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Abstract

Objectives: The aim of the research work is to carry out an ultrasonic extraction process (Stegler DG-360) under the influence of
95% ethanol and ethanol-propylene glycol mixture(in the 95:5 ratio) from Clove buds (Caryophyllos aromaticus L.), hibiscus flowers
(Hibiscus sabdariffa L.) and yarrow plants(Achillea millefolium L.), which are rich in biological substances with a high therapeutic
effect, in the obtained phytoextracts and in the samples of the ointment prepared on the basis of that phytoextract, antimicrobial
activity and in vitro cytotoxicity studies.

Materials and Methods: Phytoextracts containing volatile essential oils (eugenol, acetyleugenol, caryophyllene, etc.) and
phenolic and flavonoid compounds (rutin, quercetin, kaempferol, hibicetin, gallic acid, quinic acid, etc.) - antibacterial and antifungal
activity was studied by diffusion method. An in vitro cytotoxicity study (MTT method) was carried out with the optimal composition
of phytoextract and ointment sample with higher antimicrobial activity.

Results: High antibacterial and antifungal activity was observed in the samples of phytoextract with optimal content and high
antioxidant and antibacterial properties, and the ointment prepared based on this phytoextract. Especially the 3rd ointment sample
showed the highest antibacterial and antifungal activity compared to other ointment samples and control samples. The in vitro
cytotoxicity levels of that ointment sample and phytoextract were studied and it was determined that phytoextract had a cytotoxic
effect at a dose of 1 mg/ml, and the ointment sample had a cytotoxic effect at a dose of 500 mg/ml.

Conclusion: Both the studied phytoextract and the 3rd ointment sample had a sufficient antibacterial and antifungal effect
in terms of the phytochemical content of the composition. This showed the necessity of preparation and application of various
medicinal forms with antioxidants and regenerating effect from those samples.
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Introduction

Cell viability and cytotoxicity assays play an important role in
the screening of active ingredients in pharmaceuticals and in the
evaluation of the cytotoxic effects of various chemicals [1]. Testing
of cell viability and evaluation of quality criteria is the basis for

conducting other in vitro studies. Over the past decade, many re-
search studies have developed different guidelines for determining
and interpreting cell viability and cytotoxicity based on morpho-
logical, biochemical, and functional perspectives [2]. This method
is important in the assessment of cell viability and development, as
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well as in determining the killing power of active substances at the
cellular level. This method is also based on cell division or biochem-
ical elements, with particular attention to the mechanical and fun-
damental aspects of the process. [3,4]. Assays included metabolic
activity, enzyme activity, cell membrane permeability and integrity,
adenosine 5'-triphosphate content, cell adhesion, reduction equiva-
lents, dye incorporation or exclusion, constitutive protease activity,
colony formation and DNA formation, and nuclear fragmentation
based on different cellular functions. These assays provide simple,
reliable, sensitive, reproducible, cost-effective and high throughput
approaches to assess the effect of newly developed chemothera-
peutic biomolecules on cell viability during the formulation pro-
cess. [5,6].

Determining the in vitro cytotoxic effects of the main active in-
gredient of any medicine, cosmetic products, chemical (such as pes-
ticides, endocrine disruptors, heavy metals, nanoparticles), phys-
ical or biological factors of the environment by modern methods
has become of great importance in recent years. There are many
methods for determining cytotoxicity or cell viability. These meth-
ods are classified as staining

i.

ii.

iil.

iv.

.

Colorimetric

Fluorometric

Luminometric

Different methods for determining apoptosis

and methods for determining autophagy [7,8].

Which of these methods is more detailed and accurate can be
evaluated by researchers using all scientific data. When making a
comparison, the physical and chemical properties of the analyzed
substance, especially the antimicrobial (antibacterial and antifun-
gal) properties of that substance, the mechanism by which the sub-
stance causes cell death, the originality and sensitivity of the meth-
od should be taken into account [9]. Currently, MTT method is one
of the most widely used cell viability, proliferation and cytotoxicity
detection methods. The method developed by Mosmann in 1983
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has been called the “gold standard” of cell viability tests [10]. The
MTT method is used not only as an in vitro test, but also in tissue
culture, and it is also used to measure cell viability in skin irritation
and eye irritation tests [11].

Material and Methods
Plant Materials

Samples of phytoextract obtained by ultrasonic extraction from
the collection of cloves (Syzygium aromaticus L.), yarrow (A. mille-
folium L.) - hibiscus (Hibiscus sabdariffa L.) plants and ointments
with antibacterial and antifungal activity prepared on the basis of
this phytoextract.

Extraction Procedure and Determination of the Yield

For the preparation of the phytoextract, 100 g of dry plant ma-
terial weighed in the optimal ratio (1 part of yarrow grass, 3 parts
of hibiscus flowers and 6 parts of clove buds) and propylene gly-
c0l-95% ethanol (5 : 95 ratio) as an extractant were diluted in a
ratio of 1:10. The extraction process was carried out by the ultra-
sonic extraction method at a temperature of 28°C for 7 minutes.
The obtained phytoextract was then filtered. The extraction process
was carried out in a Stegler DG-460 device [12]. Later, by using the
obtained phytoextract, ointment samples containing biopolymer
ointment base - chitosan, essential oils of various plants, TVIN-80
emulsifier, silver and gold nanoparticles were prepared.

Determination of Total Phenolic and Flavonoid Content

Referring to literature data, as well as the phytochemical stud-
ies we carried out on phytoextracts obtained from the collection of
clove buds, hibiscus flowers and yarrow plant at the Central Labo-
ratory of Agr1 ibrahim Cecen University, Republic of Turkey, proved
that it contains various volatile essential oils with antibacterial and
antifungal activity (eugenol, acetateugenol, caryophyllene, etc.),
there are also a variety of flavonoid, flavone and polyphenol deriv-
atives (rutin, quercetin, kaempferol, gallic acid, caffeolchinic acid,
hibicetin, etc.) showing rich antioxidant and antibacterial activity
[13,14]. The results of the study are detailed in Figures 1,2 and 3.
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Figure 1: Standard Chromatogram (10,000 ppb).
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Figure 2: Sample 1.
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Figure 3: Sample 2.

If we look at the general research works, it is known that the
mentioned medicinal plant raw materials are mainly rutin, quer-
cetin, kaempferol, myricetin, catechin, chlorogenic acid, gallic acid,
pyrogallol, naringein, etc. contains many derivatives such as these.
Also, numerous phytochemical studies conducted on hibiscus flow-
ers (Hibiscus sabdariffa L.) and yarrow (Achillea millefolium L.) have
shown that organic acids (hibiscus acid and hydroxycitric acid),
phenolic acids (caffeoylquinic acid), fatty acids (linoleic acid)), rich
in flavonoids (gossypetin, myricetin, hibicetin and kaempferol) and
anthocyanins (hibiscin) [15,16].

Antimicrobial Activity

Table 1: Composition of Emulsion Ointments:

Disc-Diffusion Method: The antibacterial and antifungal ac-
tivity of the obtained phytoextracts was investigated and studied
in the Scientific Research Laboratory of “The Medical Microbiology
and Immunology Department” of AMU. It has been found that when
the presented phytocollections are taken in optimal proportions
during extraction, the obtained phytoextracts have sufficient anti-
microbial activity [17]. Based on this direction, 4 of those phytoex-
tracts were taken as a control, 9 ointment samples with different
compositions were prepared and the antibacterial and antifungal
effects were analyzed by disk diffusion method in the same labo-
ratory.

Substances

Ingredients

Substance - 0 (NO)

Yarrow - Clove extract, Tvin-80, Beeswax, Chitosan, Vegetable oils, Au+ and Ag+ colloidal solution

Substance - 1 (N1)

Hibiscus - Bee pollen extract, Tvin-80, Paraffin, Chitosan, Vegetable oils, Au+ and Ag+ colloidal solution

Substance - 2 (N2)

Hibiscus - Bee pollen extract, Span-60, Paraffin, Vegetable oils, Au+ vo Ag+ colloidal solution
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Substance - 3(N3)

Clove - Yarrow - Hibiscus extract, Tvin-80, Beeswax, Vegetable oils, Chitosan, Au+ colloidal solution

Substance - 4 (N4)

Hibiscus extract

Substance - 5 (N5)

Bee pollen extract

Substance - 6 (N6K)

Sulfargin ointment

Substance - 7 (N7K)

Ointment consisting of yarrow and clove extract

Substance - 8 (N8K)

Ointment consisting of hibiscus and bee pollen extract

Substance - 9 (N9K)

Ointment consisting of clove, yarrow and hibiscus extract

To study these properties, according to the generally accepted
rule, as a test culture, Staphylococcus aureus and MRSA - methi-
cillin-resistant Staphylococcus aureus, as representatives of
gram-positive bacteria, Esherichia coli and Pseudomonas aerugino-
za from gram-negative bacteria, Candida albicans as representatives
of fungi, representative of spore-forming gram-positive rod-shaped
bacteria as Bacillus anthracoides and Klebsiella pneumoniae was
selected as representative of capsular bacteria. In the disk-diffusion
method, a suspension with a turbidity standard of 0.5 Mcfarland

is prepared from a daily culture of microorganisms. Then separate
microbial suspensions are poured into Petri dishes containing HM
peptone B agar (Meat-peptone agar) and Saburo agar. Sterile discs
soaked in the studied substance for 3-5 minutes are arranged on
the surface of the nutrient medium planted with microbes. After
that, seedlings with HM peptone B agar are placed in a thermostat
ata temperature of 37°C, and seedlings in Saburo medium at a tem-
perature of 28°C. Results are recorded after 24-48 hours (Table 2).

Table 2: Study of the submitted(N) and control(N-K) samples by disc-diffusion method.

Culture test Substances under investigation
N-0 N-1 N-2 N-3 N-4 N-5 N6-K N7-K N8-K N9-K
S.aureus 7 mm 11mm 3mm 11mm 16mm 15mm 15mm 8 mm 5mm 5mm
MRSA-S.aureus 0 mm 4 mm 0 mm 7 mm 5 mm 7 mm 7 mm 5 mm 3 mm 3 mm
E. coli 22 mm 9 mm 3 mm 34mm 3mm 15 mm 16 mm 3 mm 3mm 0 mm
Paeruginoza 5 mm 11mm 4 mm 20 mm 14 mm 11 mm 20 mm 24mm 7 mm 22 mm
C.albicans 7 mm 3 mm 0 mm 24 mm 5mm 6 mm 6 mm 0 mm 0 mm 0 mm
K.pneumoniae 11 mm 14 mm 4 mm 17 mm 15 mm 11 mm 21 mm 4 mm 7 mm 11 mm
B.anthracoides 14 mm 12 mm 3mm 11mm 12 mm 14 mm 16 mm 5 mm 11 mm 5 mm

When we look at the table, we see that the presented samples
show sufficient antibacterial and antifungal activity. In particular,
the 3rd sample (N3) had a more active effect on all selected test
cultures compared to other substances, the zone of inhibition var-
ied from 7 to 34 mm. It should be noted that among the studied
substances, the highest zone of inhibition was recorded against
Gram-negative bacteria Escherichia coli (34 mm) and Candida albi-
cans cultures from yeast-like fungi as a representative of fungi (24
mm), and this indicator, including controls, was not repeated in a
substance. As a continuation of this research work, it was consid-
ered appropriate to conduct the In vitro cytotoxicological analysis
(MTT method) on that ointment sample.

Reagents and Standarts

As a solution - serum-free cell culture medium (Dulbecco*s
MEM High Gluocse, DMEM-HXA, Capricorn Scientific, Germany)

Type and source of cells used - HaCaT, Human keratinocyte cell
line (Monolayer)

Seeding number of cells used - 26

Culture test - Dulbecco’s MEM High Glucose, 10% Fetal Bovine
Serum (FBS, S181G, Biowest, Fransa), 1% Sodium Piruvat (S8636,
Sigma, Germany), 0.1% Penisillin - Streptomisin (A2213, Biochrom,
Germany)

Negative Control: A substance known to have no cytotoxic ef-
fect on cells, Polyethylene (PE) (0.2 g/ml extract in nutrient medi-
um)

Positive Control: Substance known to have a cytotoxic effect
on cells, Dimethyl sulfoxide (DMSO) (20% (v/v) in nutrient medi-
um)

Reactive Control (Standart): Culture prepared with cell cul-
ture medium without analyte

Statistical Analysis

It should be noted that all the in vitro cytotoxicity tests were
carried out at Ege University, Center for Test and Analysis Laborato-
ry, Application and Research Center (EGE MATAL), Republic of Tur-
kiye. All experiments were repeated 3 times, and the results were
statistically verified, and Graphpad Prism-8 was used as a statisti-
cal program. The results were analyzed by One-Way ANOVA test,
Dunnett was selected as a post-hoc method. When all the results
were statistically analyzed, a significant difference was felt in all
cell groups treated with plant extract compared to the control. (***
p<0.001, **p<0.01). In the cell groups where the ointment sample
was applied, it was confirmed that there was a significant difference
compared to the control only at concentrations of 0.5, 1.0 and 500.0
mg/ml (****p<0.0001, **p<0.01).
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Results and Discussion
Sample Preparation Procedur

The phytoextract in a concentration of 0.5-1.0-5.0-10.0 mg/
ml, and the ointment sample was in a concentration of 0.5-1.0-5.0-
10.0-50.0-100.0-500.0 mg/ml was prepared in Dulbecco’s MEM
High Glucose nutrient medium

Analysis Preparation Procedure

Copyright© Bahruz Mammadov Samad

The cytotoxicity test was performed with HaCaT cells (HaCaT is
a spontaneously transformed aneuploid immortalized keratinocyte
cell line from adult human skin widely used in scientific research).
The cytotoxic effect of the samples (at 37°C with 5% CO2 and 95%
humidity) applied to the cells at a concentration of 1x105 cells/ml
for 24 hours on the cells planted on 96-well microdiscs was evalu-
ated by reading the absorbance frequency in a spectrophotometer
(570 nm) with the MTT test (Figure 4).
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Figure 4: Cytotoxicity results on HaCaT cells (MTT method).

In Vitro Cytotoxixity Activity
The results of the 4-hour MTT test performed because of the

Table 3: Test Materials cell viability percentage.

incubation of the cells with the test materials for 24 hours are given
below (Table 3).

Phytoextract Ointment sample
Concentration (mg/ml) Cell viability (%) Standard Cell viability (%) Standard
0 100.0 3.62 100.0 2.96
0.5 145.99 2.53 125.74 0.77
1 56.85 5.05 120.59 7.14
5 47.25 11.31 104.16 8.44
10 66.56 10.27 96.62 7.94
50 109.21 3.55
100 112.26 4.05
500 54.62 4.37

Negative Control cell viability percentage: 98.1% * 2.12
Positive Control cell viability percentage: 3.2% * 1.05

When the MTT results of test materials are evaluated according
to ISO 10993-5:2009 Tests for In Vitro Cytotoxicity standard.

All these samples were confirmed to have a cytotoxic effect, as
cell viability was less than 70% in the MTT assay performed with

concentrations of 1.0-5.0-10.0 mg/ml of the plant extract. That s, to
be more precise, the phytoextract at a concentration of 1mg/ml al-
ready had a cytotoxic effect. Similarly, as a result of the MTT test of
the cells where the ointment sample was applied at a concentration
of 500mg/ml, the cell viability was less than 70%, so it was con-
firmed that the ointment sample had a cytotoxic effect only from
this concentration (Figures 5,6).
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Figure 6: Cytotoxicity analysis results of the ointment sample.

Conclusion

This study showed that the extracts obtained from the men-
tioned phytocomposition are an important source for the regen-
eration of organs and tissues in the form of preparations with
high antioxidant activity as bioactive antioxidants with potential
applications in the treatment of a number of diseases and in the
development of new medicinal forms. The polyphenol analysis
of the mentioned medicinal-plant raw materials made it possible
to identify at least twenty bioactive compounds (mainly phenolic
acids and flavonoids) that can be applied in the field of medicine.
The conducted phytochemical research plays an important role in
detecting biologically active compounds - polyphenol derivatives,

organic acids - isolated from the medicinal-plant raw materials tak-
en in optimal proportions. All three medicinal-plant raw materials
that make up the phytocomposition have been extensively studied
pharmacognostically, especially the phytochemical profiles of the
polyphenolic compounds of hibiscus flowers and yarrow, with po-
tentially beneficial effects on human health due to the presence of
rutin, quercetin, hesperidin and gallic acid.

At the same time, the antibacterial and antifungal activity of
both the investigated phytoextract and the ointment prepared on
the basis of that phytoextract was quite high. Thus, the ointment
sample, which we call the 3rd sample (N3), had a more active effect
on all the selected test cultures compared to other substances, the
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zone of inhibition varied between 7-34 mm. The same sample was
recorded as the highest zone of inhibition among the studied sub-
stances against Esherichia coli as a representative of gram-negative
bacteria (34 mm) and against Candida albicans cultures from yeast-
like fungi as a representative of fungi (24 mm), and this indicator,
including the control, not repeated in any article. Based on the re-
sults of the cytotoxic analysis conducted by the MTT method, it was
confirmed that all of these samples had a cytotoxic effect, as the cell
viability was less than 70% with the concentrations of 1.0-5.0-10.0
mg/ml of the phytoextract. Based on the results, the phytoextract at
a concentration of 1mg/ml already had a cytotoxic effect. Similarly,
as a result of the MTT test of the cells where the ointment sample
was applied at a concentration of 500mg/ml, the cell viability was
less than 70%, so it was confirmed that the ointment sample had
a cytotoxic effect only from this concentration. These results, as a
continuation of the research, will stimulate the process of obtaining
and applying various medicinal forms with regenerating, healing
and antioxidant effects.
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