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ABSTRACT

Aims: to revisited the biochemical aspects of basic, negative and positive staining by dyeing
organic materials in the laboratory for the purpose of visualization, identification and even
differentiation of object being analyzed.

Discussion: The best analysis for cells is by staining. Staining allows detailed visualization of the
part of the cell being examined. In principle, dyes have a chromophore root that will bind to the
protein content in cells. This is the basis for discussing negative staining, basic staining and positive
staining. Unfortunately, its widespread use also increases the health risks of users.

Conclusion: Biochemical aspect of staining rely on the electric charged of the dye that bind the
electronegative properties of proteins that build cell. Basic staining, negative staining and positive
staining are widely used staining for research, clinical-laboratory service and also education.
Unfortunately, some of these stains are hazardous with the potency of multiple health risk and
continuous improvement in handling will prevent such risk to happen.
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visualization of the whole cell or certain
components or area within the cell [1]. Cells are
sometimes also stained to apotheosis crucial
metabolic processes [2-5] or to differentiate

1. INTRODUCTION

Cells, live or dead, are ultimately better to be
colored or stained to magnify microscopic
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between live and dead cells such as in the
process of apoptosis or programmed cell death
[6-8]. Normal living cells always have intact
membranes [9] that exclude dyes while on
contrary dead cells absorb and allow its
permeabilization to dye substrate to enter its
internal milieu [10]. A normally membrane-
impermeable dye enters a cell only when its
membrane has been compromised or in simple
word the cell is dead [11]. This is the basis for a
dye exclusion assay accustomed to ascertain the
viability of cells being observed [12].

Cellular visualization by dyeing plays an
increasingly important role in basic and applied
biology [13] or even in clinical observation [14].
Cell staining is a technique that can be used to
better visualize cells and cell components under
a microscope. By using different stains, one can
preferentially stain certain cell components, such
as a nucleus or a cell wall, or the entire cell.

The aim of this review is to revisited the
biochemical aspects of basic, negative and
positive staining by dyeing organic materials in
the laboratory for the purpose of visualization,
identification and even differentiation of object
being analyzed.

2. STAINING PRINCIPLE AND GENERAL
PROCEDURE

This approaches simply facilitate analysis of the
cell’s target region that can be expressed in the
context of their external, e.g., capsule staining
using lipophilic dye [15] or when analyzing the
structural, ultrastructural and cellular components
of the cell wall [16] or internal portion where its
organelle exists [17] and even go deeper to a
complex environment regarding metabolic
activity of the cell [18]. These long lists of
possibilities for which subcellular localization can
be aimed and directed in order to get the best
cell image for further analysis, quantitatively [19]
and qualitatively [20]. Staining the cell carefully is
basically the methods to extract visual
information from these potential vast and
complex data sets [21]. Image analysis methods
for cell, dead or alive, in particular required tissue
or cell preparation and processing [22]. Before
putting specific staining, tissue or cell samples
must engage in preparation through the ensuing
phases: Fixation, processing, embedding,
sectioning, and sometimes antigen retrieval;
steps that in modern histology laboratories, most
of them are already automated [23].
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The core of cell or tissue sample preparation for
staining is undoubtedly the fixative engaged [24-
26]. Its main purpose is to preserve the tissue's
cellular structure and molecular constituents as
authentically as possible; the way fixatives
stabilizes the tissue through enzyme or proteins
deactivation and through other vital components
[27,28]. “Fixation consists of two major steps:
cessation of normal life functions in the tissue
(killing) and stabilization of the structure of the
tissue (preservation). Fixation initially destructed
the integrity of cell membranes and increased the
permeability of intra- and extra-cellular
molecules, it was permeabilization process that
substantially induced significant loss in cellular
mass density” [29,30].

Almost all tissue stains are performed on tissue
that has been removed from the body [23].
Unfixated cells are prone object to rapidly
demolish outside or apart from their main tissue.
Those rapid changes in its morphology is due to
the immediate activation of digestive organelle
called lysosome, a membrane-enclosed
organelle that mediate the intracellular
degradation of macromolecules [31], that contain
digestive enzyme digest and destroy all the
structure of the cells, start from the inner part
until complete lysis of the cell [32].

Even though, if a cell dies, its remaining debris or
ghost of the cells might probably available and
can be seen. But the main reason for staining a
cell is to visualize its morphology as similar to
when the cell was still alive and functioning.

The normal tissue sections, without staining,
actually appear colorless and different structures
cannot be appreciated [33], e.g., as the fixed
protein have the same refractive index as that of
glass.

Dyes are used to impart color to the different
components of the tissue for interpretation [34].
Staining the tissue sections by different colored
dyes, having affinities towards certain
components of the tissues [35] that simplify
identification effort and also enhance their
morphology appearance.

“Certain type of dye available. Basically, a
chromogenic dye not only adds contrast by
absorbs the light of a particular wavelength of the
white light representing a specific color and emits
the light containing the rest of the color, but also
give distinctive color as well” [36]. “Therefore,
observer see a colored light from the dye. The
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dye can be classified on the basis of electrical
charge or chemical structure” [35]. “The staining
is the combination of a colored dye with the
tissue that retains the dye after washing” [37]. “It
is primarily a chemical reaction between the dye
and the tissue and the common chemical
reactions are covalent bond, electrostatic bond,
hydrogen bond, Vander Waals attractions,
hydrophobic bond and dye aggregations” [35-
37,38].

“Staining itself is Dbasically the artificial
coloration of a substance to facilitate its
examination by the use of a colored organic
molecule called dye” [48] “The process can be
technically performed progressively (the dye only
interacts with the tissue until the proper stain is
achieved) or regressively (the tissue is
overstained and the excess of unabsorbed dye is
afterwards removed)” [35]. At its simplest, the
actual staining process may involve immersing
the sample (before or after fixation and
mounting) in dye solution, followed by rinsing and
observation. Many dyes, however, require the
use of a mordant: a chemical compound
which reacts with the stain to form an
insoluble, colored precipitate. When excess dye
solution is washed away, the mordant stain
remains.

In addition, with the purpose of identifying
more than one cellular component in a sample;
the staining can be achieved by either
simultaneous or successive addition of dyes,
which selectively stain certain structures [39].
Thus, double, triple and also multiple staining
can be performed. The following section will
continue to discuss several types of biological
staining with emphasize on its biochemical
aspect.

2.1 Type of Staining

Sometime, classification being made as
simple staining (the procedure of using only one
stain on the slide) and differential staining (a
procedure where more than one dye is used to
differentiate between different types of
microorganisms on a slide. This type of staining
helps to differentiate between cell types and cell
structures). Due to the complexity of staining
properties and its use, sometimes it also simply
differentiates into negative staining, basic
staining, and positive staining. Negative and
positive staining are two types of staining
techniques that are differentiated based on their
ionic properties.
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2.2 Negative Staining and Its Biochemical
Aspect

“Negative staining colors the background
surrounding the cell but not the cell itself. The
result is a dark colored halo around a clear cell.
Dyes used in this technique are acidic dyes,
which have a negative charge. There is no need
to prepare a bacterial smear or heat-fix the
sample prior to staining. A simple staining
method for bacteria or other organisms which is
usually successful even when the "positive
staining" methods detailed below fail, is to
employ a negative stain” [40,41]. “Negative
staining is one of the many staining techniques
that can be employed for viewing of bacterial cell
morphology and size. This can be accomplished
simply by smearing the sample on to one side of
the slide, then followed by an addition of
nigrosine or Congo red or Indian ink” [40-44].
After drying or after the application of Indian Ink
on to wet culture of the microorganisms (virus or
bacterial or yeasts) may be viewed in light
microscopy [45] or bright field microscopy [46] or
transmission electron microscope [47] as lighter
inclusions well-contrasted against the dark
environment surrounding the organism being
observed [40-44]. Negative staining is a mild
technique which may not destroy the
microorganisms therefore it is unsuitable and not
recommended for studying highly contagious
pathogens [48].

Negative staining employs the use of chemically
specific acidic stain [41] and, due to repulsion
between the negative charges of the stain and
the bacterial or other microorganism surface
(bacterial or microorganism surface charge is a
critical characteristic of the cell’s interfacial
physiology that influences how the cell interacts
with the local environment [49]), and this will
cause the dye unable to penetrate the cell [40-
42]. In negative staining, the results yield a clear
cell with a dark background. The negative
staining technique involves the use of an Acidic
stain, for example, methylamine tungstate,
Uranyl acetate, phosphotungstic acid, or
Phosphomolybdic acid. Generally, an acidic stain
Readily donates a hydrogen ion (proton)
resulting in the Chromophore of the dye
becoming negatively charged. As the cell surface
of the majority of bacterial cells is Negatively
charged, therefore, it would repel and block The
penetration of the negatively charged chromogen
of the acidic stain. This results in the unstained
bacterial or yeast cells being easily distinguished
against the Colored or darker background.
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an acidic stain
Readily donates a
hydrogen ion (proton)
resulting in the ~~)
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The yeast Cryptococcus
neoformans stained with India
Ink (negative staining). Note
the black background (from
the dye) and the viable yeast
with capsules that do not
absorb the dye (courtesy of
dept. Parasitology, Faculty of
Medicine, Universitas Kristen
Indonesia, Jakarta-Indonesia

"Note that viable cells with intact
membrane do not absorb the dye. This
is the principles of negative staining

7

Thin colony of viable cell or microorganism (yellow).
It has surface which is also negatively charged

Fig. 1. Shematic illustration of negative stain. Photo of the yeast cryptococcus neoformans
stained with India ink (negative staining) was generously provided by dr Forman Erwin Siagian
of the dept. Parasitology, Faculty of Medicine, Universitas Kristen Indonesia, Jakarta,
Indonesia

This technique will remain an important tool for
the analysis of very small sized living organisms,
e.g., the assembly and architecture of virus [50]
or the appraisal of biological/biochemistry
macromolecules, e.g., reconstruction of smooth
muscle thin filament images [51] or analysis of
fraction of tight junction, which was first
delineated as membrane fusion near the apex of
epithelial and endothelial cells [52].

“Due to its ability to produce higher and better
visual contrast on the section/portion being
analyzed, a large amount of small-scale
molecules can be better visualized by negative
staining” [42]. “Also, while molecules prepared by
vitrification (the full or partial transformation of a
substance into a glass, that is to say, a non-
crystalline amorphous solid) which usually adopt
random orientations in the amorphous ice layer,
beneficial effect of negative staining tends to
persuade selected orientations of the molecules
on the carbon support film”, as reported by
Sahiro et al [53]. Combining negative staining
with image classification techniques [42,54]
facilitate researchers to accommodate with very
heterogeneous molecule populations [55,56],
which are difficult or even impossible to analyze
by just employing vitrified specimens.

2.3 Basic Staining

The main constituents engrossed in cell staining
are dyes and the proteins constituent of the cell
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being analyzed [57-60]. The most essential step
is the involvement of the chemical bonding
between part of carboxyl groups of one side and
part amino groups of the other side [37]. The
most common bonds involved are ionic bonds,
where it exploits electrostatic attraction between
ions of opposite charge, one of which is fixed in
the tissue and the second of which is in the dye
[60]], although there are exceptions especially in
the case of nuclear staining of DNA which
usually hydrogen bond [35,61,62,63].

The application of coloring substance aimed to
visualize, identify and analyze an organelle or
other separate components of cell element or
even tissue segments is accomplished primarily
by the addition of chemical dyes. although other
effort is occasionally used. Dyes, however, are
the largest group that can be engineered,
molecularly [64] or structurally [65].

Basic stain is a simple method of
staining. Simple staining embraces directly
adding the dye to the thin colony of

microorganism [41]. The negatively charged cell
wall of this organisms will be strongly stained
with an electropositive dye in order to visualize
its properties in detail, can be its outer portion, its
cell wall or its inner part/organelle [57,58]. This is
different to negative staining where the bacteria
remain in its previous condition unstained and
only the background stained with the dye
[40,41].
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Table 1. Difference between acidic stain, basic stain and neutral stain

Type of Stain

Acidic stain

Basic stain

Neutral stain

Electric charge
Used to/attracted to

Electronegative

stain cytoplasm and other
acidophilic (acid-preference)
cellular structures in tissues.

Electropositive

negatively charged molecules in the

cell including nucleic acids (DNA &

RNA) and some proteins

Contain both Electronegative and Electropositive

In the case of neutral red staining, has been used to stain
living cells and fixed tissue. It can be used as a general-
purpose stain, a pH indicator (turning from red to yellow,
as the medium becomes alkaline), or a nuclear stain.

Name of staining

Nigrosin,  Eosin,  Carbol
Fuchsin, India Ink, Malachite
green, etc

Crystal  violet,
Safranin, etc

Methylene

blue,

Giemsa, Leishman, Wright, etc
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Basic stains are strongly attached to the
existence of electronegative molecules in the
cell, including nucleic acids (DNA and RNA) and
some proteins [35]. Basic stains are often more
preferred for bacterial staining than acidic stains
due to its effectiveness in coloring; its benzene
properties are unable to impart color to acidic
stains, but readily imparts color to basic stains,
as can be seen in Gram stain where basic
fuchsin stains gram-negative organisms more
intensely than safranin [59].

Negatively charged cellular elements that contain
protein, e.g., the cell walls and DNA, will strongly
attach to and receive the color suspension which
electropositive charged chromogen (a coloring
molecule which often a benzene derivative) of a
basic stain [2]. Basic stains fluoresce under the
light microscope [9], making cellular components
readily visible to examiner [66]. Basic stains are
anionic and the electronegative charged stain is
readily taken by the electronegative charged of
components of the cell [67]. Different from
negative staining dyes (e.g. nigrosine), acidic
stains will demolish the organisms being
analyzed by way of damaging the cells (except
for acid fast bacteria) [68] due to the its low pH
properties [69].

Basic stains include methylene blue, crystal
violet, malachite green, basic fuchsin,
carbolfuchsin, and safranin. Acidic stains include
eosin, acid fuchsin, rose bengal, and Congo red.

2.4 Positive Staining

Dissimilar to negative staining, positive staining
applies basic dyes to color the clinical specimen
(cell or tissue) against some clear, bright
surroundings [47]. While chromophore is used for
both negative and positive staining alike, the type
of chromophore used in this technique is an
electropositive charged ion instead of a negative
one [2]. Because common cells being analyzed
typically consists of cell walls which is electro
negatively charged, the positive chromophores in
basic dyes tend to strongly attaches to that type
of cell walls; and because of this bond, it then
considered as electropositive stains.

Widely used basic dyes such as crystal violet
[70], methylene blue [71], basic fuchsin [72],
malachite green [73] and even safranin [74]
typically serve as positive stains. Positive
staining colors the whole body of the cell that
absorb the dye. Dyes used in this technique are
basic dyes, which have a positive charge. Before
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staining, the bacteria are smeared onto a slide
and heat-fixed. Example of famous and widely
used positive stain are Gram staining or Crystal
Violet staining

Some of the stains mentioned previously are
synthetic formulated stains. It may have
engineered in such a way that after becoming a
dye, it might be harmful to human health [75].
Continuous and regular exposure to them
possesses serious health risk to human and also
environment [76]. Many of the synthetic stains
are found to be carcinogenic [77], mutagenic-
cytotoxic [78], genotoxic [79] an even
immunotoxin [80]. Continuous improvement in
safe handling and disposal is very important from
the point of view of health and environmental
[81].

3. CONCLUSION

Biochemical aspect of staining relies on the
electric charged of the dye that bind the
electronegative properties of proteins that build
cell. Basic staining, negative staining and
positive staining are widely used staining for
research, clinical-laboratory service and also
education. Unfortunately, some of these stains
are hazardous with the potency of multiple health
risk and continuous improvement in handling will
prevent such risk to happen.

ACKNOWLEDGEMENTS

The author would like to thank dr Forman Erwin
Siagian of the dept. of Parasitology, Faculty of
Medicine, Universitas Kristen Indonesia, Jakarta
Indonesia for his generous gift on the picture of
Cryptococcus neoformans stained with India ink.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Hu X, Laguerre V, Packert D, Nakasone A,
Moscinski L. A simple and efficient method
for preparing cell slides and staining
without using cytocentrifuge and cytoclips.
Int J Cell Biol. 2015;2015:813216.
Available:https://doi.org/10.1155/2015/813
216

Kosker FB, Aydin O, Icoz K. Simple
staining of cells on a chip. Biosensors.
2022;12(11):1013.


https://doi.org/10.1155/2015/813216
https://doi.org/10.1155/2015/813216

10.

Suryowati; Asian J. Res. Biochem., vol. 14, no. 3, pp. 61-71, 2024; Article no.AJRB.116463

Available:https://doi.org/10.3390/bios1211
1013

Bonnier F, Keating M, Wrobel TP, Majzner
K, Baranska M, Garcia A, Blanco A, Byrne
H. Cell viability assessment using the
Alamar blue assay: A comparison of 2D
and 3D cell culture models. Toxicology In
vitro. 2015;29:124-131.
Available:https://doi.org/10.1016/j.tiv.2014.
09.014

Hartmann FJ, Mrdjen D, McCaffrey E,
Glass DR, Greenwald NF, Bharadwaj A,
Khair Z, Verberk SGS, Baranski A, Baskar
R, Graf W, Van Valen D, Van den Bossche
J, Angelo M, Bendall SC. Single-cell
metabolic profiling of human cytotoxic T
cells. Nat Biotechnol. 2021 Feb;39(2):186-
197.
Available:https://doi.org/10.1038/s41587-
020-0651-8

Hira J, Uddin MJ, Haugland MM, Lentz CS.
From differential stains to next generation
physiology: chemical probes to visualize
bacterial cell structure and physiology.
Molecules. 2020;25(21):4949.
Available:https://doi.org/10.3390/molecules
25214949

Kari S, Subramanian K, Altomonte IA,
Murugesan A, Yli-Harja O, Kandhavelu M.
Programmed cell death detection methods:
a systematic review and a categorical
comparison. Apoptosis. 2022 Aug;27(7-8):
482-508.
Available:https://doi.org/10.1007/s10495-
022-01735-y.

Banfalvi G. Methods to detect apoptotic
cell death. Apoptosis. 2017;22.
Available:https://doi.org/10.1007/s10495-
016-1333-3.

Ude A, Afi-Leslie K, Okeke K, Ogbodo E.
Trypan blue exclusion assay, neutral red,

acridine orange and propidium iodide
[internet]. cytotoxicity - understanding
cellular damage and response. Intech
Open; 2023.
Available:http://dx.doi.org/10.5772/intecho
pen.105699

Alberts B, Johnson A, Lewis J. Molecular
biology of the cell. 4th edition. New York:
Garland Science; 2002. The Universal
Features of Cells on Earth.
Available:https://www.ncbi.nIm.nih.gov/boo
ks/INBK26864/

De Schutter E, Cappe B, Wiernicki B,
Vandenabeele P, Riquet FB. Plasma
membrane permeabilization following cell

67

11.

12.

13.

14.

15.

16.

17.

18.

19.

death: Many ways to dye! Cell Death
Discov. 2021 Jul 19;7(1):183.
Available:https://doi.org/10.1038/s41420-
021-00545-6

Chan LL, Rice WL, Qiu J. Observation and
quantification of the morphological effect of
trypan blue rupturing dead or dying cells.
PLoS One. 2020 Jan 24;15(1):e0227950.
DOl:https://doi.org/10.1371/journal.pone.0
227950

Strober W. Trypan blue exclusion test of
cell viability. Curr Protoc Immunol. 2001
May; Appendix 3: Appendix 3B.
Available:https://doi.org/10.1002/04711427
35.ima03bs21

Davis LD. Live and let dye. Biochemistry
2021,60(46):3539—-3546.
Available:https://doi.org/10.1021/acs.bioch
em.1c00299

Pu Y, Tang R, Xue J, Wang JWB, Xu B,
Achilefu S. Synthesis of dye conjugates to
visualize the cancer cells using
fluorescence microscopy. Appl. Opt. 2014;
53:2345-2351.

Nicola AM, Frases S, Casadevall A.
Lipophilic dye staining of Cryptococcus
neoformans extracellular vesicles and
capsule. Eukaryot Cell. 2009 Sep;8(9):
1373-80.

DOI: https://doi.org/10.1128/EC.00044-09
Falcioni R, Moriwaki T, Furlanetto RH,
Nanni MR, Antunes WC. Simple, fast and
efficient methods for analysing the
structural, ultrastructural and cellular
components of the cell wall. Plants. 2022;
11(7):995.
Available:https://doi.org/10.3390/plants110
70995

Poot M. Analysis of intracellular organelles
by flow cytometry or microscopy. Curr
Protoc Cytom. 2001 May;Chapter 9:Unit
9.4,
Available:https://doi.org/10.1002/04711429
56.cy0904s14

Molenaar RJ, Khurshed M, Hira VVV, Van
Noorden CJF. Metabolic  mapping:
Quantitative enzyme cytochemistry and
histochemistry to determine the activity of
dehydrogenases in cells and tissues. J Vis
Exp. 2018 May 26;(135):56843.
Available:https://doi.org/10.3791/56843.
DLara H, Li Z, Abels E, Aeffner F, Bui MM,
ElGabry E, et al Quantitative
image analysis for tissue biomarker use: A
white paper from the digital pathology
association. Applied Immuno


https://doi.org/10.3390/bios12111013
https://doi.org/10.3390/bios12111013
https://doi.org/10.1016/j.tiv.2014.09.014
https://doi.org/10.1016/j.tiv.2014.09.014
https://doi.org/10.1038/s41587-020-0651-8
https://doi.org/10.1038/s41587-020-0651-8
https://doi.org/10.3390/molecules25214949
https://doi.org/10.3390/molecules25214949
https://doi.org/10.1007/s10495-022-01735-y
https://doi.org/10.1007/s10495-022-01735-y
https://doi.org/10.1007/s10495-016-1333-3
https://doi.org/10.1007/s10495-016-1333-3
http://dx.doi.org/10.5772/intechopen.105699
http://dx.doi.org/10.5772/intechopen.105699
https://www.ncbi.nlm.nih.gov/books/NBK26864/
https://www.ncbi.nlm.nih.gov/books/NBK26864/
https://doi.org/10.1038/s41420-021-00545-6
https://doi.org/10.1038/s41420-021-00545-6
https://doi.org/10.1371/journal.pone.0227950
https://doi.org/10.1371/journal.pone.0227950
https://doi.org/10.1002/0471142735.ima03bs21
https://doi.org/10.1002/0471142735.ima03bs21
https://doi.org/10.1021/acs.biochem.1c00299
https://doi.org/10.1021/acs.biochem.1c00299
https://doi.org/10.1128/EC.00044-09
https://doi.org/10.3390/plants11070995
https://doi.org/10.3390/plants11070995
https://doi.org/10.1002/0471142956.cy0904s14
https://doi.org/10.1002/0471142956.cy0904s14
https://doi.org/10.3791/56843

20.

21.

22,

23.

24,

25.

26.

27.

Suryowati; Asian J. Res. Biochem., vol. 14, no. 3, pp. 61-71, 2024; Article no.AJRB.116463

histochemistry & Molecular Morphology.
2021;29(7):479-493,
Available:https://doi.org/202110.1097/PAl.
0000000000000930

Singh R, Wadhwan V, Reddy V.
Qualitative analysis of stromal collagen in
different grades of oral squamous cell
carcinoma using special stains. Journal of
Positive School Psychology. 2022;6(9):
4557-60.

Kolarov A, Mladenov N, Chakarova I,
Ishkitiev N, Markova M, Zhivkova R,

Delimitreva S, Nikolova V. Fast, Easy
Staining Method to Visualize Cell
Morphology and  Apoptosis;  2021.

Available:https://www.researchgate.net/pu
blication/349882257_Fast_Easy_Staining_
Method_to_Visualize_Cell_Morphology an
d_Apoptosis

Verhertbruggen Y, Walker JL, Guillon F,
Scheller HV. A comparative study of
sample preparation for staining and
immunodetection of plant cell walls by light
microscopy. Front Plant Sci. 2017 Aug
29;8:1505.
Available:https://doi.org/10.3389/fpls.2017.
01505

Gurina TS, Simms L. Histology, staining.
[Updated 2023 May 1]. In: StatPearls
[Internet]. Treasure Island (FL): Stat Pearls
Publishing; 2024 Jan.
Available:https://www.ncbi.nIm.nih.gov/boo
ks/INBK557663/

Haque Z, Rahman MA, Khan MZI,, Hussan
MT, Alam MM. Alcohol-based fixatives can
better preserve tissue morphology than
formalin. Int. J. Morphol. 2020;38(5):1371-
1375.

Merchan MAJ, DeFelipe J, de Castro
Soubriet F. The Microscope and the
Fixatives, Cajal and de Castro's
Neurohistological Methods (New York,
2016; online edn, Oxford Academic, 1 Apr.
2016).
Available:https://doi.org/10.1093/med/9780
190221591.003.0002

Anonymous. Microscopy fixatives and
stain. anacc methods and meterials.
Available:https://research.csiro.au/anaccm
ethods/phycological-
techniques/microscopy/microscopy-
fixatives-and-
stains/#:.~:text=Glutaraldehyde,allowing%2
Oepifluorescent%20examination%20post%
20fixation.

Singhal P, Sreedhar G, Singh NN, Sharma
D, Bannerji S, Gowhar O. Evaluation of

68

28.

29.

30.

31.

32.

33.

34.

35.

36.

histomorphometric changes in tissue
architecture due to fixation delay. J Oral
Maxillofac Pathol. 2017 Jan-Apr;21(1):70-
75.

Available:https://doi.org/10.4103/0973-
029X.203771

Unhale SA, Skubitz AP, Solomon R, Hubel
A. Stabilization of tissue specimens for
pathological examination and biomedical
research. Biopreserv Biobank. 2012 Dec;
10(6):493-500.

DOI: https://doi.org/10.1089/bi0.2012.0031
Cheng R, Zhang F, Li M, Wo X, Su YW,
Wang W. Influence of fixation and
permeabilization on the mass density of
single cells: A surface plasmon resonance
imaging study. Front. Chem. 2019;7:588.
Available:https://doi.org/10.3389/fchem.20
19.00588

Miller MA, Zachary JF. Mechanisms and
morphology of cellular injury, adaptation,
and death. Pathologic Basis of Veterinary
Disease. 2017:2-43.e19.
Available:https://doi.org/10.1016/B978-0-
323-35775-3.00001-1

Alu A, Han X, Ma X, Wu M, Wei Y, Wei X.
The role of lysosome in regulated necrosis.
Acta Pharm Sin B. 2020 Oct;10(10):1880-
1903.
Available:https://doi.org/10.1016/j.apsb.20
20.07.003

Wang F, Gbémez-Sintes R, Boya P.
Lysosomal membrane permeabilization
and cell death. Traffic. 2018
Dec;19(12):918-931.
Available:https://doi.org/10.1111/tra.12613
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 Nov;10(11):EEO01-
EEO4.
Available:https://doi.org/10.7860/JCDR/20
16/23420.8860

D'mello A, Sylvester V, Ramya V, Britto F,
Shetty P, Jasphin S. Metachromasia and
Metachromatic Dyes: A review; 2020.
Available:https://www.researchgate.net/pu
blication/344898784 Metachromasia_and_
Metachromatic_Dyes A review

Veuthey T, Herrera G, Dodero VI. Dyes
and stains: From molecular structure to
histological application.  Frontiers in
Bioscience. 2014;19(1):91-112
Available:https://doi.org/10.2741/4197

Dey P. Staining Principle and general
procedure of staining the tissue. In: Basic


https://doi.org/202110.1097/PAI.0000000000000930
https://doi.org/202110.1097/PAI.0000000000000930
https://www.researchgate.net/publication/349882257_Fast_Easy_Staining_Method_to_Visualize_Cell_Morphology_and_Apoptosis
https://www.researchgate.net/publication/349882257_Fast_Easy_Staining_Method_to_Visualize_Cell_Morphology_and_Apoptosis
https://www.researchgate.net/publication/349882257_Fast_Easy_Staining_Method_to_Visualize_Cell_Morphology_and_Apoptosis
https://www.researchgate.net/publication/349882257_Fast_Easy_Staining_Method_to_Visualize_Cell_Morphology_and_Apoptosis
https://doi.org/10.3389/fpls.2017.01505
https://doi.org/10.3389/fpls.2017.01505
https://www.ncbi.nlm.nih.gov/books/NBK557663/
https://www.ncbi.nlm.nih.gov/books/NBK557663/
https://doi.org/10.1093/med/9780190221591.003.0002
https://doi.org/10.1093/med/9780190221591.003.0002
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://research.csiro.au/anaccmethods/phycological-techniques/microscopy/microscopy-fixatives-and-stains/#:~:text=Glutaraldehyde,allowing%20epifluorescent%20examination%20post%20fixation
https://doi.org/10.4103/0973-029X.203771
https://doi.org/10.4103/0973-029X.203771
https://doi.org/10.1089/bio.2012.0031
https://doi.org/10.3389/fchem.2019.00588
https://doi.org/10.3389/fchem.2019.00588
https://doi.org/10.1016/B978-0-323-35775-3.00001-1
https://doi.org/10.1016/B978-0-323-35775-3.00001-1
https://doi.org/10.1016/j.apsb.2020.07.003
https://doi.org/10.1016/j.apsb.2020.07.003
https://doi.org/10.1111/tra.12613
https://doi.org/10.7860/JCDR/2016/23420.8860
https://doi.org/10.7860/JCDR/2016/23420.8860
https://www.researchgate.net/publication/344898784_Metachromasia_and_Metachromatic_Dyes_A_review
https://www.researchgate.net/publication/344898784_Metachromasia_and_Metachromatic_Dyes_A_review
https://www.researchgate.net/publication/344898784_Metachromasia_and_Metachromatic_Dyes_A_review
https://doi.org/10.2741/4197

37.

38.

39.

40.

41.

42.

43.

44,

45,

Suryowati; Asian J. Res. Biochem., vol. 14, no. 3, pp. 61-71, 2024; Article no.AJRB.116463

and Advanced Laboratory Techniques in
Histopathology and Cytology. Springer.
Singapore; 2022.
Available:https://doi.org/10.1007/978-981-
19-6616-3_7

Dapson RW. Dye-tissue interactions:
Mechanisms, quantification and bonding
parameters for dyes used in biological
staining. Biotech Histochem. 2005 Mar-
Apr;80(2):49-72.
Available:https://doi.org/10.1080/10520290
500219982

Heinrichs, A. Stains and fluorescent dyes.
Nat Cell Biol. 2009;11(Suppl 1):S7.
Available:https://doi.org/10.1038/nch1939
Kalpana R. Theories and principles of
staining. International Journal of Science
and Research (IJSR), 2022;11(10):591-3.
Available:https://doi.org/10.21275/SR2210
12144458

Alazazi EA, Ahmed S, Murtey MD.
Negative staining: A forgotten technique in
microbiology. Advancements in Life
Sciences — International Quarterly Journal
of Biological Sciences. 2023;10(3):309-
313.

Moyes RB, Reynolds J, Breakwell DP.
Preliminary staining of bacteria: Negative
stain. Curr Protoc Microbiol. 2009 Nov;
Appendix 3: Appendix 3F.
Available:https://doi.org/10.1002/97804717
29259.mca03fs15

Ohi M, Li Y, Cheng Y, Walz T. Negative
staining and image classification - Powerful
tools in modern electron microscopy. Biol
Proced Online. 2004;6:23-34.
Available:https://doi.org/10.1251/bpo70
Ogodo AC, Agwaranze DI, Daji M, Aso RE.
Chapter 13 - Microbial techniques and
methods: basic techniques and
microscopy, in Ed(s): Egbuna C, Patrick-
Iwuanyanwu KC, Shah MA, Ifemeje JC,
Rasul A. Analytical Techniques in
Biosciences, Academic Press, 2022:201-
220.
Available:https://doi.org/10.1016/B978-0-
12-822654-4.00003-8

Breakwell DP, Moyes RB, Reynolds J.
Differential staining of bacteria: capsule
stain. Curr Protoc Microbiol; 2009 Nov;
Appendix 3: Appendix 3l.
Available:https://doi.org/10.1002/97804717
29259.mca03is15

Wan R, Wang M, Zhao S, Li G, Zhou Y, Li
J, Du J. A new cost-effective staining
method for rapid identification of
cryptococcus. African Journal of

69

46.

47.

48.

49.

50.

51.

52.

53.

Microbiology Research. 2011;5(12):1420-
7.
Available:http://dx.doi.org/10.5897/AJMR1
0.723

Shen C, Zhang Y. Staining technology and
bright-field microscope use. In: Food
microbiology laboratory for the food
science student. Springer, Cham; 2017.
Available:https://doi.org/10.1007/978-3-
319-58371-6_2

Barreto-Vieira DF, Barth OM. Negative and
positive staining in transmission electron
microscopy for virus diagnosis [Internet].
Microbiology in Agriculture and Human
Health. In Tech; 2015.
Available:http://dx.doi.org/10.5772/60511
Jain A, Jain R, Jain S. Staining methods —
Simple staining, negative staining, gram’s
staining and acid-fast staining. In: Basic
techniques in biochemistry, microbiology
and molecular biology. Springer Protocols
Handbooks. Humana, New York, NY;
2020.
Available:https://doi.org/10.1007/978-1-
4939-9861-6_31

Wilhelm MJ, Sharifian Gh M, Wu T, Li Y,
Chang CM, Ma J, Dai HL. Determination of
bacterial surface charge density via
saturation of adsorbed ions. Biophys J.
2021 Jun 15;120(12):2461-2470.
Available:https://doi.org/10.1016/j.bpj.2021
.04.018

Hull R. Chapter 3 - Architecture and
assembly of virus particles, Editor(s):
Roger hull, plant virology (Fifth Edition),
Academic Press, 2014:69-143.

ISBN 9780123848710,
Available:https://doi.org/10.1016/B978-0-
12-384871-0.00003-0

Lehman W, Craig R, Vibert P, Barany M.
Chapter 4 - Actin and the Structure of
Smooth Muscle Thin Filaments, Editor(s):
Michael Barany, Biochemistry of Smooth
Muscle Contraction, Academic Press.
1996:47-60.

ISBN 9780120781607,
Available:https://doi.org/10.1016/B978-
012078160-7/50007-X

Tang VW. Proteomic and bioinformatic
analysis of epithelial tight junction reveals
an unexpected cluster of synaptic
molecules. Biol Direct. 2006 Dec 8;1:37.
Available:https://doi.org/10.1186/1745-
6150-1-37.

Sahiro K, Kawato Y, Koike K. Preyssler-
type phosphotungstate is a new family of
negative-staining reagents for the TEM


https://doi.org/10.1007/978-981-19-6616-3_7
https://doi.org/10.1007/978-981-19-6616-3_7
https://doi.org/10.1080/10520290500219982
https://doi.org/10.1080/10520290500219982
https://doi.org/10.1038/ncb1939
https://doi.org/10.21275/SR221012144458
https://doi.org/10.21275/SR221012144458
https://doi.org/10.1002/9780471729259.mca03fs15
https://doi.org/10.1002/9780471729259.mca03fs15
https://doi.org/10.1251/bpo70
https://doi.org/10.1016/B978-0-12-822654-4.00003-8
https://doi.org/10.1016/B978-0-12-822654-4.00003-8
https://doi.org/10.1002/9780471729259.mca03is15
https://doi.org/10.1002/9780471729259.mca03is15
http://dx.doi.org/10.5897/AJMR10.723
http://dx.doi.org/10.5897/AJMR10.723
https://doi.org/10.1007/978-3-319-58371-6_2
https://doi.org/10.1007/978-3-319-58371-6_2
http://dx.doi.org/10.5772/60511
https://doi.org/10.1007/978-1-4939-9861-6_31
https://doi.org/10.1007/978-1-4939-9861-6_31
https://doi.org/10.1016/j.bpj.2021.04.018
https://doi.org/10.1016/j.bpj.2021.04.018
https://doi.org/10.1016/B978-0-12-384871-0.00003-0
https://doi.org/10.1016/B978-0-12-384871-0.00003-0
https://doi.org/10.1016/B978-012078160-7/50007-X
https://doi.org/10.1016/B978-012078160-7/50007-X
https://doi.org/10.1186/1745-6150-1-37
https://doi.org/10.1186/1745-6150-1-37

54.

55.

56.

57.

58.

59.

60.

61.

Suryowati; Asian J. Res. Biochem., vol. 14, no. 3, pp. 61-71, 2024; Article no.AJRB.116463

observation of viruses. Sci Rep. 2022;
12:7554.
Available:https://doi.org/10.1038/s41598-
022-11405-3

Matsumoto A, Miyazaki N, Takagi J, et al.
2D hybrid analysis: Approach for building
three-dimensional atomic  model by
electron microscopy image matching. Sci
Rep. 2017;7:377.
Available:https://doi.org/10.1038/s41598-
017-00337-y

White HE, Ignatiou A, Clare DK, Orlova
EV. Structural study of heterogeneous
biological samples by cryoelectron
microscopy and image processing. Biomed
Res Int. 2017;2017:1032432.
Available:https://doi.org/10.1155/2017/103
2432

Shatsky M, Hall RJ, Brenner SE, Glaeser
RM. A method for the alignment of
heterogeneous = macromolecules  from
electron microscopy. J Struct Biol. 2009
Apr;166(1):67-78.
Avalilable:https://doi.org/10.1016/].jsb.2008.
12.008

Scheffers DJ, Pinho MG. Bacterial cell wall
synthesis: New insights from localization
studies. Microbiol Mol Biol Rev. 2005
Dec;69(4):585-607.
Available:https://doi.org/10.1128/MMBR.69
.4.585-607.2005

Musielak TJ, Schenkel L, Kolb M,
Henschen A, Bayer M. A simple and
versatile cell wall staining protocol to study
plant reproduction. Plant Reprod. 2015
Dec;28(3-4):161-9.
Available:https://doi.org/10.1007/s00497-
015-0267-1

Tripathi N, Sapra A. Gram staining.
[Updated 2023 Aug 14]. In: Stat Pearls
[Internet]. Treasure Island (FL): StatPearls
Publishing; 2024 Jan.
Available:https://www.ncbi.nIm.nih.gov/boo
ks/INBK562156/

Goldstein DJ. lonic and non-ionic bonds in
staining, with special reference to the
action of urea and sodium chloride on the
staining of elastic fibres and glycogen.
Journal of Cell Science. 1962;477-492.
Loureiro J, Kron P, Temsch EM, Koutecky
P, Lopes S, Castro M, Castro S. Isolation
of plant nuclei for estimation of nuclear
DNA content: Overview and best practices.
Cytometry A. 2021 Apr;99(4):318-327.
Available:https://doi.org/10.1002/cyto.a.24
331

70

62.

63.

64.

65.

66.

67.

68.

Ligasova A, Koberna K. DNA dyes-highly
sensitive reporters of cell quantification:
Comparison with other cell quantification
methods. Molecules. 2021 Sep 11;26(18):
5515.
Available:https://doi.org/10.3390/molecules
26185515

Zlatskiy 1A, Zlatska AV, Antipova NV,
Dolenko SA, Gordiienko IM, Gubar OS,
Vasyliev RG, Zubov DA, Novikova SN,
Syroeshkin AV. Comparative Analysis of
the Different Dyes' Potential to Assess
Human Normal and Cancer Cell Viability In
Vitro under Different D/H Ratios in a
Culture Medium. Scientific World Journal.
2020 Feb 25;2020:2373021.
Available:https://doi.org/10.1155/2020/237
3021

Pepe G, Cole J, Waddell P, Griffiths J.
Molecular engineering of fluorescein dyes
as complementary absorbers in dye co-
sensitized solar cells. Mol. Syst. Des. Eng.
2016;1.
Available:https://doi.org/10.1039/C6MEOOO
75D

Wubie GZ, Lu MN, Desta MA,
Weldekirstos HD, Lee MM, Wu WT, Li SR,
Wei TC, Sun SS. Structural engineering of
organic D-A-11-A dyes incorporated with a
dibutyl-fluorene moiety for high-
performance dye-sensitized solar cells.
ACS Appl Mater Interfaces. 2021 May
26;13(20):23513-23522.
Available:https://doi.org/10.1021/acsami.lc
00559

Hickey SM, Ung B, Bader C, Brooks R,
Lazniewska J, Johnson IRD, Sorvina A,
Logan J, Martini C, Moore CR,
Karageorgos L, Sweetman MJ, Brooks DA.
Fluorescence microscopy-an outline of
hardware, biological handling, and
fluorophore considerations. Cells. 2021
Dec 23;11(1):35.
Available:https://doi.org/10.3390/cells1101
0035

Puchtler H, Meloan SN, Spencer M.
Current chemical concepts of acids and
bases and their application to anionic
(acid) and cationic (basic) dyes.
Histochemistry. 1985;82(4):301-6.
Available:https://doi.org/10.1007/BF00494
057

Bayot ML, Mirza TM, Sharma S. Acid Fast
Bacteria. [Updated 2023 Aug 7]. In: Stat
Pearls [Internet]. Treasure Island (FL): Stat
Pearls Publishing; 2024 Jan.


https://doi.org/10.1038/s41598-022-11405-3
https://doi.org/10.1038/s41598-022-11405-3
https://doi.org/10.1038/s41598-017-00337-y
https://doi.org/10.1038/s41598-017-00337-y
https://doi.org/10.1016/j.jsb.2008.12.008
https://doi.org/10.1016/j.jsb.2008.12.008
https://doi.org/10.1128/MMBR.69.4.585-607.2005
https://doi.org/10.1128/MMBR.69.4.585-607.2005
https://doi.org/10.1007/s00497-015-0267-1
https://doi.org/10.1007/s00497-015-0267-1
https://www.ncbi.nlm.nih.gov/books/NBK562156/
https://www.ncbi.nlm.nih.gov/books/NBK562156/
https://doi.org/10.1002/cyto.a.24331
https://doi.org/10.1002/cyto.a.24331
https://doi.org/10.3390/molecules26185515
https://doi.org/10.3390/molecules26185515
https://doi.org/10.1155/2020/2373021
https://doi.org/10.1155/2020/2373021
https://doi.org/10.1039/C6ME00075D
https://doi.org/10.1039/C6ME00075D
https://doi.org/10.1021/acsami.1c00559
https://doi.org/10.1021/acsami.1c00559
https://doi.org/10.3390/cells11010035
https://doi.org/10.3390/cells11010035
https://doi.org/10.1007/BF00494057
https://doi.org/10.1007/BF00494057

69.

70.

71.

72.

73.

74.

Suryowati; Asian J. Res. Biochem., vol. 14, no. 3, pp. 61-71, 2024; Article no.AJRB.116463

Available:https://www.ncbi.nim.nih.gov/boo
ks/INBK537121/

Lund PA, De Biase D, Liran O, Scheler O,
Mira NP, Cetecioglu Z, Fernandez EN,
Bover-Cid S, Hall R, Sauer M, O'Byrne C.
Understanding how microorganisms
respond to acid ph is central to
their control and successful exploitation.
Front Microbiol. 2020 Sep 24;11:
556140.
Available:https://doi.org/10.3389/fmich.202
0.556140

Mani S, Bharagava RN. Exposure to
crystal violet, its toxic, genotoxic and
carcinogenic effects on environment and
its degradation and detoxification for
environmental safety. Rev Environ Contam
Toxicol. 2016;237:71-104.
Available:https://doi.org/10.1007/978-3-
319-23573-8_4

Ginimuge PR, Jyothi SD. Methylene blue:
Revisited. J Anaesthesiol Clin Pharmacol.
2010 Oct;26(4):517-20.

Kapp N, Barnes WJ, Richard TL, Anderson
CT. Imaging with the fluorogenic dye Basic
Fuchsin reveals subcellular patterning and
ecotype variation of lignification in
Brachypodium distachyon. J Exp Bot. 2015
Jul;66(14):4295-304.
Available:https://doi.org/10.1093/jxb/erv15
8.

IARC working group on the identification of
carcinogenic hazards to humans. gentian
violet, leucogentian violet, malachite
green, leucomalachite green, and ci direct
blue 218. Lyon (FR): International Agency
for Research on Cancer; 2022. (IARC
Monographs on the Identification of
Carcinogenic Hazards to Humans, No.
129.) Malachite Green and
Leucomalachite Green.
Available:https://www.ncbi.nim.nih.gov/boo
ks/NBK594611/

Rosenberg L. Chemical basis for the
histological use of safranin O in the study
of articular cartilage. J Bone Joint Surg
Am. 1971 Jan;53(1):69-82.

75.

76.

77.

78.

79.

80.

81.

Lunn G, Sansone EB. Dyes and biological
stains. In Destruction of Hazardous
Chemicals in the Laboratory (eds G. Lunn
and E.B. Sansone); 2023.
Available:https://doi.org/10.1002/97811198
48851.ch2

Lyon H. Standardization in biological
staining.  The influence  of  dye
manufacturing. Biotech Histochem. 2000
Jul;75(4):176-82.
Available:https://doi.org/10.3109/10520290
009066498

Nersesyan A, Kundi M, Atefie K, Schulte-
Hermann R, Knasmiller S. Effect of
staining procedures on the results of
micronucleus assays with exfoliated oral
mucosa cells. Cancer Epidemiol
Biomarkers Prev. 2006 Oct;15(10):1835-
40.

Available:https://doi.org/10.1158/1055-
9965.EPI-06-0248.

Durand RE, Olive PL. Cytotoxicity,
Mutagenicity and DNA damage by Hoechst
33342. J Histochem Cytochem. 1982 Feb;
30(2):111-6.
Available:https://doi.org/10.1177/30.2.7061
816.

Bordoloi B, Jaiswal R, Siddiqui S, Tandon
A. (2017). Health hazards of special stains.
Saudi Journal of Pathology and
Microbiology. 2017;2(5):175-178.
Available:https://europub.co.uk/articles/-A-
386066

Battaglia CLR, Gogal RM, Zimmerman K,
Misra HP. Malathion, lindane, and
piperonyl butoxide, individually or in
combined mixtures, induce immunotoxicity
via apoptosis in murine splenocytes In
vitro. International Journal of Toxicology.
2010;29(2):209-220.
Available:https://doi.org/10.1177/10915818
09357954

Javaeed A, Qamar S, Ali S, Mustafa MAT,
Nusrat A, Ghauri SK. Histological stains in
the past, present, and future. Cureus. 2021
Oct 4;13(10):18486.
Available:https://doi.org/10.7759/cureus.18
486.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/116463

71


https://www.ncbi.nlm.nih.gov/books/NBK537121/
https://www.ncbi.nlm.nih.gov/books/NBK537121/
https://doi.org/10.3389/fmicb.2020.556140
https://doi.org/10.3389/fmicb.2020.556140
https://doi.org/10.1007/978-3-319-23573-8_4
https://doi.org/10.1007/978-3-319-23573-8_4
https://doi.org/10.1093/jxb/erv158
https://doi.org/10.1093/jxb/erv158
https://www.ncbi.nlm.nih.gov/books/NBK594611/
https://www.ncbi.nlm.nih.gov/books/NBK594611/
https://doi.org/10.1002/9781119848851.ch2
https://doi.org/10.1002/9781119848851.ch2
https://doi.org/10.3109/10520290009066498
https://doi.org/10.3109/10520290009066498
https://doi.org/10.1158/1055-9965.EPI-06-0248
https://doi.org/10.1158/1055-9965.EPI-06-0248
https://doi.org/10.1177/30.2.7061816
https://doi.org/10.1177/30.2.7061816
https://europub.co.uk/articles/-A-386066
https://europub.co.uk/articles/-A-386066
https://doi.org/10.1177/1091581809357954
https://doi.org/10.1177/1091581809357954
https://doi.org/10.7759/cureus.18486
https://doi.org/10.7759/cureus.18486

