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ABSTRACT

The semen analysis is a first-line test in the evaluation and management of infertility in couples. This study focused on
evaluating the use of hibiscus flowers (Hibiscus sabdariffa) as an alternative staining agent in the study of sperm
morphology. This was a comparative experimental study conducted over a five (5) months period from January to May
2026 at the Laboratory of Histology, Embryology, and Cytogenetics of the Faculty of Medical Sciences in Abidjan at Felix
HOUPHOUET-BOIGNY University. Staining extracts from Hibiscus sabdariffa were obtained from dried hibiscus flowers
using two different methods: aqueous extraction and hydroethanolic extraction. These extracts were used to process
semen samples collected from patients who had abstained for three(3) to five (5) days. A comparison was made with
the routine dye. The experiments indicated that hydroethanolic extraction yielded results comparable to those obtained
with conventional stains such as Papanicolaou. Significant economic and ecological benefits can be expected from the
development of such natural plant-based stains, which are accessible to laboratories with limited resources.

Keywords: Hibiscus sabdariffa, Sperm Cell, Spermocytogram, Plant dye

1 INTRODUCTION

Reproductive biology is a medical specialty focused on identifying the causes of infertility in couples and developing
methods for their management (1). In men, the World Health Organization recommends a semen analysis and sperm
cytogram to assess both the quantity and quality of sperm. The sperm cytogram focuses more on evaluating sperm
morphology (2).
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The morphological study of spermatozoa requires staining followed by observation under an optical microscope.
Routinely, the Papanicolaou staining technique is used (3). This technique requires the use of five (5) dyes divided into
three (3) categories:

- nuclear staining solution (hematoxylin)
- cytoplasmic counterstain solution (orange G)
- polychrome solution (eosin Y, light green SF, Bismarck’s brown Y) (4)(5).

The combination and order of application of these stains make it possible to obtain smears that can be analyzed under
an optical microscope, revealing the morphological characteristics of spermatozoa and detecting any abnormalities (6).

However, in a context where health resources and investments are limited, many biomedical testing laboratories
(LABMSs) in low-income countries often face challenges related to the unavailability of reagents and supplies for certain
diagnostic techniques (7).

Cote d’lvoire possesses significant ethnobotanical resources that can provide locally-based solutions to various
challenges, both in health research for the population and in the development of solutions and technical tools to improve
biomedical laboratory analysis practices (8).

Hibiscus sabdariffa, also known as “bissap” in the Wolof language (West Africa) or “karkade” in Egyptian Arabic (North
Africa), is a tropical plant whose bright red flowers owe their color to anthocyanins, natural pigments found in the plant
that make it suitable for use as a dye in the textile industry (9). Its flowers are traditionally used to prepare refreshing
and/or medicinal infusions. Hibiscus sabdariffa is readily available on the local market, and its purchase requires few
resources (10). In addition, it has been described its blood-pressure-lowering and cholesterol-lowering effects, as well
as its antioxidant properties which are linked to its high vitamin C content and are beneficial to the immune system
(11).

The purpose of this study was to contribute to the search for substances from the Ivorian pharmacopoeia that possess
dyeing properties as an alternative to synthetic dyes.

The overall objective of this study was to evaluate the performance of two (2) methods for extracting a staining solution
from Hibiscus sabdariffa flowers for optimal cytological analysis of spermatozoa.

The specific objectives designed to achieve this were:

- 1/ To prepare a dye based on an aqueous extract and a dye based on a hydroalcoholic extract of Hibiscus
sabdariffa

- 2/ To evaluate the staining indices of aqueous and hydroethanolic extracts of Hibiscus sabdariffa

- 3/ Compare the staining indicators of sperm stained with aqueous and hydroethanolic extracts of Hibiscus
sabdariffa to those of reference stains

2 MATERIALS AND METHODS

2.1 Materials

2.1.1 Study Site

The study was conducted at the Laboratory of Histology, Embryology, and Cytogenetics at the Abidjan Faculty of Medical
Sciences of Felix Houphouet-Boigny University. The preparation of slides and their examination under the microscope
took place there.

The preparation of the dye filtrate and the phytochemical analysis of the Hibiscus sabdariffa extracts were carried out
in the Biology and Health Laboratories and the Pharmacognosy Laboratories, located in the Biosciences Division and
the Pharmaceutical and Biological Sciences Division, respectively, of the aforementioned university.

2.1.2 Study Materials

2.1.2.1 Plant Material

Dried flowers of Hibiscus sabdariffa were used to prepare a natural dye (Figure 1).
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2.1.2.2 Biological Materials

Sixty (60) semen samples were collected from patients who had abstained for 3 days. A total of 120 semen smears were
prepared.

Figure 1: Dried calyxes of Hibiscus sabdariffa

2.1.2.3 Technical Equipment

The equipment included, among other things, a drying oven (Venticell, Germany), which is a controlled drying and
heating device whose primary function is to maintain samples or materials at a uniform and constant temperature; it
was used to remove the solvent and gases trapped in the mixture. A blender (Moulinex, Switzerland) was used to grind
the Hibiscus sabdariffa calyxes and mix them with the solvent. Additionally, an electronic scale (FF1976, China) was
used to weigh and measure precise quantities of Hibiscus sabdariffa for preparing the mixtures. The optical microscope
(Motic, China) was used to observe smears at high magnification, which required the application of immersion oil. A
vortex mixer (Drogon Lab, China) was used to homogenize the semen samples, along with laboratory glassware
(microscope slides and cover slips for mounting, graduated cylinders, porcelain dishes, and funnels). In addition, a
square of white cloth and cotton wool were used for successive filtration of the ground samples obtained after mixing.
Finally, reagents (Papanicolaou, May-Griinwald, and Giemsa staining kits, toluene, and Eukitt) were used to process the
smears according to routine cytological examination methods.

2.2 Methods

2.2.1 Study Design and Time Frame

This was a comparative experimental study conducted over a 5-month period from January to May 2026.

2.2.2 Inclusion Criteria

Semen samples with a sufficient sperm concentration as determined by semen analysis were included in this study (2).

2.2.3 Exclusion Criteria

Semen samples that revealed severe oligozoospermia or azoospermia on semen analysis were excluded from the study.

2.2.4 Parameters Studied

The parameters studied included staining indicators such as intensity, contrast, sharpness, and outline of the various
parts of the spermatozoa observed under an optical microscope.

e Intensity: This measures the saturation or depth of the staining on the cellular components and verifies that
the amount of dye absorbed is neither too low (pale) nor too high (saturated or masking).

e Contrast: This evaluates the difference in tone between different parts of the cell (such as the nucleus and the
cytoplasm) or between the cell and the slide background. It allows for clear differentiation between acidic and
basic components.
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¢ Sharpness: This is determined by visual clarity and the absence of blurring or extraneous precipitation under
the microscope, and it also ensures that fine intracellular structures remain clearly discernible.

e Contour: This analyzes the precision of the delineation of the cell membrane and the nuclear membrane.
Furthermore, it confirms the sharpness of the transition between the cell’s edge and its immediate
surroundings (12)(13).

The indicators were evaluated by calculating the averages of the values assigned by two (02) independent observers
who compared the smears stained with aqueous and hydroethanolic extracts of Hibiscus sabdariffa with those stained
using routine dyes, whose indicators were set at 100% (reference)(13). Thus, criteria for judging the level of staining
indicators were established. For an indicator value below 50%, the stain is classified as poor; when the value obtained
is between 50 and 75%, the stain is classified as fair or acceptable. For an indicator value above 75%, the stain is judged
to be optimal or excellent. In practice, Papanicolaou-stained smears served as a reference for determining the indicators
of smears stained with aqueous and hydroethanolic extracts. Thus, a value of 100% was assigned to the indicators of
the reference smears. Estimates were made as percentages based on visual observation.

2.2.5 Data Collection

Data collection was carried out by developing an evaluation grid for each parameter studied. This allowed for a
comparative analysis of the observations made during optical microscopy of slides stained with aqueous and
hydroethanolic extracts of Hibiscus sabdariffa.

2.2.6 Protocol for Extracting Hibiscus sabdariffa-Based Dye Filtrates

The extraction of the essence from Hibiscus sabdariffa flowers was performed according to the method described by an
author (14).

After purchasing Hibiscus sabdariffa flowers at the “Forum” market in Adjame (Abidjan), 100 g of the sample were
weighed and ground in a blender with either an aqueous solvent (1 liter of distilled water) or a hydroethanolic solvent
(500 mL of distilled water and 500 mL of 95° ethanol). Next, the resulting mixtures were filtered to obtain “coloring
filtrates” free of debris in order to reduce the risk of artifacts. After being placed in an oven at 50°C for 72 hours, the
filtrates dried and solidified. The solidified filtrates were blended to produce powder according to the type of extraction
performed. The extracts were divided into sterile jars and stored in a dry place.

2.2.7 Semen Analysis

Semen collected via masturbation was stored in sterile vials (2). After a liquefaction period lasting 30 minutes to 1 hour,
10 pl of semen was collected to prepare the smears. After drying at room temperature (approximately 10 minutes), the
smears were fixed in absolute alcohol and stained. Once stained, the smears were mounted between a slide and a
coverslip using a synthetic resin called Eukitt.

The aqueous and hydroethanolic stains based on Hibiscus sabdariffa were prepared by dilution, adding distilled water
to the measured volume of dye powder. This resulted in the following dilution factors: 1/5,1/10, and 1/20. For example,
the 1/5 dilution was obtained by adding four (04) volumes of distilled water to one (01) volume of prepared dye
powder.

The experimental staining times were 10 minutes, 30 minutes, and 1 hour.

After these steps, the prepared slides were evaluated by two independent observers to compare the performance levels
of each staining method based on the average values assigned to each indicator.

2.2.8 Data Entry and Statistical Tools

Data entry was performed using Word and Excel 2016. Statistical calculations were performed using Epilnfo 7.2. The
statistical tools used allowed for the expression of proportions as percentages, means, and standard deviations.
Statistical differences were analyzed using the paired t-test and the calculation of the p-value. The threshold for
statistical significance was set at 5%. Comparisons were made between the mean values obtained for each indicator
using each of the two methods for extracting the prepared dye, as well as between these Hibiscus sabdariffa-based dyes
and the indicators for the reference dyes.

2.2.9 Ethical Considerations

This study was conducted in accordance with the principles of anonymity and confidentiality required for clinical
laboratory tests performed in the laboratory. Prior informed consent was obtained from the patients included in the
study.
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3 RESULTS

3.1 Phytochemical Screening Data

The phytochemical screening revealed the presence or absence of certain secondary metabolites, which are presented
in Table 1. Among the molecular classes identified were polyphenols, polyterpenes, alkaloids, and organic acids, while
flavonoids and tannins were absent.

Table 1: Summary of phytochemicals identified in extracts Of Hibiscus sabdariffa

Biomolecular Classes | Present | Absent

Sterols X
Polyterpenes X
Polyphenols X
Flavonoids X
Catechin tannins X
Gallic tannins X
Quinones X

Bouchardat alkaloids X

Dragendorff alkaloids | x

Saponins X

Organic acids X

Phytochemical analysis of the Hibiscus sabdariffa extracts used in this study reveals the presence of the major molecular
classes typically found in this plant.

3.2 Properties of the Dye Derived from Hibiscus sabdariffa Extracts

The two (2) extraction methods used yielded dye solutions with pH values ranging from 1 to 2.5 depending on the
dilution factors (1/5, 1/10, 1/20) and dyeing time (10 min, 30 min, and 1 h). The aqueous and hydroethanolic extracts
obtained had identical appearances and pH values regardless of the dilution levels. These data are shown in Table 2.
Regarding yield, from 100 g of dried calyxes, 11 g of powder (equivalent to a volume of 21 mL) was obtained for the
aqueous extraction (R = 0.11), and 14 g of powder (equivalent to a volume of 27 mL) was obtained for the
hydroethanolic extraction (R = 0.14).

Table 2: Characteristics of the color indicators based on the extraction method for the essential oil of Hibiscus
sabdariffa

Dilution and dyeing time Staining pH

1/5% for 10 min Dark red 1-1.5
1/5t% for 30 min Dark red 1-1.5
1/5t% for 1 hour Dark red 1-1,5
1/10t for 10 min Medium-dark red 1.5-2
1/10t for 30 min Medium-dark red 1.5-2
1/10t for 1 hour Medium-dark red 1.5-2
1/20t for 10 min Pure red—purplish 2-25
1/20t for 30 min Purplish red 2-25
1/20t for 1 hour Purplish red 2-25
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At the same dilution and dyeing time, the appearance and characteristics of the reconstituted ready-to-use dyes were
identical for both extraction methods.

3.2.1 Staining Properties of Aqueous Extracts of Hibiscus sabdariffa

Following staining tests on smears using aqueous extracts of Hibiscus sabdariffa (Table 3),a 1/5 dilution with a staining
time of 1 hour yielded the best staining results for spermatozoa. These results were quantified using the staining indices.
In general, the values of the staining indices (intensity, contrast, sharpness, and outline) varied depending on the
concentration of the extracts. For the 1/5 dilution, staining intensity ranged from 70% to 85% over a period of 10
minutes to 1 hour. The same was true for contrast, which ranged from 65% to 85%. For sharpness, the range was 65%
to 80%. Finally, contour ranged from 70% to 75%.

For the 1/10 dilution, intensity and contrast ranged from 45 to 70% over a time span of 10 minutes to 1 hour. Sharpness
ranged from 35 to 65%, while contrast showed little variation.

For the 1:20 dilution, intensity ranged from 35% to 65% over a time range of 10 minutes to 1 hour; contrast and outline
then varied similarly, ranging from 45% to 55%. Finally, sharpness ranged from 30% to 50%.

Figure 2 showed spermatozoa stained with aqueous extracts of Hibiscus sabdariffa. The background is light, with
spermatozoa exhibiting uniform staining of the nucleus and cytoplasm. The acrosome is also visible. The image also
shows some morphological abnormalities in the spermatozoa, namely: at the head, macrocephaly, microcephaly, an
elongated head, and an absence of the acrosome are observed. Next, at the midpiece, angulation is noted. Finally, in
some spermatozoa, an absence of the flagellum was observed.

Table 3: Staining indices for smears stained with aqueous extracts of Hibiscus sabdariffa

Staining Smears staining dilution and dyeing time (n=60)
ll(}dlcatOI'S Dilution Dilution 1/10 Dilution 1/20
(%)

1/5

10 mn 30 mn 60mn | 10 mn 30mn | 60 mn 10 mn | 30 mn 60 mn
Intensity 90 +1.5 95+1.11 | 95+1.4 | 70+1.12 75+#1.7 | 85¥19 | 50+1.8 | 65+1.3 | 75+1.14
Contrast 90+ 1.1 97+1.9 99+1.3 | 70+1.7 75+1.4 | 85+1.6 | 55%#1.5 | 65+1.2 | 80+1.8
Sharpness | 85+1.9 90+1.4 95+2.1 | 60+2.2 65+2 80+2.2 | 45+1.7 | 55+2.1 | 70%1.9
Contour 90+1.23 95+1.1 95+1.3 | 80+1,2 85+1.2 | 90£1.15 | 65+1.3 | 65+1.25 | 70+1.2

E
b
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Figure 2: Spermatozoa stained with aqueous extracts of Hibiscus sabdariffa at a dilution factor of 1/5t for 1
hour (Magnification x1000) A: macrocephaly, B: microcephaly and absence of acrosome, C: normal, D:
absence of flagellum E: elongated and coiled

3.2.1.1 Staining Using Hydroethanolic Extracts of Hibiscus sabdariffa

Analysis of the staining indicators in smears prepared and then stained with hydroethanolic extracts of Hibiscus
sabdariffa revealed that the best results were obtained with a 1:5 dilution and a staining time of 1 hour. The overall
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pattern of the resulting diagrams showed that the levels reached by the staining indicators depended on the
concentrations of the extracts used.

For the 1:5 dilution, color intensity ranged from 90% to 95% between 10 minutes and 1 hour; contrast ranged from
90% to 95%; sharpness ranged from 85% to 95%; and outline definition ranged from 90% to 97.5%. For the 1:10
dilution, intensity and contrast ranged from 70 to 85% over a period of 10 minutes to 1 hour. Sharpness ranged from
60 to 90%, and finally, contrast ranged from 80 to 90%. For the 1:20 dilution, intensity ranged from 50% to 75% over
a period of 10 minutes to 1 hour, contrast from 55% to 80%, sharpness from 45% to 70%, and finally, outline from 65%
to 70%.

Figure 3 showed spermatozoa stained with hydroethanolic extracts of Hibiscus sabdariffa. The background is light, with
the spermatozoa exhibiting distinct staining. The various parts (head, acrosome, midpiece, and flagellum) are clearly
visible. Some morphological abnormalities of the spermatozoa are also observed, namely: at the head, microcephaly and
the absence of an acrosome; at the midpiece, angulation; and, in some cases, the absence of a flagellum.

Table 4: Staining indicators in smears stained with hydroethanolic extracts of Hibiscus sabdariffa

Staining indicators | Smears staining dilution and dyeing time (n=60)
(%) Dilution 1/5 Dilution 1/10 Dilution 1/20
10 mn 30mn | 60mn | 10 mn 30mn | 60 mn 10 mn 30mn | 60 mn
Intensity 70+1.3 | 80+1.7 | 95+1.6 | 45+1.66 | 60+1.3 | 70+1.93 | 35+1.23 | 45+2.3 | 65+1.63
Contrast 65+1.58 | 75+1.2 | 85+1.8 | 45+1.4 | 60+1.6 | 70+1.1 | 35+1.98 | 45+1.2 | 55+1,8
Sharpness 65+1.8 | 75+1.6 | 802 35+1.2 | 50+2.1 | 65+1.1 | 30+2.5 | 45+1.4 | 50+2.2
Contour 70+1.3 | 75%1.5 | 751 7019 | 65+1.4 | 70+1.4 | 45+#1.2 | 50+1.6 | 55+1.4%1.5
b &
° . .'.
A
N B ® y .\
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Figure 3: Spermatozoa stained with hydroethanolic extracts of Hibiscus sabdariffa at a dilution factor of 1/15th
for 1 hour (Magnification x 1000) A: microcephaly, absence of acrosome, B: angulation, C: absence of
intermediate piece and flagellum

3.3 Comparison of the Staining Properties of Hibiscus sabdariffa

A comparative evaluation of staining indicators in smears stained with aqueous and hydroethanolic extracts of Hibiscus
sabdariffa reveals a statistically significant difference in favor of the hydroethanolic extracts, with a p-value < 0.001 at
the set a = 5% significance level.

The calculated mean values for the indicators show an excellent staining level (value = 77.57%, i.e., > 75%) for smears

stained with hydroethanolic extracts of Hibiscus sabdariffa, compared to an acceptable level (value = 58.05%, i.e.,
between 50% and 75%). These results are presented in Table 3.
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Table 5: Characteristics of the color indicators based on the extraction method for the essential oil of Hibiscus
sabdariffa

Dyes Aqueous extracts of Hibiscus | Hydroethanolic extracts of Hibiscus | t- p-
Indicator | sabdariffa(n=60) sabdariffa (n=60) value | value
Intensity | 61.67% + 16.95 77.5% + 14.68 -1.88 <0.001
Contrast 61.67% + 13.93 79.16% + 14.25 -2.08 <0.001
Sharpness | 55% * 17.31 71.67% = 16.95 -1.89 <0.001
Contour 53.89% + 11.11 81.94% + 12.61 -3.32 <0.001
Mean 58.05% + 4.19 77.57% + 4.33 -2.32 <0.001

The average smear test results for smears stained with aqueous extracts of Hibiscus sabdariffa were considered
acceptable (58.05%), while the average for hydroethanolic extracts was considered excellent (77.57%).

4  DISCUSSION

The search for alternatives to the use of synthetic dyes in clinical laboratories led us to conduct this study, which
compared two (2) methods for extracting the coloring essence from the Hibiscus sabdariffa flower.

Hibiscus sabdariffa is a plant whose biochemical properties have been studied by various authors. These studies have
revealed antioxidant, metabolic, and regulatory effects on the cardiovascular and immune systems (15)(16).

The extraction method for the Hibiscus sabdariffa-based dye, which combines water and alcohol as solvents, yielded
the best results in this study. This could be explained, in part, by the fact that the ethanol used dissolves plant cell
membranes and solubilizes the pigments contained within the cells; making the extraction of the essence more intense
and efficient (17). It is also a polar organic solvent that acts as a preservative to extend the dye’s shelf life and facilitate
drying when applied to a cytology slide (12). These properties help overcome the limitations and shortcomings
associated with using pure water alone as a solvent (18). The water-alcohol mixture preserves water’s ability to extract
anthocyanin, which is responsible for the reddish-purple coloration of the Hibiscus sabdariffa flower.

Certain molecular classes, such as flavonoids and tannins, were absent following phytochemical screening. These
findings contradict the literature, which regularly reports the presence of these compounds (19)(20). This discrepancy
could be due, in part, to the variety of extraction methods used. Indeed, it has been revealed, following a series of tests
involving seven (7) different extraction methods (21). A higher concentration of flavonoids and, consequently, an
increase in the effects of the angiotensin-converting enzyme (ACE) inhibitor when extraction was performed with 80%
methanol. Furthermore, geographic origin and geoclimatic conditions can alter the composition of plants, as well as the
plant part used in the study, which may be the root, bark, leaf, or flower (22).

The observed difference in the intensity of staining of sperm cell structures, depending on the dilution factor, suggests
that it is necessary to use Hibiscus sabdariffa extracts at concentrations that ensure maximum binding. In addition to
the dilution factor, the staining time for the smears appears to be a key parameter in the method for preparing
spermocytogram slides stained with Hibiscus sabdariffa. Slides that were in contact with the stain for at least 30 minutes
yielded better results when examined under a light microscope. These results are consistent with those of an author
(23). However, the 1-hour staining time for the smears that showed the best staining results appears to be a limiting
factor compared to the Papanicolaou staining method, where the average time is 30 minutes. The use of Hibiscus
sabdariffa as a stain appears to have a limitation in terms of the long time the technique may take, which could impact
the pace and speed of work, particularly when a large number of samples need to be processed (12)(5).

The pH of the prepared stains ranged from 1 to 2.5. The ability of Hibiscus sabdariffa to stain the nucleus and the
cytoplasmic membrane can be explained by the fact that, on the one hand, at the nuclear level, there are basic proteins
such as histones, which are octameric structures around which DNA molecules are wound (24). On the other hand,
anthocyanins become positively charged in a strongly acidic environment and are neutral at higher pH levels. Thus, the
high acidity of the reconstituted Hibiscus sabdariffa extracts used in our study (pH < 3) would favor the existence of
anthocyanins in the form of a “flavylium cation” with an overall positive charge. This property could explain the ability
of Hibiscus sabdariffa to intensely stain the sperm nucleus (25). Similarly, the visualization of cytoplasmic contours
suggests an interaction between the cytoplasmic membrane and the dye. This can be explained by the fact that
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membrane proteins are basic and carry positive charges that can interact with the negative charges carried by the highly
acidic structures of the dye.

The level of distinction and assessment of sperm morphology was satisfactory, as it was possible to identify the four
main components considered in the Kriiger classification: the nucleus, the acrosome (which together form the head),
the midpiece, and the flagellum (2).

The head abnormalities detected in the collected samples were similar to those identified by other staining methods
commonly used in the laboratory to study sperm morphology (26). Cases of macrocephaly, microcephaly, and two heads
were observed, as well as elongated or deformed heads. Some spermatozoa lacked an acrosome. This abnormality
makes natural fertilization impossible because the acrosome contains a

a significant number of substances (e.g., acrosin and hyaluronidase) necessary for crossing the barriers surrounding the
oocyte (27)(28).

The abnormalities detected also involved the neck and the flagellum. These were sometimes absent, coiled, or even
duplicated. These are abnormalities that impair sperm motility and are clearly identified by the natural dye derived
from Hibiscus sabdariffa as well as by conventional dyes (29)(30).

The economic and ecological benefits of a natural plant-based stain are significant. By way of comparison, the cost of
producing one liter of Hibiscus sabdariffa-based stain is approximately five times less expensive than an equivalent
quantity of MGG or Papanicolaou stain.

Making a natural plant-based dye available to laboratories with limited resources requires further research to confirm
and specify safety and toxicity thresholds for users, as well as a longer-term follow-up to determine the maximum shelf
life and optimal storage conditions.

The limitations encountered during this research were of a material and financial nature. To overcome the lack of
equipment, a collaboration with the laboratories of the Biosciences and Pharmacy departments provided access to the
materials and devices lacking at the HEC Laboratory of the Medical Sciences Department, which were necessary for
extraction and phytochemical screening. Finally, the inability in this study to precisely determine the origin of the
Hibiscus sabdariffa flowers obtained from vendors in Adjame, a commercial district in the city of Abidjan—posed a
significant challenge. In fact, the origin of these flowers, which were sold openly on market stalls, could not be
determined with certainty. Some speculations suggested production in northern Céte d'Ivoire, while other responses
were more vague. The consequence of this situation is the inability to control the production and drying sites and
processes. Since geoclimatic parameters can significantly affect the composition and concentration of active ingredients,
it is necessary to ensure the traceability and reproducibility of the processes used to obtain these Hibiscus sabdariffa
flowers if they are to be routinely used for the production of natural dyes. To achieve this, it might be feasible for the
laboratory team to cultivate the flowers themselves in order to control the procedures and production conditions for
these flowers (31)(32)(33).

5 CONCLUSION

The purpose of this study was to evaluate the contribution of a natural dye derived from the flower of Hibiscus
sabdariffa—commonly known as “bissap” in West Africa—to the study of sperm morphology.

The experiments conducted determined the optimal preparation conditions for the dye, including the choice of solvent
(water-alcohol), as well as the optimal dilution factor and staining time, which were 1/5% and 1 hour, respectively.

Assessment of the morphological characteristics of spermatozoa was possible and revealed numerous abnormalities in
the head (shape, nucleus, acrosome), neck, and flagellum.

Comparisons with conventional staining methods revealed superior image clarity following Papanicolaou staining and
results similar to those obtained with Giemsa staining.

Significant economic and ecological benefits can be expected from the development of such natural plant-based dyes
available on the Ivorian market, particularly for laboratories with limited resources.

Further studies will need to be conducted to clarify the current state of knowledge regarding the optimization of
extraction processes, methods of use, storage, management of biosafety issues, and the dissemination of this project.

199



World Journal of Advanced Research and Reviews, 2026, 31(01), 191-201

STATEMENTS ON COMPLIANCE WITH ETHICAL STANDARDS

Acknowledgments

We would like to thank the staff and researchers at the Ecology Research Center and the Laboratory of Histology,
Embryology, and Cytogenetics in Abidjan for their generous cooperation.

Disclosure of conflict of interest

The authors declare that they have no conflict of interest regarding this article.

Statement of ethical approval

All authors hereby declare that all experiments have been examined and approved by the appropriate ethics committee
and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of
Helsinki.

REFERENCES

[1]

Carson, S.A,, Kallen, A.N. (2021). Diagnosis and management of infertility: A review. Journal of American Medical
Association, 326(1), pp-65-76, https://doi.org/jama.2021.4788

WHO, (2021). Manuel de I'OMS pour I'examen et le traitement du sperme humain. 6e éd. Geneéve ; 82p

Yamdjeu, K.P., Moukouma, C. Bolanga, B.R, Poaty, H., Loungouala, S.B.S, & Odzebé, AW.S. (2024).
Spermocytogramme : comparaison entre la coloration de Papanicolaou etla coloration de May-Griinwald-Giemsa
modifiée. European Journal of Medical and Health Research ; 2(4), 50-4,
https://doi.org/10.59324/ejmb.2024.2(4).06

Raju; K. (2016). Evolution of Pap Stain. Biomedical Research And Therapy; 3(2), 490-500,
https://bmrat.org/index.php/BMRAT /article/view/80

Asthana, A. (2014). Comparison of the routine Papanicolaou staining technique with the rapid, economic, acetic
acid, Papanicolaou (REAP) technique. International Journal of Management and Development Studies, 3(2), 484-
9. https://www.ijmds.org

Xu, Y.H,, Ly, J.C,, & Tang, S.S. (2022). Effects of six kinds of sperm staining methods on human sperm size and
evaluation of their staining effects. Journal of Clinical Laboratory Analysis, 36(12) : e24794,
https://doi.org/10.1002/jcla

Ministere de la Santé, de I'Hygiéne Publique et de la Couverture Maladie Universelle (MSHP-CMU), 2021. Plan
National de Développement Sanitaire 2021-2025. Disponible sur
https://extranet.who.int/countryplanningcycles/sites/default/files /public file rep/CIV Cote-d-Ivoire Plan-

National-de-D%C3%A9veloppement-Sanitaire 2021-2025. Consulté le 03/03/2026

Yao KB, Diabagaté A, Kroa E, Bakary C et Konaté [, (2024). Enquéte ethnobotanique des plantes médicinales
utilisées dans le traitement des symptdmes de la COVID-19 en Céte d'Ivoire. European Scientific Journal ;
20(36):192-211, https://doi.org/10.19044 /esj/.2024.v20n36p19.2

Sankaralingam, B., Balan, L., Chandrasekaran, S., & Muthu-Selvam, A. (2023). Anthocyanin : A Natural Dye
Extracted from Hibiscus sabdariffa (L.) for Textile and Dye Industries, Applied Biochemistry Biotechnology,
195(4) : 2648-63, http://doi.org/10.212031.rs-772122/v1

Da-Costa-Rocha, 1., Bonnlaender, B., Sievers, H., Pischel, 1., & Heinrich, M. (2014). Hibiscus sabdariffa L. - A
phytochemical and pharmacological review. Food Chemistry ; 165(1) : 424-43,
https://doi.org/10.1016/jfoodchem.2014.05.002

Alberts, A., Moldoveanu, E.T., Niculescu, A.G., & Grumezescu, A.M. (2025). Vitamin C : A Comprehensive Review
of Its Role in Health, Disease, Prevention, and Therapeutic Potential. Molecules, 30(3), 748,
https://doi.org/10.3390/molecules30030748

Sathawane, P., Kamal, M.M.,, deotale, P.R., & Mankur, H. (2022). Nuances of the Papanicolaou stain. CytoJournal,
19 :43, https://doi.org/10.25259/CMAS_03_10_2021

Doddagowda, S.M., Shashidhar, H.A., & Prasad, C.S.B.R. (2017). Leishman-Giemsa Cocktail - Is it an Effective Stain
for Air Dried Cytology Smears. Journal of Clinical Diagnostic Research, 11(3) :16-18,
https://doi.org/10.7860/jcdr/2017 /25553.9490

200


https://bmrat.org/index.php/BMRAT/article/view/80
https://www.ijmds.org/
https://extranet.who.int/countryplanningcycles/sites/default/files/public_file_rep/CIV_Cote-d-Ivoire_Plan-National-de-D%C3%A9veloppement-Sanitaire_2021-2025
https://extranet.who.int/countryplanningcycles/sites/default/files/public_file_rep/CIV_Cote-d-Ivoire_Plan-National-de-D%C3%A9veloppement-Sanitaire_2021-2025
https://doi.org/10.1016/jfoodchem.2014.05.002
https://doi.org/10.3390/molecules30030748

[16]

[17]

[18]

[19]

World Journal of Advanced Research and Reviews, 2026, 31(01), 191-201

Zihiri, G.N,, Kra, A.K,, Bahi, C., & Guédé, F. (2003). Plantes médicinales immunostimulantes : criteres de sélection,
techniques rapides d’extraction des principes actifs et méthodes d’évaluation de I'activité immunogene. Revue de
Médecine et Pharmacie d’Afrique ; 17 :131-8

Almajid, A., Bazroon, A., AlAhmed, A., & Bakhurji O, (2023). Exploring the Health Benefits and Therapeutic
Potential of Roselle (Hibiscus sabdariffa) in Human Studies: A Comprehensive Review. Cureus, 15(11) : e49309,
https://doi.org/10.7759/cureus.49309

Riaz, G., & Chopra, R. (2018). A review on phytochemistry and therapeutic uses of Hibiscus sabdariffa L. Biomed
Pharmacother; 102:575-86, https://doi.org/10.1016/j.biopha.2018.03.023

Pethe, M., Yelwatkar, S., Manchalwar, S., & Gujar, V. (2017). Evaluation of Biological Effects of Hydroalcoholic
Extract of Hibiscus rosa-sinensis Flowers on Alloxan Induced Diabetes in Rats. Drug Research, 67(8):485-92,
http://dx.doi.org/10.1055/s-0043-109434

Foroughi, P., Golbabaei, F., Sadeghi-Yanandi, M., Yaseri, M., Fooladi, M., & Kalantary, S. (2024). Occupational
exposure, carcinogenic and non-carcinogenic risk assessment of formaldehyde in hospital departments,
Scientific Reports (Nature) ; 14(1) : 12006, http://doi.org/10.1038/s41598.024.62133.9

Dirar, .A., Alsaadi, D., Wada, M., Mohamed, M., Watanabe, T., & Devkota, H. (2019). Effects of extraction solvents
on total phenolic and flavonoid contents and biological activities of extracts from Sudanese medicinal plants.
South African Journal of Botany, 120:261-7.

Ncama, K., Malele, ]J., Govender, D.M., Aumanthoo, T., & Moyo, M. (2025). Effectiveness of common extraction
solvents in obtaining antioxidant compounds from African medicinal plants. Antioxidants, 14(12), 1498,
https://doi.org/10.3390/antiox14121498

Salem, M.A., Michel, H.E., Ezzat, M.I,, Okba, M.M.,, El-Desoky, A.M., Mohamed, S.O. et al, (2020). Optimization of an
Extraction Solvent for Angiotensin-Converting Enzyme Inhibitors from Hibiscus sabdariffa L. Based on Its UPLC-
MS/MS Metabolic Profiling. Molecules, 25(10):2307, https://doi.org/10.3390/molecules 25102307

Tian X, Lv H, Xiang G, Peng], Li G He Y et al,, (2023). Influence of geographic origin and tissue type on the medicinal
chemical compounds of Semi liquidambar cathayensis. Peer ] ;11:e15484. http://doi.org/10.7717 /peer/.15484

Etim, E.A,, & Airen, 0.]. (2020). Staining of Thin Peripheral Blood Smear with modified Methanolic Extract of
Hibiscus Sabdariffa Calyx. Saudi Journal Biomedical Research, 5(9) : 277-281,
https://doi.org/10.36348/sjbr.2020.v05109.004

Pacheco-Coello, J., Rodriguez, A. & Martinez, B. (2021). Efficacy of natural roselle (Hibiscus sabdariffa) extracts as
biological stains for tissue specimens. Journal of Natural Histology, 12(3), pp.45-56.

Cissé, M., Dornier, M., Sakho, M., Ndiaye, A., Reynes, M., & Sock, 0. (2009). Le bissap (Hibiscus sabdariffa L.) :
composition et principales utilisations. Fruits, 64(3) :179-93, https: //doi.org/10.1051 /fruits /2009013

Khoo, H.E,, Azlan, A, Tang, S.T., & Lim, S.M. (2017). Anthocyanins and anthocyanidins: colored pigments as food,
pharmaceutical ingredients, and the potential health benefits. Food & Nutrition Research, 61(1): 1361779,
https://doi.org/10.1080/16546628.2017.1361779

Hiroshashi, N., & Yanagiwachi, R. (2018). Sperm acrosome reaction: its site and role in fertilization. Biology of
Reproduction, 99(1): 127-133, https://doi.org/10.1093 /biolre/ioy045

Agarwal, A., Mulgemann, A., Hamada, A., & Chyatte, M.R. (2021). « A unique view on male infertility around the
globe ». Reproductive Biology and Endocrinology, 19(1), pp. 1-19, https://doi.org/10.1186/s12958-015-0032-
1

Wang, L., Ty, C.F, & Tan, Y.Q. (2024). Insight on multiple morphological abnormalities of sperm flagella. Asian
Journal of Andrologie, 22(3) : 236-245, http://doi.org/10.4103/aja.aja-53-19

Dam, A.H. (2007). The acrosome reaction and sperm penetration. Human Reproduction Update, 13(4):385-
96.Anzara, G.G.R, Angui, M.V.C,, Daramcoum, M.P.A.W., Yao, M.D., Dathey, D.L.R, & Akaffou, S.D. (2025).
Identification a partir des caracteres foliaires et caulinaires des accessions de 1'Oseille de Guinée collectées en
milieu paysan en Céte d'lvoire. International Journal of Biological and Chemical Sciences, 19(6) : 2603-2616.
http://ajol.info/index.php/ijbcs

N'Zué, F., & Komenan |, (2021). Enjeux et défis du management de la recherche universitaire : les spécificités de
la recherche publique dans un pays en développement. Recherches en Sciences de Gestion ; 143(2), pp.57-83

Tahir, H.E., Arslan, M., Mahunu, G.K., & Mariod, M. (2020). Authentication of the geographical origin of Roselle
(Hibiscus sabdariffa L) using various spectroscopies: NIR, low-field NMR and fluorescence. Food Control ; 14(4)
:107231, https://doi.org/10.1016/j.foodcont.2020.107231

201


https://doi.org/10.1016/j.biopha.2018.03.023
http://dx.doi.org/10.1055/s-0043-109434
https://doi.org/10.3390/molecules
http://doi.org/10.7717/peer/.15484
https://doi.org/10.1051/fruits/2009013
http://ajol.info/index.php/ijbcs
https://doi.org/10.1016/j.foodcont.2020.107231

