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ABSTRACT

Introduction: Histopathology is the study of diseases accomplished by fixing tissue onto a glass plate using dyes or stains un-
der a microscope. The commonly used dyes in routine histopathology are Hematoxylin and Eosin (H and E) stain, Gram stain,
silver nitrate, Mason'’s trichrome stain, Periodic acid—Schiff (PAS) stain, etc. However, one major drawback of these stains are
toxicity due to chemicals used.

Objectives: The present article reviews the various natural stains that can be used as an alternative to the routinely used
stains.
Materials and Methods: Data was collected by electronic search of databases including PubMed and Google Scholar for

» o«

“natural stains”, “natural staining” and “natural stains AND histopathology”.

Results: Routinely used stains demonstrate excellent tissue coloring capacity. However, the major drawbacks of routine stains
and dyes include use of chemical ingredients, high cost, and some extent of tissue damage. These issues can be resolved
by using natural substitutes like turmeric, ginger, henna, beetroot, wood dust etc. Over the past few years, interest in natural
options to chemical dyes has grown.

Conclusion: This article has highlighted major natural staining alternatives with their advantages and disadvantages along
with their efficacy in staining routine histopathological tissue specimens.
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INTRODUCTION '‘Bharati Vidyapeeth (Deemed to be University) Dental

Histopathology is the microscopic examination of a biop-
sy or tissue specimen that has been dyed and fixed on a glass
slide to examine diseases and their characteristics. Typically,
the dye aids in visualization of the tissue specimen under a
microscope. The main goal of this procedure is to visualize
the suspected cells for any alterations and to reveal the dis-
ease’s characteristic features. This is usually accomplished
through staining and counterstaining.!

In healthcare systems, histopathology is an important
diagnostic tool. It combines the principles of normal with
abnormal thereby, enabling healthcare professionals to ob-
serve changes in normal tissues during, or as a result of the
pathological process. It also allows the identification of the
etiological or causative agent in cases where unaided vision
is insufficient.?

Clinicopathological correlation is a crucial component of
health sciences that can be carried out by health care person-
nel. The medical staff can search for cellular alterations with
the aid of an adequate clinical examination and fine histopa-
thology. The probable cause, diagnosis, and therapy of the
condition may then be determined by using this information
to provide scientific reasons for the symptoms a patient is ex-
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periencing. Histopathology thus expands and develops ther-

apy choices, enabling doctors to provide better patient care.
The main protocol followed in histopathology is staining

and counterstaining the tissue specimen using certain stain-
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ing agents. While the stains impart colour to the cell, the coun-
terstain dyes the background. Staining is used to highlight im-
portant features of the tissue and to enhance the tissue contrast.
Key steps in the procedure are fixation, dehydration, clearing,
processing, embedding, sectioning and staining.’?

Commonly Used Stains in Routine Histopathology:

Some of the commonly employed stains in routine histopa-
thology are mentioned in Figure 1°.

Nearly all the tissue specimens today are stained using H
and E stain.* It is inexpensive, quick, efficient, and adaptable.
Gram staining is typically used to stain biopsies of infected tis-
sues and produces results quickly, even when there is a signifi-
cant difference in disease prognosis and treatment. In modern
histology, it is frequently used in conjunction with paraffin
fixatives for tissue sectioning.® Silver nitrate has been used in
staining techniques for a long time and is still used in mod-
ern pathology. It was initially used to improve the visibility of
tissue structure while studying it, which was accomplished by
applying solid silver nitrate to a tissue and then studying it un-
der a microscope.’

Drawbacks of Commonly Used Stains and Need for Natural
Stains in Routine Histopathology:

Despite the benefits of H and E stain, it cannot reproduce
all the minute details and features in a slide, necessitating the
use of a special stain.® Staining using silver nitrate can lead to
an argyrophilic reaction.” Gram staining is ineffective against
certain bacteria and has limited application in environmental
microbiology.”

The majority of stains currently in use are chemically syn-
thesized from less expensive petroleum byproducts and have
been found to be hazardous to human health.®*!! Some syn-
thetic dye components, such as Picric acid in Masson’s tri-
chrome and von Geison’s stains,'?> have been found to be car-
cinogenic or allergenic. Their widespread use has resulted in
air, water, and land pollution, which is proven to be extremely
harmful to the ecosystem and the Earth. Synthetic dyes are
non-biodegradable, flammable, and non-renewable.'
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Fig. 1: Routinely used stains in histopathology, including;
Silver Nitrate, Hematoxylin and Eosin, Gram and Trichome
stains.
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Formaldehyde used in routine histopathology is a known
carcinogen and allergen to the human body.** It can be inhaled
during the staining procedure leading to damage to internal or-
gans. In addition to this, Congo red is known to be carcinogenic
because of the presence of aromatic amine groups.” Toluene
and xylene are commonly used solvents which help in fixation
of tissue specimens as well as rinsing of the stains. Pathologists,
researchers, laboratory workers, laboratory assistants, etc. ex-
posed to toluene and xylene for a long period of time are prone
to develop Raynaud’s phenomenon which can later develop
into systemic sclerosis.’®

Hence, the utilization and implementation of natural stain-
ing techniques in standard histology is urgently needed. A
natural stain should have all of the properties of a synthetic
dye. Several studies have demonstrated the use of natural dyes
in botanical and animal histological studies, with satisfactory
results when compared to synthetic stains."”'®' Natural stains
can be used in the same manner as conventional stains despite
their drawbacks.?® According to Adeyemo et. al., natural dyes
are less expensive, more reliable, and easier to use. Their ex-
traction and application do not necessitate the use of skilled
hands. They have also been discovered to be eco-friendly and
biodegradable, and do not cause harm to the handler.”

Different Natural Stains Used as an Alternative in Routine
Histopathology:

Numerous studies have used a variety of natural stains as
an alternative to the chemical-based synthetic stains used cur-
rently (Figure 2).

Zingiber officinale Roscoe (Ginger) as a Natural Alternative:
Ginger has been used to stain sections of the lungs, heart,
liver and spleen.”??! It is also being tested to stain lichen planus,
fibroma, salivary glands and squamous cell carcinoma.?
It is freshly extracted from rhizomes of Z. officinale and
washed off to remove the impurities. This is followed by peel-
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Fig. 2: Natural stains used as an alternative to chemical stain-
ing, including; Zingiber officinale Roscoe (Ginger), Curcuma
longa L. (Turmeric), Clitorea ternatia L. (Butterfly Pea Flow-
er), Lawsonia inermis ( Henna), Hibiscus sabdariffa (Roselle),
Khaya senegalensis (Wood dust), Beta vulgaris ( Beetroot).
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ing and cutting it into smaller pieces. 25 grams of these pieces
are mixed with 100 ml of 90% alcohol and set aside for 24 hours.
After this, the mixture is filtered to obtain 80 ml ethanolic ex-
tract of Z. officinale which is then used to stain tissue sections as
per routine staining techniques.’®

In the heart tissue sections, muscle fibers were stained yel-
low and the nuclei took up a deep green color. Respiratory
bronchioles consisting of a small number of alveoli and alveo-
lar sacs, portal tract and collagenous tissue in lung and liver
tissue specimens were similarly stained. In a spleen tissue sec-
tion, the central artery was again stained yellow; however, the
white pulp and red pulp were not seen or stained clearly.” Z.
officinale contains flavonoids which are phenolic (acidic) com-
pounds.® This enables it to stain basic parts of the cell when
used as counterstain for hematoxylin where it stains the cells
deep yellow. Fibroma tissue sections when stained with Z. of-
ficinale showed crisp staining.”

Curcuma longa L. (Turmeric) as a Natural Alternative:

Turmeric has been demonstrated to stain sections of colla-
gen fibers, blood vessels and red blood cells. Fresh rhizomes
of Curcuma longa are collected and cut into small pieces which
are sun-dried and milled to form fine powder. 20-25 grams of
the powder is weighed and dissolved in 100 ml of 70% alcohol,
followed by centrifugation at 3000 rpm (rotations per minutes)
for 5 minutes. The resultant supernatant fluid is collected and
used to stain the tissue sections.?

Studies have shown that Curcuma longa stains the epithe-
lium and keratin a deep yellow-orange colour, collagen and
muscle dull yellow, RBCs exhibit bright yellow and the bone
is stained deep yellow. Striations in muscle fibers were well
appreciated. Melanocytes appeared bright brown against the
light yellow background of the epithelium.®?? Affinity of C.
longa for cytoplasm indicates that it is an acidic dye. It is com-
posed primarily of flavonoids and has the same mechanism of

MINIMAL
EXPOSURE TO
CHEMICALS
EASY
PROCEDURE FOR
STAINING
/ o '\_/
AVAILABILITY
OF SUBSTANCES
IS MORE
LESS
EXPENSIVE

NATURAL
STAINS

action as that of Z. officinale, wherein C. longa, a typical poly-
phenol with acidic nature (due to its ability to release hydrogen
from the hydroxyl group), enables it to stain the basic parts of
the cell.”

Beta vulgaris (Beetroot) as a Nature Alternative:

Beetroot has been found to stain oral smears® along with
tissue components like muscles, mucins, red blood cells, kera-
tin and nerve fibers.” It has also been tested to develop a my-
colic stain.*® Beta vulgaris has been used to stain liver, cerebral
and lung sections31 as well as breast cancer tissue sections.*

Fresh B. vulgaris is procured and washed with water, peeled
off and sliced into small pieces. 50 grams of these pieces are
mixed in 100 ml of double distilled water and heated to 40 °C
for 30 minutes in a water bath. The red extract is separated and
cooled, and then purified by a filtration process (Whatmann
filter paper No. 1) followed by centrifugation at 3000 rpm for
15 minutes. The supernatant extract is collected and stored for
further use®. It may be mixed with glycerol, and citric acid to
buffer the solution. This is done to obtain a pH level of 5, which
has been proven to be more stable.>*

The staining intensity and preservation of cellular morphol-
ogy and details by B. vulgaris is said to be similar to routine his-
topathological stains.” In the cerebral cortex, it does not show
good staining properties for nucleus even though B. vulgaris
has good staining capacity for nerve fibers. The nucleus stains
brown with distinct alveolar spaces in the lung sections. In kid-
ney sections, the nucleus yet again stains brown, but deeper,
and the ground substance along with cytoplasm stains light
brown. The cytoplasm is poorly stained light pink, whereas
the central vein is stained deep brown in liver sections. Brown
stained nuclei and cytoplasm can be observed in distinct layers
comprising the mucosa, submucosa, muscular layer and serosa
in large intestine sections. In the small intestine, nuclei and cy-
toplasm of the mucosa, submucosa, muscularis and serosa lay-
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Fig. 3: The Pros and Cons of natural stains in routine histopathology.
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ers are stained light pink. In tissue sections of skin, deep brown
stained bands of epidermal keratin, light pink stained dermis
and brown stained nuclei are seen. In heart tissue sections,
brown stained nuclei and light pink cardiac muscle fibers can
be noted.?” The macrospore of Microsporum gypseum is stained
red with clear appearance of its fusiform structure with typical
5 cells.®

B. vulgaris contains betalain pigment and betalamic acid35
which allows it to stain basic structures like cytoplasm, nerve
fibers, muscle fibers, mucins, keratin, and red blood cells. Kera-
tin contains high sulfur, cysteine plus half cysteine, arginine
and lysine which are responsible for its demonstration. The
nuclei stains pale which indicates B. vulgaris’s pH selectivity
i.e. the nuclei may stain at a low pH (less than 4.0) suggesting
staining with adequate acidification.*

Khaya senegalensis (Wood Dust) as a Natural Alternative:

Wood Dust has been demonstrated in experimental ani-
mals” skin, heart, lung, kidney, liver and intestine sections.37
The roots of K. senegalensis are peeled off, cut, dried, and
crushed. The powder obtained (50 g) is added to 750 ml dis-
tilled water and then boiled for 20 min, cooled, and filtered
through Whatmann filter paper no. 1 paper. The mixture (742.5
ml) is then evaporated in an oven (55 °C), generating 7.4 g of
dry extract, producing a yield of 14.8%. The concentration of
the stock solution is 10 mg/m138, which is then used to stain the
tissue sections.

It has good affinity towards the cellular cytoplasm and
stains the tissues in various shades of red and brown. It stains
both; acidic and basic components of the tissue, but exhibits
a strong affinity for basic structures.” Such dyes are usually
termed acidic dyes.” KS wood extracts are rich in flavonoids
and tannins, both phytochemicals, which explains their stain-
ing abilities.***! These are known to be acidic in nature as they
lose a positive hydrogen ion from their hydroxyl group. Hence,
in dye-tissue reactions, an electrostatic attraction of unlike ions
exists whereby the anions of an acidic dye interact with tissue
structures that are rich in cations.* Plausibly, it may be inferred
that the stain from KS wood extract is acidic in nature due to its
strong affinity for the basic components of the tissue.

Clitoria ternatea L. (Butterfly Pea Flower) as a Natural
Alternative:

Butterfly Pea Flower has been shown to stain human sper-
matozoa®, canine mast cell tumors*, animal blood smears®,
bacteria (Staphylococcus aureus and Escherichia coli)*,
amongst other samples. Its blue coloured petals are thought to
be a ternatin storage facility. Ternatins are a class of delphini-
din glycosides, which are anthocyanin pigments that dissolve
easily in water and change color depending on the pH. The
crude extract is made by soaking the petal powder in distilled
water overnight at 4 °C and filtering it through gauzes and fil-
ter paper. Before staining, the filtrate is adjusted to pH 0.2 and
treated with a mordant. Methanol-fixed blood smears are com-
monly used.

Preliminary findings show that faint acidophilic staining
is found in the nuclei of nucleated cells of all species” blood
smears. The cytoplasm of red blood cells stains grayish pink
with shading variations. Furthermore, dull acidophilic stain-
ing is found in the granules of chicken heterophils as well as
eosinophils of all species.* Bacteria, on the other hand, do not
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completely absorb the stain and thus require further investiga-
tion.*47

Hibiscus sabdariffa (Roselle) as a Natural Alternative:

Hibiscus Sabdariffa is a plant that is grown in many countries
around the world, including Sudan.* In Sudan, it is known as
Karkade, and the extract is typically consumed as a drink, hot
tea-like in the winter and cold in the summer. Hibiscus Sabdar-
iffa’s watery extract is red in color and has an acidic taste. The
plant has a variety of well-known industrial, medical, and nu-
tritional applications.*****! It has been used as a natural stain for
specimens of skin®, kidney, liver®, testis* and fungi.®

A measured amount of Roselle powder (1g, 5g, 10g, or 100g)
is brought to a boil in 100 ml of distilled water with constant
mixing and shaking. It is then allowed to stand for 30 minutes,
and filtered to obtain the coloured extract at the appropriate
concentration.®

Results revealed that the extract can be used as cytoplasmic
stain in place of eosin in routine H and E staining. However,
it has been reported that squamous epithelial tissue (skin) is
more resistant to Hibiscus solution penetration than glandular
tissues (renal and intestinal).>

Lawsonia inermis (Henna) as a Natural Alternative:

Lawsonia inermis, also known as Henna, is a shrub in the Ly-
thraceae family. It is primarily used in cosmetics as a pigment
for coloring hair and nails, imparting a red-yellow tint. Aside
from that, it is widely used for dyeing wool and nylon, in textile
industries, and for medicinal purposes.®* It has recently been
used as a biological stain for plants and microorganisms.”

Henna has been demonstrated as a biological stain for oral
tissues, such as normal oral mucosa as well as squamous cell
carcinoma®, liver specimen®, kidney, intestine, tonsil and lung
specimens.®’

2g of Henna dye extract and 5 ml of ethanol is dissolved in
50 ml of distilled water to make the staining solution. This so-
lution is vigorously shaken for 1 minute and allowed to stand
for 30 minutes, allowing the henna dye to dissolve properly.
The solution is then diluted to 100 ml with distilled water and
mixed with 4 ml of glacial acetic acid. Following, the solution is
filtered through a Whatman filter paper. The staining solution’s
pH should be adjusted to 7.5. A few thymol crystals can be
added to prevent fungal growth. Polyethylene bottles are used
to store the solution. In order to prepare the mordant solution,
10g of potassium alum is added before dilution to 100 ml.%®

According to animal tissue studies, Henna is an acidic stain
with a high affinity for sclerotic proteins such as collagen, kera-
tin, and elastin, which make up connective tissue and muscle
fibers. It has been proposed that the Lawsonia inermis staining
mechanism is based on ionic interactions between the phenolic
group in dye, and the amino end-group in tissue proteins- a
major component of connective tissue. Such ionic interactions
are accompanied by non-ionic interactions such as polymeriza-
tion, giving the dye metachromatic properties.®*

Lymphoid follicles, glomerulus, normal tubules and sur-
face epithelium cells are perfectly stained when Henna is used
as a hematoxylin substitute.®* Henna stains the tissues by color-
ing cytoplasm of cells, keratin, collagen fibers, and red blood
cells brown. The use of Henna in conjunction with hematoxylin
shows clear morphologic identification of epithelium and con-
nective tissue elements. Because Henna stain does not mask the
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hematoxylin color, there is a good contrast between the two.
However, the time required for Henna and hematoxylin stain-
ing is significantly longer than for hematoxylin and eosin stain-
ing.%®

Pros and Cons of Natural Stains:

The use of Natural Stains in routine histopathology has its
own set of advantages and disadvantages. They are markedly
less expensive, easy to procure and rarely, if ever, cause harm to
the handler. Although natural stains may sometimes produce
results with less visibility or hampered tissue quality, the full
effects of these stains under various circumstances have yet to
be studied. The highlights and challenges of natural stains are
listed below in Figure 3.

CONCLUSION

Stains extracted from natural products have equally compa-
rable staining properties to routinely used stains in histopathol-
ogy. In fact, natural stains are cheaper and safer in comparison
to chemically synthesized stains and show considerably posi-
tive results. While it may be impossible to completely replace
the use of chemical stains by natural alternatives, further re-
search involving a thorough analysis of these stains can lead to
safer and more economical practices. Presently, natural stains
can be recommended in routine histopathological processes,
together with chemical stains. This combines the benefits and
harmless components of natural dyes, with the assured results
of chemical stains.
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