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Abstact

Urtica dioica L. belongs to medicinal plants and 
contains organic acids, vitamins, and minerals. The 
clinical effectiveness of this plant has been confirmed 
in many diseases. The research objective was to 
examine the effect of Urtica dioica L. extract on the 
erythrocyte membrane. 

In this research, a water-ethanol solution of Urticae 
dioica L. plant leaves was used in a 1:4 ratio. Blood 
was obtained from rats of the Wisar strain, with an 
average weight of 200-210 grams. The erythrocytes 
were treated ex vivo with the extract Urticae dioica 
L. in concentrations of 100, 200, 300, and 500 µg/
mL and incubated at 37 0C for 1h. The tasks arising 
from the research goal were to define the types of 
erythrocytes observed after treatment with Urticae 
dioica extract and to examine the representation of 
certain morphological forms of erythrocytes at given 
concentrations. 

The plant extract of Urticae dioica leaf causes changes 
in the outer and inner membranes of erythrocytes, 
during which pathological forms appear: echinocytes, 
acanthocytes, and stomatocytes. It is believed that 
the basis of these changes is the reaction of plant 
polyphenols with the lipids of the erythrocyte 
membrane. The polyphenol components that react 
most with lipids are quercetin, rutin, and quinic acid. 
Polyphenols bind to the erythrocyte membrane thanks 
to their amphiphilic properties.

Based on the research, it can be concluded that certain 
components of Urtica dioica leaf extract affect the 
change in erythrocyte morphology, which leads to the 
assumption that such changes can have a protective 
role against oxidative stress, which is the etiology of 
many pathological conditions. 
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1. Introduction

The cell membrane is a complex and dynamic cellular 
structure with numerous functions. The selective 
permeability of the erythrocyte membrane allows 
the cell to control the exchange of substances. It thus 
protects the composition of the internal environment. 
Morphological disorders of erythrocytes refer to 
changes in the shape, size, presence of nuclear remnants, 
and pathological inclusions, as well as changes in the 
color of the cytoplasm, which can be observed in 
colored smears of peripheral blood. Disturbances in 
the shape of erythrocytes occur in various diseases, 
and this paper presents the morphological changes 
caused by the plant Urtica dioica L. It is a perennial plant 
from the Urticaceae family with 40 genera and over 
500 species. It contains the following components: in 
the leaf - organic acids - oxalic, formic, silicic, gallic, 
pantothenic, acetic; free amines - acetylcholine, 
betaine, histamine, serotonin; polyphenols: quercetin 
(rutin, quinine, carotenoids), flavonoids, B - sitosterol, 
tannins, coumarins (scopoletin), glucoquinones and 
vitamins C, K, B2, B5, and minerals Fe, Mg, P. The root of 
the plant contains polysaccharides, lectins, coumarins, 
triterpenes, and Na-formate, which plays a role in the 
synthesis of methane and oxalic acid. The extract of 
this plant is industrially produced using water and 
alcohol to ensure the presence of polar and non-polar 
ingredients. It was found that the extract of Urtica 
dioica L. leads to a decrease in the amount of free 
radicals, which indicates its antioxidant effect. The 
clinical effectiveness of this plant has been confirmed 
in many diseases. 

This research aims to examine the effect of Urtica 
dioica L. leaf extract on the erythrocyte membrane. 
The tasks of the work that resulted from the aim 
of the research are: to define the different types of 
erythrocytes that were observed after treatment with 
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Urtica dioica L. extract, to examine the representation 
of certain morphological forms of erythrocytes in given 
concentrations, and to process the data obtained with 
statistical analyses.

2. Materials and Methods

In this research, a 55% water-ethanol extract (1:4) 
of Urtica dioica L. leaf was used. The experimental 
animals used were male Wistar rats, with an average 
weight of 200-210 g. The animals were raised at a 
temperature of 22 ± 1 0C with a light regime of 12 h 
light/dark and were fed with commercial rat food and 
tap water ad libitum. Erythrocytes were treated ex vivo 
with Urtica dioica L. extract in concentrations of 100 
µg/mL, 200 µg/mL, 300 µg/mL, and 500 µg/mL and 
incubated at 37 0C for 1 h [1]. Erythrocytes that were 
incubated in phosphate-buffered saline (PBS) were 
used as a control. After incubation, routine blood 
smears were made and allowed to dry for 1-2 h, and 
then fixed with methanol. Blood smears were stained 
with May-Grunwald-Giemsa dye in a ratio of 1:1 to 
phosphate buffer (PB, pH around 6.8), and Giemsa in 
a ratio of 1:9; then they were immersed in PB, rinsed 
in distilled water, and allowed to dry. The morphology 
of erythrocytes was observed with a Leica DMLB light 
microscope (Leica Microsystems, Germany) with an 
x100 objective. With a Leica DFC 295 digital camera 
(Leica Microsystems, Germany), two micrographs 
were taken on five microscope slides for control and 
for individual concentrations, so that erythrocyte 
counting, mean value, and standard deviation were 
performed on 10 micrographs per group. Statistical 
significance was determined by ANOVA, Tukey post 
hoc test (Graph Pad Prism 7).

3. Results and Discussion

3.1 Results

Images obtained on a light microscope showed that the 
incubation of samples with a water-ethanol solution 
of Urtica dioica L. induced morphological changes 
in erythrocytes. Different forms of erythrocytes, 
echinocytes, acanthocytes, and stomatocytes 
appeared to a greater extent in the samples treated 
with the extract. In the control group, cells with a 
normal biconcave shape were present. 

The results of the percentage representation of 
different types of erythrocytes are shown in Figures 1 
to 3, obtained by the ANOVA statistical method.

• The control is represented by K-PBS, i.e. solution 
in which erythrocytes were incubated without the 
addition of plant extract.
• At a concentration of 100 µg/mL, there was little 
statistical significance compared to 300 µg/mL.

• Erythrocytes incubated at a concentration of 200 µg/
mL had a small statistical significance in the presence 
of echinocytes, as well as in relation to 500 µg/mL.
• At a concentration of 300 µg/mL, there is a high 
statistical significance of the presence of echinocytes.
• High values ​​of echinocytes were observed at a 
concentration of 500 µg/mL, whereby high statistical 
significance was determined in relation to 100 µg/mL 
and low in relation to 200 µg/mL.

Figure 2. Percentage representation of different 
morphological forms of erythrocytes, incubated with 

Urtica dioica L. extract in a concentration of 
100 µg/mL - 500 µg/mL, compared to the control. 

ANOVA - multiple comparison, 
(*p < 0.1, **p < 0.01, ***p < 0.001, ****p < 0.0001) 

	
• The control is represented by K-PBS.
• At a concentration of 100 µg/mL, there is no statistical 
significance of the occurrence of stomatocytes, but a 
small significance was observed in relation to 300 µg/
mL.
• Erythrocytes incubated with 200 µg/mL showed 
a small statistical significance of the presence of 

Figure 1. Percentage representation of different 
morphological forms of erythrocytes, incubated with 

Urtica dioica L. extract in a concentration of 
100 µg/mL - 500 µg/mL, compared to the control.

ANOVA - multiple comparison, 
(*p < 0.1, **p < 0.01, ***p < 0.001, ****p < 0.0001)
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stomatocytes, as compared to 500 µ/mL.
• At a concentration of 300 µg/ml, the presence of 
a large number of stomatocytes was proven, which 
resulted in high statistical significance, but was small 
compared to 100 µg/mL.
• Incubation at a concentration of 500 µg/ml showed 
extremely high statistical significance, as compared to 
100 µg/mL, but low significance compared to 200 µg/
mL. 

Figure 3. Percentage representation of different 
morphological forms of erythrocytes, incubated 
with Urtica dioica L. extract in a concentration of 
100 µg/mL - 500 µg/mL, compared to the control. 

ANOVA - multiple comparison, 
(*p < 0.1, **p < 0.01, ***p < 0.001, ****p < 0.0001) 

• The control is represented by K-PBS, without the 
addition of extract.
• Erythrocytes incubated with a concentration of 100 
µg/mL had a high statistical significance compared to 
500 µg/mL and a low one compared to 300 µg/mL.
• The concentration of 200 µg/ml showed little 
statistical significance, as compared to 500 µg/mL.
• The concentrations of 300 µg/mL and 500 µg/mL 
showed high statistical significance.

3.2 Discussion

From the results, it can be concluded that a high 
concentration of the plant extract Urtica dioica L. of 
500 µg/mL gave statistically significant results related 
to the appearance of echinocytes and stomatocytes. 
Based on the graphic representation, it can be seen 
that changes have occurred and that the extract of this 
plant has an effect on the erythrocyte membrane. 

The obtained results show that normal erythrocytes 
dominate in the control group, and there are no major 
changes in the concentration of 100 µg/mL compared 
to the control. Concentrations of 200 µg/mL, 300 µg/mL, 
and 500 µg/mL significantly affected the erythrocyte 
membrane, as different forms were observed: 
echinocytes, acanthocytes, and stomatocytes, and the 
number of normal erythrocytes decreased. 

Based on this research, it was determined that certain 
components of Urtica dioica L. leaf extract affect 
both the outer and inner layers of the erythrocyte 
membrane, causing different types of erythrocytes: 
echinocytes and acanthocytes when they interact 
with the outer membrane, and stomatocytes when 
they interact with the inner membrane. It is believed 
that the basis of these changes is the reaction of 
plant polyphenols with the lipids of the erythrocyte 
membrane. Polyphenol components that react the 
most with lipids are quercetin, rutin, and quinic acid 
[2]. Polyphenols bind to the erythrocyte membrane 
thanks to their amphiphilic properties. In the research 
of Scheetz et al., [3], a hypothesis known as the “bilayer 
couple hypothesis” was proven, which explains the 
phenomenon and mechanisms by which the outer 
and inner layers of the lipid membrane can react 
differently to certain compounds. When erythrocytes 
are incubated with anionic amphipathic compounds, 
they concentrate on the outer layer of the lipid bilayer, 
which expands the outer layer from the inner layer and 
induces the change to an echinocyte. The opposite 
effect is seen on the membrane when amphipathic 
cationic agents are used, and stomatocyte forms occur, 
and changes occur on the inner layer of the membrane. 
Certain components of the extract acted on certain 
places in the erythrocyte membrane, forming different 
forms of erythrocytes. 

Higher concentrations of the plant extract led to clear 
changes, while lower concentrations reacted less, and 
the control group (without the presence of the plant 
extract) had no changes in erythrocytes. From this, it 
can be concluded that the extract acted equally on the 
outer and inner membranes, causing certain altered 
forms of erythrocytes. A high concentration of 500 µg/
mL reacted on both layers of the membrane, where the 
forms of echinocytes and stomatocytes appeared. The 
plant extract at a concentration of 300 µg/mL acted 
exclusively on the inner layer of the membrane, while 
the concentrations of the plant extract at 100 µg/mL 
and 200 µg/mL reacted with certain components of 
the outer membrane. It is believed that the basis of 
these changes is the binding of the components of the 
extract with the proteins of the membrane skeleton, 
which are otherwise responsible for maintaining 
the shape of erythrocytes, as well as enzymes that 
participate in the metabolic pathway of glucose and 
the reduction of free radicals and H2O2, which has a 
destructive effect on the cell [4]. 

In a study conducted by Chikezie [5], the level of oxidative 
stress indicators of sickled erythrocytes incubated 
in water extract of Anacardium occidentale, Psidium 
guajava, and Terminalia catappa was investigated. 
The level of malondialdehyde and methemoglobin 
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was examined spectrophotometrically, and it was 
confirmed that the level of these oxidative indicators 
was reduced by the effect of plant extracts. In the 
study of Thagrini et al., [6], the oxidative potential 
of the aqueous extract of three medicinal plants, 
Tamardus indica, Pinsidium guajava, and Balanite 
aegyptica, on human erythrocytes was investigated, 
and it was concluded that the effect of this extract 
inhibits lipid peroxidation and improves the activity 
of antioxidant enzymes and the level of glutathione in 
the cell. Many studies have confirmed that free radicals 
are responsible for the occurrence of many disorders 
that manifest as inflammatory processes, neurological 
disorders, cardiovascular disorders, and malignant 
diseases, which can arise from DNA damage, oxidative 
modification of proteins, and changes in the lipid 
structure. Free radicals, or reactive oxygen compounds 
and reactive nitrogen compounds, are highly reactive 
molecules that occur naturally as products of normal 
cellular oxidative processes. Concentrations of reactive 
oxygen compounds can be significantly increased 
in some pathological processes, but where there is 
a deficit of antioxidants, they can react with cellular 
constituents and cause damage, dysfunction, or cell 
decay.

4. Conclusions

- Based on the research, we can conclude that certain 
components of Urtica dioica L. leaf extract affect the 
change in erythrocyte morphology, which leads us to 
assume that such changes can have a protective role 
against oxidative stress, which is the etiology of many 
pathological conditions. 
-  Further research should be focused on examining: 
antioxidant potential and finding natural plant 
agents that would increase the level of glutathione 
and antioxidant enzymes, agents that act on the 
reduction of peroxidase and methemoglobin, the 
defense mechanism in relation to free radicals, and the 
preservation of the functional integrity of erythrocytes
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