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ABSTRACT:

The present study investigated the antioxidant activity of ethanol extracts of the
leaves of Satureja montana and their influence on the membrane stability of eryth-
rocytes ex vivo. The ethanol extracts showed a very potent antioxidant activity of
EC,, = 0.055mg/ml. Rat blood samples were treated with 96% ethanol extracts in
different concentrations of 100 ug/ml, 200 ug/ml, and 300 pg/ml, and morpho-
logical analyses were carried out. The results showed significant differences in the
shape of the erythrocytes incubated with higher extract concentrations. Consider-
able morphological changes were observed at a concentration of 200 pg/ml which
was characterised by the highest percentage of stomatocytes, while the highest per-
centage of echinocyte formation was observed at a concentration of 300 ug/ml.
The results of this investigation indicated that the ethanol extracts of S. montana
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exhibited a possible protective effect on the membrane stability of erythrocytes.

INTRODUCTION

Recent literature data suggest that phytotherapy has been
promoted as an alternative to synthetic drug treatment.
The antioxidant activity of different plant extracts have
been shown in numerous studies (Bors et al. 2012; Bo-
NARSKA-KujawA et al. 2014). Natural antioxidants are
assumed to protect cells against oxidative stress, which
might otherwise lead to cell damage (CYBORAN et al. 2011).
Oxygen reactive species (ROS) are often formed as the
by-product of oxygen metabolism. When the production
of ROS increases, they tend to negatively affect essential
cellular components such as proteins, lipids, and nucleic
acids (Wu et al. 2013). Polyphenols are plant metabolites
involved in defence against different types of abiotic stress-
ors such as high temperatures, solar radiation, drought,
flood, salt, and heavy metals. The leaves and fruits of Ribes
nigrum L. contain polyphenols with antioxidant and an-
ti-inflammatory activities (TABART et al. 2012). Some plant
species such as Chelidonium majus L. (Biswas et al. 2008)
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and Hydrastis canadensis L. (KARMAKAR ef al. 2010) have
been tested for their possible anticancer potential. In that
sense, polyphenols exert anticancer activity, inhibiting the
multiplication and growth of cancer cells (BISHAYEE et al.
2011). Quercetin, a plant flavonol from the flavonoid group
of polyphenols, exhibits significant antioxidative effects in
non-cellular systems (red blood cell membranes or plasma)
(ZBiIKOWSKA et al. 2014). The interactions of polyphenols
at the surface of membranes through hydrogen bonding
between the polar head groups of lipids and hydrophilic
flavonoids may act to reduce the access of harmful mole-
cules such as oxidants. This interaction should be consid-
ered among the factors which contribute to their antioxi-
dant effects, thus protecting the structure and function of
the membranes (ERLEJMAN et al. 2004; OTEI1ZA et al. 2005;
HENDRICH 2006).

Species of the family Lamiaceae are widely used as
fragrances and flavouring agents, and due to the biologi-
cal activity of the secondary metabolites are well known
in traditional herbal medicine. Satureja montana L. (La-
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miaceae), winter savory, is an aromatic species used both
as a spice and as a traditional medicinal plant.

Previous histochemistry research of the secre-
tion compounds of the peltate and capitate glandular
trichomes of some Satureja species (MARIN et al. 2010,
2012a) showed similarities in the content of secretory
products, which were characterised by phenols, terpe-
nes, tannins, and lipids. Due to the presence of phenols
in the essential oil of S. montana leaves, it is proven to
have very strong pharmacological activities and antioxi-
dative properties (MARIN ef al. 2012b).

The volatile components of S. montana essential oil
and methanol or ethanol extracts have been reported
to exhibit potential antimicrobial and antioxidative ac-
tivity (MIHAJILOV-KRSTEV et al. 2014; EL-HAGRASSI et
al. 2018; Hupz et al. 2020). Winter savory extract has
shown antioxidative, anti-inflammatory, and hepato-
protective effects (MILIJASEVIC et al. 2022), as well as an-
tiviral properties against a variety of viruses, including
the cucumber mosaic virus (CMV) and human immu-
nodeficiency virus type 1 (HIV-1) (TEPE & CiLKk1Zz 2015).

Since there is no data on the influence of ethanol ex-
tracts of the leaves of S. montana on the membrane sta-
bility of erythrocytes, this study aimed to determine the
possible antioxidant activity of the ethanol extracts and
the effect of the various extract concentrations on the
morphological changes to erythrocytes.

MATERIALS AND METHODS

Plant material. The plant material (aerial parts) was col-
lected near the town of Benkovac (Croatia) (N 44°02', E
15°36"). A voucher specimen was deposited in the her-
barium of the Institute of Botany and Botanical Garden
Jevremovac, Faculty of Biology, University of Belgrade
(BEOU, No. 16496), Serbia.

The leaves of S. montana were very finely milled to
obtain the corresponding powder. Five grams of dry
powder were extracted with 96% ethanol at 37°C for 24
h. The extract was then filtered through a filter paper
and was evaporated under reduced pressure at 60°C us-
ing a rotavapor apparatus until it became dry. About 100
mg/g of 96% ethanol extract was obtained.

Antioxidant activity. The antioxidant activity of the
ethanol extract was measured in terms of hydrogen do-
nating or radical scavenging ability by using a 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) radical-scavenging
assay. The decrease in absorbance at 517 nm after a 30
min reaction in darkness was determined by a UV-VIS
spectrophotometer.

The percentage of inhibition of the DPPH radical by
the samples was calculated according to the following
equation:

DPPH radical scavenging (%) = A - A /A_x 100

where A_is the absorbance of the control and A, is the
absorbance of the remaining DPPH radical after reac-
tion with the antioxidant for 30 min.

Blood smears. Wistar strain rats were used for the
experiment. The animals were housed in a tempera-
ture-controlled room at 22 + 1°C. They were maintained
under intermittent 12-h periods of light and dark and
were given commercial rat food and tap water ad libi-
tum. The blood from the tail vein was collected in tubes
containing heparin. The blood was centrifuged (2500
rpm/min at 4°C, for 5 min), the plasma was discard-
ed and the erythrocytes were washed three times with
phosphate-buffer saline (pH 7.4). The erythrocytes were
treated with S. montana ethanol extract in varying con-
centrations of 100 pg/ml, 200 pg/ml, and 300 pg/ml and
incubated at 37°C for 1 h (Bors et al. 2012). The eryth-
rocytes which were incubated with phosphate-buffered
saline (PBS) were used as the controls. After 1 h of incu-
bation, ten blood smears for the control and ten smears
for each different type of extract concentration were
routinely prepared, left to dry for 1-2 h, and then fixed
with methanol. The blood smears were stained with
May-Grunwald-Giemsa, rinsed with buffer, and dried.
The morphology of the erythrocytes was observed us-
ing alight microscope (Leica, Microsystem, Germany) at
100x magnification, and the images were obtained with
a digital camera (Leica, Microsystem, Germany).

Statistical analysis. The obtained data were analysed
using GraphPad Prism, Version 5.03 software. The one-
way analysis of variance (ANOVA) with post hoc mul-
tiple comparison procedure was used to assess any sta-
tistical differences. The data are expressed as arithmetic
means * SE, where differences were considered to be sta-
tistically significant at p < 0.05.

RESULTS AND DISCUSSION

Erythrocytes are very sensitive to various influences and
serve as a simplified model (HALLIWELL & GUTTERIDGE
2017) for assessing the anti-inflammatory potential of
investigated drugs or compounds. Anti-inflammato-
ry activity has been observed in many plants including
Syzygium aromaticum L., Curcuma longa L. (MUEL-
LER et al. 2010), Zingiber officinale Rosc. (TERRY et al.
2011), and Piper betle L. (ALaM et al. 2013). The etha-
nolic root-extract of Piper chaba Trel. & Yunck. showed
considerable anti-inflammatory activity, it might serve
to stabilise the membrane of red blood cells by prevent-
ing the release of lytic enzymes and other active inflam-
matory mediators, thus effectively inhibiting hemolysis
(YESMIN et al. 2020).

Erythrocytes are commonly employed in the evalua-
tion of oxidative stress since they are prone to oxidative
reactions because of relatively high oxygen tension and
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Fig. 1. a) Control erythrocytes incubated with PBS; erythrocytes
incubated with ethanol extract: b) 100 pg/ml; ¢) 200 pg/ml; and
d) 300 pug/ml. Scale bars = 20 um.
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Fig. 2. Percentage of erythrocytes of the control (PBS) and incu-
bated with the ethanol extract of S. montana in varying concen-
trations (100 ug/ml, 200 pg/ml, and 300 pg/ml).

the presence of polyunsaturated lipid-rich membranes
(DruYA et al. 2013). The compounds such as quercetin
contained in the leaf extracts of Psidium guajava L. (V1-
JAYAKUMAR et al. 2019) and Moringa oleifera L. (LAK-
SMIANTI et al. 2022) have a wide range of biological ac-
tivities. Due to its high antioxidant activity quercetin
prevents the formation of reactive oxygen species (ROS),
it has the ability to inactivate already produced ROS, to
increase the activity of antioxidant enzymes, and to in-
hibit lipid peroxidation (Russo et al. 2012).

Previous research (BoNARSKA-KujawA et al. 2011)
showed the significant antioxidant properties of querce-
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Fig. 3. Percentage of stomatocytes of the control (PBS) and incu-
bated with the ethanol extract of S. montana in varying concen-
trations (100 ug/ml, 200 pg/ml, and 300 pg/ml).
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Fig. 4. Percentage of echinocytes of the control (PBS) and incu-
bated with the ethanol extract of S. montana in varying concen-
trations (100 ug/ml, 200 pg/ml and 300 pg/ml).

tin-3-O-glucoside in relation to biological membranes.
A study on the effect of quercetin on erythrocytes re-
ported that changes in the shape of the erythrocytes may
result from the interaction of quercetin with cytoskele-
ton proteins (PAWLIKOWSKA-PAWLEGA ef al. 2003).

It is known that significant changes to the shape of
erythrocytes can lead to their elimination from circu-
lation. The translocation of phosphatidylserine (PS)
from the internal to the external surface of the plasma
membrane is the mechanism whereby other apoptotic
cells are recognised and eliminated by phagocytic mac-
rophages (MARCZAK et al. 2007).
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Antioxidant activity of the ethanol extract. In the pres-
ent study, in terms of the EC,, values (the concentration of
antioxidants required to achieve an absorbance equal to
50% of that of the control containing no antioxidants) the
ethanol extract of the leaves of S. montana exhibited very
potent antioxidant activity EC_, = 0.055mg/ml. Our pre-
vious studies using GC-MS analysis (MARIN et al. 2012b)
showed the presence of the phenolic monoterpene car-
vacrol, followed by p-cymene, g-terpinene, borneol, and
thymol in S. montana. Carvacrol is one of the main com-
ponents which exerts significant biological activity, and
it may be suggested that it was responsible for the mor-
phological changes in the incubated cells. Similar results
were obtained in other studies (Sousa et al. 2012; Siro-
LI et al. 2015). In the studies carried out by SLAvkovska
et al. (2001) and KREMER et al. (2015) different phenolic
compounds were identified in S. montana.

The results gained by SUwALSKY et al. (2008) indicated
that polyphenol-rich medicinal plant extracts cause the
formation of echinocytes. Using various methods other
research showed that polyphenols bind to the erythrocyte
surface and protect red blood cells from potential oxida-
tive stress and damage (OTEI1zA et al. 2005). According to
the literature data, flavonoids cause a reduction in cellu-
lar membrane fluidity by their entry into the hydrophobic
core. They may also interact with both the proteins and
lipids of cellular membranes and the depth of their local-
isation in a membrane depends on their chemical struc-
ture (HENDRICH 2006). Recent findings concluded that
although sage, savory, raspberry, and yarrow extracts all
showed antioxidant activity, savory was the most promis-
ing antioxidant extract and was the most effective in pre-
venting hemolysis (G1a0 et al. 2010).

Morphological changes to the erythrocytes. The results
in our investigation showed significant differences in the
shape of the erythrocytes incubated with higher ethanol
extract concentrations compared to the control. Instead
of the biconcave disc shape, the erythrocytes revealed
morphological changes in the cell membrane, which
were characterised by the formation of stomatocytes and
echinocytes. Micrographs of the control erythrocytes
(Fig. 1a) showed the biconcave disc shape and normal
structure of the erythrocytes’ surface membrane.

It was found that those erythrocytes incubated for 1 h
with S. montana extract at concentrations of 100 pg/ml,
200 pg/ml, and 300 pug/ml exhibited different morphol-
ogy (Fig. 1b-d). In addition to the formation of echino-
cytes (Fig. 1b) and stomatocytes (Fig. 1c), the strongest
effect on the surface of the cell membrane, the formation
of dendrites, which are typical of echinocyte form, was
observed after incubation with the highest ethanol ex-
tract concentration (Fig. 1d).

The analysis revealed that the studied extracts also
induced changes in the percentages of the different for-
mations of blood cells.

Percentage of erythrocyte formation. It was shown
(Figs. 2-4) that higher concentrations of the ethanol
leaf extracts (100 pg/ml, 200 pg/ml, and 300 pg/ml)
caused significant changes to the percentages of differ-
ent erythrocyte formation. The lowest concentration of
the ethanol extract (100 pg/ml) led to the formation of
echinocytes; at a concentration of 200 pg/ml, in addi-
tion to echinocytes, the appearance of stomatocytes was
also observed, which were the most numerous, while
the concentration of 300 pug/ml was characterised with
by highest percentage of echinocyte formation. Higher
ethanol extract concentrations resulted in more pro-
nounced changes to the erythrocyte shape in compar-
ison to the control.

The most significant changes were observed in the
ethanol extract at a concentration of 200 pg/ml, which
was characterised by an increase in stomatocyte forma-
tion, and at a concentration of 300 pg/ml with an increase
in the shape variation of the echinocytes and a decrease
in the normal shape of the erythrocytes. It is possible
that the compounds present in the S. montana extracts
were incorporated into the erythrocyte membranes as
according to Bukowska et al. (2009), xenobiotics exert
significant effects on plasma membranes because of in-
teractions with their components, whereby echinocytes
are formed by the insertion of xenobiotics in the outer
monolayer, whereas stomatocytes are formed as a re-
sult of xenobiotic accumulation in the inner monolayer
of the cell membrane. In our research, echinocytes and
stomatocytes were formed after red blood cell treatment
with all of the extracts studied. Similar results were ob-
served in the investigation of the effect of Uncaria to-
mentosa (Willd. ex Schult.) DC. extracts on erythrocyte
morphology (Bogrs et al. 2012).

CONCLUSIONS

Although the present research did not establish the
mechanism by which the secondary constituents of the
ethanol extracts of S. montana leaves affect the change
in shape of erythrocytes, we were able to conclude that
the highly potent antioxidant property of carvacrol was
possibly responsible for interacting directly with the
membranes of the erythrocytes, thus causing the chang-
es in their shape. These results indicate that the different
concentrations of the ethanol extracts did not disturb
the function of the biological membrane, thus potential
anti-inflammatory properties could be expected, as well
as beneficial effects on the organism by protecting the
cell membrane against oxidation. Free radicals which
damage cells lead to inflammation, so natural com-
pounds may provide a very suitable base for the creation
of new anti-inflammatory medications.

In our future research, it would be interesting to de-
termine whether these morphological changes were ac-
companied by any other alterations to the erythrocyte



membranes, and how they reflect on the functional ca-
pacity of the cells.
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Uticaj etanolnog ekstrakta Satureja montana na morfoloske promene

eritrocita

Marija MARIN i Snezana BRANKOVIC

U istrazivanju je ispitana antioksidativna aktivnost etanolnog ekstrakta listova Satureja montana i njegov uticaj na stabilnost membra-
na eritrocita ex vivo. Ekstrakt etanolnog ekstrakata je pokazao veoma znac¢ajnu antioksidativnu aktivnost EC50 = 0,055 mg/ml. Uzorci
krvi pacova tretirani su 96% etanolnim ekstraktom S. montana koncentracije 100 pg/ml, 200 pg/ml i 300 ug/ml i potom je izvréena
morfoloska analiza. Rezultati su pokazali da postoje znacajne razlike u obliku eritrocita inkubiranih sa rastu¢im koncentracijama
ekstrakata. Znacajne morfoloske promene uocene su pri koncentraciji od 200 pg/ml koje su se karakterisale najvi$im prisustvom
stomatocita, a najvisa zastupljenost ehinocita zapaZena je pri koncentraciji od 300 pg/ml. Rezultati ovog istrazivanja su pokazali da
etanolni ekstrakt S. montana ima potencijalni zastitni efekat na stabilnost membrana eritrocita.

Klju¢ne redi: rtanjski ¢aj, biljni ekstrakt, antioksidativna aktivnost, ¢elije krvi
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