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Abstract
Natural dyes and especially hematoxylin, which is herbal, are widely used in staining tissues. The aim of this study is to 
evaluate the staining status of different tissues taken from rats with pomegranate flower extract. For this reason, 2 Wistar 
albino rats, one male and one female, were used as stain biomaterial. A histological follow up procedure was applied to the 
lung, kidney, liver, and heart tissue samples taken from the rats and the unstained preparates of these tissues were prepared. 
As the source of the dye, the dry flowers of Punica granatum (PG) obtained from local markets of Kayseri were used. Each 
tissue sample underwent the same staining procedure with the same temperature, duration, and dye solution. Before and after 
the staining procedure, × 40 images of the tissue preparates were taken using a light microscope. Generally, different tones 
of staining were observed in the nuclei and cytoplasms of all cells and epithelium cells. Staining in parts specific to each 
tissue occurred. For example, there were light stains on the glomerular cells and the Bowman capsule in the kidney tissue 
Differences in staining can only be explained by molecular diversity differences in tissue. However, in order to improve the 
initial staining results obtained in this study, it is possible that working with different temperatures, pH values, mordant sub-
stances, and dye that the dye molecules in the extract will provide more vivid colors with different molecules in the tissues.
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Introduction

Natural dyes are obtained from plants, animals, and minerals 
Plant sources have been commonly used for dyeing differ-
ent materials. Plants consist of many organic compounds 
and some of them contain color molecules called dye. Dye 
molecules basically have aromatic and phenolic structures. 
The dye molecules are extracted from plants by polar sol-
vents. These extracts have been used in food, textiles, phar-
macology, and histology fields to dye different molecules. 
It is known that several histological techniques, which are 
used to provide nuclear stains, consist of natural phenolic 

compounds, which are structurally related to anthocyanins. 
These include carminic acid (used in carmine dyeing) and 
hematoxylin as dye resources. Anthocyanins in red cabbage, 
dahlias, Hibiscus sabdariffa, and Curcuma longa have also 
been used for histological dyeing. So have many parts of the 
pomegranate, including its flowers, which are mostly used 
for medicine. As a dyeing agent, the peelings of the pome-
granate are used in dyeing textiles [1–11]. However, no stud-
ies in literature could be found regarding the use of the peel 
or flowers of pomegranate for dyeing tissues or cells. For 
this reason, we tried to dye and evaluate various rat tissues 
we selected with pomegranate flower extract. For this, infor-
mation on the anatomic and chemical structure of each tissue 
will be used. When we look at the structure of lung tissue, 
we can see that alveoli, which constitute one of the structural 
elements of the respiratory system, are located in the lung 
within the main and distal bronchia. Pulmonary alveoli are 
functional units where gas exchange occurs within the lungs 
[12]. Type I and Type II alveolar cells exist in the walls 
of the alveoli. Type II alveolar cells excrete phospholipids, 
which are known as lung surfactants and decrease the sur-
face tension of alveoli [13, 14].
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The liver, which is the largest internal organ in the human 
body, is located in the upper right section of the abdomen, 
right underneath the diaphragm. The liver is the only par-
enchymatous organ that receives dual blood flow. While the 
portal vein provides 75% of the blood intake of the liver, 
the hepatic artery provides roughly 25% [15]. The venous 
drainage of the liver is provided by the hepatic veins. When 
the liver is evaluated morphologically, it can be seen to be 
separated into the left and right lobes by the falsiform liga-
ment. The Riedel lobe and the left lobe of the liver reaching 
out to underneath the left diaphragm are common variations. 
The Riedel lobe starts from the right lobe of the liver and 
reaches out to the inferior [16]. Since the liver is a very large 
organ, in anatomic evaluations, anatomies of the segmental, 
vascular, hepatic, arterial, hepatic venous, and portal venous 
parts are separately taken into consideration [17].

The aim of this study is to apply the same procedure to 
four separate (lung, liver, kidney, and heart) tissues obtained 
from rats using Punica granatum flower (PGF) extract and 
evaluate the results of staining using the anatomic charac-
teristics of the tissues.

Materials and methods

Tissue supply

In this study, 2 Wistar albino rats, one female and one male, 
weighing 150–250 g and raised at the Erciyes University 
Experimental and Clinical Research Center (DEKAM) were 
used. This study was conducted with the ethics committee 
number 16/144 dated 16 November 2016. The rats were kept 
in cages, at 21 °C with normal daily organization, 12 h of 
light/dark, and fed and watered appropriately. The rats were 
put to sleep with ketamine and xylasine and their tissues 
taken, so their lives were ended. All of the procedures were 
performed according to ethical guidelines.

Preparation of the tissue preparates

The tissue samples taken from the rats were fixed in a 4% 
formaldehyde solution. After fixing, routine histological 
tissue follow up was performed. The tissue samples were 
first dehydrated though increasing series of alcohol, made 
transparent with xylol, and blocked by burial in paraffin. The 
5 µm cross sections taken from the tissue paraffin blocks for 
dyeing were then applied the staining procedure to see the 
effect of the Punica granatum flower. The intensity of stain-
ing was evaluated as negative (−), weak (+), medium (++), 
and very intense (+++). As a negative control, the cross 
sections were immersed in distilled water instead of Punica 
granatum extract.

Deparaffinization of tissue preparations

Paraffin was removed from the preparate by the classical 
method. Preparates were left in an oven at 60 °C for one 
night. The next day they were removed from the oven and 
allowed to cool to room temperature for 3–5 min.

The preparation of the pomegranate flower extract 
solution

20 g of the pomegranate flowers, which were obtained dry 
and clean from the local markets of the Talas region of the 
city of Kayseri, were immersed in 100 ml of distilled water. 
The mixture was boiled for 15 min. After covering with para 
film, the mixture was left to wait one night at room tempera-
ture. The mixture was twice filtered using Whatman blue 
band filters. The filtered mixture that was obtained was used 
as a dyeing solution for tissues.

Dyeing of the tissues with pomegranate flower 
extract

90 ml of pomegranate flower extract solution was added into 
the staining jar. One each of the undyed preparates of lung, 
liver, kidney, and heart tissues were immersed in the extract 
solution. The beaker was left in a 60 °C oven (NUVE 500) 
for 1 h. The preparate slides were taken from the solution 
and washed with a large amount of distilled water. The prep-
arations were allowed to stand in 100%, 96%, 80%, and 70% 
ethyl alcohol for 5 min (for dehydration). They were closed 
after they were immersed in xylene for 3 min. The preparate 
slides were examined under 40 × magnification with a light 
microscope. The staining procedure was applied to the same 
tissues of two different rats under the same conditions, but 
since there is no significant difference in the staining results, 
the results of staining of the tissues of a single sex are given 
in this study.

Dyeing of the tissues with hematoxylin and eosin 
(H&E) for positive control

The following staining procedure was applied to the heart, 
lung, liver, and kidney tissues in the same way.

The sections were deparaffinized with two changes of 
xylene, for 10 min each. They were then Re-hydrated in two 
changes of absolute alcohol, for 5 min each. The sections 
were left in 95% alcohol for 2 min and in 70% alcohol for 
2 min and then washed briefly in distilled water. They were 
then stained in a Harris hematoxylin solution for 8 min. 
Afterwards, they were washed in running tap water for 5 min 
and then differentiated in 1% acid alcohol for 30 s. They 
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were again washed in running tap water for 1 min. Next, they 
were plunged into 0.2% ammonia water or saturated lithium 
carbonate solution for 30 s to 1 min. They were again washed 
in running tap water for 5 min, rinsed in 95% alcohol with 
10 dips, and counterstained in eosin-phloxine solution for 
30 s to 1 min. Finally, the sections were dehydrated through 
two changes of 5 min each in absolute 95% alcohol,cleared 
in two 5 min changes of xylene, and mounted with xylene 
based mounting medium.

Results

The cross sections of the lung, kidney, liver, and heart tis-
sues, which underwent pomegranate flower extract staining, 
were examined. In the lung tissue sample, the epithelium cell 
cytoplasm in the bronchiole structure and the straight muscle 
cell cytoplasms surrounding those were found to be stained 
at a weak (+) level. However, no significant staining was 
seen in the epithelium cell and straight muscle cell nuclei. 
While the cytoplasms of the cells forming the alveolar 

structures were stained at a weak level, a medium (++) level 
of staining was seen in the nuclei of certain cells. Addition-
ally, the straight muscle cells forming the blood vein wall 
in the tissue had the same staining as the straight muscles 
in the bronchiole wall (Fig. 1a). No significant staining was 
observed in the ligature structure and elements forming the 
tissue stroma. No staining was seen in the lung cross sec-
tions that were not stained with the Punica granatum flower 
extract (Fig. 1b).

In the kidney tissue cross sections, weak (+) staining was 
seen in the nuclei and cytoplasms of the proximal and distal 
tubule epithelium cells. Weak (+) staining was also observed 
in the glomerular cells forming the renal corpuscle and the 
structure of the Bowman capsule (Fig. 2a). No significant 
staining was observed in the ligature structure and elements 
forming the tissue stroma. No staining was seen in the kid-
ney cross sections that were not stained with the Punica 
granatum flower extract (Fig. 2b)

In the liver tissue cross sections, the hepatocyte cell 
nuclei and cytoplasms were observed to be stained in a weak 
(+) manner (Fig. 3a). No significant staining was observed 

Fig. 1   a The lung tissue sample which underwent Punica granatum flower (PGF) extract application. b Negative control without dye. c Positive 
control with H&E

Fig. 2   a The kidney tissue sample which underwent Punica granatum flower extract application. b Negative control without dye. c Positive con-
trol with H&E
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in the ligature structure and elements forming the tissue 
stroma. No staining was seen in the liver cross sections that 
were not stained with the Punica granatum flower extract 
(Fig. 3b)

In the heart tissue cross sections, a weak (+) staining 
was seen in the muscle cell nuclei and cytoplasms. While a 
medium (++) level of staining was seen in the ligature cell 
nuclei in the tissue stroma, no staining was seen in their 
cytoplasms (Fig. 4a). No staining was seen in the heart cross 
sections that were not stained with the Punica granatum 
flower extract (Fig. 4b)

In this study, heart, lung, liver, and kidney tissues were 
stained with H&E for positive control. Hematoxylin and 
eosin are used together because they stain different places 
in the cell. The nucleated regions in the tissues with hema-
toxylin are stained in blue, while the cytosols with eosin are 
stained in pink. Since PGF extract was used alone for tissue 
staining, a sharp color separation between the cytoplasm 
and the nucleus in the tissues was weaker than the positive 
control. With PGF, the cytoplasm in the tissues is stained in 
the same color, while the nucleus are darker. This difference 

is better understood when looking at the negative control 
images that do not contain any dye.

Discussion

We can think of the dyes performed in his study as histo-
chemical procedures. Histochemical procedures are applied 
based on the basic characteristics of tissues or cells. All dye-
ing methods should answer these questions: (1) For which 
tissue component is the dyeing done? (2) Why do certain 
components take dye while others do not? (3) Can dyeing 
be performed for all tissue components? [18–21]. When we 
sought the answers to these questions in our study, stains 
were performed on lung, liver, kidney, and heart tissue 
components, with the same herbal extract, to evaluate the 
dyeing and interaction of the same dye on different tissues. 
The striated muscle structure of the heart muscle and the 
textural integrity of the heart muscle cells (the appropriate 
physical structure) will facilitate the adsorption between the 
dye molecules and the cellular molecules. Therefore, more 

Fig. 3   a The liver tissue sample which underwent Punica granatum flower extract application. b Negative control without dye. c Positive control 
with H&E

Fig. 4   a The heart tissue sample which underwent Punica granatum flower extract application. b Negative control without dye. c Positive con-
trol with H&E
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efficient staining of the heart muscle cells is appropriate for 
this extract. In this study, the binding of dye molecules and 
the heart muscle molecules on the cell surface by adsorption 
is called the staining. It is not possible to say chemical bond-
ing, for this it is necessary to perform characterization and 
spectroscopic studies. However, the lack of gaps between 
the heart muscle cells and their proper structure suggest the 
possibility of chemical binding between adhesion molecules 
(CAM’s) and dye molecules.

While there was staining in only the cytoplasm of the 
straight muscle and muscle cells of the lung, there was 
staining in both the cytoplasm and the nuclei of the mus-
cle cells of the heart. The different translation (cytoplasm) 
and transcription (nucleus) time and locations in the cells or 
the different protein rates in cell cytoplasm and nuclei may 
have caused this. The pomegranate flower extract is strongly 
acidic. For this reason, it will interact with the alkaline struc-
tures in the cells. Since DNA and RNA are acidic molecules, 
more intense dyeing will be seen in the cell nucleus, where 
the protein density is higher, in nuclear staining. The differ-
ences in the anatomical structures of the tissues can cause 
different staining results even if the same dye extract is used. 
For example, type I and type II alveolar cells exist in the 
walls of the lung alveoli. Type II alveolar cells excrete phos-
pholipids, which are known as lung surfactants and decrease 
the surface tension of alveoli. Phospholipids form complexes 
with dye molecules and prevent the staining the dye would 
do in alveoli walls or the nucleus. This would cause faint 
and intense stained sections to form in the same lung tissue.

While no significant staining could be seen in the liga-
ments forming the stroma of lung, liver, and kidney tissues, 
a medium level staining could be seen in the nuclei of the 
ligaments forming the stroma of the heart tissue. The heart 
muscle cells do not have division abilities like other tissues. 
Since this would cause a difference in the number of tis-
sue elements and molecules, dye molecules would exhibit 
ionic interactions with more molecules in a fixed and wide 
surface. Thus, more staining would be seen in heart muscle 
cells. As a result, in our study, which was performed by 
holding the dyeing conditions and the density of the dye 
solution content at a minimum, the heart tissue was more 
effectively stained with the water solution of the pomegran-
ate flower extract. When temperature, pH, and dyeing dura-
tion, which comprise the dyeing conditions, are changed and 
mordant substances are added to the study, it will be possible 
to obtain darker stain results and in different colors, resulting 
in those similar to H&E staining in unstained tissue sections.
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