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ABSTRACT

In recent years, the interests of researchers have increased towards nanodrugs based on nanoparticles. 
The main direction of this work was to study the physicochemical, structural properties, and stability of 
encapsulated nanoparticles with the components from medicinal plants. Nanoparticles were obtained 
from the extract of the medicinal plant Сynara scolymus L. using a metal salt. Initial experimental data 
have shown that the originally obtained nanoparticles were not stable. Therefore, the nanoparticles 
were then stabilized with added sodium carboxymethylcellulose polysaccharide. It was found that 
new nanoencasulated nanoparticles with compounds from medicinal plants are very stable and can 
be a source of effective nanodrugs based on them.
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INTRodUCTIoN

In the development of modern nanotechnology, a significant role is played by research on nanoparticles 
obtained from extracts of a medicinal plant using solutions of metal salts. This is due to a wide range 
of possibilities for their practical application, in which the specific properties of both the nanoparticles 
themselves obtained from the extracts of medicinal plants and the materials modified by them are 
used (Evstigneeva & Pchelkin, 2006; Sergeev, 2003). Nowadays, the nanoscience developing at the 
intersection of physics, chemistry, and biology, where the rapid advance of the nanoscience in the last 
decade is primarily due to the development of new methods for synthesis, study, and modification 
of nanostructures (Sergeev, 2003). In addition, nanoparticles can be classified by their size, number 
of atoms in a particle, and number ratio of surface to bulk atoms. In nanoscience the key problem is 
to determine the influence exerted by the size of particles on their chemical activity. To find it, the 
methods for synthesis and stabilization of nanoparticles are important (Sergeev, 2003). Methods for 
analysis of the size and properties of nanoparticles are also very important (Sergeev, 2003).

In addition to the above, in recent years, researchers have increasingly put the attention to the 
creation of nanodrugs based on nanoparticles (nanoparticles are the sizes of medicinal particles at 
nanoscale levels, i.e. a billionth of a meter), which will be delivered by blood flow directly to the 
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diseased human organ, which will increase the efficiency of its use and reduce side effects. In this 
regard, obtaining effective nanodrugs based on natural raw materials is relevant (Egorova, 2011a; 
Egorova, 2011b).

Among the methods for producing nanoparticles, a large group is formed by methods of chemical 
synthesis based on the reduction of metal ions to atoms in solutions under conditions favorable to the 
subsequent aggregation of atoms and ions with the formation of nanoparticles. One of these methods 
of obtaining metal nanoparticles is the method of biochemical synthesis, on the basis of which a new 
direction has emerged in the field of synthesis, research of properties and development of applications 
for metal nanoparticles. It can be said that the need to create such a direction stemmed from the 
needs for the development of research in nanochemistry, nanomedicine and nanopathology, focused 
primarily on solving applied problems using the achievements of nanotechnology (Egorova, 2011a).

The possibilities of studying the properties of metal nanoparticles, developing options for their 
practical application, as well as elucidating the mechanisms of their biological action largely depend 
on the method of preparation, which in many cases determines their structure, size, physical and 
chemical properties and, most importantly, stability - the lifetime in nanoscale state (Egorova, 2011a).

Thus, it can be argued that the determination of the ways and means of the effect of metal 
nanoparticles on a living organism is an extremely important and urgent work, which is necessary, 
firstly, to improve existing and create new drugs or methods of treatment, that is, for nanomedicine, 
in secondly, to clarify the causes of nanopathologies and, thirdly, to establish scientifically grounded 
permissible ranges of concentrations and sizes of nanoparticles in water, air, or in the composition of 
various materials with which a person comes into contact (Egorova, 2011b; Scientific foundations 
and prospects for the development of oncology, 2008).

In this regard, the main goal of this work is to study the physicochemical, structural properties 
and stability of encapsulated nanoparticles obtained from the medicinal plant of the prickly artichoke 
- “Сynara scolymus” and the development of new effective nanodrugs based on them.

EXPERIMENT

Materials And Methods
In this work, nanoparticles obtained from the medicinal plant artichoke prickly - “Сynara scolymus” 
are selected as the object of research. To obtain nanoparticles from “Сynara scolymus” prepared an 
aqueous-alcoholic extract from the leaves of prickly artichoke in the ratio: dry artichoke: 70% ethyl 
alcohol = 1:10. Nanoparticles were obtained from the extract with the introduction of metal salts of 
various concentrations (from 0.1% to 5%) by the method of biochemical synthesis. It should be noted 
that, in comparison with other chemical methods, biochemical synthesis has a number of advantages 
that are important for the practical application of metal nanoparticles. First, in biochemical synthesis, 
the formation of nanoparticles occurs in solution, while in many other methods to obtain nanoparticles, 
it is necessary to create a vacuum or an atmosphere of an inert gas. This circumstance, as well as other 
features of the synthesis procedure, allow avoiding the complications necessary in other methods, 
which significantly reduce the cost of the final product. Second, it turns out to be possible to obtain 
nanoparticles that are stable in solution for a long time, which is very important both for the study of 
their properties and structure, and for applied developments. Third, for some metals it is possible to 
increase the degree of conversion of metal ions into nanoparticles in comparison with that achieved 
by other methods. Fourth, the method of biochemical synthesis is more environmentally friendly. 
The nanoparticles obtained by the method of biochemical synthesis from the extract of prickly 
artichoke - “Сynara scolymus” had a spherical shape with an average particle size of 50 - 120 nm 
(Mirrakhimova & Yunuskhodzhaev, 2013; Mirrakhimova & Yunuskhodzhaev, 2014; Mirrakhimova 
& Yunuskhodzhaev, 2015).
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Synthesis of nanoparticles from the extract of prickly artichoke Cynara scolymus is performed at 
room temperature, by stirring the extract until the color changes. In the course of the experiment the 
formation of turbidity of the extract solution and further precipitation of particles was observed for 
a certain time by spectrophotometry, which indicated the formation of nanoparticles of magnesium 
metals. Magnesium sulfate (MgSO4) was used in this study as a metal salt which facilitates the 
formation of nanoparticles. Magnesium sulfate (“Magnesii sulfatis” - another name for Epsom salts, 
magnesia, etc.) is a chemical that applies in medicine to cure the magnesium deficiency, and which 
contains magnesium ions and ions of the sulfate group as active ingredients. MgSO4 forms colorless 
rhombic crystals and has molecular weight (in a.m.u.) - 120.36. (Egorova, 2011a; Egorova, 2011b).

In the obtained extracts from prickly artichoke, aggregation occurs over time. To prevent 
aggregation of the resulting nanoparticles, stabilizers are used in all cases, which ensure the stability 
of the system. Stabilizers are usually polymers of natural origin - polysaccharides, gelatin, starch, 
agar-agar, etc. or synthetic polymers and surfactants. In this work, to enhance the aggregate stability, 
we used the polysaccharide sodium carboxymethyl cellulose (Na-CMC). For this, solutions were 
prepared in various ratios of Na-CMC: extract “Сynara scolymus” = 80:20; 60:40; 40:60; 20:80.

The introduction of Na-CMC largely prevents aggregation and reduces the average size of 
nanoparticles. Mixing a solution of prickly artichoke extract with Na-CMC forms nanoparticles (C 
= 0.1 basic * mol / l) in various volumetric ratios, in which the nanoparticles are stabilized by the 
polysaccharide Na-CMC.

RESULTS ANd dISCUSSIoNS

In pharmaceutical industry, the use of nanoparticles for the delivery of a drug to specific organ is 
considered promising and already applied in some medicines. In nanodrugs the drug molecules are 
grafted onto the nano-sized carrier creating nanoparticles with the drug incorporated. As a result of 
modification, nanoparticles make drug soluble in blood and nanosized particles are able to penetrate 
cell membranes. This facilitates the process of delivery of medicinal nanoparticles to the “target” - to 
the affected cells that require treatment. In addition, research on nanoparticles obtained from medicinal 
plant extracts using solutions of metal salts plays a significant role in the development of modern 
nanotechnology. This is due to a wide range of possibilities for their practical application, in which 
the specific properties of both the nanoparticles themselves obtained from the extracts of medicinal 
plants and the materials modified by them are used (Bharali et al., 2003; Neradovic et al., 2004).

It is known from the literature (Bharali et al., 2003; Neradovic et al., 2004) that the rate of 
formation, yield, size and stability of nanoparticles depend on various factors - the specific composition 
of metal salt, the concentration of metal salt, and the degree of hydration. Experimental data showed 
that with the increase in the initial concentration of the metal salt, an increase in the size of the 
resulting nanoparticles and the range of their size distribution is observed: the particle size from 120 
to 250 changes for nanoparticles obtained with sodium, and for magnesium from 140 to 280 nm at 
a salt concentration of the solution from 0.1% to 5%.

Thus, for the first time, nanoparticles were obtained from an aqueous-alcoholic extract of prickly 
artichoke Cynara scolymus using metal salts of various concentrations. It was found that with an 
increase in the concentration of salt solutions the rate of formation and the size of nanoparticles 
obtained from the extract of the medicinal plant artichoke prickly Cynara scolymus increases in 
direct rate/proportion.

To elucidate the interaction of Na-CMC nanoparticles - “Сynara scolymus” the IR spectroscopic 
method of analysis was applied. The IR spectra of the extract “Сynara scolymus” with nanoparticles 
and solutions of nanoparticles of metal salts in the presence of the polysaccharide Na-CMC of 
various ratios are given in Fig. 2. It should be noted that the IR spectra of all ratios of Na-CMC and 
the extract with different ratios had almost the same set of absorption bands and differed to a large 
extent in intensity from each other and in the shift of some absorption bands. The structure of the 
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Na-CMC products was established using IR spectroscopy methods and on data based on the literature 
data (Inagamov, 1914).

Now let us dwell on some of the structural features of Na-CMC that explain its properties. 
It is known that Na-CMC, in addition to the usual polydispersity for high-molecular compounds, 
has a significant compositional chemical heterogeneity (Inagamov & Mukhamedov, 2011); has a 
different quantitative ratio of functional groups in the chain and a different distribution pattern of 
these groups in the chain. Therefore, it can be considered as a copolymer consisting of two types of 
units: D - glucopyranose with glucopyranose glycolic acid. In neutral media at a pH of about 7, both 

Figure 1. Structure of the Na-CMC macromolecule in neutral media

Figure 2. IR absorption spectrum of the starting product Na-CMC at pH = 6.8
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unsubstituted hydroxyl groups and a mixture of ionized carboxyl groups are present in the Na-CMC 
macromolecule (Fig. 1 and scheme):

A quantitative analysis of the spectra of Na-CMC using data on the characteristic frequencies of 
individual functional groups (Inagamov et al., 2008; Inagamov et al., 2011; Khafizov, 2005; Khafizov 
et al., 2000) made it possible to assign all absorption bands and establish structural regularities.

Thus, the above results of the study of the initial Na-CMC show that it is polyfunctional; the 
presence of COO-, COOH groups in their macromolecules gives these polymers the characteristic 
properties of polyelectrolytes.

In the obtained IR spectra of Na-CMC: “Сynara scolymus” different ratios (Fig. 2-5) showed 
the presence of -OH groups located in the region of 3240 cm-1, as well as 1585 cm-1 and 1410 cm-1 
which belong to the carbonyl groups of Na-CMC. With an increase in the content of the extract 
“Сynara scolymus” with nanoparticles in a mixture shows the shift of these absorption bands to the 
high-frequency region, i.e. at the ratio: Na-CMC: extract “Сynara scolymus” = 20:80 - 1593 cm-1; at 
a ratio of 40:60 - 1597 cm-1; and at a ratio of 60:40 - 1600 cm-1. Apparently, the shift of absorption 
bands located in the region of 1585 cm-1 indicates that the carbonyl group related to Na-CMC is 
strongly adsorbed on nanoparticles of magnesium metal, which leads to stabilization of the extract 
of prickly artichoke Сynara scolymus.

The above experimental data are confirmed by optical microscopic images of mixtures of Na-
CMC solutions: extract “Сynara scolymus” different ratios, which is shown in Fig. 6. The size of the 
nanoparticles was determined from the images, where nanoparticles sizes range from 120 nm to 280 
nm. It should be noted that the introduction of Na-CMC largely prevents aggregation and reduces 
the average size of nanoparticles (Fig. 6a). By displacing a solution of nanoparticles of an extract of 
prickly artichoke with solutions of Na-CMC in different volume ratios, a nanocomposite was obtained, 
in which the nanoparticles were stabilized by the polysaccharide Na-CMC (Fig. 6 b). Let us briefly 
present the results of the study of the physicochemical properties of the synthesized nanocomposites 

Figure 3. IR absorption spectrum of magnesium-based nanoparticles using an extract of the medicinal plant Сynara scolymus 
in relation to Na-CMC: extract “Сynara scolymus” = 20: 80
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Figure 4. IR absorption spectrum of magnesium-based nanoparticles using an extract of the medicinal plant Сynara scolymus 
in relation to Na-CMC: extract “Сynara scolymus” = 40: 60

Figure 5. IR absorption spectrum of magnesium-based nanoparticles using an extract of the medicinal plant Сynara scolymus 
in the ratio Na-CMC: extract “Сynara scolymus” = 60: 40
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(Table 1) (Anwar & Khitab, 2019; López et al., 2019; Smanova et al., 2020). Also, with an increase 
in the concentration of magnesium sulfate salt, an increase in the size of nanoparticles is observed.

Table 1. Physicochemical properties of nanoparticles from the extract of prickly artichoke - “Cynara scolymus ” encapsulated 
with sodium carboxymethylcellulose

Composition 
Properties Na-CMC

Na-CMC - Extract of “Cynara scolymus L.” Extract of 
“Cynara 
scolymus”80:20 60:40 40:60 20:80

Appearance

White-
yellowish 
liquid with 
a distinctive 
odor

Dark green 
liquid with 
a distinctive 
odor

Light green 
liquid with 
a distinctive 
odor

Light green 
liquid with 
a distinctive 
odor

Light brown 
liquid with 
a distinctive 
odor

Brown 
liquid with a 
distinctive odor

Indicator рН 
(1:10) 7,2 7,0 6,48 6,30 6,52 6,70

Solution 
viscosity 
𝛈, Pа∙с

0,075 55,4∙10-6 27,7∙10-6 3,5∙10-6 3,2∙10-6 15,10∙10-6

Figure 6. The mechanism of formation of nanoparticles from the extract of the medicinal plant Сynara scolymus (a) and microscopic 
image of encapsulated extract nanoparticles “Сynara scolymus” (b)
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CoNCLUSIoN

The main goal of this work was to study the physicochemical, structural properties and stability of 
encapsulated nanoparticles obtained from the medicinal plant of the prickly artichoke Сynara scolymus 
and the development of new effective nanodrugs based on them. In this regard, nanoparticles obtained 
from this medicinal plant were selected as the object of research.

To conclude, the synthesis of nanoparticles from the extract of the medicinal plant Сynara 
scolymus with the introduction of a magnesium sulfate salt is performed successfully. By varying the 
concentration of the polysaccharide Na-CMC, the aggregately stable nanocomposite was obtained, 
in which the nanoparticles were stabilized by the polysaccharide Na-CMC.
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