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Abstract. In this study we targeted the noble metal nanoparticles (MNPs) biogenic
synthesis capacity of two medicinal species with therapeutic potential, namely Melissa
officinalis L. (lemon balm) and Salvia officinalis L. (sage), cultivated in Romania. Plant
material was extracted by maceration, microwave assisted extraction (MAE) and ultra-
sound assisted extraction (UAE). Bright field scanning transmission electron micros-
copy and energy dispersive X-ray spectroscopy (BFSTEM-EDS) techniques were used
in order to investigate particles shape, dispersion and chemical elemental analysis.
The total polyphenol content for both simple extracts and nanostructured mixtures
was determined using the Folin-Ciocalteu method and antioxidant activity using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method. Identification and quantification of
secondary metabolites of M. officinalis and S. officinalis were performed by ultra-high
performance liquid chromatography (UHPLC). The Allium assay was used to evaluate
the potential cytogenotoxic activity, for both simple and nanostructured phytochemi-
cal complexes, in the case of S. officinalis L. species being performed for the first time.
Spherical shaped MNPs with diameters of about 20 nm were biosynthesised in lemon
balm extracts. Larger AuNPs were phytosynthesized in sage extract obtained by UAE.
Compared to the simple extracts, the antioxidant capacity as well as the amount of
total polyphenols in the nanostructured extracts decreased, substantiating the involve-
ment of bioorganic material in the reduction of metal ions. Low frequency of chro-
mosomal aberrations corresponding to crude extracts and extracts supplemented with
MNPs, suggest the cytoprotective, antigenotoxic, and safe use of these plant species as
potential therapeutic forms in various diseases.
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INTRODUCTION

Melissa officinalis L. (lemon balm) and Salvia offici-
nalis L. (sage) are representatives medicinal plant species
family Lamiaceae, whose remarkable therapeutic effects
have been attested since ancient times (Shakeri et al.
2016; Ghorbani and Esmaeilizadeh 2017).

The bioactivity of natural compounds of M. offici-
nalis has been noted especially for the treatment of
neuropsychiatric disorders such as Alzheimer’s and
Parkinson’s diseases, epilepsy, psychosis, depression or
anxiety (Gomes et al. 2009; Shakeri et al. 2016; Avram
et al. 2017; Udrea et al. 2018). As for S. officinalis, this
plant species has been cultivated both as a medicinal
plant, used therapeutically by humans for the treatment
of various diseases such as gout, hyperglycemia, paraly-
sis, rheumatism, cancer, bronchitis, and not least in the
relief of symptoms of neurodegenerative diseases (Garcia
et al. 2016; Sulniate et al. 2016), for decorative purposes
(Kintzios 2000) and food or spice (Longaray Delamare et
al. 2007).

However, the use of plant extracts in medicine is
quite limited, mainly due to the inability of therapeutic
plant compounds to penetrate the target, affected struc-
tures of organisms. This phenomenon occurs because
of the large size of phytochemicals compared to the
size of the target structures. It is now well known that
due to the nanometric size of noble metal nanoparticles
(MNPs), biocompounds embedded in such “capsules” or
attached to their surface show both higher bioavailabil-
ity and stability (Pandey et al. 2003).

At present, the literature abounds with informa-
tion on the advantages of using different types of metal
nanoparticles synthesised using plant extracts in thera-
py, making phytosynthesis a promising and sustainable
alternative to conventional chemical or physical meth-
ods (Azeez et al. 2020; Naikoo et al. 2021; Shelembe et
al. 2022). These nanostructured phytocomplexes are also
only toxic at extremely high concentrations, doses which
are not currently used for therapeutic purposes (Badmus
et al. 2022).

The biosynthesis of MNPs aims, along with the frag-
mentation of phytochemicals, to embed various thera-
peutic plant compounds, or even certain drugs, in nano-
sized “metal envelopes” that allow their penetration and
release into all structures of the target organism (Sun et
al. 2008; Kumari et al. 2010; Parveen et al. 2012).

In addition, in recent decades several technologies
have emerged to deliver along with NPs conventional
drugs, recombinant proteins or even vaccines or nucleo-
tides needed to treat cancer or other diseases (Parveen et
al. 2012).
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Since the antibacterial and anti-inflammatory action
of silver nanoparticles (AgNPs) due to Ag ions is well
known worldwide (Kirsner et al. 2001; Tripathy et al.
2008; Yilmaz Oztiirk 2019), recently, the attention of
researchers has been directed towards obtaining sil-
ver chloride nanoparticles (AgCINPs) which have been
shown to exhibit identical or even improved properties
compared to AgNPs (Eugenio et al. 2018). Moreover,
AgCINPs have attracted considerable attention because
they are easier to synthesize and also exhibit strong anti-
microbial activity (Hu et al. 2009).

Gold (Au) nanorods have become some of the most
important and commonly used materials in drug deliv-
ery and nanomedicine. The main reason for the use of
AuNPs is to facilitate targeted drug transport, par-
ticularly in cancer therapy. To this end, a system using
AuNPs conjugated with tumour necrosis factor (TNF)
molecules has been designed, that has the effect of effi-
ciently destroying only tumour cells while having low
cytotoxicity to healthy cells (Mocellin and Nitti 2008;
Das et al. 2011).

In addition, the pharmacological properties of lem-
on balm and sage are due to the content in secondary
metabolites, such as polyphenols, alkaloids, triterpe-
nes or sterols (Jaimez Ordaz et al. 2018; Uta et al. 2021)
which are usually found in quite low concentrations,
their recovery in a higher concentration being a chal-
lenge. One of the most important factors affecting the
quality of bioactive compounds obtained from plant
sources is the extraction method, also considered as a
sample preparation technique, playing a vital role on the
overall yield and final result. The conventional extrac-
tion methods, e.g. maceration, Soxhlet extraction, have
been intensively used in recent decades (Zhang et al.
2018), but they have a number of drawbacks like time-
consuming and use of a large amount of solvent. The lat-
ter not only increases process costs but is also associated
with a negative environmental impact (Sasidharan et al.
2011). Therefore, numerous studies have aimed at devel-
oping efficient and environmentally friendly extraction
techniques. Among the extraction techniques that have
been successfully applied in obtaining active phytocom-
pounds are microwave-assisted extraction (MAE) and
ultrasound-assisted extraction (UAE) (Wang and Weller
2006; Grosso et al. 2015). Studies in the literature high-
light that the amount of polyphenols extracted from this
medicinal plant varies depending on certain factors such
as: extraction method, solvent range, solvent:plant ratio,
temperature, extraction time (Herndndez et al. 2009;
Zhang et al. 2018), stages of its primary processing (dry-
ing, grinding), harvesting area of plant material (Dent et
al. 2017), and harvesting period (Francik et al. 2020).



Biogenic synthesis of noble metal nanoparticles using Melissa officinalis L. and Salvia officinalis L. extracts 67

Phytotherapy based on plant extracts has gained
worldwide popularity because it is not addictive, it does
not have harmful side effects and a high risk of toxicity
like synthetic medicines, and last but not least it is cheap
(Avram et al. 2005; Andrade et al. 2019; Lin et al. 2019).

Thus, based on this information, this study was
focused on the biogenic synthesis of noble metal nanopar-
ticles, namely AgCINPs and AuNPs, using the medicinal
species M. officinalis and S. officinalis, correlated with the
determination of the optimal method for extracting the
highest possible concentrations of phytocompounds from
the plant species, the analysis of the antioxidant capacity
of simple extracts and extracts supplemented with MNPs,
as well as in vivo testing of the cytotoxic activity of the
extracts obtained and of nanostructured phytochemical
complexes, in order to highlight the safety of these sys-
tems as potential therapeutic forms.

MATERIALS AND METHODS
Reagents and chemicals

The 96.9% pharmaceutical ethyl alcohol used for the
extraction processes was purchased from SC. Coman
Product S.A.; 2,2-diphenyl-1-picrylhydrazyl (DPPH),
Folin-Ciocalteu reagent, 99.5% absolute ethyl alcohol,
distilled water, Na,CO; powder, gallic acid, Trolox, gla-
cial acetic acid, absolute ethyl alcohol, IN HCI and orce-
in were purchased from Carlo Erba Reagents S.A.S; ace-
tonitrile, methanol and water were purchased from Mer-
ck. Reference compounds such as protocatechuic acid,
ferulic acid, p-coumaric acid, caffeic acid were obtained
from Merck, while quercetin, rutin and rosmarinic acid
were purchased from Sigma-Aldrich and chlorogenic
acid was purchased from Alfa Aesar.

The plant material

Aerial parts of M. officinalis, S. officinalis leaves and
Allium cepa L. bulbs, were collected from a local pro-
ducer, Arges county, in September 2020. The authentica-
tion of the plant material was performed by Assoc. Prof.
Ph.D. Anca Sutan, and kept in paper bags, protected
from moisture and sunlight, until primary processing.
Primary processing of lemon balm and sage consist-
ed of drying the plants in an oven at 40°C, a tempera-
ture designed not to denature the phenolic compounds
of interest, and grinding the plant material in a Retsch
Grindomix laboratory mill at the following parameters:
3 min pulse grinding at 4,000 RPM and 30 sec continu-
ous grinding at 10,000 RPM (Manolescu et al. 2022).

Extraction procedures

The extraction of secondary metabolites was per-
formed by maceration as classical method and two non-
conventional methods, MAE and UAE, respectively. Two
different ratios of pharmaceutical ethyl alcohol and dis-
tilled water were used as solvent mixtures: 70:30 v/v and
50:50 v/v.

For plant maceration, 1 g of dry sample, ground and
weighed on an analytical balance to 4 decimal places,
was immersed in 10 ml solvent (pharmaceutical ethyl
alcohol:distilled water). Maceration was carried out at
room temperature, shielded from sunlight, for 7 days;
the first 4 days with continuous stirring for 6 hours at
30 RPM on the Biosan mini-rotator, and the next 3 days
without stirring (Dent 2015).

The same binary solvents and the same 1:10 plant
to solvent ratio were used for MAE. Initially the plant
material was hydrated in the solvent for 1 hour and then
subjected to microwave irradiation for 3, 5 and 10 min-
utes at a maximum power of 250 W. Microwave-assisted
extraction was performed using the NEOS-GR equip-
ment, Milestone. The final temperature range of the
samples was between 54-78°C (Dent 2015).

UAE was carried out using a Hielscher UP200St
ultrasonic extraction system under a working amplitude
equal to 80% of the maximum rated output power of the
device. In order to avoid overheating of the experimental
samples and possible destruction of phytocompounds we
used a cooling system, extracts were obtained at temper-
atures below 45°C (Dent 2015; Zlabur et al. 2016).

All experimental variants (Table 1) were then centri-
fuged twice (10 min total time) at 6,000 RPM. The super-
natants obtained were subjected to vacuum filtration
through Pall Flex Membrane Filters QRY:100; MM: 47 fil-
ter paper on a Rocker model filtration system: VF6. Pend-
ing analysis of total polyphenol content, antioxidant activ-
ity, HPLC analysis, MNPs synthesis and evaluation of
cytogenotoxicity, samples were kept in glass vials at -18°C.

Determination of the total polyphenol content of the
obtained plant extracts and nanostructured phytochemical
complexes

Quantitative determination of polyphenolic struc-
ture compounds in the obtained extracts was carried
out by the Folin-Ciocalteu spectrophotometric meth-
od (Sutan et al. 2018). From each experimental vari-
ant, diluted beforehand until a dilution factor of 600
was reached, a volume of 500 uL extract was taken over
which 2.5 ml Folin-Ciocalteu reagent 10% (aqueous mix-
ture of phosphomolybdate and phosphotungstate) was
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Table 1. Experimental variants used in this study.
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No  Sample code Plant species Extraction procedure

alcohol:distilled water ratio (v/v)

Pharmaceutical ethyl .
Extraction parameters

1 M_M_50 Maceration 50:50 7 days; room temperature; in the dark
2 M_M_70 Maceration 70:30 7 days; room temperature; in the dark
3 M_MAE_3_50 MAE 50:50 3 min; 250 W

4 M_MAE_5_50 MAE 50:50 5 min; 250 W

5 M_MAE_10_50 MAE 50:50 10 min; 250 W

6 M_MAE_3_70 MAE 70:30 3 min; 250 W

7 M_MAE_5_70 L MAE 70:30 5 min; 250 W

M. officinalis .

8 M_MAE_10_70 MAE 70:30 10 min; 250 W

9 M_UAE_3_50 UAE 50:50 3 min; 80% Amp

10 M_UAE_5_50 UAE 50:50 5 min; 80% Amp

11 M_UAE_10_50 UAE 50:50 10 min; 80% Amp

12 M_UAE_3_70 UAE 70:30 3 min; 80% Amp

13 M_UAE_5_70 UAE 70:30 5 min; 80% Amp

14 M_UAE_10_70 UAE 70:30 10 min; 80% Amp

15 S_M_50 Maceration 50:50 7 days; room temperature; in the dark
16 S_M_70 Maceration 70:30 7 days; room temperature; in the dark
17 S_MAE_3_50 MAE 50:50 3 min; 250 W

18 S_MAE_5_50 MAE 50:50 5 min; 250 W

19 S_MAE_10_50 MAE 50:50 10 min; 250 W

20 S_MAE_3_70 MAE 70:30 3 min; 250 W

21  S_MAE_5_70 o MAE 70:30 5 min; 250 W

S. officinalis .

22 S_MAE_10_70 MAE 70:30 10 min; 250 W

23 S_UAE_3_50 UAE 50:50 3 min; 80% Amp

24 S_UAE_5_50 UAE 50:50 5 min; 80% Amp

25 S_UAE_10_50 UAE 50:50 10 min; 80% Amp

26 S_UAE_3_70 UAE 70:30 3 min; 80% Amp

27 S_UAE_5_70 UAE 70:30 5 min; 80% Amp

28 S_UAE_10_70 UAE 70:30 10 min; 80% Amp

added. The tubes were kept at room temperature for
5 minutes and then 2 mL sodium carbonate solution
(7.5%) was added. The tubes were shaken vigorously and
kept in the dark at room temperature for 1 hour. Total
polyphenol content (TPC) analysis was performed on
the Ocean Optics HR2000+ UV-VIS spectrophotom-
eter at 765 nm wavelength. Distilled water was used
as blank instead of extract. Polyphenol concentration
was expressed as mg gallic acid equivalent/g plant (mg
GAE/g) based on the calibration curve constructed for
different concentrations of the etalon, i.e. for 7 points
of concentrations from 10 to 70 pg/mL gallic acid (y =
0.0115x + 0.0094; R? = 0.9995). TPC values, expressed in
mg gallic acid equivalent/g plant were obtained accord-
ing to the formula (Phuyal et al. 2020):

(:xF)

TPC= 1000 (1)

Where C is the concentration measured from the
calibration curve, M is the dry plant mass and DF is the
dilution factor.

The quantitative determination of compounds with
polyphenolic structure in all phytochemical complexes
supplemented with MNPs was also carried out by the
Folin-Ciocalteu spectrophotometric method, also used
for simple extracts (Sutan et al. 2018).

Determination of the Trolox Equivalent Antioxidant
Capacity (TEAC) of simple extracts and nanostructured
phytochemical complexes using the DPPH method

The free radical scavenging activity of the extracts
and nanostructured mixtures was measured using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method. The
analysis was determined according to Shimamura et al.
(2014), but with some modifications.
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For the preparation of the standard, 2.50 mg Trolox
was weighed on a microbalance and placed in a 10 mL
volumetric flask. 5 mL of 99.5% ethanol was added and
sonicated for complete dissolution, after which the sol-
vent was made up to 10 mL. This was the stock solution
from which the dilution range of 10-70 pug/mL was pre-
pared, which was necessary to carry out the calibration
curve (y = 1.4028x + 2.4888; R? = 0.9991).

The DPPH reagent used for both the standard and
all experimental variants was prepared as follows: 3.2
mg of 2,2-diphenyl-1-picrylhydrazyl was placed in a 100
mL volumetric flask to which 50 mL of 99.5% ethanol
was added; it was then sonicated and made up to 100
mL with solvent. The DPPH solution was prepared fresh
and stored at room temperature, protected from light.

From all 28 experimental variants of simple extracts,
only those samples with the highest polyphenol con-
tent for each extraction procedure were chosen to show
DPPH free radical scavenging activity and to assess
the biogenic synthesis capacity of noble MNPs. Simple
extracts were diluted to obtain 6 different concentrations
(250 pg/mL; 500 pg/mL; 1,000 pg/mL; 5,000 pg/mL;
10,000 pg/mL; 100,000 pg/mL), and those supplemented
with MNPs were diluted to obtain 3 different concen-
trations (500 pg/mL; 1,000 pg/mL; 5,000 pg/mL). From
each sample of different concentration, 250 pL simple
extract/nanostructured mixture was taken over which
1,750 uL DPPH was added. The systems were kept in the
dark at room temperature for 30 minutes and then for
each sample, the absorbance at 517 nm wavelength was
read after 5 minutes of stabilization under UV influence.

The inhibition percentage of DPPH (%IP) was calcu-
lated according to the formula (Adebiyi et al. 2017):

A0-A1
A0

%IP = x 100 )

Where AO is the control sample absorbance and Al
is the sample absorbance.

To determine the half maximum inhibitory concen-
tration (IC50), two concentration points of each sample
were selected for which the inhibition ratio had a value
around 50% (one < 50% and one > 50%) and the regres-
sion curve (Y = AX + B) was drawn. The IC50 value
(sample concentration - X) was calculated by replacing Y
by 50 (Shimamura et al. 2014).

The half maximum inhibitory concentration values
are required for the determination of the antioxidant
activity calculated in Trolox equivalent according to the
formula:

IC50Trolox

TEAC = =——— 3

IC50Sample

UHPLC Analysis. Sample preparation

A stock solution of 0.1 mg/mL from all stand-
ard compounds was prepared by dissolving 10 mg of
each reference in 100 mL methanol. This stock solution
was kept refrigerated at 4°C and used when needed. To
obtain the solutions for the calibration curve the stock
solution was diluted with a mixture of the first gradient
line of the mobile phase. The dilution factors were 2000,
1000, 500, 250 and 100, respectively.

UHPLC-PDA-MS analysis

Separation of polyphenols was carried out on a
Waters Arc System coupled with a Waters 2998 PDA
detector and a Waters QDa mass detector. The column
used was a Waters Cortecs C18 (4.6 x 50 mm, 2.7 pm)
eluting with solvent A (0.1% formic acid in water), sol-
vent B (0.1% formic acid in methanol) and solvent C
(0.1% formic acid in acetonitrile). Solvent B was set at
1% during the entire separation. The gradient was as fol-
lows: 0-4 min 3%-14% C, 4-7.5 min 14% to 29% C, 7.5-
13 min 29% to 89% C, 13-15 min 89% to 3% C. The flow
rate of the mobile phase was set at 1.0 mL/ min. The col-
umn temperature was equilibrated to 35°C. The injection
volume was 5 pL. All samples were kept at 20°C during
the entire analysis (Velamuri et al. 2020).

Eluted compounds were analysed using a Waters
PDA 2998 and a QDa mass detector equipped with elec-
trospray ionization (ESI) source. Capillary voltage was
maintained at 0.8 kV, cone voltage was kept at 20 V and
the mass spectra spectra were recorded in negative ion
mode in the range 100-800 m/z. Quantification was
established in selected ion recording (SIR) mode for each
compound (as shown in Table 2) using external calibra-
tion curves prepared for each standard. Also, the reten-
tion times for all reference compounds are presented in
Table 3.

Biogenic synthesis of noble metal nanoparticles mediated
by plant extracts

For the biosynthesis of MNPs using extracts of lem-
on balm and sage, the experimental variant that was
found to contain the highest content of polyphenols
was used from each extraction procedure, since litera-
ture data show that phytochemicals, especially polyphe-
nols, present in plant extracts have the strongest reduc-
ing properties of silver and gold ions and also confer
the highest stability of the nanoparticles (Swilam and
Nematallah 2020). For the synthesis of AgCINPs, a ImM



70

Table 2. Calibration curve statistics of reference compounds.
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Calibration curve standard Fit Type

Protocatechuic acid
Chlorogenic acid
Caffeic acid
p-Coumaric acid Quadratic (2nd
Ferulic acid Order)
Rutin

Rosmarinic acid

Quercetin

Equation R?
Y =-3.98e+003 XA2 + 1.41e+005 X + 5.19e+003 0.998221
Y =-9.88e+003 XA2 + 1.40e+005 X + 1.83e+004 0.994078
Y =-1.98e+004 XA2 + 3.63e+005 X + 2.73e+004 0.997099
Y =-3.79e+003 XA2 + 1.01e+005 X + 2.14e+003 0.997983
Y =-4.99e+002 XA2 + 2.01e+004 X - 2.72e+002 0.998986
Y =-1.52e+003 XA2 + 7.64e+004 X + 4.40e+003 0.998255
Y = -5.96e+001 XA2 + 5.35e+004 X + 3.51e+005 0.994586
Y =-2.50e+004 XA2 + 7.79e+005 X - 5.95e+001 0.999115

Table 3. Retention times for all reference compounds.

Effk Compound name Coding m/z t?;t:r[lrtrll?;l]
1 Protocatechuic acid PRO 153 1.667
2 Chlorogenic acid CHL 353 3.082
3 Caffeic acid CAF 179 3.332
4 p-Coumaric acid Cou 163 4.459
5 Ferulic acid FER 193 5.152
6 Rutin RUT 609 5.580
7 Rosmarinic acid ROS 359 6.715
8 Quercetin QUE 301 7.757

silver nitrate (AgNOs) solution obtained by weighing
16.98 mg AgNO; salt was used as a precursor and made
up to 100 mL volume with distilled water.

Tetrachloroauric acid (HAuCl,) solution of 1mM
concentration, obtained by adding 35.80 mg HAuCl, to
100 mL of distilled water, was the precursor for the phy-
tosynthesis of gold nanoparticles. The simple extracts
were then mixed with the specific precursors in volume
ratios of 1:1 and incubated for 24 h at room temperature
(25°C). The colour change of the extracts after the addi-
tion of the 2 types of precursor solutions was noticeable
within the first 2 min, which was a first confirmation of
the formation of noble MNPs (Sutan et al. 2019).

BFSTEM-EDS analysis of nanostructured phytochemical
complexes

Bright field scanning transmission electron micros-
copy (BFSTEM) and energy dispersive X-ray spectros-
copy (EDS) were used to investigate particles size, shape
and dispersion and perform chemical elemental analy-
sis. These analyses were carried out using the FESEM-
HITACHI SU8230 microscope. Prior to these analyses,
samples were homogenized for 1 minute in an ultrasonic
bath (Kerry Guyson) for a better dispersion. Then, one

drop of each sample was spread on a copper grid with
formvar and the grid was kept for 24 hours in the exica-
tor to evaporate the solvent.

Coating Cu grids with formvar film

Cu grids with thin formvar films are primarily used
for transmission electron microscopy for sampling and
analysis of ultra-thin sections (Shields 1999).

The formvar film also acts as a support for vari-
ous suspensions or powders to be analysed by SEM/
BFSTEM.

To obtain Cu grids with formvar film, the ~1%
formvar solution in 1,2-dyclorethane was poured into
a tall covered container. A glass microscope slide was
cleaned with distilled water, but not insistently. The glass
slide was inserted into the container with the formvar
solution and left for 2-3 minutes. The glass slide was
then removed from the formvar solution and drained,
after which the slide was left at room temperature for a
further 2-3 minutes after which the excess solution was
removed. After drying the film, it was cut on the edge
of the glass blade using a razor blade. A container was
filled with clean distilled water and the glass blade was
inserted at an angle of 45° to loosen the formvar film.
The Cu grids were placed face down over the formvar
film on the surface of the water. The formvar grids were
collected using another pre-cleaned glass slide, after
which the grids were left at room temperature covered
with the lid of a petri dish to dry and adhere the film to
the Cu grid (Sherman 2014).

In vivo testing of the cytogenotoxic activity of simple
extracts and nanostructured phytochemical complexes

Root tip cells were obtained by placing bulbs of Alli-
um cepa L. with discoidal stem in contact with distilled
water for 48 h, in the dark. The bulbs were transferred to
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simple extracts and nanostructured mixtures (24 h).

After 24 h the root tip meristematic cells were
removed and subjected to fixation using Farmer’s rea-
gent (glacial acetic acid:absolute ethyl alcohol, 1:3 v/v)
overnight and then transferred to 70° ethyl alcohol for
long-term preservation. For each experimental variant a
number of 5 roots were subjected to attenuated hydroly-
sis with 1IN HCI for 18 minutes at 60°C. The fixed and
macerated roots were stained with 2% aceto-orcein solu-
tion for 15 minutes at 60°C. From the stained meris-
tematic tips, microscopic preparations were made by the
squash technique.

Microscopic slides were analysed under the Mshot
Trinocular ML 11-1I biological microscope at 400x mag-
nification. Microscopic analysis consisted of determining
the number of cells at different stages of mitosis, the fre-
quency of chromosomal and nuclear aberrations, based
on approximately 3,000 cells per experimental sample.
The mitotic index (MI) was determined as the percent-
age ratio of the number of cells in mitosis to the total
number of cells analysed (Tedesco and Laughinghouse
2012). Based on the total number of cells in mitosis, the
percentage ratio of cells in prophase, metaphase, ana-
phase or telophase was determined. The frequency of
chromosomal aberrations and nuclear abnormalities was
determined by relating them to the appropriate stage of
the cell cycle, i.e. mitosis.

Statistical interpretation of the results

The results of the experimental analyses were
expressed as mean values * standard deviation (SD). One-
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Figure 1. Total polyphenol content of M. officinalis extracts (Data
are expressed as mean *SD values from independent triplicate
experiments).

way analysis of variance (ANOVA) followed by Sidék’s
multiple comparisons test was used to analyse differenc-
es between mean values. A probability of p<0.0001 was
considered highly significant. Statistical analysis was per-
formed using GraphPad Prism 9.0.0.0 software.

For cytogenetic analysis, statistical processing of
data was performed using IBM SPSS Statistics 20 soft-
ware. Statistical significance and significant differences
between variables were determined using analysis of
variance (one way ANOVA) and Duncan’s test for mul-
tiple comparisons, respectively. Values of p < 0.05 were
considered statistically significant. Graphs and tables
were compiled based on mean values + standard error of
several independent experiments.

RESULTS AND DISCUSSIONS

Determination of the total polyphenol content of the
obtained plant extracts and nanostructured phytochemical
complexes

As can be seen in Figure 1, the highest amount
of polyphenols, i.e. 70.07+1.07 mg GAE/g plant, was
recorded for the lemon balm extracts obtained by
microwave-assisted extraction technique, in solvent
with a volume ratio of pharmaceutical ethyl alcohol and
distilled water of 70:30, and after 10 minutes of micro-
wave action on the extraction mixture. For macerates,
the highest amount of total polyphenols (32.26+0.26
mg GAE/g plant) was recorded for those obtained in
the solvent with equal ratio of water and solvent. For
the ultrasound-assisted extraction of aerial parts from
lemon balm plants with solvent with a volume ratio
of pharmaceutical ethyl alcohol and distilled water of
70:30, there is a directly proportional increase in the
amount of total polyphenols with the time of ultra-
sound action, with the highest amount of these com-
pounds (53.98+0.16 mg GAE/g plant) obtained after 10
minutes of extraction.

A variation from 2.816 to 7.796 mg/mL of phenolic
compounds was reported by Papoti et al. (2019) in aque-
ous preparations, respectively: infusion, decoction, mac-
eration, ultrasound-assisted extraction. Total polyphe-
nols ranging from 18.17+0.04 to 64.17+0.52 mg GAE/g
dry plant was obtained by Petkova et al. (2017) when
infusions made from lemon balm plants cultivated in
Bulgaria were analysed.

Of the two sage extracts obtained by macera-
tion, the highest polyphenol content was determined
for the one with a ratio of 70:30 pharmaceutical ethyl
alcohol:distilled water (v/v) (25.30+0.96 mg GAE/g
plant), data illustrated in Figure 2.



72

39.88

40 = 36.75

32.52

30.29
29.05

2546 25.88

2097

mg GAE/g of plant

Figure 2. Total polyphenol content of S. officinalis extracts (Data
are expressed as mean +SD values from independent triplicate
experiments).

In contrast, Pop et al. (2015) doubling the extraction
time by maceration and using 80% EtOH obtained low-
er TPC values, 19.49 mg GAE/g dry plant, which shows
that a prolonged extraction time may not always lead
to a higher phytocompound concentration. This is also
confirmed by the results obtained by Osmic¢ et al. (2019),
who using a 40% aqueous ethanol solution and the
same plant:solvent ratio used by us, obtained from the
leaves of S. officinalis L. a polyphenol content of 137.11
mg GAE/g in only 60 minutes of maceration at room
temperature. However, there are experimental studies
in which maceration resulted in much lower TPC val-
ues than the present study, namely 13.6+0.4 mg GAE/g
(Proestos et al. 2005); 4.25 mg-5.95 mg GAE/g (Roby et
al. 2013). Moreover Gird et al. (2014) using the same sol-
vent, ethanol 70% managed to extract from one gram of
sage leaves only a minimum TPC of 3.26 mg GAE/g and
a maximum of 6.32 mg GAE/g.

The extracts obtained using MAE showed a total
amount of polyphenolic compounds between 29.05+0.16-
39.88+1.19 mg GAE/g plant, the maximum of 39.88+1.19
mg GAE/g plant being obtained after irradiating the
plant material with electromagnetic waves for 5 minutes,
also at a higher concentration of alcohol, at a tempera-
ture of 75°C and a power of 250W. Similar values were
also recorded in the experimental study conducted by
Dragovi¢-Uzelac et al. (2012), where the range of TPC
values obtained was between 31.7-47.0 mg RAE/g, the
maximum being determined in the sample irradiated for
9 minutes at a power of 500W.

For the samples subjected to sonication, in order to
reach a maximum TPC of 36.75+1.41 mg GAE/ g plant,
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Figure 3. Total polyphenols content of simple extracts and nano-
structured phytochemical complexes of M. officinalis (Data are
expressed as mean * SD values from independent triplicate experi-
ments and p values were calculated by one-way ANOVA followed
by Sidak’s multiple comparisons test; ****p < 0.0001; *p = 0.0472; ns
p =0.1058; 0.8170; 0.2920).

it was necessary to prolong the acoustic cavitation phe-
nomenon to a maximum of 10 minutes, an alcohol con-
centration of 70% and a temperature of 45°C. This poly-
phenol content is much higher compared to Pop et al.
(2015) 19.06 mg GAE/g plant and Brindisi et al. (2021),
18.7-35.3 mg CA/g. In contrast, there are studies attest-
ing the recovery of higher concentrations of polyphenol-
ic compounds from sage, such as 67.75 mg GAE/g (Dent
2015); 99.03 mg GAE/g (Zekovi¢ et al. 2017); 61.3-143.6
mg GAE/g (Velickovi¢ et al. 2011).

A possible explanation for the differences between
the TPC values in the literature, and those obtained by
us, except for the extraction technique and parameters,
would be the time at which the plant material was har-
vested, Farhat et al. (2014), demonstrating that the high-
est polyphenol content was recorded for sage plants
harvested at the fruiting stage. The results could also be
attributed to the drying protocol of the plants (Hamrou-
ni-Sellami et al. 2012) as well as the geographic area of
cultivation (Farhat et al. 2014; Dent et al. 2017).

As can be seen in Figure 3, the highest amount of
phenolic compounds for lemon balm extracts supple-
mented with MNPs was recorded for those obtained
by MAE technique, i.e. 41.741+0.052 mg GAE/g plant
for M_MAE_10_70_AgCl and 40.842+0.343 mg GAE/g
plant for M_MAE_10_70_Au.

For the macerates, it can be seen that there are sta-
tistically insignificant differences between the TPC val-
ues of extracts and mixtures with AgCINPs and AuNPs.

Strongly statistically significant higher values were
observed for extracts obtained by using UAE without
MNPs comparing with the extracts supplemented with
MNPs, the TPC content ranging from 53.988+0.166 mg
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Figure 4. Total polyphenols content of simple extracts and nano-
structured phytochemical complexes of S. officinalis (Data are
expressed as mean + SD values from independent triplicate experi-
ments and p values were calculated by one-way ANOVA followed
by Sidak’s multiple comparisons test; ****p < 0.0001; ns p = 0.1310;
0.1497; 0.4079).

GAE/g plant to 17.360+0.069 mg GAE/g plant for M_
UAE_10_70_AgCl and 14.932+0.044 mg GAE/g plant for
M_UAE_10_70_Au.

A statistically significant decrease was also observed
for extracts obtained by MAE technique with AgCINPs
(41.741£0.052 mg GAE/g) and AuNPs(40.842+0.343
mg GAE/g) compared to extracts without MNPs
(70.070+1.070 mg GAE/g plant).

It is important to highlight unlike lemon balm
extracts enriched with MNPs where the highest amount
of polyphenols was obtained for extracts with AgCINPs,
for sage, extracts with AuNPs were found to exhibit this
characteristic (Figure 4). Moreover, in the case of nano-
structured phytochemical complexes of sage, the maxi-
mum total amount of polyphenols was also recorded
for the experimental variant using the extract obtained
after microwave irradiation of the plant material, i.e.
13.04+0.26 mg/g GAE for sample S_MAE_5_70_70_Au.

However, there are no significant differences
between the amount of polyphenols obtained for sage
extracts with AgCINPs versus those with AuNPs, for
these extracts enriched with MNPs the amount of total
polyphenols remained relatively constant regardless of
the extraction technique used, with TPC values varying
only from 8.88+0.2 mg GAE/g plant for the AgCINPs
macerate and 13.041£0.26 mg GAE/g plant for the extract
obtained by MAE and with AuNPs.

Making a comparison between the TPC values of
simple extracts and phytochemical complexes, in the
case of both medicinal species it can be observed that
following the phytosynthesis of MNPs, the amount of
polyphenols was decreased. An explanation for this is
provided by the experimental study conducted by Dzi-
mitrowicz et al. (2016), which highlights that following
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Figure 5. Trolox equivalent antioxidant capacity of simple extract
and nanostructured phytochemical complexes of M. officinalis
(Data are expressed as mean + SD values from independent tripli-
cate experiments and p values were calculated by one-way ANOVA
followed by Sidak’s multiple comparisons test; ****p < 0.0001; ***p
=0.0003; ns p = 0.6144; 0.6707; 0.9953; 0.9814).

the reduction reaction of metal ions by a plant extract, a
large part of the compounds of polyphenolic nature are
oxidized.

Determination of the Trolox Equivalent Antioxidant
Capacity (TEAC) of simple extracts and nanostructured
phytochemical complexes using the DPPH method

From Figure 5 it can be seen that the best abil-
ity of the lemon balm extracts with MNPs to behave
as hydrogen atom or electron donors for the conver-
sion of the purple free radical DPPH- to its reduced
yellow form DPPH-H was for extracts obtained by the
MAE technique, the TEAC values were 0.106+£0.019
for M_MAE_10_70_AgCl and 0.053+0.003 for M_
MAE_10_70_Au. Also, for these types of extracts a
highly significant statistical difference is observed com-
pared to extracts without metal nanoparticles whose
TEAC values were 0.339+0.027.

Similar to the TPC values, the statistical differ-
ences of TEAC values are insignificant between macer-
ates without MNPs and those supplemented with MNPs.
A highly significant statistical difference can also be
observed for the TEAC values of the extract obtained
by ultrasound action on plant material without MNPs
(0.103+0.011) compared to extracts with AgCINPs
(0.021+0.004) and AuNPs (0.019£0.004).

For both simple extracts and systems consisting of
sage extracts and MNPs, the highest antioxidant activity
was recorded for the experimental variant S_ MAE_5_70
(Figure 6).

At the opposite pole, the lowest antioxidant activi-
ties were recorded for the samples subjected to macera-
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Figure 6. Trolox equivalent antioxidant capacity of simple extract
and nanostructured phytochemical complexes of S. officinalis (Data
are expressed as mean * SD values from independent triplicate
experiments and p values were calculated by one-way ANOVA fol-
lowed by Sid4k’s multiple comparisons test; ****p < 0.0001; ns p =
0.1727; 0.1231; 0.6421; 0.9794; 0.9908).

tion and sonication processes. In contrast Zekovi¢ et al.
(2017), using other extraction parameters, demonstrate
that their simple extracts obtained by the cavitating
phenomenon show a slight improvement in antioxidant
activity as opposed to those subjected to microwaving,
but the difference is not a noticeable one.

Comparing the antioxidant activity of simple
extracts with that of nanostructured phytochemical
complexes, both M. officinalis L. and S. officinalis L.
simple extracts have the highest free radical scavenging
capacity, as they also have the highest concentrations of
polyphenols.

The results of the evaluation of the antioxidant
capacity as well as the amount of total polyphenols in
the nanostructured extracts obtained are in agreement
with the existing data in the literature, data which show
that the reduction in the amount of total polyphenols
correlated with a decrease in the antioxidant activity
of extracts with MNPs compared to simple extracts is
attributed to the fact that the bioorganic material, espe-
cially the polyphenols, participates in the reduction of
metallic ions as well as in the formation of the coating
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halo that stabilizes the nanoparticles (Csakvari et al,
2021; Nayeri et al., 2021; Siakavella et al., 2020).

UHPLC Analysis

To identify the compounds obtained by the 3 dif-
ferent extraction methods, 6 experimental variants were
subjected to UHPLC-PDA-MS analysis (M_M_50; M_
MAE_10_70; M_UAE_10_70; S_M_70; S_MAE_5_70;
S_UAE_10_70), namely those variants with the highest
TPC.

Thus, according to the data presented in Table 4,
maceration of the aerial parts of lemon balm resulted
in significant amounts of rosmarinic acid (227,120 pg/
mL), the most abundant compound in this medicinal
species (Kim et al. 2010). However, modern extraction
methods have allowed the recovery of much higher
concentrations of it. Thus, UAE revealed a quantity
of 263.805 pg/mL of rosmarinic acid, and the MAE
method yielded the highest amount of rosmarinic
acid, i.e. 1,266.89 pg/mL. Similar value (17.03 mg/g)
indicating a significant amounts of rosmarinic acid
was obtained by Caniova and Brandsteterova (2001)
using the liquid extraction technique (methanol and
water in a volume ratio of 60:40) of M. officinalis L.
plants grown in Slovakia.

The highest concentrations of protocatechuic
acid and rutin were obtained from maceration of
sage leaves. However, MAE proved to be the optimal
method to obtain the highest amounts of all other
compounds. As mentioned above, the final tempera-
ture range of the samples subjected to sonication and
microwaves, was in the case of UAE between 37-45°C,
and in MAE between 54-75°C, the final temperature
of 75°C being reached in sample S_MAE_5_70. Based
on this result, we can also see that at higher tempera-
tures, the solvent’s solubilizing power of dissolved sub-
stances increases due to the decrease in viscosity and
surface tension, thus facilitating wetting and matrix
penetration (Paré et al. 1991; Chen et al. 2006; Hayat

Table 4. The amount of natural compounds (ug/mL) obtained from M. officinalis and S. officinalis by the three extraction techniques.

Sample/Compound name PRO CHL CAF COU FER RUT ROS QUE
M_M_50 25.640 15.960 131.650 5.280 2.805 27.735 227.120 0.450
M_MAE_10_70 34.675 49.190 77.585 3.530 1.400 31.645 1266.890 0.230
M_UAE_10_70 24.245 39.795 40.010 2.245 1.000 28.265 263.805 0.190
S_M_70 35.930 12.125 27.845 3.465 6.895 30.295 502.540 0.000
S_MAE_5_70 35.845 16.140 48.935 3.790 12.520 10.240 593.715 0.000
S_UAE_10_70 9.560 11.610 44.045 3.035 6.450 26.195 687.260 0.225
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Figure 7. Dispersion dimensional analysis of AgCINPs for M_UAE_10_70_AgCl (a) and for S_M_70_AgCl (b) in BFSTEM at 1,000,000

(x1000k) magnification.

et al. 2009). Consistent with the results in Table 4, it
can be seen that depending on the compound targeted
for extraction, one extraction technique may be more
advantageous than another. Thus, if in order to extract
a maximum concentration of rosmarinic acid of 687.26
pg/mL from sage leaves, the phenomenon of acous-
tic cavitations is the most beneficial, the same cannot
be said in the case of protocatechuic acid where the
exposure of plant material to sound waves allowed the
recovery of the lowest amounts of this phenolic acid
compared to the other extraction techniques. Similar
results regarding the discrepancy between the values
of recovered compounds from this medicinal species
were also recorded in the study conducted by Zekovi¢
et al. (2017).

BFSTEM-EDS analysis of nanostructured phytochemical
complexes

From the dimensional analysis on AgCINPs dis-
persion in BESTEM at 1,000,000 magnifications for the
lemon balm extracts, it is observed that all these extracts
showed the ability to phytosynthesize spherical shaped
MNPs with diameters of about 20 nm, most of them
having sizes just below 10 nm (5 nm, 6 nm, 7 nm and
9 nm). AgCINPs phytosynthesized in sage extracts are
also spherical in shape, ranging in size from 5 mm to 20
mm. These aspects illustrated in Figure 7.

For the AuNPs phytosynthesized in all three types
of extracts, a reduced dispersion was observed, being
found as agglomerates, in which, AuNPs show sizes of
about 10 nm. However, larger AuNPs were phytosynthe-

UPIT 25.0kV 8.4mm M-x500k BESTEM

Figure 8. Dimensional analysis of AuNPs aggregates obtained in
sage ethanolic extracts.

sized in sage extract obtained by UAE, Figure 8 showing
3 agglomerates of AuNPs with sizes of 105 nm, 92 nm
and 25 nm.

The aggregation phenomenon of AuNPs may be due
to the low concentration of the precursor salt (i.e. HAu-
Cly), but also to the pH of the solution or even the age of
the plants (Teimouri et al. 2018; Boruah et al. 2021).

EDS analysis allowed us to superimpose the spectra
generated for the formvar film-coated copper grids and
those with nanostructured phytochemical complexes.
In Figure 9 it can be seen that AgCINPs and AuNPs are
present only in these phytocomplexes.
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Figure 9. Superimposed EDS spectra obtained for Cu grid with formvar and M_MAE_10_70_AgCl with AgCINPs on Cu grid with formvar
(a) and Cu grid with formvar and S_MAE_5_70_Au with AuNPs on Cu grid with formvar (b).

In vivo testing of the cytogenotoxic activity of simple
extracts and nanostructured phytochemical complexes

The Allium cepa L. test is widely used to determine
the benefits and especially the adverse effects of medici-
nal plants, which are increasingly used nowadays. This is
because the test is a very good indicator of toxicity and
mutagenicity (Tedesco and Laughinghouse 2012). In our
study, the Allium assay was used to evaluate the possible
cytogenotoxicity of crude or supplemented extracts with
MNPs. While for M. officinalis L. there is some data on
the use of this test, in the case of S. officinalis L. it is per-
formed for the first time.

The variation of the MI in onion root tip mer-
istematic cells subjected to treatment with ethanolic
extracts of Melissa officinalis L. before and after MNPs
phytosynthesis is shown in Figure 10.

These results revealed that for M. officinalis L.
extracts, the highest percentage value of the MI
(11.126%) corresponded to the sample M_M_50. Like-
wise, for the control, the highest MI was recorded for
roots incubated in solvent with a ratio of 96% pharma-
ceutical ethyl alcohol and 50:50 distilled water (8.643%).

Phytosynthesis of AgCINPs and AuNPs inhib-
ited the mitostimulatory action of ethanolic extracts.
Thus, there was a statistically significant reduction in
the percentage of dividing cells. The sample defined by
the extracts supplemented with MNPs, showed a MI
values close to those determined for the correspond-
ing concentrations of alcohols, except for the sample
M_MAE_10_70_Au for which the frequency of dividing
cells was significantly higher (9.613%).

The inhibition of mitotic activity, in the experimen-
tal variant M_MAE_10_70_AgCl compared to con-
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Figure 10. MI (%) of simple extracts of M. officinalis and nano-
structured phytochemical complexes (a-d: interpretation of the sig-
nificance of the differences, by means of the Duncan test, p < 0,05).

trols, may be correlated with the ion imbalance that can
be induced at the cellular level by the extracts tested
(Chakraborty et al., 2009).

Hsin et al. (2008) showed that AgNPs stimulate
intracellular production of reactive oxygen species
(ROS), which stimulates cell cycle progression while
causing oxidative stress at the DNA level (Carlson et al.,
2008).

Statistical analysis of the results on the distribu-
tion of mitosis phases (Figure 11) indicates a significant
increase of prophase index that the decrease in for sam-
ple M_M_50_Au compared to the control. However,
a distribution of mitosis phases similar to the control
variants was noted for sample M_MAE_10_70_AgCl.
Moreover, a significantly higher frecvency of metaphases
were defining for thesamples M_UAE_10_70_AgCl and
M_M_50_AgCl, suggesting the interference ofAgCINP-
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Figure 11. Frequency of mitosis phases (%) in simple extracts of
M. officinalis and nanostructured phytochemical complexes (a-c:
interpretation of the significance of the differences, by means of the
Duncan test, p < 0,05).

Mitotic index (%)

Figure 12. MI (%) of simple extracts of S. officinalis and nanostruc-
tured phytochemical complexes (a-d: interpretation of the signifi-
cance of the differences, by means of the Duncan test, p < 0,05).

son the formation and/or functioning of the mitotic
spindle.

Results of cytogenotoxicity analysis show that
extracts of S. officinalis and those enriched with MNPs
induced statistically significant variation of MI com-
pared to distilled water, and to the control with the
equivalent concentration of pharmaceutical ethyl alcohol
(Figure 12).

Thus, treatment of onion root meristems with these
samples resulted in a statistically significant increase of
MI, with a maximum value of 10.01% for the experimen-
tal variant S_M_70_AgCl, in contrast to control sam-
ples, which showed mitoinhibitory effects.

The distribution of mitosis phases has been investi-
gated and is shown in Figure 13. The highest prophase
frequency was observed in the S_M_70_Au variant,

Frequency of mitosis phases
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Figure 13. Frequency of mitosis phases (%) in simple extracts of
S. officinalis and nanostructured phytochemical complexes (a-e:
interpretation of the significance of the differences, by means of the
Duncan test, p < 0,05).

which was associated with the lowest anaphase and telo-
phase indices.

The Allium test allows the assessment of the toxic
potential of substances both by significant variation of
MI and by analysing the type and frequency of chro-
mosomal aberrations. Statistical interpretations of the
results on the frequency of chromosomal aberrations
(Figure 14) such as vagrant chromosomes, laggard chro-
mosomes, sticky chromosomes, metaphase chromo-
somes (C-mitosis), fragmented chromosomes, pole-to-
pole metaphases, bridge cells or multipolar anaphases
are presented in Table 5 and Table 6, as well as nuclear
aberrations (Figure 15) such as binucleated cells, budded
nuclei, irregularly shaped nuclei, ghost cells and giant
cells found in the Allium cepa L. root tip meristematic
cells exposed to the action of controls, ethanolic extracts
of lemon balm and sage and mixtures with MNPs for 24
hours.

Vagrant chromosomes represent the chromosomal
aberrations found with a high frequency in all control
samples but also in all experimental variants with the
exception of those defined by S. officinalis macerate and
ethanolic extracts of M. officinalis obtained by MAE
technique supplemented with AgCINPs and AuNPs.
These types of chromosomal aberrations occur as a
result of “weak spindle formations” (Onwuamah et al.
2014).

Laggard chromosomes were observed in all samples
defined by the ethanolic extracts of lemon balm and
sage extracts obtained by using UAE and in those with
MNPs, with the exception of sage extracts with AuNPs.
It is believed that the formation of lagging chromosomes
is the result of the disruption of the division spindle for-
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A
Figure 14. Chromosomal aberrations found in A. cepa root tip meristematic cells following treatments with simple extracts and with
extracts supplemented with MNPs (a - Vagrant in EtOH_50; b - Laggards in M_UAE_10_70_AgCl; ¢ - C-mitosis in M_UAE_10_70_AgCl;
d - Sticky chromosomes in M_MAE_10_70_AgCl; e — Pole-to-pole metaphase in S_UAE_10_70_Au; f - Cell with fragmented chromo-
somes in S_MAE_5_70; g - Bridges in S_MAE_5_70_Au; h - Multi-polar anaphase cell in M_M_50).

Figure 15. Nuclear aberrations found in A. cepa root tip meristematic cells following treatments with simple extracts and with extracts sup-
plemented with MNPs (a - Binucleate cells in M_MAE_10_70; b - Nuclei buds in M_M_50_AgCl; ¢ - Irregularly shaped nuclei in H20d;
d - Ghost cells in M_M_50_AgCl; e - Giant cell in EtOH_70).

mation process under the action of toxic agents (Haliem, less of the extraction technique used. Stickies may be the
1990). consequence of subchromatid bonds between chromo-

The frequency of sticky chromosomes significant-  somes (Liman et al., 2010). Although present at a moderate
ly decreased in cells treated with lemon balm ethanolic  frequency in the control variants, but also in some experi-
extracts supplemented with AgCINPs and AuNPs regard-  mental variants, the frequency of cells with nucleic buds



79

Oqe $8°0F%6'C © S0'0FS00 000 000 000 000 000 qe ST'¢T+98°%C 000 96T TF6I'T PIq I0FFLLO ©EFTFIST 000 qe SE'9FSE9 MY 04701 VNS
qQ9TOFHFT  ®H00FV0°0 000 000 B $0°0F%0°0 000 000 BLVLFITIE 000 000 qe 067 FE6FT 000 000 QIVTFFY YV 0L S AVIN S
qISTFC9T 000 000 000 000 € 90'0+90°0 000 dqe GEEFFLIT 000 000 B8R EFLY 61 000 000 q €7°0FEF0 ny 0L NS
qL9TF6S°S 000 000 000 99 85°0F009  BECOFEEOD PO 8YOFLIC 000 qL9°0FL90 9 €€0FECO ®FPIIF006F 000 000 000 D8V 0L7017avN"S
qQy0TFYET B €0°0F90°0 000 BRETFRET  Oqe LL'GF000T 000 000 B 6LSFRY 0T 000 000 280TFET 000 000 000 103V 70475 AVIN'S
qIT0¥860  ®600FCI0 000 000 Oqe YETIFLTIT 000 dqe T0°€F8L0T B TREFSL  Q68€F68C  qe 89 EFST9 000 000 000 000 D8V 0L WS
qQITIFIST ®BOTOFSTO B ELOFLET 000 000 BYO0FFO0 B 8LTFBLT OQB IL'SFSILI qQTTHF¥6'9 000 Pqe €7 EFS6'0T q FO'TF70'T 000 qe 9T'SF0T L 0,701 9vNS
qQSTOFLTT  ®H0'0F80°0 000 000 000 B60°0F60°0 ®BETFEET O GRIFSET B SI6FE90T 000 P2 0L°€F0L°E 000 ®OLVFILY B ILSFHETI 0L SAVIN'S
qOT’0FIT0  ®90°0F¥90°0 000 000 000 000 000 2 9¢TFILT 000 000 000 000 BLOTHFTE 000 0L NS
B Y9 EFSLLT 000 000 ®90'0¥90°0  qF¥0¥+99'8C 000 000 000 000 000 PG ECEFLI9 qECTFECT  ®LIIFLOO  qBLTFLT POTH

B I8 TIF56'8C 000 000 BRCOFBE0 9 6£TIF696T 000 000 000 000 000 P2 LOTFLIT 000 B IG9FE80T 9B IL'€F0S9 0LHOM

SAWOSOUIOITD SIWOSOWOIYD SIUIOSOUIOIYD
TaoL T Iy PRI T g iy o Somond i i, s
: : YIIM S[PD : aseydeuy aseydejoy

-191fJo *§ Jo saxajdwod [eoTdaYP0IAYd parnonsouru pue $IOBIJXD JIOULY)D YIIM Pajear) vdas "y Jo S[[d

sypu

JOOI dTRWI)SLIOW UT PaAIasSqO suoljeliade Ied[dnu pue [ewiosowoIyD) 9 I[qe],

qQTP0+9¢’ T BTO'0¥CO'0 9 000+000 9 IS0FSL0 9qO000+000 9000F000 9qO000F000 9geo9H+ee’9 q000F000 9q000+000 9e cHTIFET61 9 00°0+000 2000+00°0  ®O0O00F00°0 ny 0L 01 dvn N
qQZHF0FCET  ®BO00F000 90007000 99€0F90'T 9000F000 9000F000 q000F000 ©B6LSFFT6 q000F000 q000F000 qB€6'8FLSTI q000F000 D ITIFITT qeyeLFITIT 0V 04 01 AVIN W
qQ68°0F95'C  ®BOO0F00'0 9000+000 9q06°0FCSC q000+000 9000F000 9q000F000 9000F000 9qO000F000 9q000F000 9qO00€CFE q000+000 2 G0FPL0 9B 88'TF00°S ny os W N
qQO0T0F06'T ®TZI'OFCI'0  q000F000 q0TO0FOZ0 q800F800 q000F000 q000F000 qeO0STFIOT q000F000 q000F000 qESTFEET ®©OFTIFINLY QB F8'LF6TTT Qe 79679991 [0SV 0701 AvN W
QSTTIFLIT  ®ITOFPE0 q0T0FSTO q000F000 qTI0FSTO 90007000 90007000 90007000 q000F000 q000F000 ©THFIG6FESEE q000F000 2000F000 ©000F000 DSV 0L 0T AVIN W
qQGIT+98'c  B600+60°0 ®EYIFERT q000F000 ®€90F80°C 9000F000 9q000+000 9O000F000 9qO000+F000 9O000+000 9qessc+ry'6 9000+000 2000+000 9e00°5F999 108V 0 W N
qQGI'0+8C'T B O0'0F00'0 9 00°0+000 9 00°0F000 990°0¥60°0 9000F000 9qO000F00°0 gqee6T+CL'E 9q000F000 ©EIOFETO qBOC6F0EHC 9000+000 2 ¥SI+S0'€ qe ST'8FL0'SI 07017 dvN N
qQL90FITT  BOLOF9€'0 9000000 9000F000 9qO000F+000 ®BSIOFECTO QqOCTIFBET qO090FI90 9q000F000 9q000+000 qe8S8FOFCI 9000000 2000F00°0 qeTS6IFTLT 0L 0T dVIN IN
qQ69TFL8Y B LOOFL00  9000F000 9q¥8CFIFT Q000000 9000F000 ©96'SFIS8 ey I+SL'T q000F000 9000F000 qeeoOP+cFel q000+000 2000+000 9ge¥¥1+¢6°01 0S5 W IN
B 8G'GIFGRCE B ELOFEE0 qO000F000 ®6S9IFC8'ce q000+000 9000+000 9000000 9000F000 9q000F000 9q000+000 qOOF+9TF q000F000 2000F000 9qe I8¢FOTFI 0, HOW
q6T°0+86'0 ®O000FO00'0 9q000F000 9qOCOFF0O 9€00+¥€00 9q000+000 9q000¥000 QqITTIFIT'T 9000F000 qO000F000 q88cFrF6 q000+F000 2000F000 ©LS6IFLFIE 0S5 HOY
BTGGFILTE ©O00F90°0 q000F000 ©BOO9OF69'CE 9 000F000 9q000+000 9000+000 9qO000F000 ®©OOTFSST qO000+F000 9qecyo+e8CI q000F000 2000F000 9qe9L TFISE POTH

TV.LOL [0 JueID) s[> 3soyn) pnu padeys spnq PPN S[[22 s[eo oseydeue  sadprrg  sowosoworyd  oseydejowl - SIWOSOWOIYD  SISOJIWI-D)  SIWOSOWOIYD SIWOSOUWOIYD
Apremn3axy seapnurg  rejod-nA pajuowdery  ojod-03-3[04 Ayong pre3deq jueidea TTINVYS

M S[[PD M S[PD

‘sipuidLffo

‘A 30 saxa[dwrod [esTuray203AYd paInjonnsouru pue $)oBIX JT[OURYID YIM PaJeaI) [0 dTewd)staw dr) Joor »das y UT PIAIISO SUOTJEIIDQE TBI[ONU PUE [BWOSOWOIY)) *G J[qe],



80

was null in all sage extracts and in lemon balm extracts
supplemented with AuNPs, regardless of the extraction
method used, suggesting the protective action of these
MNPs on the organization and function of nuclei in onion
root cells. Giant cells and cells with irregularly shaped
nuclei characterized the control variants, being encoun-
tered with much decreased frequency in the experimental
variants, including those with AgCINPs and AuNPs.

CONCLUSIONS

Our experimental study demonstrated that the two
species of medicinal plants, namely M. officinalis L. and
S. officinalis L., can be considered valuable sources of
bioactive compounds, being likely to design novel func-
tional products with different therapeutic properties.
According to BFSTEM analysis the biogenic synthesis
process of noble metal nanoparticles, was successfully
carried out. The AgCINPs particle sizes under 10 nm
were obtained in both lemon balm and sage extracts.
Irrespective of the species tested, a direct proportion-
ality between the total content of polyphenols of the
extracts and nanostructured mixtures and their anti-
oxidant activities was noticed. The most efficient method
for obtaining polyphenols with the highest antioxidant
activity was found to be microwave-assisted extraction,
both for extracts and nanostructured mixtures. Mitosis
was slightly inhibited in nanostructured phytochemical
complexes of lemon balm compared to those of sage. The
controls showed the highest frequency of chromosomal
aberrations compared both to samples of simple extracts
and extracts supplemented with MNPs, suggesting the
cytogenoprotective, antigenotoxic, and the safety of
using these bioformulations as therapeutic alternatives.
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