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Introduction 
Semen analysis is a vital laboratory test 

employed in the assessment of infertility. It involves the 
evaluation of various semen parameters, including 
sperm count, viability, liquefaction time, motility, and 
morphology. (1) Of these parameters, the assessment of 
spermatozoa morphology holds significant importance 
in fertility evaluation. Similarly, morphological 
assessment plays a crucial role in various fertility 
procedures such as intrauterine insemination and in 
vitro fertilisation. (2, 3) Spermatozoa morphology 
analysis examines individual components of the sperm, 
including the head, neck, body, and tail. The use of 
staining techniques aids in the identification and 
assessment of sperm morphology, with popular options 
including Pap staining, Leishman, Eosin-Nigrosin, 
Haematoxylin and Eosin (H and E), and others. (4, 5, 6) 

Eosin, a synthetic cytoplasmic dye widely 
employed in medical laboratories for diagnostic tests, 

offers reliable performance. However, it is considered 
environmentally unfriendly and non-biodegradable, 
posing serious health hazards to humans and animals. 
(7) Consequently, there is a need for safe and eco-
friendly alternatives to replace Eosin. While medical 
laboratories use natural dyes like Haematoxylin and 
saffron, their availability is limited compared to 
synthetic options. (8) Therefore, this study introduces a 
new natural alternative, Turmeric, for Eosin in the 
evaluation of human spermatozoa morphology. Sperm 
morphology is assessed using H and E staining, as well 
as Haematoxylin and Turmeric (H and T)  staining. The 
staining quality of H and T is compared to the 
conventional H and E technique in terms of various 
morphological parameters. 

Materials and methods 
The experiments are carried out within the 

confines of an andrology laboratory located in a fertility 
clinic. Prior to conducting the experiments, official 
authorisation is obtained from the institutional ethical 
committee. 

Preparation of Turmeric Extract 
To begin, Turmeric pieces are subjected to a 

drying process and subsequently pulverised using a 
blender. Following this, a 70% alcohol solution is 
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meticulously prepared and saturated with potassium 
alum as a mordant. The ultimate composition of the 
turmeric extract entails dissolving 15 grams of turmeric 
powder in 100 ml of the aforementioned alcohol 
solution, resulting in a concentration of 15 grams per 
100 ml. (9,10). 
  
Eosin extract preparation 

The preparation of Eosin extract involves mixing 
1gm of commercially available Eosin powder with 100 
ml of alcohol to obtain a 1gm % solution of alcoholic 
Eosin. (11).  

Preparation of Harris Haematoxylin stain 
2.5 gm of Haematoxylin is dissolved in 50 ml of 

alcohol, while 50 gm of alum is dissolved in 500 ml of 
hot water. These two solutions are combined and heated 
to their boiling point. Subsequently, 1.5 gm of mercuric 
oxide is added, and the mixture is rapidly cooled. To 
enhance the nuclear staining property of the mixture, an 
additional 20 ml of glacial acetic acid is incorporated. 
(11).  

Staining procedure  
H and E staining 

The prepared smears are sequentially hydrated in 
descending concentrations of alcohol (95%, 80%, and 
50%) and subsequently in water. Nuclear staining was 
performed using Harris Haematoxylin solution for a 
duration of 1 minute. The stained smears were rinsed 
with water, followed by acid differentiation using 1% 
acid alcohol. Subsequently, bluing was carried out by 
immersing the smears in running tap water, and 
dehydration was achieved using 95% alcohol. The 
smears are counterstained with Eosin for 45 seconds 
and dehydrated in ascending concentrations of alcohol. 
Finally, the stained smears are cleared using Xylene and 
mounted in DPX (Dibutylphthalate Polystyrene 
Xylene). (11, 12) 

H and T staining 
H and T staining is performed by the same 

method with 5 minutes in Turmeric extract instead of 45 
seconds in Eosin in the above-mentioned H and E 
staining. (13) 

Semen samples are collected from a fertility 
clinic situated within a tertiary care hospital. A total of 
200 smears are prepared, with 100 smears designated 
for H and T staining and the remaining 100 smears for 
conventional H and E staining. These smears are 
independently examined by two experienced Lab 
Technologists. Sperm morphology is assessed using five 
parameters, namely smear background, head, neck, 
body and tail. The quality of each staining technique is 
assessed and scored according to the following criteria.  

The results are summed up and statistical 
significance is studied using the chi-square test. 

Results 
Semen samples are obtained from the Andrology 

laboratory of a fertility clinic within a tertiary care 
hospital. Two sets of 100 slides are prepared from the 
samples, one set for conventional H and E staining and 
the other for H and T staining. In the H and E staining 
process, Eosin is used to stain the spermatozoa pink, 
while Haematoxylin stains the nucleus blue. On the 
other hand, in the H and T staining process, Turmeric 
imparts a yellow color to the spermatozoa, while the 
nucleus is stained blue with Haematoxylin. Each slide is 
meticulously examined for five parameters, including 
smear background, head, neck, body, and tail. The 
examination is conducted by two experienced 
laboratory technologists who possess over a decade of 
expertise in semen analysis. Each parameter is assigned 
a score ranging from 0 to 3 based on the quality of 
staining observed. 

Discussion 
Based on their origin, dyes can be classified into 

two types: synthetic and natural. Synthetic dyes are 

readily available and demonstrate higher efficiency in 
staining. However, they possess toxicity and exhibit 
lower eco-friendliness, potentially causing health 

Pale/Poorly stained 0
Not clear 1
Clear 2
Very clear 3

Figure 1: H and E staining (100 x) Figure 2: H and T staining (100 x) Figure 3: H and T staining result (100 
X)
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hazards for laboratory professionals and environmental 
issues. Conversely, natural dyes are naturally occurring, 
biodegradable, and pose no risks when utilized. 
Consequently, numerous researchers are actively 
seeking to substitute synthetic dyes with organic or 
natural alternatives. Within the realm of medical 
laboratories, dyes are extensively employed in various 
staining procedures, which contribute significantly to 
the diagnostic process. Regrettably, majority of staining 
techniques rely on synthetic dyes rather than exploring 
natural alternatives. Notably, Eosin stands as one of the 
primary synthetic dyes employed in diverse staining 
techniques. In this study, we propose the adoption of a 
natural alternative Turmeric, to replace Eosin in H and 
E staining for the assessment of human spermatozoa 
morphology. 

The examination of human spermatozoa 
morphology plays a crucial role in the assessment of 
male fertility. It enables the evaluation of sperm quality, 
thereby aiding in the prediction of fertility in sperm 
donors. Such evaluations are instrumental in improving 
reproductive efficiency, whether in natural breeding 

conditions or assisted reproduction programs. Currently, 
several staining techniques are available to examine 
sperm morphology, such as Leishman staining, Pap 
staining, Giemsa staining, H and E staining, Eosin-
Nigrosin, and others. Most of these techniques utilize 
Eosin as the primary dye. Among these staining 
methods, H and E staining stands out as a popular 
approach for evaluating spermatozoa morphology. H 
and E staining employs natural Haematoxylin as a 
nuclear stain and synthetic Eosin as a cytoplasmic stain. 
Despite Eosin's wide acceptance and efficacy as a 
cytoplasmic dye, its use may pose health hazards and be 
less environmentally friendly. Therefore, this study aims 
to explore the replacement of Eosin with Turmeric in H 
and E staining for the evaluation of human 
spermatozoa, offering a potential alternative that may be 
safer and more eco-friendly. 

In this experiment, smears derived from semen 
samples were subjected to staining using H and E as 
well as H and T methods. The smear stained with H and 
E exhibited a blue-colored nucleus alongside pink-
colored spermatozoa. Conversely, in the H and T 
staining, yellow-colored spermatozoa were observed, 
while the nucleus retained its blue hue. Microscopic 
evaluation of the smear background and the four 
compartments of sperm, namely head, neck, body, and 
tail, was conducted during this experiment. The quality 
of staining was assessed and scored on a scale of 0 to 3 
based on the aforementioned criteria (refer materials 
and method). 

In the context of H and E staining, spermatozoa 
are clearly visible and efficiently stained. 100% of 
smears scored 3 for background, head, neck, and body. 
Whereas in tail, 99% of smears scored 3 and the 
remaining scored 2 (Table 1-5). In H and T staining, 
even though the background of the smear has scored 2 
as compared with H and E (score 3), the spermatozoa is 
distinctly observable (Table 1). 

Table 2 presents a comparison of sperm head 
quality between H and E staining and H and T staining. 
The sperm head is distinctly observable in both staining 
techniques, with H and T staining revealing a yellow-
colored cytoplasm exhibiting clear visible borders (see 
fig no 1-3). This feature aids in the assessment of 
morphological abnormalities in the sperm head. In H 
and T, the blue colored nucleus is slightly masked with 
Turmeric, resulting in a scoring of 3 for 71% of the H 
and T smears when evaluating the staining quality of 
the head, while the remaining smears are scored as 2. 

The color of the neck and body of the 
spermatozoa in H and E and H and T staining is 
depicted as pink and yellow, respectively. Staining 
quality of the neck and body is presented in Table 3 and 
Table 4, respectively. According to the results, 88% of 
the neck scored 2 (Table 3), while 68% of the body 
scored 3 (Table 4). In comparison, the tail exhibits a 
higher intensity of staining with turmeric compared to 
the neck and body. This is shown in Table 5, where 96% 
of the smears stained with turmeric scored 3, while the 
remaining samples scored 2.  

Multiple research studies have been conducted to 
explore the application of natural dyes sourced from 
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Table 1: Comparison of background scores (%) in  
H and E and H and T

Background score H and E (%) H and T (%)
0 - -
1 - 3%
2 - 95%
3 100% 2%

Table 2: Comparison of head scores (%) in  
H and E and H and T

Head score H and E (%) H and T (%)
0 - -
1 - -
2 - 29%
3 100% 71%

Table 3: Comparison of neck scores (%) in  
H and E and H and T

Neck score H and E (%) H and T (%)
0 - -
1 - -
2 - 88%
3 100% 12%

Table 4: Comparison of body scores (%) in  
H and E and H and T

Body 5score H and E (%) H and T (%)
0 - -
1 - -
2 32%
3 100% 68%

Table 5. Comparison of tail scores (%) in  
H and E and H and T

Tail score H and E (%) H and T (%)
0 - -
1 - -
2 1% 4%
3 99% 96%
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various origins for staining. In a study conducted by 
Sirinart Chomean et al., natural dye extracts derived 
from black rice (Oryza sativa), butterfly pea (Clitoria 
ternatea), fresh roselle (Hibiscus sabdariffa), and 
mulberry (Morus alba) were investigated for their 
potential to stain human spermatozoa. The authors 
assessed these extracts as a possible alternative to 
Haematoxylin. Among the tested extracts, black rice 
demonstrated promising staining properties and could 
serve as a substitute dye for evaluating human 
spermatozoa morphology. The researchers propose that 
the utilization of black rice extracts could reduce the 
expenses associated with purchasing synthetic dyes and 
mitigate their adverse effects on both human health and 
the environment. (14) 

Rosemary B et al. investigated the use of 
Hibiscus sabdariffa as an alternative to Eosin for 
assessing sperm morphology. The findings of the 
experiment indicate that Hibiscus sabdariffa can be 
considered a readily available histological stain suitable 
for evaluating sperm morphology. (15) 

Mohammadreza Ebrahimi et al. employed 
aqueous extract dyes derived from Black Mulberry, 
Henna, and Safflower for examining sperm 
morphology. The staining quality of these extracts was 
compared to that of the Eosin-nigrosin staining 
technique. The study demonstrates that Safflower and 
Black Mulberry dyes effectively stain the spermatozoa, 
and with further modifications, the staining quality can 
be enhanced. However, it should be noted that these 
dyes are not suitable for viability testing. (16) 

Various laboratories have undertaken similar 
studies to develop natural alternatives to Eosin, 
examining different samples. (7-26) These studies 
explore the use of Turmeric, Ginger, Hibiscus, Cola nut, 
Santan flower, and others as potential substitutes for 
Eosin. In one such experiment, Sudhakaran et al. 
investigated the application of Ginger (Zingiber 
officinale roscoe) extract as a cytoplasmic dye in tissue 
samples.[17] The findings suggest that Ginger exhibits 
promise as a natural alternative to Eosin, boasting a 
longer shelf life. 

Rubina et al. conducted an experimental study on 
Turmeric for staining tissue samples in histopathology. 
(13) The authors evaluated the staining quality of 
Turmeric and compared it to Eosin in H and E staining. 
Despite Eosin's widespread acceptance and superior 
contrast, Turmeric stains the cytoplasm in a comparable 
manner. Based on cost-effectiveness, eco-friendliness, 
and availability, the authors concluded that Turmeric 
can serve as a viable substitute for Eosin. 

Conclusion  
Eosin is widely recognised as a synthetic dye that 

is commonly used in conjunction with various dyes. 
Haematoxylin and Eosin (H and E) staining is a 
prominent technique employed in medical laboratories. 
The utilisation of natural dyes in diagnostic laboratories 
holds significant value for both the economy and 
environmental sustainability. In this particular 
experiment, we assessed the staining efficacy of 

Turmeric extract as a substitute for Eosin when 
combined with Haematoxylin for spermatozoa 
morphology. The experimental findings demonstrate 
that the employment of Haematoxylin and Turmeric (H 
and T) stain yields effective results. Turmeric imparts a 
yellow color to spermatozoa as opposed to the pink 
color achieved with Eosin. Although Eosin delivers 
superior staining in terms of contrast and clarity, 
Turmeric produces a comparable pattern with distinct 
visual compartments for spermatozoa. Considering its 
natural origin, Turmeric offers advantages such as cost-
effectiveness, environmental friendliness, and other 
benefits over Eosin. Therefore, this study concludes that 
Turmeric can serve as an efficient alternative to Eosin in 
H and E staining for sperm morphology. 
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