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Abstract

Background: Stains are essential artefacts which aid visualisation and evaluation of histological specimens. However, the
use of synthetic dyes for diagnostic purpose has become a major concern a threat to sustainable development owing to
the associated toxicity, environmental pollution and potential risk to human health. Several studies have investigated the
application of naturally occurring pigments in plants use of natural dyes for clinical and diagnostics purposed. The study
investigated the application of naturally occurring pigments of Cola acuminata extract for clinical and diagnostics purpose;
specifically, as a histological cytoplasmic stain.

Methods: Formalin-fixed, paraffin-embedded tissue sections from cattle heart, liver and spleen were stained by varying
concentrations of Cola acuminata nuts extracts, with different extractants including absolute methanol, ethanol and distilled
water at different times. Tissue sections stained with dye extracts produced a spectrum of greyish to golden brown cytoplasmic
colouration.

Results: Cola acuminata dye extracts produced relatively varying staining intensities of golden-brownish cytoplasmic
colouration applied on liver, spleen and heart tissue sections cattle tissue with different extractants, at different concentrations
and staining times, comparable to eosin, and with blue purple heamatoxylin nuclear stain. Methanolic dye extract (60% w/v)
of Cola acuminata at an acidic pH, applied for 15min at room temperature, yielded the best staining result.

Conclusion: Cola acuminata nut dye extract is a potential substitute for cytoplasmic synthetic dye utility in histological staining
techniques. Further research needed to reinforce and validate its applicability in a wide range of pathological specimens.
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o J
Introduction the first synthetic dye, mauve, in 1856 by Henry Perkin

[2], many other dyes emerged and are currently used in

Dyes have been produced synthetically or naturally colouring foods, cosmetics, and medication [3]. However,
from time immemorial and used to enhance the outlook growing evidence shows these chemical-based dyes have
of fabric and other artefacts [1]. They also impart contrast a debilitating effect on human health and the environment
in tissues for histological analysis. After discovering in general due to their increased toxicity and non-eco-
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friendliness in terms of their disposal and the management
of their waste products [4-6].

Natural dyes have shown promising outcomes; their
sources are readily available, reproducible, non-toxic, and
eco-friendly [7]. These characteristics are indications of
their potential to avert the menace associated with the
usage of synthetic dyes as suitable alternatives. Increasing
advocacy has been made to advance and harness the use
of natural dye in various sectors [8,9]. This is in line with
the sustainable development goals (SDGs), which seeks to
promote good health and wellbeing by reducing disease
burden and environmental problems related to exposure to
toxic substances, including synthetic dyes [10].

Cola acuminata plant extract has been identified to
possess numerous phytochemicals and medicinal properties
and is used as a food colourant [11,12]. It belongs to the plant
family Sterculiaceae, comprising about 125 species of trees
found chiefly in the tropical rainforests of Africa. Cultivated
mainly in Ghana and Nigeria within the West-African
subregion, it is considered a vital commodity for traditional
rites [13,14] and an essential nontraditional agro export in
both countries [15,16]. Extracts from kola nut present with
colourful pigments, which is yet to be explored and adopted
as a natural dye with prospects for histological assessment.
In this view, we aimed to investigate the utility of Cola
acuminata nuts dye extract as a potential cytoplasmic stain
in diagnostic histopathology.

Materials And Methods

Study Design and Ethics

This study was experimental-exploratory research that
sought to assess the staining property of Cola acuminata dye
extract on histologically processed heart, liver and spleen of
cattle using H&E stain of the same organs as control.

Approval for the study was granted by the Research
Ethics Committee of the University of Health and Allied
Sciences (UHAS-REC A.10 [32] 20-21) and conducted at the
histopathology laboratory of the Ho Teaching Hospital with
permission from hospital management.

Tissue Specimen Acquisition

The heart, liver and spleen of cattle were obtained from a
veterinary-inspected slaughterhouse and were immediately
placed in a 10% neutral buffered formalin-filled container
after removal from the animal. Upon arrival in the laboratory,
the blood-stained formalin was replaced with a fresh 10%
neutral buffered formalin to ensure optimal fixation of the
tissue specimens.
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Kola Nut Acquisition

Freshly harvested kola nuts were acquired from a farmer in
Ho in the province of Volta Region. The nuts were washed with
distilled water to eliminate impurities such as dust and soil.

Preparation of the Cola acuminata Extract

The kola nuts were chopped after washing and shade
dried. The dried kola nuts were crashed and then pulverised
using a new, unused domestic blender to obtain kola nut
powder. The extracts were prepared from the kolanut powder
using absolute ethanol, absolute methanol and distilled
water. Briefly, 20g, 40g and 60g of the powdered kola nuts
were dissolved in 100ml of each solvent in amber-coloured
airtight bottles for six days with intermittent shaking. To
prevent sunlight from directly affecting the extracts, they
were stored in amber-coloured airtight bottles after filtering
with Whatman No.1 filter paper. Their pH was checked using
a pH meter (JENWAY 3510, Staffordshire, UK). The bottles
containing the extracts were labelled appropriately and kept
safely on the working bench.

Tissue processing

Representative slides of the formalin-fixed tissues
(2x3x2mm) were cut into tissue processing cassettes and
labelled appropriately (spleen, heart and liver). The tissues
in cassettes were taken through the paraffin-embedded
tissue processing technique (Appendix A).

Tissue Sectioning

Tissue sections of 3um thickness were produced from the
paraffin-embedded tissue blocks using a rotary microtome
(ACCU-CUT SRM 200 CW, Sakura, Japan). The sections were
floated out in a thermostatically controlled water bath at
500C (JP SELECTA, Barcelona, Spain) to facilitate stretching
and flattening of the sections. Subsequently, the sections
were picked onto clean labelled microscope glass slides and
dried at room temperature, followed by heat-fixing in a hot-
air oven (GENLAB, Widnes, UK). Twenty-eight sections of
each organ were produced and grouped into G1 and G2. G1
contained one section of each of the various organs, and G2
contained twenty-seven sections of each organ serving as a
control and test slides, respectively.

Staining Procedure

G1 sections were stained with the routine H&E reagents
using the standard staining protocol (Appendix B). G2
sections were further grouped (Appendix D) and stained
with the kola nut dye extract based on solvents used in the
dye extraction, extract concentration, and staining time using
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the staining protocol (Appendix C).

Microscopy and Micrograph Analysis

The staining reaction and intensity of the sections were
examined microscopically using a binocular light microscope
(LEICA DM750, GmbH) and scored (Appendix D and E).
Micrographs of the stained sections were taken using a
high-resolution smartphone camera (SAMSUNG GALAXY S7,
South Korea). The staining intensities were compared among
groups (G1:G2) and within groups (G2) depending on the
various extracts, the extracts’ concentration, and the staining
duration.

Results

Staining Reaction with Kola Nuts Methanolic
Extract

Tissue sections stained with haematoxylin and eosin
showed bright purple colouration of the nuclei (black
arrow) and varied shades of pinkish cytoplasmic staining
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(green arrow), respectively as shown in Plate 1 (P1) (Figure
1). Methanolic dye-extracts of kola nut used to stain the
following tissue sections demonstrated golden-brown
cytoplasmic colouration (gold arrows), with haematoxylin,
staining the nuclei purple (black arrows) as shown in Figure
1(P2toP10).

Staining Reaction with Ethanoic Extract

Ethanolic dye-extract of kola nut used to stain the
following tissue sections demonstrated grey to golden-brown
cytoplasmic colouration (gold arrows), with haematoxylin,
staining the nuclei purple (black arrows) as shown in Figure
2 (P11 to P19).

Staining Reaction with Aqeuous Extract

Aqueous (distilled water) dye-extract of kola nut used
to stain the following tissue sections demonstrated grey to
light-brown cytoplasmic colouration, with haematoxylin,
staining the nuclei purple as shown in Figure 3 (P20 - P28).

205k - 40% concentration 60% concentration
concentration

Extractant Tissue | 5min | 10 min 1_5 [Hll 5min | 10 min 1_5 e 5 1? 1_5 [ e
min | No: min | No: | min | min | min | No:

Spleen 2+ 3+ 3+ P2 2+ 2+ 3+ P3 3+ 3+ 3+ P4

Methanol Heart 2+ 2+ 3+ P5 2+ 2+ 3+ P6 3+ 3+ 3+ P7
Liver 2+ 2+ 3+ P8 2+ 2+ 3+ P9 2+ 3+ 3+ P10

Spleen 3+ 3+ 3+ P14 3+ 3+ 3+ | P15 2+ 2+ 3+ P16

Ethanol Heart 2+ 3+ 3+ P11 2+ 2+ 3+ P12 2+ 2+ 3+ P13
Liver 2+ 2+ 3+ P17 2+ 2+ 3+ P18 2+ 2+ 3+ P19

Spleen 1+ 1+ 1+ P23 2+ 2+ 3+ P 24 1+ 1+ 1+ P 25

Distilled water | Heart 1+ 1+ 1+ P20 1+ 1+ 1+ | P21 1+ 1+ 1+ P22
Liver 1+ 1+ 1+ P26 1+ 1+ 1+ P27 1+ 1+ 1+ P 28

Table 1: Staining intensities scores of the various dye extracts at differential con

centrations and durations.

Extracts Concentrations (%) pH
20 5.84
Methanol 40 5.78
60 5.53
20 5.98
Ethanol 40 5.87
60 5.76
20 6.07
Distilled water 40 6.04
60 6.02

Table 2: pH of differential extract concentrations.
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Figure 1: P 1-Photomicrographs of cattle tissue sections of A. Liver; B. Spleen; C. Heart, stained with Haematoxylin and Eosin
stain. Magnification: x400. P 2-Photomicrographs of cattle spleen tissue sections stained with haematoxylin and counterstained
with 20% methanolic dye extract of kola nut showing relatively indifferent cytoplasmic staining intensity of golden-brown
colouration at: A. 5 min; B. 10 min; C. 15 min. Magnification x200. P 3-Photomicrograph of cattle spleen tissue sections stained
with haematoxylin and counterstained with 40% methanolic dye extract of kola nut showing relatively indifferent cytoplasmic
staining intensity of golden-brown colouration at: A. 5 min; B. 10 min; C. 15 min. Magnification x200. P 4-Photomicrographs
of cattle spleen tissue sections stained with haematoxylin and counterstained with 60% methanolic dye extract of kola nut
showing relatively intesne cytoplasmic staining reaction of golden-brown colouration at: A. 5 min; B. 10 min; C. 15 min.
Magnification x200. P 5-Photomicrographs of cattle heart tissue sections stained with haematoxylin and counterstained with
20% methanolic dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min; (cytoplasmic staining observed as golden-brown
colouration without clear distinction at varying staining times). Magnification x200. P 6Photomicrographs of cattle heart
tissue sections stained with Haematoxylin and counterstained with 40% methanolic dye extract of kola nut for A. 5 min; B. 10
mi; C. 15 min; (cytoplasmic staining observed as golden- brown colouration showing relatively uniform intensity at varying
staining times). Magnification x200. P 7-Photomicrographs of cattle heart tissue sections stained with Haematoxylin and
counterstained with 60% methanolic dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min; (cytoplasmic staining observed
as golden- brown colour with increasing intensity relative to staining time). Magnification x200. P 8-Photomicrographs of
cattle liver tissue sections, stained with Haematoxylin and counterstained with 20% methanolic dye extract of kola nut for A.
5 min; B. 10 min; C. 15 min (cytoplasmic staining observed as golden-brown colouration with staining intensity not relative
to staining time). Magnification x100. P 9-Photomicrographs of cattle liver tissue sections stained with Haematoxylin and
counterstained with 40% methanolic dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min (cytoplasmic staining observed
as golden-brown colouration with relatively uniform staining intensity). Magnification x100. P10-Photomicrographs of cattle
liver tissue sections stained with Haematoxylin and counterstained with 40% methanolic dye extract of kola nut for A. 5 min;
B. 10 min; C. 15 min (cytoplasmic staining observed as golden-brown colouration with raltively uniform staining intensity).
Magnification x100.
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Figure 2: P11-Photomicrograph of cattle heart section stained with haematoxylin and counterstained with 20% ethanolic
dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min. Cytoplasmic staining observed as greyish-brown colouration. Nuclei
stained blue-black (black arrow) and cytoplasm stained grey to golden brown (yellow arrow) Magnification x200. P12-
Photomicrograph of cattle heart section stained with haematoxylin and counterstained with 20% ethanolic dye extract of kola
nut for A. 5 min; B. 10 min; C. 15 min. Cytoplasmic staining observed as greyish -brown colouration. Nuclei stained blue-black
(black arrow) and cytoplasm stained grey to golden brown (yellow arrow) Magnification x200. P13-Photomicrographs of cattle
heart tissue sections stained with haematoxylin and counterstained with 60% ethanolic dye extract of kola nut for A. 5 min;
B. 10 min; C. 15 min (cytoplasmic staining observed as grayish-brown colouration with intense and distinct staining pattern).
Magnification x200. P14-Photomicrographs of cattle spleen tissue sections stained with haematoxylin and counterstained
with 20% ethanolic dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min. (cytoplasmic staining observed as golden-brown
colouration with increasing intensity relative to staining time). Magnification x200. P15-Photomicrographs of cattle spleen
tissue sections stained with haematoxylin and counterstained with 40% ethanolic dye extract of kola nut for A. 5 min; B.
10 min; C. 15 min. (cytoplasmic staining observed as golden-brown colouration with relatively uniform staining intensity).
Magnification x200. P16-Photomicrographs of cattle spleen tissue sections stained with haematoxylin and counterstained
with 60% ethanolic dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min. (cytoplasmic staining observed as golden-
brown colouration with relatively uniform staining intensity). Magnification x200. P17-Photomicrographs of cattle liver tissue
sections stained with haematoxylin and counterstained with 20% ethanol dye extract of kola nut for A. 5 min; B. 10 min; C. 15
min. (cytoplasmic staining observed as grayish-brown colouration with relatively uniform staining intensity). Magnification
x100. P18-Photomicrographs of cattle liver tissue sections stained with haematoxylin and counterstained with 20% ethanol
dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min. (cytoplasmic staining observed as golden-brown colouration with
relatively uniform staining intensity). Magnification x100. P19-Photomicrograph of cattle Liver section. Stain: Haematoxylin
and counterstained with 60% ethanol dye extract of kola nut stained for A. 5 minutes; B. 10 min; C. 15 min (cytoplasmic
staining observed as golden-brown colouration with relatively uniform staining intensity). Magnification x100.
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Figure 3: P 20-Photomicrographs of cattle heart tissue sections stained with haematoxylin and counterstained with 20%
distilled water dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min. (cytoplasmic staining observed as the grayish
-brown colour). Magnification x100. P 21-Photomicrographs of cattle heart tissue sections stained with haematoxylin and
counterstained with 40% distilled water dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min. (cytoplasmic staining
observed as the grayish brown colour). Magnification x100. P 22-Photomicrographs of cattle heart tissue sections stained
with haematoxylin and counterstained with 60% distilled water dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min.
(cytoplasmic staining observed as the greyish- -brown colouration). Magnification x100. P23- Photomicrographs of cattle
tissue Spleen sections stained with haematoxylin and counterstained with 20% distilled water dye extract of kola nut for
A. 5 min; B. 10 min; C. 15 min (cytoplasmic staining observed as golden- brown colouration). Magnification x200. P24-
Photomicrographs of cattle tissue spleen sections stained with haematoxylin and counterstained with 40% distilled water
dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min (cytoplasm observed as golden-brown colour). Magnification x200.
P25- Photomicrographs of cattle tissue spleen sections stained with haematoxylin showing blue nuclear staining (arrows)
and counterstained with 60% distilled water dye extract of kola nut for A. 5 min; B. 10 min; C. 15 min (cytoplasm observed as
golden-brown colour). Magnification x100. P26- Photomicrographs of cattle liver tissue sections stained with haematoxylin
and counterstained with 20% distilled water dye-extract of kola nut stained for A. 5 min. B. 10 min. C. 15 min, (cytoplasm
observed as light brownish colouration). Magnification x40. P27- Photomicrographs of cattle liver tissue sections stained with
haematoxylin and counterstained with 40% distilled water dye-extract of kola nut stained for A. 5 min. B. 10 min. C. 15 min.
(cytoplasm observed as the light brownish colour). Magnification x40. P28- Photomicrographs of cattle liver tissue sections
stained with haematoxylin and counterstained with 60% distilled water dye-extract of kola nut stained for A. 5 min. B. 10 min.
C. 15 min. (cytoplasm observed as light brownish colouration). Magnification x40

Discussion promote health and well-being by reducing disease burden
and environmentally related health problems associated

The quest for applying natural dyes as valuable sources with increasing exposure to toxic substances in the use of

of stains in diagnostic histopathology is gaining traction. The synthetic dyes. The present study investigated the use of dye
merit of this cause is aligned with the SDGs, which seek to extract from kola nut as a potential source of a histological
Asiamah EA, et al. Investigating the Diagnostic Utility of Cola acuminata Extract as an Alternative Copyright© Asiamah EA, etal.
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cytoplasmic stain. The exploratory experiment we carried
out resulted in exciting findings of the staining reaction;
the dye extracts produced varied cytoplasmic colourations
from grey to golden brown depending on the type of extract,
as against a blue-black nuclear staining reaction of the
haematoxylin stain.

Tissue sections stained with methanolic dye extract of
kola nut showed golden-brownish cytoplasmic colouration.
Similar staining patterns were observed across all three types
of tissue (P2-P10) in Figure 1. The intensity of the staining
reaction produced by the methanolic kola nut dye extracts
showed increased brightness and clarity with increasing
concentration of the extractant. Thus, the 60% concentration
of methanolic kola nut extract produced a relatively intense
cytoplasmic staining pattern (P4, P7 and P12) compared
to 20% and 40% concentration of extract. Additionally, the
stainingreaction ofhearttissue with the 60% concentration of
methanolic extract (P12) came out distinctly, a phenomenon
which could be explained by the abundance of muscle fibres
of the heart tissue. On the contrary, the 40% concentration
of extract produced relatively better staining than the 20%
concentration in all the tissues. Good staining quality was
observed in all tissues with the 60% concentration of extract
when the staining time was prolonged to 15min.

Using the ethanolic extract, a greyish-brown cytoplasmic
colouration was observed in the following tissue sections
in Figure 2; P11, P12, P13 and P17, whilst the others (P14,
P15, P16, P18 and P19), stained golden-brown. The staining
reaction with the ethanolic extract was not significantly
affected by the concentration; however, the intensity across
the board showed slight improvement with increasing
staining time (notably, P14).

The cytoplasmic staining pattern of the following tissue
sections in Figure 3 stained by the aqueous extracts showed
a golden-brown colouration (P23 and P24), whilst the
following sections: P20, P21, P22, P25, P26, P27 and P28,
showed light-brownish staining reaction. This is in keeping
with a study conducted by Shehu, et al. [17], which showed
slightly similar shades of staining pattern of yellowish-brown
colouration. This variation could be due to the tissue type
and other staining conditions. Relatively, the intensity of the
staining reaction produced by the aqueous-kola nut extracts
when applied on spleen tissue sections showed increasing
brightness, and clarity as the concentration of the extract
was increased (P23-P25). This observation could be due to
the high cellularity of the spleen and increased dye-tissue
interaction due to the presence of sufficient dye molecules
in the extract.

Among the three extracts produced (ethanolic,
methanolic and aqueous), it was observed that the methanol-
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based dye extracts (20%-60% concentration) produced the
best staining intensity in all three tissue types followed by
the ethanolic extracts (20%-60%), produced in both heart
and spleen. Interestingly, distinct staining intensities were
observed with aqueous-dye extracts (60% concentration) in
the spleen.

The pH of the various concentration of the extracts
produced (Table 2) indicated the acidity of the extracted
dyes. This means that the natural dye extracts are anionic
and have a strong affinity for cationic components of the
cell, thus buttressing the relatively strong staining reaction
displayed by the acidophilic heart muscle fibers.

The strength of the staining reaction in the present
study increased as the duration increased from 5 minutes
to 10 minutes and 15 minutes. This supports Alj, et al. [18]
findings that the longer the staining time, the higher the
colour strength until the dye depletion achieves equilibrium.
Ultimately, 60% methanolic extract at a staining time of
15minutes was observed to be the optimal staining reaction
in all tissue types. This observation can be attributed to the
increased solvent concentration and duration that enhanced
the dye-tissue interaction.

Conclusion

Cola acuminata dye extract provided a distinct
colouration that enhanced contrast between the nuclear
and cytoplasmic staining pattern in formalin-fixed paraffin-
embedded tissues from cattle heart, liver and spleen. It
may be used as a substitute for synthetic dyes indicative of
microscopic histomorphological analysis. However, further
studies are needed to broaden the scope of application in
other tissue types and should involve some modifications to
enhance the staining quality and longevity.
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