical Analysis: Method was investigated the Hematoxylin-eosin staining, Microscopy and RGB analysis. Findings:
The result was as follows. The thickness of the optimal condition is 3 cm, the time of the optimal Hematoxylin 4 minutes
30 seconds and eosin 3 minutes 45 seconds. Also, RGB analysis was green. So green showed a significant difference in the
change width to each stage, and the biggest change was 52.74 at 2㎛ and 3㎛. Improvements: Therefore, an appropriate
fixed time is needed to be found to get staining intensity and sharpness, and the freshness of reagent for each stage should
be maintained.
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1. Introduction
For the accurate diagnosis and prognosis of the disease,
surgically excised tissues from the surgery are essential
for the examination. There are a number of methods
diagnosing the disease using dissected tissues taken from
the human body suspected to have a disease. The human
body is composed of about 60 trillion cells. Not all the
cells have the same conformation but each of the tissues
and organs are uniquely composed, and cells are arranged
to properly function they are responsible for. However,
for the diseased organs or tissues, cells that make up the
diseased organs or tissues are damaged which are not able
to properly function, or they have abnormal shape and
arrangement. With this theoretical background, biopsy
is performed with mainly excised tissues by examining the shape and arrangement of cells of tissues under
microscope to determine the disease status, cause, and
prognosis1. The purpose of staining the tissue sections
is to enable the microscopic examination by making differences in refractive index or color of particular cells,
tissues, or tissue components. To examine the microscopic
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structure of collected tissues, the staining method using
hematoxylin and eosin as main reagents is used which is
most common and widely is used method1. This method
is called “H&E staining” and the nucleus is stained in blue
by hematoxylin and the cytoplasm is stained in red by
eosin2. After treating cells with xylene and alcohol, the
nucleus is stained in blue with hematoxylin and then the
cytoplasm and connective tissues are stained in red by
eosin according to the theory. There are significant discrepancies in staining intensity because some literatures
show only the staining procedure without mentioning the
time, and most books is described the time as “between a
few minutes to a few minutes”. Therefore, the purpose of
this study is to find the optimal staining conditions (time
and thickness of the slides) by staining the sectioned
slides with various thicknesses in various times. The
obtained optimal staining conditions including preferable
thickness of the sectioned slides when observing under
the microscope and optimal time for the samples being
stained with objective and harmonious color borders will
provide the basic reference to standardize H&E staining
for the practitioners.
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2. Study Methods
2.1 Subject of study
The normal tissue including glandular epithelium of
mucosa membrane from the patients with gastric cancer
referred to pathology after radical total gastrectomy was
used and the samples were collected from January to June
2011 in Ulji University Hospital.

2.2 Methods
2.2.1 Hematoxylin& eosin stain
10% formalin fixed tissue was examined by naked eyes,
cut into 2.0 X 1.0 X 3.0 and treated with alcohol and
xylene. Then paraffin was used to interfuse between tissues, and paraffin block was made using paraffin again.
To evaluate the changes by the thicknesses of slices, the
slides were produced by 1 µm, 2 µm, 3 µm, 4 µm, 5 µm
and 6 µm of the thicknesses. The micro-sectioned slides
were produced by commonly used H&E staining from
Ulji University. The micro-sectioned slides were stained
in hematoxylin staining solution for 4 minutes and 30
seconds, and then in eosin staining solution for 3 minutes and 45 seconds. Then the samples were dehydrated
in 70%, 80%, 95%, and 100% of alcohol respectively. Then
each sample was placed in xylene for 2 minutes in 3 steps
to increase the transparency of stained color. After staining, the sample was smeared with mounting medium
and then covered with protective glass to prevent stained
tissue damage and bleaching and to improve refraction
index for the microscopic examination. In order to evaluate the changes depending on staining time, slide #1 was
sliced in 3µm and stained in hematoxylin solution for 5
minutes and 24 seconds increasing 20% of the staining
time and stained in eosin for 4 minutes and 30 seconds.
Slide #2 was stained in hematoxylin for 4 minutes and 40
seconds without increasing the staining time and in eosin
for 3 minutes and 45 seconds, and slide #3 was stained in
hematoxylin for 3 minutes and 36 second and in eosin for
3 minutes reducing 20% of both staining time. Slide #4
was stained in hematoxylin for 2 minutes and 42 seconds
and in eosin for 2 minutes and 15 seconds reducing 40%
of the staining time. Slide #5 was stained in hematoxylin
for 1 minute and 48 seconds and in eosin for 1 minute
and 30 seconds reducing 60% of the staining time. Slide
#6 was stained in hematoxylin for 54 seconds and in eosin
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for 45 seconds reducing 80 % of the staining time. Then
after dehydration and transparent process, all the slides
were smeared with mounting medium and covered with
protective glasses.

2.2.2 Microscopy
The stained tissue with damages or unevenly sliced glass
slides under microscopy was excluded from the analysis. The stained slides of each condition depending on
the intensity of hematoxylin and eosin staining read as
“favorable” and are given point 0. Based on this point, the
slides were classified by “weak” and “strong” according
to the staining intensity of hematoxylin and eosin. Point
-1 is given for a little weak staining intensity point -2 is
given for a weak, point -3 for a very weak, point 1 for a
little strong, point 2 for a strong, and point 3 for a very
strong. All the slides were read and scored using an optical microscopy (Olympus BX51 microscope, Japan) by
pathologists and technologists. The score was calculated
from the average score marked by each individual read
under 40 and 100 magnifications.

2.2.3 Image Analysis
The slides stained by H&E staining according to each
condition were examined and photographed using an
optical microscope. Next, 30 mucous membrane cells per
each slide were selected, the section was specified by the
size of nucleus and cytoplasm, and then the RGB analysis was performed using Olympus DP71 digital camera

Figure 1. The image analysis program (Hematoxylin
analysis)
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(Olympus Corporation, Japan). The result of the staining intensity analysis was displayed on the graph with the
numbers in order from the beginning to the end of the
solid line minimum 0 to maximum 250 by red-green-red
color Figure 1 and 23-6. 30 cases of RGB results were calculated by the average of each individual result and then
the standard deviation was calculated.

Table 1. Microscopic analysis of overall staining
intensity with different section thickness
X40

X100

Hematoxylin

Eosin

Hematoxylin

Eosin

1㎛

-1.6

-1.9

-1.3

-1.8

2㎛

-1.0

-1.1

-0.9

-1.1

3㎛

0.1

0

0.1

0

4㎛

0.3

0.3

0.4

0.1

5㎛

0.9

0.8

0.9

0.8

6㎛

1.5

1.3

1.6

1.2

〈0: weak, 0: good, 0〈: strong
Table 2. Microscopic analysis of overall staining
intensity with different staining duration
X40

Figure 2. The image analysis program (Eosin analysis)

3. Results
3.1 Gross Readout Depending on Section
Thickness and Staining Time
Each prepared slides were read under 40 and 100 magnifications of an optical microscope by 8 pathologists. The
level of satisfaction was calculated by reading the result
of the staining intensity of the hematoxylin and eosin.
In the changes depending on the thickness of the slice, 3
µm thicknesses showed satisfied staining intensity under
both 40 and 100 magnifications. The hematoxly in staining intensity showed the average value of 0.1 which is
close to satisfied intensity and the eosin staining showed
the average value of 0 which is satisfied intensity as well
Table 1. Given the differences in staining time, hematoxylin staining time 4 minutes and 30 seconds and eosin
staining time 3 minutes and 45 seconds showed the average value of 0.1 and 0 respectively which are favorable
staining intensity Table 2.
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X100

Hematoxylin

Eosin

Hematoxylin

Eosin

1

0.3

0

0.3

0

2

0.1

0

0.1

0

3

-0.8

-1.2

-0.8

-1.0

4

-0.9

-1.3

-0.9

-1.3

5

-1.5

-1.9

-1.6

-1.9

6

-2.6

-2.6

-2.5

-2.5

1. Hematoxylin: 5'24", Eosin: 4'30"
2. Hematoxylin: 4'30", Eosin: 3'45"
3. Hematoxylin: 3'36", Eosin: 3'
4. Hematoxylin: 2'42", Eosin: 2'15"
5. Hematoxylin: 1'48", Eosin: 1'30"
6. Hematoxylin: 54", Eosin: 45"
〈0: weak, 0: good, 0〈: strong

Table 3. RGB image analysis of nuclear staining
intensity with different section thickness
Red

Green

Blue

1㎛

167.67±4.89

126.49±9.41

188.36±2.50

2㎛

162.18±6.61

109.19±13.02

185.91±4.18

3㎛

140.15±6.92

56.45±12.04

173.71±5.16

4㎛

142.99±6.53

50.05±8.90

176.19±4.90

5㎛

129.76±9.38

31.26±8.02

166.60±6.46

6㎛

131.45±7.98

28.92±6.37

166.04±6.32

3.2 RGB Analysis According to Section
Thickness
The nucleus with the thickness from 1 µm to 6 µm was
analyzed by RGB analysis. 1 µm showed the average value
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of 167.6 in red, and then it gradually reduced to 131.45 in
6 µm of thickness. Green was analyzed by 126.49 in 1 µm
and 28.92 in 6 µm. Blue was analyzed by 188.36 in 1 µm
and 166.04 in 6 µm Table 3 and Figure 3. In cytoplasm
analysis, red showed the average value of 190.36 in 1 µm
and 189.80 in 6 µm. Green was analyzed by 196.27 in 1
µm and 187.03 in 6 µm Table 4 and Figure 4.

Figure 3. RGB image analysis of nuclear staining

Figure 4. RGB image analysis of cytoplasmic staining

Table 4. RGB image analysis of cytoplasmic staining
intensity with different section thickness
Red

Green

Blue

1㎛

190.36±2.66

162.90±6.86

196.27±1.87

2㎛

192.85±2.92

157.23±7.42

198.03±2.52

3㎛

192.32±4.18

133.90±11.76

198.40±2.47

4㎛

191.96±2.99

119.98±8.20

197.11±1.87

5㎛

188.68±3.85

98.89±11.93

6㎛

189.80±4.13

94.29±22.83

Red

Green

Blue

1

145.54±9.47

44.57±11.32

171.05±7.12

2

140.15±6.92

56.45±12.04

173.71±5.16

3

162.95±7.48

92.98±15.07

183.62±5.09

4

174.50±4.31

105.63±8.97

187.58±2.88

5

172.34±4.42

124.83±7.78

187.99±2.57

6

177.19±3.87

128.89±9.34

189.33±2.48

1. Hematoxylin: 5'24", Eosin: 4'30"
2. Hematoxylin: 4'30", Eosin: 3'45"
3. Hematoxylin: 3'36", Eosin: 3'
4. Hematoxylin: 2'42", Eosin: 2'15"
5. Hematoxylin: 1'48", Eosin: 1'30"
6. Hematoxylin: 54', Eosin: 45'

Table 6. RGB image analysis of cytoplasmic staining
intensity with different staining duration
Green

Blue

1

194.04±3.53

111.16±12.48

193.64±3.83

2

192.32±4.18

133.90±11.76

198.40±2.47

193.36±2.91

3

192.80±2.63

140.55±10.56

195.68±2.71

187.03±20.04

4

197.53±2.65

146.81±9.50

195.87±3.04

5

192.40±2.72

154.52±8.30

194.29±2.53

6

193.86±2.11

158.91±7.16

195.19±2.25

The nucleus was analyzed using RGB analysis by increasing the staining time by 20% and decreasing by 80%. Red
showed the average value of 145.54 when the staining
time was increased by 20% and 177.19 when decreased by
80%. Green was analyzed by 44.57 when 20% of the stain-
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Table 5. RGB image analysis of nuclear staining
intensity with different staining duration

Red

3.3 RGB Analysis According to the Staining
Time

4

ing time was increased and the average was increased to
128.99 when the staining time was decreased by 80%.
Blue was analyzed by 171.05 when 20% of the staining
time was increased and showed 189.33 when 80% of
the staining time was decreased Table 5 and Figure 3.
In cytoplasm analysis, the red showed the average value
of 194.04 when 20% of the staining time was increased
and 193.86 when 80% of the staining time was decreased.
Green was analyzed by 111.16 when 20% of the staining
time was increased and the value gradually increased to
158.91 when 80% of the staining time was decreased. Blue
was analyzed by 193.64 in 20% increased staining time
and 195.19 in 80% decreased staining time Table 6 and
Figure 4.

1. Hematoxylin: 5'24', Eosin: 4'30"
2. Hematoxylin: 4'30", Eosin: 3'45"
3. Hematoxylin: 3'36", Eosin: 3'
4. Hematoxylin: 2'42", Eosin: 2'15"
5. Hematoxylin: 1'48", Eosin: 1'30"
6. Hematoxylin: 54', Eosin: 45'
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4. Discussion and Conclusions
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Histopathology is the study of signs of disease using
microscopic examination of surgical specimen7. The
tissue sample manufacturing techniques have been developed as various forms of microscopy8. Particularly, with
the development of an electron microscopy during the
last 50 years, the knowledge of cell structure has remarkably expanded, but it has not yet exceeded the scope of
an optical microscope. The ideal resolution of the optical microscope is about 0.2 µm, however, when observing
the tissue, the actual resolution becomes lower than the
resolution of the microscope. Therefore, it is important to
produce thin and fine tissue samples. The purpose of staining tissues is to observe the composition of the cell, and
staining with hematoxylin and eosin is a common staining method. Heavy metal’s stain include careful. Heavy
metals are potentially hurting humans9 and the environment a huge health factor10. Particularly, the staining
discrepancies depending on the sectioned slide thickness
have become a very important factor in selecting section
thickness. Therefore, preferred thickness of section, staining intensity, and color are difference by each observer11.
Also, the damage and deformation during the sectioning
process result in a number of problems in microscopic
analysis. This study analyzed gastric mucosa membrane
because many stomach biopsies are referred as gastro
copy become active12. The previous studies described the
appropriate thickness of the general sample as 4~6 µm13,
however, as a result of this study, the ideal thickness of
the slide sample was 3 µm when staining for the microscopic analysis. In addition, the appropriate staining time
for hematoxylin was 4 minutes and 30 seconds and for
eosin was 3 minutes and 45 seconds. The result of RGB
analysis of 3 µm thickness showed 140.15 in red, 56.45 in
green, and 173.71 in blue. Also, in the analysis of nucleus
thickness, the change range of red (167.67∼131.45) and
blue (188.36∼166.04) were 36.22 and 22.32, but green
(126.49∼28.92) was 97.59 which showed significant
reduction as the section become thicker. Also, green
showed significant differences between each steps, and 2
µm and 3 µm of thicknesses showed the most significant
changes which was 52.74. Therefore, when the sample
thickness is diverse in H&E staining, the color determining the staining intensity of the nucleus is green while
red and blue weakly contribute to the staining intensity.
In H&E staining, it is important applying and practicing
the sample staining with the above results to improve the
quality of the staining.
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