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Abstract: The microscopic observation of lung tissue is challenging due to its fragile nature. Xylene
and isopropanol are common tissue-clearing reagents used before paraffin embedding, yet no stud-
ies have compared these two reagents in lung tissue processing. Due to the well-known health risks
xylene could introduce to operators, as well as its environmental hazards, it has long been desired
that a less harmful alternative to xylene with the same staining effects be introduced. Thus, we sys-
tematically assessed the efficacy of isopropanol as a substitution for xylene. Lung tissue obtained
from diseased donors and explanted lungs from recipients were processed simultaneously using
either xylene or isopropanol prior to paraffin embedding. Scoring of the overall staining quality
after H&E staining, along with the ease of sectioning, was compared systematically. Fluorescent
staining was performed to explore alveolar morphology and the overall lectin fluorescence signal
between groups. To understand differences in antibody staining, the signal-to-noise ratio (SNR) of
smooth muscle actin (SMA) and elastin was examined. No difference was observed with regard to
ease of sectioning, staining quality, alveolar circularity, alveolar wall thickness or the SNR between
slides processed with xylene or isopropanol. This study demonstrated comparable outcomes of iso-
propanol and xylene in lung tissue processing, suggesting isopropanol as a more favorable, opera-
tor- and environment-friendly substitute for xylene with regards to tissue processing.

Keywords: paraffin wax processing; xylene; isopropanol; lung tissue; staining effects; systematic
evaluation; health risk; environment influence

1. Introduction

Histology plays a crucial role in medical research, primarily focusing on the detailed
microscopic examination of cells and tissues [1]. Tissue processing involves tissue preser-
vation, dehydration, clearing, and paraffin infiltration, which is fundamental for the prep-
aration of fixed tissues [2]. The essential purpose of this tissue processing is to provide
structural support for morphological preservation during sectioning, and it can be
achieved via embedding the tissue in a liquid paraffin. This also acts to protect the tissue
for long-term storage for future analysis [3]. In contrast to solid organ tissue, lung tissue
processing can be challenging owing to its structural fragility. This necessitates elevated
standards for providing comprehensive and uniform support during the sectioning pro-
cedure, thereby imposing heightened demands on the quality of tissue processing.

An essential and efficient factor contributing to paraffin penetration into tissues is
tissue clearing. Therefore, the selection of a tissue-clearing agent holds particular signifi-
cance in this context.
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Xylene and isopropanol have traditionally been used as clearing reagents in tissue
processing with xylene achieving more widespread use [4,5]. Xylene is an aromatic hy-
drocarbon compound solvent that is widely used in industry and medicine [6]. It has a
crucial role in histological laboratories, aiming to render alcohol to be removed from tis-
sue, enhancing tissue transparency, and contributing to better paraffin penetration and
the observation of the morphological structure of the tissues, for which is it widely em-
ployed in tissue processing [4,7,8]. However, xylene also has a detrimental impact on the
environment, potentially introducing a hazard to human beings and pollutions to our eco-
system [6,9-12]. Moreover, prolonged exposure, particularly through occupational
means, like researchers and technicians in the lab, leads to inhalation risk, skin and eye
irritation, central nervous system depression, and even long-term health impacts [6,13—
18]. Isopropanol is a clear, colorless, flammable liquid with an odor similar to a mixture
of ethanol and acetone [19]. It is metabolized mainly in the liver by alcohol dehydrogenase
to acetone, which is the primary metabolite of isopropanol [20,21], and it is less toxic than
xylene [22,23].

The aim of our study was to evaluate the differences, if any, between xylene and iso-
propanol for tissue processing and the imaging of human lung tissue, including bright-
field imaging of hematoxylin and eosin (H&E) stains, epi-fluorescent imaging of a molec-
ular lectin stain, and confocal imaging of a multiplex antibody stain.

2. Materials and Methods
2.1. Histological Processing and Ease of Sectioning Analysis

Samples were collected from donor lungs not used for transplantation, and explanted
diseased lungs from patients who had received transplants, at Lund University Hospital.
Biopsies were taken at the same location from each donor (1 = 6) or recipient (n = 6) lung,
leading to a n = 12 for comparing the impact of xylene versus isopropanol clearing. This
was followed by 48 h fixation in 10% neutral buffered formalin solution (Sigma-Aldrich,
Merck KGaA, Darmstadt, Germany) at 4 °C. After the completion of fixation, 2 tissue
blocks were randomly allocated into xylene and isopropanol groups for further tissue pro-
cessing (Table 1). One group was processed via xylene and the other was processed via
isopropanol. All the tissues were thereafter embedded in paraffin wax for tissue section-
ing, which is conducted via a rotary microtome (Leica, Germany). Finally, 5 pm paraffin
sections were cut for H&E staining, and 10 um paraffin sections were cut for immunoflu-
orescent staining. The ease of sectioning was evaluated via rating from a scale of 1 to 5 (1
for poor; 2 for average; 3 for good; 4 for very good; 5 for excellent) by the operator [23].

Table 1. Protocol for xylene/isopropanol methods on tissue processing.

Step Solutions Time
1. 70% ethanol 30 min
2. 96% ethanol 1h
3. 100% ethanol 1h
4. 100% ethanol 1h
5. 50%/50% ethanol/xylene (isopropanol) 20 min
6. 50%/50% ethanol/xylene (isopropanol) 20 min
7. 100% xylene (isopropanol) 1h
8. 100% xylene (isopropanol) 1h
9. Paraffin 8h
10. Paraffin 8h

2.2. H&E Staining and Quality Evaluation

For H&E staining, all the slides were deparaffinized, rehydrated and washed in com-
pliance with standard protocols (Table 2). H&E staining was subsequently conducted
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using hematoxylin and eosin (Merck Millipore, Darmstadt, Germany) consecutively,
which was followed by dehydration and the mounting of slides via Pertex (Histolab,
Askim, Sweden) (Table 2). The overnight air-dried slides were observed under light mi-
croscope (Olympus Life Sciences, Tokyo, Japan) and bright-field images were acquired for
quality evaluation by three experienced observers independently. The three observers
were blinded to tissue sources and processing information. Samples were scored from a
scale of 0 to 3 (Table 3) in terms of the following aspects: overall quality of tissue, quality
of staining, tissue architecture, clarity of nucleus-cytoplasmic differentiation/integrity,
and vascular tissue [22].

Table 2. Protocol for xylene and isopropanol H&E staining sections.

Incubate the Blocks (65 °C, 5 min)

Deparaffinization Cool at Room Temperature
Clearing Xylene (2 x 5 min)
Rehydration 100% ethanol (2 x 2 min)
96% ethanol (2 min)
70% ethanol (2 min)
Deionized water (2 min)
Nuclear staining Hematoxylin (3 min)
Deionized water 3 times (within 2 min)
70% ethanol (2 min)
Cytoplasmic staining EosinY + glacial acetic acid (1 min)
. 96% ethanol (2 min
Dehydration 100%ethanol ((2 min))

Xylene (2 x 3 min)
Mount coverslip onto slides

Air dry (overnight)
Table 3. The criteria for scoring tissue sections.

Microscopic Assessment Scores
1: Poor

Quality of tissue 2: Average
3: Good
1: Poor

Quality of staining 2: Average
3: Good
1: Poor

Tissue architecture 2: Average
3: Good

Clarity of nucleus—cytoplasmic differentia- 0: Not seen/absent

tion/integrity 1: Poor

. 2: Average
Vascular tissue 3 Good

2.3. Fluorescent Staining Effect Evaluation

For fluorescent imaging, slides were deparaffinized, rehydrated and washed accord-
ing to standard protocols. Fluorescent staining was thereafter conducted via a mixed dye
of DAPI (4',6-diamidino-2-phenylindole, 1:1000, ThermoFisher Scientific, Waltham, MA,
USA) and Lycopersicon esculentum lectin (LEA) DyLight488 (1:500, ThermoFisher Scien-
tific, Waltham, MA, USA) diluted in PBS for 30 min (Table 4), which was followed by im-
age acquirement via confocal (Nikon AIRHD, Tokyo, Japan) and Ti2 microscope (Nikon



Appl. Sci. 2024, 14,1726

4 of 12

Eclipse, Tokyo, Japan). Alveolar wall thickness was evaluated on confocal images by com-
paring the ratio of the inner and outer alveolar circumference difference to the outer cir-
cumference. Lectin intensity was evaluated on Ti2 images, as the overall lectin intensity
of the image adjusted by the entire tissue-covered area. A polygon selection tool was ap-
plied along to aforementioned analyses for depiction of lung tissues. For multiplex stains,
sections were incubated in a blocking/permeabilization buffer (5% BSA, 5% normal goat
serum, 0.5% triton-x-100) at 4 degrees for 45 min. Primary antibodies (SMA 1:500, elastin
1:250) were incubated in PBS at 4 degrees overnight. Secondary antibodies (goat anti-rab-
bit 568, goat anti-mouse 647) were incubated on sections for 90 min at 4 degrees at a dilu-
tion of 1:1000. Finally, sections were incubated with DAPI (1:1000) and lectin (1:500) for
30 min and then washed in PBS solution before mounting with Fluoromount G (Table 4).
Bronchioles in sections were then imaged with a confocal (Nikon A1RHD, Japan). To as-
sess SNR, peak fluorescent values were divided by the averaged background signal.

Table 4. Protocol for fluorescent staining sections.

Incubate the Blocks (65 °C, 5 min)

D ffinizati
eparatfinization Cool at Room Temperature
Clearing Xylene (2 x 10 min)
Rehydration 100% ethanol (2 x 5 min)

96% ethanol (5 min)
70% ethanol (5 min)
Deionized water (3 min)
Permeabilize and block at 4 °C (45 min)

Add primary antibodies and incubate at 4 °C (overnight)
Wash 3 time with PBS at room temperature (20
Fluorescent staining mins/wash)

Add secondary antibodies and incubate at 4 °C (90 min)
Add DAPI (1:1000) and LEA (1:500) incubate at room tem-
perature (30 min).
Wash 3 times with PBS (10 min/wash)
Mount coverslip onto slides
Air dry (overnight)

2.4. Calculations and Statistics

Data collection was conducted via Microsoft Excel 2023. Image analysis for fluores-
cent staining was conducted via Fiji Image] (Version: 2.14.0/1.54f). Normally distributed
variables were reported as mean and standard deviation (SD) and were assessed via Stu-
dent’s t-test for statistical significance. A Wilcoxon signed-rank test was conducted for
statistical significance assessment for categorical data and numeric data failing to pass a
normal distribution test. All statistical analysis was conducted using GraphPad Prism 9.1.
Statistical significance was defined as p < 0.001 (***), p < 0.01 (**), p <0.05 (*), or p > 0.05
(not significant).

3. Results
3.1. Ease of Sectioning

As tissue processing factors may impact tissue hardness and thus hinder section
quality, the ease of sectioning was compared within a total of 24 tissue blocks processed
via either xylene or isopropanol. As presented in Table 5, the ease of sectioning paraffin
blocks processed via xylene and isopropanol were scored 4.167 + 0.577 and 4.083 + 0.669,
respectively, according to the previously mentioned protocols [23]. No statistically signif-
icant difference was identified, supporting equivalent effects on tissue hardness or other
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factors correlating to the ease of tissue sectioning lung tissue despite the utilization of
different clearing reagents.

Table 5. Ease of sectioning.

Group N Mean Score SD p
Xyl 12 4.167 0.577
Yoo 0.763
Isopropanol 12 4.083 0.669

3.2. H&E Histological Observation

The general morphological features of lung tissue processed via xylene and isopro-
panol were observed utilizing brightfield microscopy for slides stained with H&E (Figure
1). In H&E slides processed via both xylene and isopropanol, properly constructed mesh
architecture could be clearly observed with flat-shaped epithelial cells neatly lining up the
alveolar walls. Surrounding the alveoli, capillaries were observable, and the interstitium
was typically thin. Extensive observation of H&E staining slides did not yield naked-eye rec-
ognizable differences between overall readouts of tissue processed via the two methods.

Xylene Isopropanol

Figure 1. Hematoxylin and eosin staining images of lung tissue in xylene and isopropanol. (a) Rep-
resentative images of hematoxylin and eosin (H&E) staining of lung tissue demonstrate the staining
effects of xylene (left) and isopropanol (right). Scale bar in the larger image represents 500 pm, and
the callout shows a magnified portion of the tissue where the bar represents 100 pm.

3.3. H&E Histological Evaluation

Given the aforementioned identical features in gross histology observation, intensive
histological evaluation concerning more detailed aspects of tissue morphology were then
conducted. Donor and recipient lung slides processed via xylene and isopropanol and
stained with H&E were evaluated and scored by three independent observers blinded to
slide classification and the processing method. Tissues were evaluated and scored with
regard to overall quality of tissue (Figure 2a), quality of staining (Figure 2b), tissue
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Quality of tissue

architecture (Figure 2c), clarity of nucleus—cytoplasmic differentiation/integrity (Figure
2d), and vascular tissue (Figure 2e) in accordance with the pre-discussed protocol, as il-
lustrated in Table 3 [22]. As demonstrated by corresponding statistical analysis between
slides processed via two different methods, no significant difference was observed in
terms of any of the aspects previously described (Table 6), thus indicating comparable
readouts given the replacement of xylene with isopropanol in lung H&E histological eval-
uation.

b c d e
Quality of staining Tissue architecture Clarity of nucleus-cytoplasmic Vascular tissue
4 ns 4 ns 4 ns 4 ns
T | | | 1
3 3 3 3
1] o« [}
@ @
g 2 % 2 ‘g 2 ‘8' 2
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Figure 2. Scoring results of H&E staining characteristics in lung tissue sections processed with xy-
lene and isopropanol. Histological analysis of H&E staining was performed on tissue sections ob-
tained from donor and recipient lung biopsies. The scoring results were assessed based on the following
criteria: overall quality of tissue (a); quality of staining (b); tissue architecture (c); clarity of nucleus—cyto-
plasmic differentiation/integrity (d); vascular tissue (e). n = 12. ns: nonsignificant (p > 0.05).

Table 6. Comparison of the scoring results of H&E staining characteristic in lung tissue sections
processed via xylene and isopropanol methods.

Xylene Isopropanol  Z-Value p Value

Quality of tissue 1.94 +0.83 1.89 +0.89 0.213 0.832
Quality of staining 2.44 +0.33 2.39+0.37 0.086 0.931
Tissue architecture 2.06 £ 0.80 1.83 £0.92 1.109 0.268

Clarity of nucleus-cytoplasmic  1.92+0.54 2.03 £ 0.58 0.711 0.477
Vascular tissue 1.33+0.86 1.14 +1.11 0.841 0.400

3.4. Automated Immunofluorescence Image Evaluation

For the purpose of generating evaluation and comparison of the effect by xylene and
isopropanol in a more objective and quantified manner minimizing risks of human-asso-
ciated bias, automated immunofluorescent image evaluation on Lycopersicon esculentum
lectin (LEA) DyLight488 and 4',6-diamidino-2-phenylindole (DAPI) stained slides were
consequently conducted. Type I alveolar epithelial cells were depicted with green color
(produced by LEA) (Figure 3a). Gross assessments in accordance with protocols previ-
ously described identified no significant difference between slides undergoing the two
methods in terms of alveolar circularity and alveolar wall thickness (% of total alveolar
surface area), suggesting statistically identical gross histological morphology structure
features in fluorescent staining regardless of whether xylene or isopropanol was used as
the clearing reagent during tissue processing (Figure 3b, p = 0.916; Figure 3c, p = 0.535). An
increment in the density of lectin in recipient lung tissue could be clearly observed no
matter whether processed via xylene or isopropanol (Figure 3d,e). Statistically speaking,
a significant elevation in lectin intensity was identified in the recipient tissues regardless
of tissue processing reagents applied (Figure 3h, p =0.0015, Figure 3i, p <0.0001), and such
significance was seemingly maintained even when tissues processed via the two methods
were combined to form pooled donor and recipient groups for comparison (Figure 3j, p <
0.0001). Moreover, no significant differences were identified regarding lectin intensity
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between donor and recipient slides processed via xylene and isopropanol (Figure 3f, p =
0.744; Figure 3g, p=0.780), providing favorable evidence supporting a comparable presen-
tation power for image readouts yielded by xylene and isopropanol.
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Figure 3. Fluorescent staining of lung tissue in xylene and isopropanol. (a) Representative images
of fluorescent staining of LEA (green, 1:500) and DAPI (blue, 1:1000) staining in lung slides. Scale
bar represents 50 um. (b,c) Quantification of alveolar morphology metrics at xylene and isopropanol
groups, ns: nonsignificant (p > 0.05). (d,e) Representative fluorescent staining images by DAPI and
LEA. Scale bar in the pictures represents 1000 pm. (f) Lectin intensity of donor lung slides (xylene
vs. isopropanol). (g) Lectin intensity of recipient lung slides (xylene vs. isopropanol). (h) Lectin in-
tensity of xylene processed slides (donor vs. recipient). (i) Lectin intensity of isopropanol processed
slides (donor vs. recipient). (j) Lectin intensity of both xylene and isopropanol processed slides com-
bined (donor vs. recipient). n = 12. p > 0.05; ** p < 0.01, *** p < 0.0001. ns: nonsignificant. D, donor;
R, recipient; Xyl, xylene; Ipa, isopropanol. DAPI, 4, 6-diamidino-2-phenylindole; LEA, Lycopersi-
con esculentum lectin.
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3.5. Multiplex Staining Evaluation

To explore whether tissue clearing with xylene or isopropanol had any impact on
antibody labeling and the subsequent fluorescence signal, tissue sections were stained
with primary antibodies against smooth muscle actin (SMA) and elastin (Figure 4a,b). To
assess staining efficacy, we analyzed the signal-to-noise ratio (SNR) of the secondary an-
tibody—fluorophore conjugate, which was bound to the target primary antibodies. The
signal from both SMA, with a 568-secondary conjugate, and elastin, with a 647-secondary
conjugate, revealed comparable SNR between clearing methods (Figure 4c,d). Taken to-
gether, these data convey that tissue clearing with xylene or isopropanol yields similar
immunofluorescence staining efficacy with regard to the protein—conjugate pairs tested.

Xylene Iso
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Figure 4. Multiplex antibody labeling efficacy of lung tissue in xylene and isopropanol clearing. (a)
Representative images of bronchioles stained for SMA and elastin, as well as lectin and DAPI, from
a tissue sample cleared with xylene. (b) Representative images of bronchioles stained for SMA and
elastin, as well as lectin and DAPI, from a tissue sample cleared with isopropanol. Scale bar in the
pictures represents 100 um. (c) Quantification of the SNR between xylene and isopropanol tissue
clearing for an SMA primary antibody stain with a 568-secondary conjugate. (d) Quantification of
the SNR between xylene and isopropanol tissue clearing for an elastin primary antibody stain with
a 647-secondary conjugate. n = 6. DAPI, 4', 6-diamidino-2-phenylindole; LEA, Lycopersicon escu-
lentum lectin; SMA, smooth muscle actin. SNR, signal-to-noise ratio.

4. Discussion

The primary purpose of tissue processing is to efficiently replace water content pre-
sent in the tissues with another medium, enhancing tissue support and solidification [24].
In histology laboratories, the most frequently utilized clearing reagent for tissue
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processing is xylene, as it facilitates paraffin infiltration [2,25]. Nevertheless, it is well es-
tablished that xylene poses potential hazards to the health of researchers and the environ-
ment [18,26]. There is sufficient evidence supporting significant toxicity with exposure,
which has widely provoked the desire for optimization [17,18,27]. Efforts to achieve this
purpose led to proposals for several clearing agents of less toxicity, better environmental
friendliness, and higher cost-effectiveness, like isopropanol, which facilitates paraffin in-
filtration and the procedures thereafter. This study confirmed that the staining and sec-
tioning of the tissue processed via isopropanol were comparable to that via xylene in hu-
man lung tissue samples [28-32]. Previous studies have been conducted comparing vari-
ous tissue processing reagents, yet few were conducted in a systematic manner with ob-
jective evaluation methods, which was particularly notable in the context of lung tissue
[32,33]. In light of this, our study employed a systematic comparison of the staining effects
of xylene and isopropanol on lung tissue, adopting both H&E and immunofluorescent
staining methods in our research.

Both blinded observation and the evaluation of H&E staining indicated the compa-
rable overall quality of slides processed via xylene and isopropanol. This is in keeping
with previous studies conducted by Metgud et al. [22] and Adediran et al. [32] who both
identified no significant difference between slides processed via xylene and isopropanol
in kidney, liver, stomach and adenocarcinoma samples; however, their studies lacked sys-
tematic evaluation as well as the inclusion of lung tissue. Our study employed routine
lung tissue assessments for a more comprehensive and thorough comparison of the pos-
sible different effects the two processing methods might introduce to final readouts. Alt-
hough seemingly comprehensive, popularly applied H&E histological evaluations are
mainly based on subjective notions relating to observer knowledge and proficiency, pro-
ducing risks of introducing potential and inevitable bias especially if implemented alone
as in some of the previous studies. Therefore, the incorporation of fluorescent staining,
both molecular and antibody-based, coupled with automated confocal and Ti2 micro-
scopic imaging and analysis, was conducted here to diminish human-based limitations.

Automated evaluations yielded comparable readouts of slides of the same origin (do-
nor-originated or recipient originated) regarding alveolar circularity and the percentage
of alveolar surface area, lectin intensity and SNR of SMA and elastin, whilst the only sig-
nificant differences were identified between slides of different origins (donor vs. recipi-
ent), demonstrating the attributability of such differences to tissue origin (patient factors)
instead of alteration of reagents and thus indicating the comparable effects of xylene and
isopropanol. Our study indicates a comparable staining effect on LEA, a histochemical
marker for type I alveolar epithelial cells, irrespective of whether the tissues were pro-
cessed via xylene or isopropanol [34-36]. Furthermore, in the current study, we show that
there is no significant difference in the SNR in SMA and elastin antibody stains between
xylene and isopropanol. This suggests that these antigen epitopes in lung tissue remain
unaffected regardless of whether the lung tissue is processed via either of these two rea-
gents. The ease of tissue sectioning was evaluated for the tissues processed via xylene and
isopropanol, revealing no difference in these two groups. Furthermore, this implies the
comparable effects of these two clearing reagents on the quality of paraffinization and
embedding before the sectioning process. As an alternate clearing agent, previous studies
have also investigated the viability of coconut oil as a potential alternative for xylene in
tissue processing [23,33,37]. These studies found no difference in the quality of staining
effects, whereas a significantly higher difficulty during the sectioning of coconut oil-pro-
cessed tissue was observed, thereby limiting the potential of coconut oil as a replacement
for xylene [33].

In the process of tissue processing, substantial quantities of xylene are often required
for dehydrating and clearing tissues. For instance, our group approximately consumed a
total of 43.2 L xylene per year in the large animal experiment. This large volume of xylene
must then be safely discarded, as the inappropriate disposal of waste can result in a det-
rimental environmental pollutant, posing potential hazards to human indirectly [38,39].
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Therefore, finding and using alternatives to xylene for tissue processing in histological
research has a profoundly positive impact on health and the environment. Due to its wide-
spread application and the potential for adverse effects resulting from exposure to xylene,
it is currently listed in the European Chemical Agency’s “Community Rolling Action Plan
(CoRAP)” [40]. Studies show that short-term exposure to xylene results in irritation of the
respiratory mucosa, which may lead to lung edema [41]. Furthermore, the symptoms of
acute dermal exposure to xylene includes skin erythema, dryness, and scaling [42],
whereas prolonged exposure to low concentrations of xylene may lead to hazardous ef-
fects on the respiratory and cardiovascular system, central nervous system, digestive sys-
tem, reproductive system, and renal system, eventually resulting in chronic, long-term
health problems [13,14,41-44]. Consequently, in consideration of user safety, isopropanol
emerges as a less toxic and harmful alternative for the human body. It proves to be more
environmentally sustainable, economically friendly, and affordable [45].

It is noteworthy that technological advancements have ushered in the standardiza-
tion of automated tissue processors in most laboratories, addressing the need to reduce
operators’ exposure to chemical reagents. This development not only markedly enhances
the efficiency of experiments but also aligns with the broader objective of minimizing po-
tential bio-hazardous effects associated with chemical reagents. Moreover, the considera-
tion of isopropanol as a viable alternative clearing reagent to replace xylene reflects a stra-
tegic move toward safer practices. The integration of automated equipment, coupled with
the adoption of more environmentally friendly reagents, positions laboratories to estab-
lish a healthy and efficient working environment for operators, thereby mitigating the po-
tential bio-hazardous effects associated with chemical reagents and ensuring the well-be-
ing of laboratory personnel.

5. Conclusions

The results of this study revealed that the fluorescence staining effects and the ease
of sectioning of lung tissue processed with both xylene and isopropanol are comparable.
Given the consideration of the aspects of safety, health, environmental friendliness, and
cost-effectiveness of isopropanol, and the health hazards, potential environmental pollu-
tant risks, higher costs, and other undesired adverse aspects of xylene, isopropanol due to
its favorable attributes can therefore be a prioritized option for tissue-clearing reagent in
lung tissue processing. The future value of this study can provide us with a reasonable and
reliable reference for choosing tissue-clearing reagents particularly in processing lung tissue.
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