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and arbutin, which in its individual form is currently 
a promising substance for the diabetic nephropathy 
control; dog rose fruits, Rose family (Rosa canina L., 
Rosaceae family) having a large set of biologically 
active substances (studies have shown that rosehips 
prevent obesity and diabetes); motherwort herb, mint 
family (Leonurus cardiaca L., Lamiaceae family), that 
is rich in fl avonoids such as rutin, apigenin and others. 
Rutin reduces the absorption of carbohydrates from 
the small intestine, stimulates the secretion of insulin 
by beta cells, protects the islet of Langerhans from 
degeneration, increases the absorption of glucose by 
tissues and suppresses gluconeogenesis in the liver.

The expediency of using a plant composition 
made of the  roots and  rhizomes of  elecampane 
inula, lingonberry leaves, rosehips and motherwort 
herb, which are sources of inulin and inulicin, arb-
utin, vitamin C and organic acids, rutin and api-
genin, is shown.

Keywords: diabetes mellitus, mechanism of 
action, plant raw materials, hypoglycemic tea

A chronic disease in which the pancreas does 
not produce enough insulin or the body itself 
is unable to use it is called diabetes. In the fi rst 

The incidence of diabetes mellitus of the second 
type is growing every year, and the search for med-
icines for supporting therapy of patients is urgent. 
Ideally, the  treatment program should include 
exposure in  several directions: to  have hypogly-
cemic, hypolipidemic eff ects, to prevent the progres-
sion of vascular complications, etc. The fact is that 
the medicines having only a hypoglycemic eff ect are 
not able to prevent the development of complications 
and normalize metabolism in patients with diabetes 
mellitus. The article highlights the issues related to 
the state of morbidity of the population with diabetes 
mellitus. A conceptual model of maintaining glucose 
homeostasis during and after meals, proposed by 
Mukhamedzhanov E. K., is presented. The character-
istics of plants and the mechanism of action of bio-
logically active substances (BAS) that contribute 
to a complex effect on the pathological process in 
the treatment of type 2 diabetes mellitus are given. 
Among them there are roots and rhizomes of elecam-
pane inula, sunfl ower family (Inula helenium L., Aster-
aceae family), that are rich in inulin, which can be 
used as a prebiotic to modulate the gut microbiota, 
potentially aff ecting glucose homeostasis and lipid 
profi le; leaves of cowberry, heath family (Vaccinium 
vitis-idaea L., Ericaceae family), containing tannins 
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Glucose catabolism consumes ATP energy for pro-
tein synthesis. That is, with a decrease in carbo-
hydrates in the diet, the amount of energy that 
is released for protein synthesis decreases. If, on 
the contrary, the food is relatively poor in pro-
tein and excessively rich in carbohydrates, then 
protein synthesis decreases due to insufficient 
substrate support, as a result of which less ATP 
is released for protein biosynthesis and the forma-
tion of ATP in the system is reduced in principle.

Inhibition of glucose uptake leads to its accu-
mulation in the  blood, which, in  turn, forces 
the pancreas to secrete more insulin, as a result 
of which the discharge of the carbon skeleton 
of glucose into fats accelerates and hyperlipi-
demia develops.

In the Russian Federation, the tactics of man-
aging a patient with diabetes mellitus were spec-
ifi ed in the Consensus of the Council of experts 
of the Russian Association of Endocrinologists on 
the initiation and intensifi cation of hypoglycemic 
therapy [5]. Ideally, the treatment program should 
include eff ects in several directions, have hypogly-
cemic, hypolipidemic eff ects, prevent the progres-
sion of vascular complications, etc. The fact is that 
the  medicines that have only a  hypoglycemic 
eff ect are not able to prevent the development 

case, it is  type 1 diabetes mellitus (DM1) and 
as a  treatment, regular insulin is  injected into 
the patient’s body. In the second case it is type 2 
diabetes mellitus (DM2).

Signifi cantly more people suff er from type 2 
diabetes than from the fi rst one. It is often called 
as a “disease of  civilization” because the  inci-
dence of it is growing every year [1]. According 
to the World Health Organization, the number 
of  cases increased from 108 million in  1980 
to 422 million in 2014, and premature mortality 
increased by 5% for the period from 2000 to 2016.

For the  first time, the  term “insensitivity 
to insulin” was introduced in 1939 by Himsworth 
and  Kerr to  define the  lack of  an organism’s 
response to  insulin administration in  diabetic 
patients. Type 2 diabetes is  characterized by 
impaired glucose tolerance, which is  caused 
by insensitivity of cells and tissues of the body 
to  insulin  [2]. Insulin resistance can lead to 
a number of pathological processes. All together 
it is known as “insulin resistance syndrome”. This 
syndrome includes the following disorders: obe-
sity, increased triglyceride levels, arterial hyper-
tension, impaired fasting glycemia, increased 
levels of  thrombic and antifibrinolytic factors, 
impaired glucose tolerance. All this can eventually 
lead to cardiovascular diseases [3].

One of the  most popular ways to  manage 
DM2 is to reduce glycemia. Glucose homeostasis 
can be maintained by autoregulation of enzymes 
responsible for glucose breakdown, but such reg-
ulation has limited possibilities. In the case when 
enzymes fail to  cope with the  specified task, 
complex mechanisms for maintaining glucose 
homeostasis are activated. A conceptual model 
of  maintaining glucose homeostasis during 
and after meals was proposed by the scientist 
Mukhamedzhanov E. K. (Fig. 1) [4].

Glucose is a source of energy for the brain 
and  blood cells. Proteins act as a  coordinator 
of carbohydrate and fat metabolism when using 
exogenous and endogenous food fl ows. Excess 
exogenous food flows are converted into fats. FIG. 1. Model of glucose homeostasis

Glucose

Fat

Amino 
acids

Protein

ATP*

ATP*

Endogenous 
food fl ows

Exogenous 
food fl ows

* ATP – Adenosine triphosphate 
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 � substances that have a  diuretic effect, due 
to  which the  removal of  excess glucose 
from the  body is  ensured, and  substances 
that improve the  functioning of the  links of 
the immune system.

Promising objects with the  above proper-
ties, as well as having an extensive domestic raw 
material base, are the following plants: mother-
wort, mint family (Leonurus cardiaca L., Lamiaceae 
family), cowberry, heath family (Vaccinium vitis-
idaea L., Ericaceae family), elecampane inula, 
sunflower family (Inula helenium L., Asteraceae 
family), dog rose fruits, rose family (Rosa canina L., 
Rosaceae family).

The roots and rhizomes of elecampane inula 
are rich in  inulin (up to  44%), inulicin (Fig. 2), 
as well as polysaccharides, for example pseudo-
inulin, in addition, saponins, resins, gums were 
found in the extracts [7].

Inulin is a fermentable indigestible carbohy-
drate, and its eff ect on the lipid profi le and glu-
cose level has been studied for a  long time (8). 
Inulin has a long chain of polymer residues (n=10-
60), which allows it to remain in the human body 
and have a positive eff ect on it for a longer time 
until it reaches the colon (9). In recent years, there 
has been more and more evidence that the gut 
microbiota plays a crucial role in the development 
of  inflammation and metabolic disorders, such 
as obesity, insulin resistance and type 2 diabetes 
mellitus [10,11]. Inulin can be used as a probiotic 
to modulate the gut microbiota, which potentially 
aff ects glucose homeostasis and lipid profi le due to 
the balance of satiety hormones, regulation of lipid 
synthesis and reduction of insulin resistance [12].

In the  studies of  scientists Dehgan  P. and 
Beylot M., aimed at studying the eff ect of inulin 
on the state of people with obesity or DM2, there 
was a signifi cant decrease in total plasma choles-
terol during 6–8 weeks of inulin treatment com-
pared with the control group [13,14]. In addition, 
the analysis of subgroups by types of insulin-type 
fructosans showed that the consumption of inulin 
alone without additives of other polysaccharides 

of  complications and  normalize metabolism 
in patients with diabetes mellitus. Based on this, 
it can be concluded that it is necessary to bring to 
the market safe and eff ective complex prepara-
tions for the treatment of diabetes of type 2.

Among the numerous active substances that 
aff ect the reduction of glucose tolerance, it is nec-
essary to note substances of plant origin that have 
a wide spectrum of action and a complex eff ect 
on the body. In addition, they have a number 
of obvious advantages over synthetic molecules, 
for example, they have low toxicity, which allows 
them to be used for a  long time without pro-
nounced side eff ects, have a mild eff ect, are com-
bined with medicinal substances, enhancing their 
therapeutic eff ect [6].

The glucose homeostasis model presented 
in Fig. 1 demonstrates the influence of exoge-
nous and endogenous factors, some of which 
can be controlled, including in pharmacotherapy 
the  groups of  substances that contribute to 
the normalization of glucose uptake and trans-
port into cells, its excretion from the  body 
and reduction of insulin synthesis from proinsulin.

For example, S. A. Kalmykov, when developing 
a tea for the treatment of diabetes mellitus, pro-
posed an algorithm for selecting medicinal plant 
raw materials for the tea, including [6]:

 � substances that promote the activation of hex-
okinase, which is necessary for the phosphoryl-
ation of glucose, or substances that promote 
the  conversion of  glucose into mannose 
and fructose, for the uptake of which insulin 
is  not required (for  example, substances of 
the guanidoisoamylene group);

 � substances containing chromium, which 
provides glucose transport to  cells. It has 
a hypolipidemic eff ect, prevents the develop-
ment of cardiovascular diseases;

 � substances with antioxidant activity. They pro-
tect β-cells by neutralizing reactive oxygen 
intermediates, causing a violation in the struc-
ture of  their DNA, which ultimately leads 
to decrease in proinsulin synthesis;
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is  broken down by the  gut microbiota into 
short fatty acid residues such as acetate, propi-
onate and butyrate  [19]. As a  rule, propionate 
and  butyrate are metabolized in the  colon 
and  liver, which mainly affects local intestinal 
and liver functions. They also cause gluconeo-
genesis and sympathetic activity in the intestine, 
which improves glucose homeostasis. In addi-
tion, circulating acetate can be absorbed by 
the brain and subsequently regulate the feeling 
of satiety through a central homeostatic mech-
anism [20,21]. Butyrate suppresses cholesterol 
synthesis in the liver by suppressing lipogenic 
genes in it and provides energy to epithelial cells 
of the human colon [22,23].

The roots and rhizomes of elecampane can 
serve as a source of inulin both as part of the tea 
and as a result of extraction.

The  leaves of  cowberry contain tannins 
and arbutin (Fig. 3) – a glycoside of the phenolic 
type [24].

Arbutin in  its individual form is  currently 
a promising substance for the diabetic nephrop-
athy management. Diabetic nephropathy is 
a complication in patients with diabetes mellitus, 
which in 80% of cases leads to renal failure [25,26]. 
Recently, in the treatment of diabetic nephropathy, 

improved the lipid profi le and reduced total cho-
lesterol. The mechanism of action of inulin-type 
fructosans on glucose and  lipid metabolism 
remains unclear. A number of mechanisms have 
been proposed concerning the eff ect of inulin on 
lowering the cholesterol levels. One of them was 
considered as a possible way to reduce cholesterol 
absorption through intestinal epithelial cells [15]. 
Inulin is a soluble and viscous compound that 
increases the thickness of the unmixed layer of 
the small intestine, thus inhibiting the absorption 
of cholesterol [16]. Inulin does not bind to bile acid 
in the upper digestive tract, however, it can help 
bile acid interact with bacteria or insoluble com-
pounds such as calcium phosphate by lowering 
the pH of the cecum [17]. As a result of increased 
excretion of bile acids with feces, the use of cho-
lesterol to restore bile acid in the liver increases, 
which, in turn, reduces the concentration of cho-
lesterol in it

Another potential mechanism of action is that 
changes in the  composition of the  intestinal 
microbiota after the  intake of short-chain inu-
lin-type fructosans lead to an improvement in glu-
cose and lipid metabolism and reduce the level 
of  lipopolysaccharides in plasma, as shown by 
the  example of  mice  [18]. In the  colon, inulin 

FIG. 2. Structural formulas of inulin and inulicin and the structure of elecampane inula

Inulin

Inulicin
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In addition, Yuritsa K. and colleagues studied 
the role of arbutin in human peripheral blood lym-
phocytes and found that arbutin can inhibit lym-
phocyte proliferation [29]. In B. Zhang ‘s studies, 
the  bactericidal [30], anti-inflammatory  [31] 
and anti-glycation eff ects of arbutin in vitro have 
been confi rmed.

In the  work of  Farzanegi and  co-authors, 
data on the study of the effect of arbutin on 
the protection of cardiac tissue in experimental 
animals with diabetes-induced oxidative 
stress are presented [32]. And the antioxidant 
activity of arbutin can reduce the risk of DM2 
by improving protection against oxidative 
stress [33,34].

Dog rosehips have a  large set of  biologi-
cally active substances. It is known for having 
the highest vitamin C content compared to other 
plants and is a source of organic acids. In addi-
tion, carotenoids, vitamins P, B1, K, E, polyphenolic 
substances, fl avonoids, catechins, anthocyanins, 
tannins and  chlorophylls can be found in  its 
composition. The  percentage of  certain sub-
stances depends on the soil, the season and even 
the height of the shrub growth above sea level. 
Rosehips contain vitamin C, citric acid, malic acid 
(Fig. 4) [35,36].

emphasis has been placed on blood sugar control, 
regulation of blood lipids, diet compliance [27]. 
Compliance with the doctor’s recommendations 
can slow down the development of the disease, 
but in the long term it still leads to unpleasant con-
sequences. One of these consequences is tubular 
necrosis, i.e. the death of tubular epithelial cells 
forming renal tubules. Tubule damage is particu-
larly active in an environment with high glucose 
content [28]. Arbutin has been shown to inhibit 
the apoptosis of tubular epithelial cells induced 
by increased glucose content.

FIG. 3. Structural formula of arbutin 
and the structure of cowberry

Arbutin

FIG. 4. Structural formulas of vitamin C, citric acid, malic acid and the structure of rose hips

Citric acid Malic acid

Vitamin C
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and obesity can be achieved due to reducing 
glucose absorption by inhibiting these glucose 
transporters in the  intestine or due to stimu-
lating the renal glycosuria.

A research was conducted to study the eff ect 
of  flavonoids on glucose transport via human 
SGLT1 [48]. Various subclasses of fl avonoids (fl a-
vones, isoflavones, flavonols, flavanones) were 
studied by measuring the  glucose transport 
in  oocytes expressing the  human SGLT1. As 
a result, apigenin showed good activity.

Diabetic cardiomyopathy is an independent 
ischemic heart disease that develops in  dia-
betics, characterized by changes in the structure 
and  function of the  myocardium. It has been 
shown [49] that rutin protects and improves myo-
cardial dysfunction by preventing oxidative stress, 
apoptosis and infl ammation in the hearts of dia-
betic rats. Rutin can protect the liver in diabetes 
by alleviating inflammation, steatosis, fibrosis, 
as  well as  rutin promotes signal transmission 
along the insulin signaling pathway in the liver 
and hepatocyte proliferation [50].

Rutin reduces the absorption of carbohydrates 
from the small intestine, stimulates the secre-
tion of  insulin by beta cells, protects the islets 
of  Langerhans from degeneration, increases 
the absorption of glucose by tissues and sup-
presses gluconeogenesis in the liver [51].

During the last decade, the anti-infl ammatory 
properties of  rosehip have been documented 
in  several studies, and  it has been success-
fully used to relieve symptoms in patients suf-
fering from osteoarthritis, rheumatoid arthritis 
and lumbar pain [37-41]. Two independent studies 
conducted on two different mouse lines have 
shown that rosehips prevent obesity and  dia-
betes. In one of them [42], mice were injected 
with acetone extract of rosehip fruits and seeds, 
which helped prevent weight gain in mice that 
did not follow a diet. Another used a line of mice 
simulating obesity and human insulin resistance. 
During the study, they were injected with rosehip 
fruit powder, which made it possible to  stop 
weight gain and reduce insulin resistance [43]. 
The mechanism of lowering the level of choles-
terol in plasma could not be determined, there 
was a decrease in the level of cholesterol in both 
plasma and liver, although it was recorded that 
there was no eff ect on the biosynthesis of cho-
lesterol. Afterwards, the  same group of  scien-
tists provided a human subject research to study 
the metabolic eff ects of administration of rosehip 
(44). As a result of daily consumption of rosehip 
fruits, a signifi cant decrease in cholesterol levels 
was observed, but unlike rats, there was no eff ect 
on body weight, glucose tolerance and markers 
of infl ammation.

The motherwort herb is rich in fl avonoids such 
as rutin, apigenin (Fig. 5) and others [45].

The  data show that glucose transporters 
play a key role in the absorption of sugar, which 
makes them attractive targets for the discovery 
of antidiabetic agents [46,47]. Glucose is a hydro-
philic compound and  cannot pass through 
the lipid bilayer due to passive diff usion, there-
fore, specifi c carrier proteins are required for its 
transport to the  cytosol. The  small intestine 
and  kidneys express several isoforms of  glu-
cose transporters, such as  GLUT1, GLUT2, 
GLUT5 and  Na+-dependent glucose trans-
porter 1 (SGLT1). Consequently, new strategies 
for the prevention and treatment of diabetes 

FIG. 5. Structural formulas of rutin, apigenin 
and the structure of motherwort herb

Apigenin

Rutin
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(Rosa canina L., Rosaceae family) has been shown 
as rich sources of biologically active substances 
that are active participants in biochemical pro-
cesses aimed at counteracting of the mechanism 
of the pathological process in type 2 diabetes 
mellitus.
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yarrow (Achillea millefolium L.) herb > absinthium 
(Artemisia absinthium L.) herb> quinquelobate 
motherwort (Leonurus quinquelobatus Gilib.) 
herb > fl owers of common tansy (Tanacetum vul-
gare  L.) > flowers of  tillet (Tilia cordata Mill.), > 
roots of common burdock (Arctium lappa L.) > roots 
of dandelion (Taraxacum offi  cinale F. H. Wigg).

Keywords: ash total, Voronezh region, Polyg-
onum aviculare L., Artemisia absinthium L., Achil-
lea millefolium L., Leonurus quinquelobatus Gilib., 
Plantago major L., Urtica dioica L., Tilia cordata 
Mill., Tanacetum vulgare L., Taraxacum offi  cinale 
F. H. Wigg, Arctium lappa L.

Herbal medicinal products in the domestic 
pharmaceutical market have always been very 
popular, which is explained by their good ther-
apeutic effect and relative harmlessness. Thus, 
according to the data of the Register of Medi-
cines of Russia for July 2021, there are more than 
2.1 thousand herbal medicinal products, and 
the number of biologically active supplements 
based on medicinal plant raw materials (MPRM) 
exceeds 7.9 thousand [1]. At the same time, a large 
share of medicinal plant raw materials collected 
falls on the European part of the Russian Federa-
tion, which is characterized by signifi cant popula-
tion density, high economic activity, and dynamic 
development of transport highways [2,3]. In this 
regard, the threat of harvesting the medicinal 

On the  basis of  ten plants, the  content of 
the total mineral complex of medicinal plant raw 
materials of agro- and urban cenoses of the Voro-
nezh region was studied. The study was provided on 
the example of medicinal plant raw materials har-
vested within the time limits according to the reg-
ulatory documentation. The most frequent excess 
of the standard values for the “total ash” numer-
ical indicator was noted for samples of quinquelo-
bate motherwort (Leonurus quinquelobatus) herb 
and common tansy (Tanacetum vulgare) fl owers 
(in  16 of  51 samples), which can be explained 
by pubescence of  these types of  raw materials 
absorbing well the pollutants suspended in the air, 
as  well as  by sufficiently high requirements of 
the relevant pharmacopoeial monographs for these 
types of raw materials. In 15 samples of common 
plantain leaves out of 51 studied samples, the total 
content of mineral substances was also exceeded, 
which is caused by the large area of the leaf blade 
located mainly in the horizontal plane, as well as its 
squat growth, which creates good conditions for 
the deposition of dust particles on the raw mate-
rial surface. The analysis of the average values of 
the  total ash content makes it possible to  build 
a series of  reductions in the content of the total 
mineral complex from the analyzed types in medic-
inal plant raw materials, which looks as follows: 
leaves of common plantain (Plantago major L.) > 
leaves of stinging nettle (Urtica dioica L.) > knot-
grass (Polygonum aviculare  L.) herb  > common 

UDC 615.322:574.2
https://www.doi.org/10.34907/JPQAI.2021.45.57.002
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MATERIALS AND METHODS

As study objects quinquelobate mother-
wort (Leonurus quinquelobatus Gilib.) herb, knot-
grass (Polygonum aviculare L.) herb, absinthium 
(Artemisia absinthium L.) herb, common yarrow 
(Achillea millefolium L.) herb, leaves of stinging 
nettle (Urtica dioica L.), leaves of common plan-
tain (Plantago major L.), flowers of  tillet (Tilia 
cordata Mill.), flowers of  common tansy (Tan-
acetum vulgare L.), roots of dandelion (Taraxacum 
offi  cinale F. H. Wigg), roots of common burdock 
(Arctium lappa L.) were used. When choosing 
the study objects, researchers were guided by 
several conditions: diff erent types of medicinal 
plant raw materials were presented, including dif-
ferent organs or groups of plant organs (leaves, 
flowers, herb) from different forms of  source 
plants – herbaceous and woody forms of vege-
tation. In addition, the selected objects are rep-
resentatives of both natural plant communities 
and synanthropic vegetation. They are harvested 
mainly from wild raw materials in central Russia, 
including in the Voronezh region.

The choice of the studied areas is determined 
by the  nature of the  specific anthropogenic 
impact on them (Fig. 1, Table 1): combined heat 
power plant (CHP) (Fig. 1: 27); nuclear power 
plant (NPP) (Fig. 1: 8); chemical industrial enter-
prises (Fig. 1: 23, 24, 28); international airport (Fig. 
1: 30); Voronezh street (Fig. 1: 31); high-voltage 
power transmission lines (Fig. 1: 9); Voronezh 
reservoir (Fig. 1: 29); small towns – Borisoglebsk 
(Fig. 1: 25), Kalach (Fig. 1: 26); nickel ore deposit 
zone (Fig. 1: 4); zones of  radioactive contami-
nation after the Chernobyl NPP accident (Fig. 
1: 5–7); areas of active crop production using 
chemicals (Fig. 1: 10–22); control (for compar-
ison) – protected areas (Fig. 1: 1–3). Sampling was 
also carried out along roads of varying degrees 
of  load: forest zone (Fig. 1: 32–35)  – highway 
M-4, forest-steppe zone (Fig. 1: 36–39) – highway 
A-144, steppe zone (Fig. 1: 40–43) – highway M-4, 
country road (Fig. 1: 44–47) and railway (Fig. 1: 

plant raw materials in ecologically unfavorable 
areas increases and the relevance of identifying 
the  influence of  anthropogenic pollution on 
the chemical composition of plants increases [2].

Currently, there are about 200  kg of  sus-
pended dust particles for  every inhabitant 
of Russia. According to the data of the Federal 
Service for Hydrometeorology and Environmental 
Monitoring as of 01.01.2019, Voronezh belongs 
to the four cities of Russia in which the average 
annual concentrations of  suspended solids in 
the  air exceed the  MPC by more than twice, 
and the  city is the  first in  this negative rating 
(the excess of the MPC of suspended substances 
by 3.1 times). At the  same time, according to 
the Hydrometeorological Center, in especially dry 
summers and autumns, the dust MPC in Voronezh 
is exceeded by 3.3 times [4].

In  pharmacopoeia analysis, the “total ash” 
indicator allows to judge about the total mineral 
complex of the medicinal plant raw materials. 
The “total ash” is the residue of  inorganic sub-
stances, which is obtained as a result of burning 
medicinal substances or  medicinal plant raw 
materials and subsequent calcination up to con-
stant weight. The defi nition is based on the fact 
that some analyzed objects do not contain ele-
ments which are capable of producing ash res-
idue. Other objects burn up leaving a mineral 
residue that has a more or  less definite value. 
The total ash content makes it possible to judge 
about the  mineral residue associated with 
the presence of inorganic substances in the plant, 
as  well as  with the  content of  impurities in  it 
that got into the raw material from the outside. 
Deviations in the  amount of the  ash residue 
in comparison with the natural ash content indi-
cate contamination of the analyzed object with 
mineralizing impurities, in particular dust parti-
cles [5,6].

The purpose of the research is to study the 
content of the total mineral complex of medicinal 
plant raw materials of agro- and urban cenoses of 
the Voronezh region.
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RESULTS AND DISCUSSION

The obtained average values of the results 
of determining the total ash content in the studied 
samples of  medicinal plant raw materials are 
shown in Table 1.

All samples of medicinal plant raw materials 
harvested in  control territories and in  condi-
tions of agrobiocenoses meet the requirements 
of pharmacopoeia monographs for the studied 
types of medicinal plant raw materials according 
to the “total ash” indicator [7].

In a number of samples of raw materials har-
vested in urban cenoses of the Voronezh region, 
an excess of the numerical parameters of the total 

48–51). The order of sampling from highways was 
determined in increments of one hundred meters 
(0, 100, 200, 300 m).

The total ash content in the tested samples 
of  medicinal plant raw materials, character-
izing the content of mineral substances which 
are peculiar to raw materials, and foreign min-
eral impurities, was determined in accordance 
with the OFS.1.2.2.2.0013.15 “General ash”  [6]. 
The comparison was carried out with numerical 
indicators specifi ed in individual pharmacopoeia 
monographs for these types of raw materials [7]. 
Each determination was carried out three times. 
The data obtained during the study was statisti-
cally processed in Microsoft Excel.

FIG. 1. Map of sampling (numbers are deciphered in the text)
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Table 1

TOTAL ASH CONTENT, %

№ Area of harvesting Type of medicinal plant raw materials
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1. Voronezh Biosphere Reserve 7.72 8.42 9.34 8.01 11.23 12.73 5.92 6.27 4.74 6.86

2. Khopersky Nature Reserve 
(Novokhopersky district) 

6.19 6.90 8.67 7.34 13.85 14.09 6.05 5.07 4.90 7.22

3. Khopersky Nature Reserve 
(Borisoglebsky district) 

9.42 7.99 7.44 6.06 12.09 11.85 4.82 7.30 3.88 5.30

4. Village settlement 
of Elan-Koleno

8.60 9.05 10.40 8.90 10.11 16.73 3.22 5.33 5.10 6.17

5. Village settlement 
of Nizhnedevitsk

9.25 8.03 8.55 6.55 9.85 17.05 5.08 6.86 6.12 7.88

6. Town of Ostrogozhsk 7.32 8.44 9.42 10.08 14.88 19.00 6.93 7.45 4.90 7.15

7. Town of Semiluki 9.90 10.28 10.97 9.65 13.05 18.41 7.30 8.22 5.31 4.99

8. Town of Novovoronezh 10.74 11.09 8.08 8.07 16.72 15.38 6.59 8.00 4.89 6.12

9. High-voltage power 
transmission line

12.61 13.50 8.12 14.55 17.21 20.67 9.03 10.44 5.09 5.52

10. Liskinsky district 7.94 6.59 6.55 7.54 9.55 12.09 8.35 6.19 5.12 6.78

11. Olkhovatsky district 10.73 7.02 7.09 6.49 14.52 14.44 7.43 7.02 4.90 5.55

12. Podgorensky district 11.68 7.88 6.02 8.05 17.43 17.02 6.08 8.21 5.33 6.19

13. Petropavlovsk district 9.21 8.90 6.90 8.39 14.08 16.71 5.21 6.23 6.17 6.97

14. Gribanovsky district 10.00 9.39 8.16 7.62 10.12 12.34 8.53 3.78 3.90 5.76

15. Khokholsky district 7.55 7.21 5.41 7.37 15.62 10.06 4.94 4.90 4.76 7.09

16. Novokhopersky district 11.07 10.05 7.08 9.05 16.02 8.32 3.86 7.29 5.95 8.09

17. Repyevsky district 6.82 7.03 5.32 8.88 9.00 9.07 7.34 6.55 6.41 7.22

18. Vorobyevsky district 8.74 7.53 7.22 5.66 12.85 12.89 6.66 5.90 5.08 6.77

19. Paninsky district 9.05 8.90 6.07 7.79 10.64 13.06 5.39 6.29 5.37 7.39

20. Verkhnekhavsky district 6.86 8.05 9.07 8.40 13.99 15.28 4.28 5.89 5.62 6.84

21. The town of Ertil 10.43 9.32 10.21 10.42 17.32 13.75 4.23 7.77 6.82 7.03

22. Rossoshansky district 7.60 7.96 8.09 7.56 12.48 9.45 5.28 7.95 4.08 8.67

23. Near Minudobreniya JSC 12.33 11.67 14.19 11.05 19.81 17.82 8.94 8.32 6.02 7.09

24. near Bormash LLC 11.02 12.05 13.05 14.09 23.62 18.90 11.53 9.90 5.76 7.22
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№ Area of harvesting Type of medicinal plant raw materials
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25. The town of Borisoglebsk 15.74 14.17 14.11 10.98 28.26 23.94 12.40 7.40 3.87 8.95

26. The town of Kalach 17.40 15.90 13.79 12.66 22.91 20.65 9.42 8.29 4.10 6.43

27. near the TPP “VOGRES” 15.97 14.86 14.21 13.09 25.05 19.53 13.72 9.55 7.27 7.55

28. near Sibur LLC 12.56 11.09 15.76 13.36 28.04 25.97 12.07 10.55 5.08 7.78

29. along the Voronezh reservoir 9.96 7.45 9.02 7.73 17.93 15.51 6.12 7.33 6.25 7.37

30. airport named after Peter I 11.88 9.04 10.44 11.26 19.42 18.57 8.03 8.20 6.11 7.99

31. Street of Voronezh 
(Dimitrova Street) 

19.74 18.09 18.77 19.04 31.74 29.15 15.94 16.03 8.53 9.88

32. along the M-4 highway 
(Ramonsky district) 

21.94 19.55 19.99 18.90 29.52 30.41 15.09 18.12 9.01 10.04

33. 100 m from the M-4 highway 
(Ramonsky district) 

17.42 16.32 17.08 15.53 25.71 23.91 12.07 10.67 5.55 8.27

34. 200 m from the M-4 highway 
(Ramonsky district) 

11.80 10.07 13.11 11.08 18.64 15.06 7.90 8.43 4.89 6.12

35. 300 m from the M-4 highway 
(Ramonsky district) 

10.78 10.29 11.98 9.06 17.93 16.38 6.08 6.22 3.98 6.08

36. along the A-144 highway 16.06 17.46 18.90 17.51 30.06 26.41 12.85 15.35 8.31 9.51

37. 100 m from the A-144 
highway

15.33 15.40 16.52 15.30 27.42 23.06 12.09 12.22 5.78 7.22

38. 200 m from the A-144 
highway

13.84 14.80 15.08 11.22 20.65 17.41 9.69 11.08 6.17 7.08

39. 300 m from the A-144 
highway

12.55 11.06 10.12 9.60 17.32 13.09 7.53 7.45 4.21 6.41

40. along the M-4 highway 
(Pavlovsky district) 

18.94 17.46 18.89 19.05 28.51 32.62 14.98 14.87 7.77 7.90

41. 100 m from the M-4 highway 
(Pavlovsky district) 

16.45 15.21 16.33 17.43 26.12 28.06 11.08 13.88 6.33 7.33

42. 200 m from the M-4 highway 
(Pavlovsky district) 

16.73 13.75 13.16 13.75 23.33 23.95 9.34 13.07 6.04 7.97

43. 300 m from the M-4 highway 
(Pavlovsky district) 

12.60 11.87 12.87 12.66 19.38 18.04 6.38 12.08 5.28 7.90

44. along a non-high-speed road 13.65 12.33 14.21 13.88 19.08 19.05 9.04 10.55 4.39 8.89

Table continuation 1
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№ Area of harvesting Type of medicinal plant raw materials
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45. 100 m from a non-high-
speed road

10.53 10.89 12.04 10.62 19.57 15.98 8.34 8.90 5.99 6.80

46. 200 m from a non-high-
speed road

9.05 9.06 12.14 8.09 17.31 16.62 7.09 6.00 4.65 7.31

47. 300 m from a non-high-
speed road

7.41 8.21 11.08 8.50 14.02 10.09 7.66 6.27 3.90 6.91

48. along the railway 15.62 14.22 16.78 14.74 24.63 20.43 12.87 11.98 6.59 7.90

49. 100 m from the railway 12.04 11.75 12.09 10.89 15.98 13.84 7.90 8.35 4.29 7.23

50. 200 m from the railway 11.49 9.56 11.20 8.44 13.80 11.08 6.94 5.08 5.22 6.47

51. 300 m from the railway 10.07 8.11 8.23 8.68 14.66 9.05 4.12 5.66 4.90 6.17

Average 11.77 11.00 11.36 10.80 18.29 17.35 8.23 8.64 5.50 7.20

Numerical indicator under 
the pharmacopoeial monograph, 
no more than

13 13 15 12 20 20 10 9 8 11

End of table  1

ash specifi ed in the pharmacopoeia monograph 
was noted. Thus, the  total content of  mineral 
substances was exceeded in the  absinthium 
(Artemisia absinthium L.) herb, quinquelobate 
motherwort (Leonurus quinquelobatus Gilib.) 
herb, leaves of stinging nettle (Urtica dioica L.), 
fl owers of common tansy (Tanacetum vulgare L.) 
harvested under high-voltage power lines, char-
acterized by the occurrence of corona discharges, 
accompanied by air ionization in an electric fi eld 
with high intensity and the  movement of  gas 
particles and  impurities contained therein 
from the corona electrode to the neutral power 
lead, that is, from high-voltage power lines to 
the ground, which contributes to the deposition 
of dust particles and other airborne pollutants 
on plants. The excess of the numerical indicator 

for total ash was noted in quinquelobate moth-
erwort herb, common plantain leaves, flowers 
of tillet and fl owers of common tansy harvested 
near Bormash LLC, as well as in the quinquelobate 
motherwort herb, common yarrow herb, stinging 
nettle leaves, common plantain leaves, tillet 
flowers and  common tansy flowers harvested 
near Voronezhsintezkauchuk JSC.

The total content of mineral substances does 
not meet the requirements of the regulation doc-
uments in the knotgrass herb, absinthium herb, 
common plantain leaves, stinging nettle leaves, 
tillet fl owers growing in Borisoglebsk, as well as 
in the knotgrass herb, absinthium herb, quinque-
lobate motherwort herb, stinging nettle leaves, 
common plantain leaves harvested in the town 
of Kalach. In the samples harvested near the TPP-1 



19

PHARMACEUTICAL ANALYSIS AND QUALITY CONTROL OF PHARMACEUTICALS

JOURNAL OF PHARMACEUTICALS QUALITY ASSURANCE ISSUE. №4 (34) 2021

The most frequent exceedance of statutory 
limits for the “total ash” numerical indicator was 
noted for samples of quinquelobate motherwort 
herb and common tansy fl owers (in 16 of 51 sam-
ples), which can be explained by the pubescence 
of these types of raw materials that well absorb 
airborne pollutants, as well as sufficiently high 
requirements of the  relevant pharmacopoeia 
monographs for these types of medicinal plant 
raw materials. In 15 samples of common plantain 
leaves out of 51 studied ones, the total content 
of mineral substances was also exceeded, which 
is  caused by the  large leaf blade of the  plant 
located mainly in the horizontal plane, as well 
as  its squat growth, which creates good con-
ditions for the deposition of dust particles on 
the surface of the medicinal plant raw materials.

CONCLUSION

The  content of  total ash was determined 
as an indicator of the content of the total min-
eral complex and an indicator of contamination 
of medicinal plant raw materials by dust parti-
cles in ten objects collected within the periods 
of harvesting regulated by regulatory documen-
tation in  various agro- and  urban cenoses of 
the Voronezh region. The analysis of the average 
values of the total ash content makes it possible 
to build a series of reductions in the content of 
the total mineral complex in the analyzed types 
of medicinal plant raw materials, which looks 
as  follows: leaves of  common plantain (Plan-
tago major L.) > leaves of stinging nettle (Urtica 
dioica L.) > knotgrass (Polygonum aviculare L.) 
herb > common yarrow (Achillea millefolium L.) 
herb  > absinthium (Artemisia absinthium L.) 
herb> quinquelobate motherwort (Leonurus 
quinquelobatus Gilib.) herb > fl owers of common 
tansy (Tanacetum vulgare L.) > flowers of tillet 
(Tilia cordata Mill.) > roots of common burdock 
(Arctium lappa L.) > roots of dandelion (Tarax-
acum offi  cinale F. H. Wigg). 

“VOGRES”, an excess of  total ash was found in 
the  grass of the  knotgrass herb, absinthium 
herb, quinquelobate motherwort herb, common 
plantain leaves, tillet fl owers and common tansy 
fl owers.

In all samples of medicinal plant raw materials, 
except for the roots of common burdock, har-
vested on the street of Voronezh, along the high-
ways M-4 “Don” in Ramonsky district and A-144 
in Anninsky district, the excess of permissible 
levels for the “total ash” indicator was found. All 
the studied samples of herbs, leaves and fl owers 
that grew along the railway tracks, along and at 
a distance of 100 m from the M-4 “Don” highway 
in the Pavlovsky district, at a distance of 100 m 
from the M-4 “Don” highway in the Ramonsky dis-
trict and A-144 highway in the Anninsky district, 
also turned out to be of poor quality according 
to this numerical indicator. At a distance of 200 m 
from the  highway A-144, the  knotgrass herb, 
absinthium herb, common yarrow herb, common 
plantain leaves, common tansy fl owers; at a dis-
tance of 200 m from the highway M-4 “Don” in 
the Pavlovsky district – the knotgrass herb, absin-
thium herb, quinquelobate motherwort herb, 
common plantain leaves, stinging nettle leaves, 
common tansy flowers; at a distance of 300 m 
from the highway M-4 in the Pavlovsky district – 
quinquelobate motherwort herb and  flowers 
of common tansy were harvested that did not 
meet the requirements of the pharmacopoeial 
monograph.

Thus, the roots of common burdock can be 
recognized as the  most prosperous in  terms 
of “total ash” because all the harvested samples 
of  this type of  medicinal plant raw materials 
meet the requirements of the pharmacopoeia 
monograph, as well as the roots of dandelion, 
in which only three samples were found to be 
substandard, can be considered as the most suc-
cessful. The results obtained can be explained by 
the absence of aerosol contamination of plant 
roots by airborne particles from motor transport 
and emissions from industrial enterprises.
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to other antibiotics, the relevance of expanding 
the nomenclature of dosage forms that include 
it increases  [8,9]. The  substance of  moxiflox-
acin hydrochloride is represented by crystalline 
powder from light yellow to yellow and character-
ized by moderate solubility in water, low solubility 
or very low solubility in 96% alcohol. Currently, 
the  European Pharmacopoeia recommends 
using the high-performance liquid chromatog-
raphy (HPLC) analysis for quantitative determina-
tion of the moxifl oxacin hydrochloride substance 
and  its dosage forms [10]. This method is also 
regulated by the draft pharmacopoeial mono-
graph “PM Moxifl oxacin hydrochloride”, consid-
ered at the Council of the Ministry of Health of 
the Russian Federation on the State Pharmaco-
poeia. In addition, a number of studies describe 
the possibility of using the UV spectrophotom-
etry method for quantitative analysis of moxifl ox-
acin [2,6].

We off er an ointment under the conventional 
name “Moxifl oxazol” containing 0.05 g of moxi-
fl oxacin and Tizol gel up to 10.0 g. The medicine 
may be in demand in the treatment of a number 
of dermatological, dental and ophthalmological 

In this work, the absorption spectra of moxi-
fl oxacin in ethanol were studied and it was found 
that quantitative analysis of the medical product 
should be rationally carried out at λmax = 296 nm. 
Experimental data on the  quantitative analysis 
of  moxifloxacin in the  “Moxifloxazol” medicine 
are presented. The  relative error of the  analysis 
is  not higher than ±1.82%. The  sensitivity of 
the determination of moxifl oxacin is 0.213 μg /ml. 
The developed procedure was validated according 
to the following validation characteristics: speci-
fi city, linearity, correctness and precision. The mox-
ifloxacin content in the  ointment is  calculated 
by the  method of the  calibration graph equa-
tion. The  calculated content is  within the  range 
of 0.0482–0.0544 g and corresponds to the stand-
ards of permissible deviations.

Keywords: moxifl oxacin, Tizol gel, quantita-
tive analysis, UV spectrophotometry, validation

Moxifloxacin is a  chemotherapeutic agent 
of the fl uoroquinolone group with a wide spec-
trum of  bactericidal action. Due to the  ability 
to suppress microorganisms which are resistant 
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to the mark with ethanol. The optical densities 
of the obtained solutions were measured using 
a spectrophotometer at a wavelength of 296 nm. 
Based on experimental data, a calibration line 
was constructed in coordinates A – C, μg/ml (Fig. 
2). To obtain objective results of the  analysis, 
eight parallel experiments were conducted using 
0.6 ml of the  initial solution. The moxifloxacin 
content as a percentage was calculated using 
the formula (1):

 W = C(mox) ⋅ V(total) ⋅ V2 ⋅ 100

106 ⋅ a(mox) ⋅ V1

 , (1)

where С(mox) – the concentration of moxi-
fl oxacin, calculated by the equation of the calibra-
tion graph, μg /ml; V(total) – the volume of ethyl 
alcohol containing the weight of moxifloxacin, 
100 ml; V1, V2 – dilution factor, 0.6 ml and 25 ml; 
a(mox) – moxifl oxacin weighed sample, 0.02 g.

The  model mixture was prepared taking 
into account the  solubility of  moxifloxacin 
in  ethyl alcohol (moxifloxacin 0.05  g, ethanol 
200  ml). Research procedure: 4  ml of  ethanol 
solution is  introduced into a  measuring flask 
and the volume of liquid in the fl ask is brought 
to 25 ml with ethanol. Next, ethanol is added to 
3 ml of the resulting solution to a total volume of 
25 ml. The optical density of the solution is meas-
ured with respect to ethanol at a wavelength of 
296 nm. The weight of moxifl oxacin in the simu-
lated solution is found by the formula (2):

 m(mox) = C(mox) ⋅ V(total) ⋅ V2 ⋅ V3

106 ⋅ V ⋅ V1

 , (2)

where m(mox) – the weight of moxifl oxacin, g; 
V(total) – the volume of the simulated solution, 
200 ml; V – the volume of the simulated solution 
taken for analysis, 4 ml; V1, V2, V3 – reciprocal dilu-
tion, 3 ml, 25 ml, 25 ml, respectively.

Quantitative analysis of  moxifloxacin in 
the  ointment “Moxifloxazol” was carried out 
as follows: 4 ml of 0.01 mol/l hydrochloric acid 

diseases caused by pathogenic microflora. 
The modern low-toxic base “Tizol” will contribute 
to the increased conductivity of the medicine to 
the lesion, as well as provide anti-infl ammatory, 
antiseptic, antipruritic and analgesic eff ects [5]. 
When developing new medicines, the “Quanti-
tative Determination” test is  important, which 
allows assessing the quality of the fi nished med-
ical product [3,4].

The  purpose of  this work is to  develop 
and validate the procedures of quantitative anal-
ysis of moxifl oxacin in the “Moxifl oxazol” medi-
cine.

MATERIALS AND METHODS

The moxifloxacin hydrochloride substance 
(Neuland Laboratories Limited, India, PM 
000-715-081118, 2018), titanium-containing 
Tizol gel (Olympus LLC, Yekaterinburg, Russia, 
FSP 3157-06), solutions of moxifl oxacin in 95% 
ethyl alcohol (RFK CJSC, Russia, FS.2.1.0105.18), 
hydrochloric acid 0.01 mol/l (Bashkir Soda 
Company, Russia), ointment under the conven-
tional name “Moxifl oxazol” containing 0.5% of 
the medicine in the Tizol gel were used in this 
study. The study was carried out using a spectro-
photometer SF-2000 (OKB SPECTRUM CJSC, St. 
Petersburg, Russia).

Quantitative determination of moxifloxacin 
was carried out by an easy-to-perform UV spec-
trophotometric method, which is used in the anal-
ysis of the medicine in tablets and is not inferior 
to chromatography in accuracy. The weight per-
cent and the weight of moxifloxacin in grams 
were calculated using a calibration graph.

When constructing the  calibration graph, 
a 0.02% standard solution (reference standard) 
of the medicine in ethyl alcohol was prepared. 
Then a variable amount of milliliters (from 0.2 ml 
to 1.2 ml) of the test solution was transferred 
to a measuring fl ask with capacity of 25 ml and 
the volume of  liquid in the  flask was brought 
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absorption spectrum of the ethanol extract of 
moxifl oxacin from ointment (curve 4).

Validation of the procedure was carried out 
according to the State Pharmacopoeia of the Rus-
sian Federation of the XIV edition, OFS.1.1.0012.15 
“Validation of analytical procedures”.

Specifi city
To determine the  specificity using a  spec-

trophotometer, the  spectral data on placebo 
solutions (ethanol extract of Tizol gel and 95% eth-
anol) and a standard moxifl oxacin solution were 
sequentially collected, according to the quanti-
tative analysis procedure. The obtained spectra 
did not contain the peaks which were character-
istic of the standard moxifl oxacin solution (Fig. 1, 
curves 5 and 6).

solution and ethanol were added to the ointment 
weighed sample (about 0.10 g) to obtain a total 
volume of 30 ml. The mixture was stirred and fi l-
tered through a  folded filter with discarding 
the fi rst portion of the fi ltrate. Then 7 ml of eth-
anol was added to 3 ml of the resulting solution 
and the mixture was scanned photometrically at 
a wavelength of 296 nm. The compensation solu-
tion was an ethanol extract from 0.10 g of Tizol 
gel, obtained similarly to the  study of  moxi-
floxacin. The concentration of the medicine in 
the sample (μg/ml) was found by the equation 
of the calibration graph, and the weight percent 
and the weight in ointment were calculated by 
the formulas (3, 4):

 m(mox) = C(mox) ⋅ V(total) ⋅ V2 ⋅ P

106 ⋅ a(ointment) ⋅ V1

 , (3)

 W = C(mox) ⋅ V(total) ⋅ 100 ⋅ V2

106 ⋅ a(ointment) ⋅ V1

 , (4)

where a(ointment) is the  weighed sample 
of ointment taken for analysis, g; P is the weight 
of the dosage form, 10.0 g; V1, V2 is the dilution 
factor, 3 ml and 10 ml, respectively; V(total) is the 
volume of ethyl alcohol containing the weighed 
sample of ointment, 30 ml.

RESULTS AND DISCUSSION

The conducted spectral analysis showed that 
for quantitative spectrophotometric determina-
tion of moxifl oxacin in the ointment “Moxifl ox-
azol” it is rationally to use absorption bands within 
the wavelengths of 280–310 nm with maximum 
absorption λ = 296 nm (Fig. 1)

As experimental data have shown, the similar 
maxima and minima are observed on the ethanol 
absorption spectra of moxifl oxacin together with 
the Tizol gel, as in the absence of a base (Fig. 1, 
curves 2, 3). Extreme points also coincide on the 

FIG. 1. Dependence of light absorption 
of ethanol solutions of moxifl oxacin 

and placebo solutions on wavelength:
1 – moxifl oxacin concentration 2.0×10–5 mol/L; 
2 – moxifl oxacin concentration 2.0×10–5 mol/L; 

Tizol gel 5.0×10–5 mol/L; 
3 – moxifl oxacin concentration 2.0×10–5 mol/L; 

Tizol gel 1.0×10–4 mol/L; 
4 – ethanol extract of moxifl oxacin from ointment 

(C = 4.3×10–6 mol/L); 
5 – ethanol extract of Tizol gel 4×10–5 mol/L; 

6 – 95% ethanol
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and the  optical density (Fig. 2). This indicates 
the possibility of analyzing moxifl oxacin by UV 
spectrophotometry in ointment.

Accuracy and precision
The repeatability (convergence) of the vali-

dated procedure was evaluated using model mix-
tures of moxifl oxacin under the same laboratory 
conditions during a short period of time based on 
the results of eight parallel experiments. Intra-lab-
oratory precision was determined on different 
days with the participation of two researchers 
(analysts). The obtained data were statistically 
processed (Table 3).

The obtained values of the standard deviation 
(precision) and relative error (accuracy) do not 
exceed the limits of 100±2,0%.

Analytical range
The  interval between the upper and  lower 

values of the  moxifloxacin concentration, 
within which the acceptable accuracy, precision 

Linearity
In order to establish the linearity of the proce-

dure, the optical densities of moxifl oxacin solu-
tions were experimentally measured in the range 
of 1.6 μg/ml – 9.6 μg/ml. At least five parallel 
experiments were carried out, on the  basis 
of which the regression analysis indicators were 
calculated (Table 1). The statistical insignifi cance 
of the free term of the linear dependence was 
estimated. Linearity was considered optimal at 
values of the  correlation coefficient |r| ≥ 0.99 
(Table 2).

It was found that the sensitivity of the moxi-
fl oxacin assay is 0.245 μg/ml, the value of the cor-
relation coefficient satisfies the  condition |r| 
≥ 0.99. The value of the free term of the linear 
dependence is less than its confi dence interval, 
which gives reason to proceed to the equation of 
a straight line passing through the origin (Table 2).

According to the data obtained (Table. 1) we 
built a calibration graph. There is a direct relation-
ship between the concentration of moxifl oxacin 

Table 1

RESULTS OF THE REGRESSION ANALYSIS OF MOXIFLOXACIN

xi, μg/ml yi xiyi xi yi b С, μg/ml

1.6
3.2
4.8
6.4
8.0
9.6

0.15
0.30
0.45
0.60
0.75
0.90

0.24
0.96
2.16
3.84
6.00
8.64

2.56
10.24
23.04
40.96
64.00
92.16

0.023
0.090
0.203
0.360
0.563
0.810

0.0938 0.213

33.6 3.15 21.84 232.96 2.049

Table 2

MOXIFLOXACIN REGRESSION EQUATION IN UV SPECTROPHOTOMETRY

Regression equation
Correlation 
coeffi  cient

|a| ≤ t (P; ƒ) · Sa

at P = 95%
Equation 

of a straight line

y = 0.0938x – 0.00028 0.9981 0.00028 < 0.043 y = 0.0938x
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and linearity of the procedure have been proven, 
ranges from 1.6 μg/ml to 9.6 μg/ml.

During the study, the moxifl oxacin quantita-
tive analysis procedure in a model dosage form 

Table 3

RESULTS OF THE EVALUATION OF THE ACCURACY AND PRECISION 
OF THE MOXIFLOXACIN SPECTROPHOTOMETRIC ANALYSIS PROCEDURE

First day Second day
Metrological

characteristicsА
Found

А
Found

С, μg/ml хі (W), % С, μg/ml хі (W), %

0.460 4.90 102.08 0.445 4.74 98.75 First day
х = 100.05%
S = 2.182
Sx = 0.772
εα = 1.82
А = ±1.82%
Δ = 100.05 ± 1.82%
Second day
х = 100.08%
S = 1.984
Sх = 0.702
εα = 1.66
А = ±1.66%
Δ = 100.08 ± 1.66%

0.445 4.74 98.75 0.460 4.90 102.08

0.450 4.80 100.0 0.440 4.69 97.71

0.440 4.69 97.71 0.460 4.90 102.08

0.445 4.74 98.75 0.440 4.69 97.71

0.440 4.69 97.71 0.445 4.74 98.75

0.465 4.96 103.33 0.460 4.90 102.08

0.460 4.90 102.08 0.455 4.85 100.97

was tested. Experimental data are specified 
in Table 4.

The weight of moxifl oxacin in the simulated 
solution is  from 0.0483  g to  0.0510  g with an 
acceptable range of 0.040–0.060 g [7].

Quantitative analysis of  moxifloxacin in 
the  ointment “Moxifloxazol” was carried out 
in an ethanol extract obtained from an exact 
weighted sample. Experiments have shown 
that about 22% of the  medicine passes into 
the organic phase due to its low solubility in eth-
anol, while the weight fraction (%) increases in 
the presence of acid. To determine the optimal 
conditions for  quantitative analysis, a  model 
ointment with an exact content of  moxiflox-
acin and a base was prepared. The studies were 
carried out in the presence of various volumes 
of 0.01 mol/l hydrochloric acid solution injected 
into ethanol. The results of the experiments are 
shown in Table 5.

FIG. 2. Calibration graph for the analysis 
of moxifl oxacin
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According to the conducted research, a pro-
cedure of quantitative analysis of moxifl oxacin in 
the ointment “Moxifl oxazol” has been developed. 
The content of moxifloxacin in the ointment is 
in the range of 0.0482–0.0544 g (Table 6).

It has been found that when 4 ml of 0.01 mol /l 
hydrochloric acid solution is injected into the test 
solution, about 100% of moxifl oxacin passes from 
the Tizol gel into an aqueous ethanol medium. We 
have accepted these analysis conditions as optimal.

Table 4

THE RESULTS OF THE ANALYSIS OF MOXIFLOXACIN IN A MODEL DOSAGE FORM BY 
THE METHOD OF THE EQUATION OF THE CALIBRATION GRAPH (А = 0,0938 · С)

№ Optical 
density

Weight, 
μg/ml

Found Acceptance criteria

% g % g

1 0.440 4.69 0.49 0.0489 ±20.0 0.040–0.060

2 0.450 4.80 0.50 0.0500

3 0.435 4.64 0.48 0.0483

4 0.460 4.90 0.51 0.0510

5 0.445 4.74 0.49 0.0494

6 0.455 4.85 0.51 0.0505

Table 5

DATA ON THE CHOICE OF OPTIMAL CONDITIONS FOR THE ANALYSIS OF MOXIFLOXACIN 
(А = 0,0938 · С)

№

Sampled

Optical
density

Found W, 
%m (ointment), 

g
m (Tizol), g

Volume 
of 0,01 mol/L 

HCl, mL

Volume 
of ethanol,

mL

1 0.1033 0.1041 0.0 30.0
0.11
0.12

22.60
24.76

2 0.1023 0.1041 1.0 29.0
0.32
0.33

66.60
68.80

3 0.1047 0.1041 2.0 28.0
0.42
0.44

85.60
89.60

4 0.1056 0.1041 3.0 27.0
0.46
0.46

92.80
92.80

5 0.1030 0.1041 4.0 26.0
0.48
0.50

99.40
103.60

6 0.1017 0.1041 5.0 25.0
0.62
0.60

129.80
125.80
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ylamino-1,3-bis (phenylsulfonylthio) pro-
pane in  the  tissue of  a  putrefactively altered 
liver // Kursk Scientific and  Practical Bulletin 
“Man and his health”. 2018. – No.1. – pp. 121–
127.

2. Dorofeev  V. L., Titov  I. V., Arzamastsev  A. P. 
The use of the UV spectrophotometry method 
for  the quantitative determination of  medi-
cines of the fl uoroquinolone group // Bulletin 
of the Voronezh State University. Series: Chem-
istry. Biology. Pharmacy.  – 2004.  – No.2.  – 
pp. 205–209.

3. Zamaraeva A. I., Bessonova N. S., Kobeleva T. A., 
Sichko A. I. Quantitative analysis and stability 
of  a  new dosage form “Metronidazol” // Bul-
letin of the Smolensk State Medical Academy. – 
2020. – Vol. 19. – No. 2. – pp. 155–162.

4. Zamaraeva A. I., Bessonova N. S., Kobeleva T. A., 
Sichko  A. I. Quantitative spectrophotometric 
analysis of the medicine “Metroketoconazol” // 
Issues of quality assurance of medicines. – 2020. – 
No. 4(30). – pp. 21–27.

5. Makhotina  M. V., Sysuev  B. B., Petrov  A. Yu., 
Emelyanova I. V. Research of rheological char-
acteristics of  the  original basis of  Tizol-gel 
and  medical compositions based on it 
according to manual prescriptions // Develop-
ment and registration of medicines. – 2016. – 
No. 3(16). – pp. 44–47.

CONCLUSIONS

As a result of studying the ethanol absorption 
spectra of moxifl oxacin, the optimal conditions 
for quantitative analysis of the semi-solid medi-
cine have been established.

Based on experimental data, a  procedure 
for  quantitative analysis of  moxifloxacin in 
a model mixture with a relative error of ± 1.82% 
is proposed.

The  developed procedure for  quantitative 
analysis of moxifloxacin in ointment based on 
the Tizol gel was validated according to the fol-
lowing validation characteristics: specificity, 
linearity, accuracy and precision. The studied val-
idation characteristics meet the acceptance cri-
teria.

The proposed procedure of quantitative anal-
ysis of moxifl oxacin in the ointment “Moxifl oxazol” 
shall be used rationally for inclusion in the regu-
latory documentation to  assess the  quality of 
the fi nished medicine.
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the Portulaca oleracea L. herb are proposed. The con-
tent of the sum of organic acids in the studied form 
of medicinal plant raw materials has been estab-
lished. The relative error in determining the sum 
of organic acids is not higher than 5%. The content 
of the sum of organic acids in the Portulaca oler-
acea L. herb is at least 2%.

Conditions have been selected and  methods 
have been developed for qualitative (using TLC) 
and  quantitative (by titrometry) determination 
of the sum of organic acids in the Portulaca oler-
acea  L. herb. The  developed methods for  deter-
mining the sum of organic acids in the Portulaca 
oleracea L. herb can be recommended for  inclu-
sion into the  regulatory documentation for  this 
type of raw material. The statistical characteristics 
obtained when determining repeatability corre-
spond to the established criteria for the accepta-
bility of the analytical procedure for determining 
the  sum of  free organic acids, which allows us 
to conclude that it is valid.

Keywords: standardization, titration, Portu-
laca oleracea L. herb, free organic acids, TLC

Green Purslane herb (Portulaca oleracea L.) 
is an herbaceous annual plant, which is a Eura-
sian species. It is found in Eastern and Western 
India, China, Japan, Ascension Island, as well as 

Medicinal herbs are popular medicines because 
they are available, cheap, effective and low-toxic 
in most cases. People have been using them since 
ancient times to obtain medicines, food, insecti-
cides, etc. One of  these plants is  Portulaca oler-
acea  L. which is  well known in  folk medicine 
and widely used in food. Free organic acids are one 
of the important biologically active groups as a part 
of this plant, which are known for their numerous 
medicinal properties.

The purpose of this work is to study the content 
of the sum of free organic acids in the Green Purs-
lane herb (Portulaca oleracea L.) using the phar-
macopoeial procedure for  determining the  sum 
of organic acids in fresh viburnum berries, for which 
it is necessary to carry out qualitative confi rmation 
of the content of free organic acids; to select the con-
ditions and to develop a procedure for determining 
the sum of free organic acids as well as to provide 
the validation evaluation of the developed proce-
dure in accordance with compendial requirements.

The  scope of  this study includes the  qualita-
tive and  quantitative determination of the  sum 
of organic acids in aqueous extracts from the Por-
tulaca oleracea L. herb using the titration and TLC 
method; the main metrological characteristics are 
evaluated.

The  procedures of  qualitative and  quantita-
tive determination of the sum of organic acids in 
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Carotenoids are present in  an amount of 
89 mg/g. Beta-carotene is contained in signifi cant 
amounts, but is lost up to 43% due to incorrect 
processing methods [20–21]. The level of a-to-
copherol in the  leaves of  Portulaca oleracea  L. 
is seven times higher than in spinach (1.71 mg 
per 100  g)  [22]. Phylloquinone, or  vitamin K1, 
is present in an amount of 381 mg per 100 g and 
is quite resistant to cooking [23].

A polysaccharide complex in the  form 
of transparent and viscous mucus, having phys-
icochemical properties suitable for industrial use 
as food fi llers and thickeners, was extracted from 
the  leaves of  Portulaca oleracea  L.  It has been 
previously established that it is a neutral arab-
inogalactan and a polydisperse pectin-like poly-
saccharide [24]. We have identifi ed a signifi cant 
content of the sum of reducing sugars (at least 
9%) in the Green Purslane herb [25].

Malic and citric acids, coumarins, fl avonoids, 
alkaloids and saponins are also noted as ingredi-
ents of the Green Purslane (Portulaca oleracea L.) 
herb  [26–27]. Portulaca oleracea  L. contains 
3-quinoline carboxylic acid, p-coumaric acid, fer-
ulic acid, catechol, caff eic acid and oxalic acid [28–
30]. The  content of the  sum of  flavonoids in 
the aboveground part of Portulaca oleracea L. is at 
least 0.3% [31]. Rutin was found to be the main 
leaf fl avonoid, and the highest myricetin content 
was in fl owers and stems [32]. Both of these fl a-
vonoids are powerful antioxidants and have been 
found to have antimutagenic properties in labo-
ratory studies [33].

The anti-inflammatory activity of Portulaca 
oleracea L. was confirmed in the Common Use 
Center (CUC) (REC) of the RUDN on the model 
of “acute formalin paw edema” in rats in compar-
ison with carprofen. In more detail, the chem-
ical composition, pharmacological properties 
and application of the Green Purslane herb were 
presented earlier [34].

Thus, Portulaca oleracea L. is a potentially val-
uable medicinal plant raw material with a suffi  -
cient raw material base. It is  actively studied 

in the British Isles [1]. On the territory of Russia it 
grows in the European part, the Caucasus, the Far 
East [2].

Since ancient times, the Portulaca oleracea L. 
herb was used for  food in  raw form in  salads. 
The whole plant is edible. It is considered a val-
uable salad-spinach vegetable in most of Europe 
and  Asia, in  many parts of the  United States, 
in developing countries. Over time, several dif-
ferent varieties of portulaca have been bred. It 
was noted that feeding of pets and birds with 
the  leaves of  Portulaca oleracea  L. are useful 
for  their immune system and as  a  prevention 
of diarrhea [3]. The widespread use of this plant 
in food can serve as a confi rmation of the safety 
of its use. The possibility of cultivation will provide 
a suffi  cient raw material base.

Portulaca oleracea L. is used in folk medicine 
in many countries of the world as an antipyretic, 
antiseptic, anthelmintic agent and is included in 
the PRC SP [4,5]. It has a wide range of pharma-
cological activities, including antibacterial, anti-
ulcer, anti-infl ammatory, antioxidant and wound 
healing ones [6–10]. Russian scientists estimate it 
as a high vitamin plant [11].

Portulaca oleracea  L. contains 3.5% lipids 
in terms of dry weight, 25% of which are free fatty 
acids. Portulaca oleracea L. is one of the richest 
sources of omega-3 polyunsaturated fatty acids 
at a level of 4 mg/g of wet weight [12–14]. When 
studying atherosclerosis, a proposal was made 
to use Portulaca oleracea L. as an alternative to fi sh 
oil in relation to omega-3 fatty acids [15]. Portu-
laca has an anti-atherosclerotic eff ect, increases 
blood clotting and lowers blood pressure [16]. 
According to other data, Portulaca contains nutri-
ents in high percentages of recommended dietary 
intake such as alpha-linolenic acid, beta-carotene, 
tocopherol, magnesium and potassium [17–18].

Phenolic components, namely scopoletin, 
bergapten, isopimpinellin, lonchocarpic acid, lon-
chocarpenin, robustin and genistein, which have 
antimicrobial activity, were isolated from Portu-
laca oleracea [19].
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MATERIALS AND METHODS

The object of the study was samples of the 
Portulaca oleracea L. herb harvested in diff erent 
districts of the Voronezh region in the period 
from July to  September and in  Syria (Latakia 
province).

Water was used as an extractant for the extrac-
tion of acids from plant material [8].

In [9], a titer of 0.0067 was established that is 
the amount of malic acid corresponding to 1 ml 
of caustic soda solution (0.1 mol/l), in grams.

The following reference standards (RS) were 
used in the TLC research process:

 � citric acid, substance  – powder, citric acid 
content 99%, Sigma-Aldrich, USA, series 
77-92-9, valid until 02/19/2022;

 � oxalic acid, substance  – powder, oxalic acid 
content 99%, chemically-pure, Himmed, Russia, 
series 392/10, valid until 02.03.2021.

Qualitative analysis procedure
TLC analysis was used to  prove the  pres-

ence of free organic acids. During the analysis, 
an aqueous extraction from the Portulaca oler-
acea L. herb was used. Extracts were prepared 
according to the  following procedure: 5  g 
of crushed raw materials to the size of particles 
passing through a  sieve with holes of 1  mm, 
placed in a  flask with a  slice with capacity of 
100 ml, 50 ml of extractant (water) was added. 
The fl ask was attached to a backfl ow condenser 
and heated in a water bath for 60 minutes, with 
periodical shaking to wash off  the raw material 
particles from the walls. The extract was then 
cooled to room temperature and fi ltered through 
cotton wool and a folded paper fi lter. In the anal-
ysis the “Sorbfi l PTSH AF-UV” plates, on which 5 
μl of each extract was applied, and aqueous 0.1% 
solutions of  reference standards of citric acid 
and oxalic acid were used. Chromatography was 
carried out by an ascending method in the “ethyl 
acetate – acetic acid – formic acid – water” sol-
vent system (100:11:11:25). Saturation time of 

abroad in  various directions, which is  due to 
the diversity of  its chemical composition and 
the manifestation of a whole range of activities. 
However, this plant is not pharmacopoeial, there 
is no standardization of raw materials. The latter 
makes it much more difficult to obtain medi-
cines based on this medicinal plant raw mate-
rial. In  this regard, it was interesting to study 
the chemical composition of the Portulaca oler-
acea L. herb for the purpose of its further stand-
ardization and introduction into medical practice 
in the Russian Federation and Syria. Previously, 
we studied the reducing sugars and fl avonoids 
that provide anti-inflammatory, antioxidant 
and expectorative properties of the studied raw 
materials [25,31].

Organic acids are pharmacologically active 
substances (citric, nicotinic, ascorbic acids). They 
delay the growth of bacteria, exhibit anti-infl am-
matory properties and have a positive eff ect on 
functioning the gastrointestinal tract and other 
body systems [11,37]. Since the literature data 
indicate that the herb of the Green Purslane con-
tains a signifi cant amount of organic acids, their 
study in the herb of this type of plant was also 
interesting.

Volumetric, enzymatic, colorimetric, spectro-
photometric, microfluorimetric, polarographic, 
chromatographic methods are used to determine 
the content of organic acids. One of the classical 
methods included in the SP is titration [35].

The  purpose of  this work is to  study the 
content of the sum of free organic acids in the 
Green Purslane (Portulaca oleracea  L.) herb 
using a Compendial Procedure for determining 
the sum of organic acids in fresh viburnum ber-
ries [36].

To achieve this purpose, it is necessary to pro-
vide qualitative confirmation of the  content 
of  free organic acids; selection of  conditions 
and development of a procedure for determining 
the sum of free organic acids; validation evalua-
tion of the developed procedure in accordance 
with compendial requirements.
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FIG. 1. Chromatogram diagram for determination 
of organic acids

Chromatography conditions:
Stationary phase: “Sorbfi l PTSH AF-UV” plate
Mobile phase: ethyl acetate – acetic acid – formic acid – 
water (100:11:11:25)
Reference Standards: solutions of reference standards 
of oxalic and citric acids
1–2 water extraction
3–4 reference standard of citric acid, Rf=0.24±0.03
5–6 reference standard of oxalic acid, Rf=0.21±0.02

1 2 3 4 5 6

Statistical analysis
To determine the repeatability, the coeffi  cient 

of variation was calculated based on the results 
of quantitative determination of the sum of free 
organic acids (n=6) in the test solution.

RESULTS AND DISCUSSION

As a  result of the TLC analysis, the content 
of free organic acids corresponding to the refer-
ence standard was established (Fig. 1): reference 
standard of citric acid (Rf= 0.24±0.03); reference 
standard of oxalic acid (Rf=0.21±0.02).

In order to develop a procedure for quantifying 
the sum of organic acids in this work, the infl u-
ence of the degree of grinding of raw materials, 
the ratio “raw material: extractant”, the multiplicity 
of extraction on the yield of free organic acids was 
studied. The results are presented in Table 1.

the chamber: 30–40 min. After chromatography, 
the plate was removed from the chamber, dried 
in  air for  5 min., detection was performed at 
a wavelength of 365 nm. Solutions of reference 
standards of citric acid and oxalic acid were used 
as “witnesses”.

Quantitative analysis procedure
The  content of  sum of  free organic acids 

in  Portulaca oleracea  L. was determined using 
a compendial procedure for determining the sum 
of organic acids in fresh viburnum berries [34].

The  analytical sample of  raw materials 
is crushed to the size of particles passing through 
a sieve mesh with a diameter of 2 mm. Then 2.5 g 
of crushed raw materials are placed in a  flask 
with capacity of 250 ml, is poured with 200 ml 
of water and kept for 2 hours in a boiling water 
bath, cooled and quantitatively transferred to 
a measuring fl ask with capacity of 250 ml. After 
cooling to room temperature, the mixture is fi l-
tered through a paper fi lter “red ribbon”, brought 
the volume of extract with water to the mark 
and mixed. 10 ml of extract is taken and placed 
in a fl ask with capacity of 100 ml, then, 40–50 ml 
of  freshly boiled water, 0.2  ml of  1% alcohol 
solution of  phenolphthalein, 0.4  ml of  0.1% 
methylene blue solution are added and the mix-
ture is  titrated with a solution of caustic soda 
(0.1 mol/l) until a purple-red color appears in 
the foam.

The  content of  free organic acids in  terms 
of malic acid in absolutely dry raw materials as 
a percentage (X) is calculated by the formula:

X = v  0,0067  250  100

m  10  (100 – W)
  100 = v  1675

m  (100 – W)
,

where 0.0067 is the  amount of  malic acid 
corresponding to 1 ml of caustic soda solution 
(0.1 mol/l), in grams; ν – volume of caustic soda 
solution (0.1 mol/l) used for titration, in milliliters; 
m – mass of raw materials in grams; W – mass loss 
during drying of raw materials as a percentage.
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of the Portulaca oleracea L. herb has been devel-
oped.

Validation of the  procedure was carried 
out in  accordance with the  requirements of 
the OFS.1.1.0012.15 “Validation of analytical pro-
cedures” according to the parameters: specifi city, 
linearity, correctness, repeatability, precision, 
stability of solutions. This study was conducted 
within the  framework of the  verification 

From the  data presented in Table 1, it can 
be seen that the  greatest completeness of 
the extraction of the sum of free organic acids 
can be achieved by a  single extraction with 
purifi ed water in 120 minutes when the degree 
of grinding of raw materials is 2 mm and the ratio 
of “raw material: extractant” is 1:80.

As a result of the conducted research, a proce-
dure for quantifying the amount of organic acids 

Table 1

THE INFLUENCE OF VARIOUS FACTORS ON THE COMPLETENESS 
OF THE EXTRACTION OF THE SUM OF FREE ORGANIC ACIDS FROM 

THE PORTULACA OLERACEA L. HERB (N=3, Р=0,95)

Unchangeable parameter Variable parameter Content of free organic acids, %

Grinding degree, mm

7 3.2±0.1

5 3.1±0.1

3 3.1±0.1

2 3.3±0.1

1 2.7±0.1

The ratio of the weight of raw materials to the volume of the extractant

Grinding degree 2 mm
1:10 0.9±0.2

1:20 2.1±0.1

1:40 2.4±0.1

1:80 2.8±0.1

1:100 2.6±0.1

Extraction time (min) 

Ratio of Raw material: extractant 1:80, 
grinding degree 2 mm

30 2.9±0.1

60 3.1±0.2

90 3.2±0.1

120 3.5±0.1

180 3.4±0.1

Multiplicity of Extraction

Ratio of Raw material: extractant 1:80, 
grinding degree 2 mm, extraction 
time 120 min

1 2.7±0.1

2 2.6±0.1

3 2.6±0.2
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Table 3

CONTENT OF THE SUM OF FREE ORGANIC 
ACIDS IN THE PORTULACA OLERACEA L. 

HERB HARVESTED IN SYRIA 
AND VORONEZH REGION

Place of harvesting 
of Portulaca oleracea / 

year of harvesting

Content of the sum 
of free organic acids

Voronezh region, 2017 2.2±0.2

Voronezh region, 2018 2.9±0.2

Voronezh region, 2019 2.3±0.1

Syria, Latakia, 2019 2.5±0.3

Table 2

METROLOGICAL CHARACTERISTICS OF THE PROCEDURE 
OF QUANTITATIVE DETERMINATION OF THE SUM OF FREE ORGANIC ACIDS 

IN THE PORTULACA OLERACEA L. HERB

n f P t (Р,f) Хav, % S S ΔX E, %

5 4 0.95 2.78 2.97 0.01 0.1 0.13 3.23

requirements for the  following parameters: 
specifi city and repeatability, since the compen-
dial procedure was used [11]. The metrological 
characteristics of the procedure are presented 
in Table 2.

The error in quantifying the content of organic 
acids in (n= 5) is not higher than 5.0%.

Using the developed procedure, the content 
of the sum of  free organic acids in samples of 
the Green Purslane (Portulaca oleracea L.) herb 
harvested in Syria and Voronezh region was deter-
mined. The results are presented in Table 3.

Thus, it was found that the Green Purslane 
(Portulaca oleracea L.) herb contains at least 2% 
of the sum of free organic acids. At the same time, 
the highest content of the studied substances 
is observed in samples harvested in Voronezh 
region in 2017, 2018 and 2019, and the lowest 
content is in  the  samples harvested in  Syria 
in 2019.

The amount of organic acids found is com-
parable to the amount established in medicinal 
plant raw materials containing organic acids 
as the main active substances (cranberry ber-
ries (2–5%), raspberry berries (up to 2%), fresh 
viburnum berries (at least 6%), rosehip fruits 
(at least 2.6%), mountain ash fruits (at least 
3.2%) [11,36].

Specifi city
The color of the test solution corresponded 

to the  color of the  standard solution, which 
is  specified in the  reference standard proce-
dure after titration with a  solution of  caustic 
soda (0.1 mol/l) when the end point of titration 
is  reached. The  color of the  placebo solution 
indicated that there was no placebo effect on 
the results of determining the quantitative con-
tent of organic acids at the titration point corre-
sponding to the color change after adding one 
drop of caustic soda solution (0.1 mol/l).

Repeatability
The results are shown in Table 4.

CONCLUSIONS

1. Conditions have been selected and proce-
dures have been developed for qualitative (TLC 
method) and quantitative determination (titrom-
etry method) of the total content of organic acids 
in the Portulaca oleracea L. herb.

2. The content of the sum of organic acids 
in the Portulaca oleracea L. herb is at least 2%. 
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terol levels // International Journal of Pharma-
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ijp.2007.285.289

2. Illustrated guide to plants of Central Russia / 
I. A. Gubanov, K. V. Kiseleva, V. S. Novikov, V. N. Tik-
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Commission – 2005.

5. Lee A. S., Kim J. S., Lee Y. J., Kang D. G., Lee H. S. 
AntiTNF-activity of Portulaca oleracea in vas-
cular endothelial cells // International Journal 
of Molecular Sciences, vol. 13, № 5, pp. 5628–
5644, 2012. DOI: 10.3390/ijms13055628

6. Soliman et al. Assessment of  herbal drugs 
for promising anti-Candida activity // BMC Com-
plementary and Alternative Medicine, pp. 17:257. 
2017. DOI 10.1186/s12906-017-1760-x

Table 4

EVALUATION OF THE REPEATABILITY OF THE PROCEDURE OF QUANTITATIVE 
DETERMINATION OF THE SUM OF FREE ORGANIC ACIDS

Name 1 2 3 4 5 6

Sample volume, ml 10.00 10.00 10.00 10.00 10.00 10.00

V, ml 0.30 0.35 0.35 0.30 0.35 0.35

Content, mg/ml 0.216 0.252 0.252 0.216 0.252 0.252

V0, ml 0

Хav, mg/ml 0.240

Standard deviation, S 0.01

Standard deviation of the average result, S0 0.007

Coeffi  cient of variation, S0, % 7.75

Confi dence interval (P=0.95), μg/ml 0.02 (от 0.22 до 0.26) 

Relative error in determining the sum of organic 
acids in the Portulaca oleracea L. herb is not higher 
than 5%.

3. Verification of the  developed procedure 
for the quantitative determination of the sum 
of organic acids in terms of specifi city and repeata-
bility was carried out. The statistical characteristics 
obtained in determining repeatability correspond 
to the established criteria for the acceptability of 
the analytical procedure for determining the sum 
of free organic acids, which allows us to conclude 
that it is valid.

4.  Developed procedures of  qualitative 
and  quantitative determination of the  sum 
of organic acids in the Portulaca oleracea L. herb 
may be recommended for inclusion in the regu-
latory documentation for this type of medicinal 
plant raw materials.
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effi  ciency, accessibility, ease of use and low tox-
icity [1,8].

In addition to the obvious pharmacological 
advantages, this dosage form has certain techno-
logical characteristics. Dry extracts, for the most 
part, have high hygroscopicity, as a result of which 
the  pharmaceutical development of a  tablet 
dosage form based on them requires a special 
approach [5,7,9].

One of the important aspects of the pharma-
ceutical development of consistent high-quality 
medicines is the determination of critical param-
eters of the technological process. [10].

The purpose of this work is to identify the fac-
tors which are potentially capable of infl uencing 
on the quality and stability of a tableted medicinal 
product containing althea dry extract – “Mukaltin, 
50 mg tablets” (hereinafter referred to as Mukaltin 
tablets) [2,6].

In order to determine as accurately as pos-
sible the factor or factors that are critical, that is, 
having the most pronounced eff ect on the sta-
bility of the medicine “Mukaltin, 50 mg tablets”, 
and in order to distinguish them (since a combi-
nation of factors may participate in this process), 
the following assumptions were made:

1. The  effect of the  residual moisture 
of the  tablet. Assuming that the  packaging 

Determination of  critical process parameters 
is one of the important aspects of pharmaceutical 
development of the consistent high-quality medi-
cines.

The purpose of this work is to identify factors that 
can potentially eff ect on the quality and stability of 
a tableted medicinal product containing althea dry 
extract such as “Mukaltin, 50 mg tablets”.

To determine the parameters that are critical 
for the manufacturing process of Mukaltin tablets, 
the infl uence of a number of factors on the stability 
of the medicine during storage was studied. These 
factors include humidity of the starting materials; 
residual moisture of the  finished tablet; physical 
and chemical properties of the excipients (tartaric 
acid isomerism); primary packaging material.

During the study, it was found that the critical 
parameters of the process of Mukaltin tablet manu-
facturing are the humidity of the intermediates and 
the fi nished product and the packaging material.

Keywords: Mukaltin, dry extract, tablets, sta-
bility, storage

Herbal medicinal products, including tableted 
medicines based on plant extracts, are widely 
used in the pharmaceutical industry and have 
been used for a  long time due to  their high 
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The following methods were used to deter-
mine the qualitative parameters [3].

Description of the appearance of tablets in 
a package during storage (scoring method):

а) the appearance of the tablets was assessed 
by the intensity of color change – darkening – 
in comparison with a tablet stored at a constant 
humidity of 10 ± 5% and a temperature of 30 °C 
(0 according to a point scale), and a tablet stored 
at a constant humidity of 75 ± 5% and a tempera-
ture of 30 °C (3 according to a point scale);

b) the  appearance of the  primary packaging 
was assessed by the  presence or  absence of 
a blister bulge (where, according to a point scale, 
0 is the absence of a bulge, and 4 is a condition 
in which a slight compression of the packaging 
blister causes it to rupture) [4].

The sum of the points characterizes the overall 
assessment of the  appearance of the  sample 
(assessment of the  appearance of  tablets and 
assessment of the  appearance of the  primary 
packaging) in various storage conditions;

 � weight loss during drying;
 � measurement of the weight of tablets during 

storage;
 � tablet breaking force.

Equipment:
 � climate chamber BINDER KBF1020 with oper-

ation temperature 30°С and humidity 75±5%;
 � dry-air thermostat ТС-80М-2 with operation 

temperature 40°С;
 � tester for determining the strength of tablets 

Erweka THB 125;
 � scales of OKB “Vesta” ВМ2202;

weight humidity analyzer “Gosmeter” AVG-60.

RESULTS AND DISCUSSION

Immediately before the manufacture of tab-
lets and  during the  technological process, 
the weight loss of both components separately 
(Table. 1), and the tablet mixture during drying 
was determined (Table. 2) [10].

insulates the tablets as much as possible from 
the eff ects of external moisture, it is possible that 
the residual moisture of the tablets may be suffi  -
cient for the occurrence and course of a gas for-
mation reaction [4, 5].

2. The  influence of the  packaging mate-
rial. The permeability of the packaging mate-
rial may well provoke a gas formation reaction 
in the tablet, taking into account that most of 
the components are hygroscopic substances [11].

3. Infl uence of physical and chemical prop-
erties of  excipients (isomerization of  tar-
taric acid). The composition of Mukaltin tablets 
includes tartaric acid as an excipient. Tartaric acid 
has isomers with diff erent properties [5,6].

Based on the above assumptions, the influ-
ence of the  following factors on the  stability 
of Mukaltin tablets during storage was studied:

 � humidity of the starting materials;
 � residual moisture of the fi nished tablet;
 � physical and chemical properties of excipient 

(isomerism of tartaric acid);
 � packaging material.

MATERIALS AND METHODS

The  following components were used for 
the manufacture of Mukaltin tablets [2,6]:

 � althea dry extract produced by Harms, Russia;
 � tartaric acid D- isomer produced by Rono 

Chem Co. Ltd, China;
 � tartaric acid D–L-isomer produced by KONO, 

China;
 � sodium bicarbonate produced by Bashkir Soda 

Company JSC, Russia;
 � calcium stearate produced by Chemresource 

LLC, Russia.
As a reference product, Mukaltin tablets pro-

duced by Obnovlenie JSC, Russia were taken.
 � Packaging material:
 � polyvinyl chloride (PVC) 200 microns thick;
 � polyvinylidene chloride (PVDC) 200 microns 

thick.
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All tablets after packaging had the following 
parameters:

 � tablet weight – 0,300±0,005 g;
 � tablet breaking strength – 110±10 N;
 � tablet height – 3,82±0,1 mm;
 � weight loss during drying of tablets that have 

not passed the drying stage – 1,75±0,1%;
 � weight loss during drying of tablets that have 

passed the drying stage – 0,94±0,1%.
The tablets were stored under 4 diff erent con-

ditions [7]:
1) at 25°С and humidity 40±5% (“at room tem-

perature”);
2) at 40°С and humidity 40±5% (“in thermo-

stat”);
3) at 30°С and humidity 75±5% (“in a climate 

chamber simulating zone 4В”);
4) in a double dense polyethylene bag at 25°С 

and humidity 40±5%.
Every week the appearance was visually eval-

uated, every month a part of the blisters were 
selected for testing.

The results of observations (after 3 months) 
are shown in Tables 4 and 5.

After 3 months of  testing, all the  samples 
in the climate chamber changed their appear-
ance: the packaging blisters swelled, the tablets 
turned very dark. The average weight of the sam-
ples also decreased due to the  gas formation 

Further, 8 types of  experimental samples 
of Mukaltin tablets were manufactured and pack-
aged for the experiment, diff ering in the physical 
and chemical properties of the excipient (tartaric 
acid), manufacturing process (with and without 
drying stage) and primary packaging material. 
The reference product was repackaged into a PVC 
blister. More detailed characteristics of the sam-
ples are presented in Table 3.

Table 1 

WEIGHT LOSS OF MUKALTIN TABLET 
COMPONENTS DURING DRYING

Component
Drying 

tempera-
ture

Weight loss 
during drying, 

%

Tartaric acid D 100°С 0.77

Tartaric acid D 
crushed

0.78

Tartaric acid (D,L) 0.56

Sodium 
hydrocarbonate

1.22

Althea extract dry 2.05

Calcium stearate 1.06

Note: climatic conditions in the laboratory room: 
t=22,7°С, humidity =20,6%

Table 2

WEIGHT LOSS OF TABLET MIXTURE DURING DRYING AT DIFFERENT STAGES 
OF MANUFACTURE

Tartaric acid 
isomer

Weight loss during drying, %

NoteTablet 
mixture

Tablet 
mixture after 
moistening

Tablets after 
tabletizing

Tablets after 
drying

Racemate (D,L) 1.60 2.08 1.75 0.94
Some of the 
tablets were 
selected before 
drying and packed 
separately

D-isomer 1.47 2.08 1.59 0.80
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reaction (the weight loss was about 20%). None of 
the studied samples showed stability in the con-
ditions of the climatic chamber.

In a  double plastic bag and a  thermostat, 
the samples were preserved better than in the cli-
mate chamber, but also had an unsatisfactory 
appearance (the packaging was swollen).

When stored at room temperature, the sam-
ples of tablets No. 7 and No. 8 showed the best 
stability. The appearance of these samples has not 
changed. 

Tablets produced by Obnovlenie JSC, repack-
aged in a PVC blister, darkened and swollen in all 
storage conditions, while there was no change 
in appearance of the tablets in the original pack-
aging.

The study allows us to make a number of con-
clusions. 

The residual moisture content of the fi nished 
tablet plays an important role in ensuring the sta-
bility of Mukaltin tablets. Mukaltin tablets that 
have passed the drying stage demonstrate higher 
stability.

Table 3

CHARACTERISTICS OF THE STUDIED 
SAMPLES OF MUKALTIN TABLETS

Sa
m

p
le

 
n

um
b

er Tartaric 
acid 

isomer

Availability 
of the drying 

stage

Primary 
packaging 

material

1 Reference product PVC

2 Racemic 
mixture

– PVC

3 Racemic 
mixture

– PVDC

4 D-isomer – PVDC

5 D-isomer – PVC

6 Racemic 
mixture

+ PVC

7 Racemic 
mixture

+ PVDC

8 D-isomer + PVDC

9 D-isomer + PVC

Table 4

EVALUATION OF THE APPEARANCE OF MUKALTIN TABLETS

Number of 
a sample

Appearance
Sum 

of indicators
Discoloration Bulging

cc* therm* room* PE bag cc therm room PE bag

1 3 1 2 2 4 4 3 2 21

2 3 2 2 3 4 4 2 3 23

3 3 2 2 2 4 4 2 3 22

4 3 1 2 2 4 4 3 4 23

5 3 1 2 3 4 3 3 3 22

6 3 0 1 3 4 2 3 4 20

7 3 0 0 1 4 2 0 2 12

8 3 0 0 1 4 2 0 2 12

9 3 0 1 2 4 3 3 4 20

Note: cc* – climatic chamber; therm* – thermostat; room* – room temperature
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1.  Humidity of  semi-finished products 
and fi nished product. To achieve the best sta-
bility of the medicine under the stated condi-
tions, it is recommended to include the drying 
stage of fi nished tablets into the production pro-
cess.

2.  Packing material. Primary blister pack-
aging made of PVDC provides better stability of 
the medicine.

3.  Storage conditions. Mukaltin tablets are 
best stored at a temperature of up to 25 °C and 
a relative humidity of 40 ± 5%.

Factors that do not have a pronounced eff ect 
on the quality and stability of Mukaltin tablets 
and are not related to critical parameters:

 � humidity of the staring materials;
 � isomerism of tartaric acid.

This study shows that various production 
factors can have a pronounced eff ect on the sta-
bility of tablets containing dry extracts. Failure 
to comply with these requirements may result in 
the rejects of the entire batch. Therefore, when 
developing medicines of this group, it is neces-
sary to carefully approach the defi nition of critical 
parameters and strictly control them throughout 
the entire process

The  breaking strength of the  tablets after 
storage in the climatic chamber decreased by 
3 times, when stored at room temperature, 
the strength practically did not change, and at 
40°C it increased by 1.5 times.

According to  experience, PVDC packaging 
has satisfactory barrier parameters. Only in this 
package the tablets were preserved for 3 months. 
The original packaging of the tablets produced 
by Obnovlenie JSC turned out to  be thinner 
compared to the one used in  this experiment 
(150 microns versus 200 microns). Probably, this 
thickness allows the package to remain perme-
able to the products of the gas formation reac-
tion, therefore, the resulting carbon dioxide can 
escape through the pores of the material without 
damaging the blister, thereby preserving the mar-
ketable appearance of the medicine.

CONCLUSIONS

Based on the studies conducted, it can be con-
cluded that from the studied factors, the critical 
parameters of the production process of Mukaltin 
tablets include the following:

Table 5

SUMMARY OF TABLET CHARACTERISTICS AFTER 3 MONTHS OF TESTING

Number of 
a sample

Appearance 
of tablets, total score

Average tablet 
weight, g

Breaking 
strength, N

Weight loss during 
drying, %

1 21 0.254 33 3.93

2 23 0.236 28 3.80

3 22 0.242 30 3.11

4 23 0.217 26 7.01

5 22 0.254 31 3.93

6 20 0.233 28 7.15

7 12 0.280 35 2.27

8 12 0.291 38 2.04

9 20 0.262 33 3.74
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the pharmacovigilance system [1,3]. In accord-
ance with international standards, the responsi-
bility for the safety of manufactured medicines 
is borne by the license holder (LH) [4,7]. The impor-
tance of studying the  issue of medicine safety 
of medicines defi nes the need to study the causes 
and mechanisms of adverse reactions at all stages 
of circulation of medicinal products.

According to the  rules of  good practice 
of pharmacovigilance (GPvP), the license holder 
has a  special role as the  main participant in 
the monitoring of adverse reactions of medicines, 
which must control the  safety by monitoring 
the information, assessing the benefi t-risk ratio 
of manufactured medicines, training the phar-
maceutical company employees, ensuring eff ec-
tive communication with medical organizations, 
pharmacy organizations, consumers, regulatory 
authorities [4]. Safety should be ensured at all 
stages of the life cycle of the medicine [3]. Also 
the license holder must organize pre-licensure 
safety monitoring activities at all stages of clinical 
trials of medicines [1,3].

The  purpose of  our study was to  specify 
the key tasks, ways of organizing and maintaining 
the system of pharmacovigilance of the license 
holder within the framework of the performance 
of the duties of the Qualifi ed Person Responsible 

The  pharmacovigilance system, organized 
by the holder of the license to control the safety 
of manufactured medicines, is a necessary func-
tion of the healthcare system and is aimed at iden-
tifying potential safety hazards associated with 
the use of medicines. The regulatory authorities of 
the Russian Federation in the field of healthcare 
pay special attention to  monitoring the  safety 
and  effectiveness of the  use of  medicines not 
only at the stages of their obtaining of marketing 
authorization and  production, but also at all 
stages of civil circulation. A key role in the organi-
zation of the pharmacovigilance system in a phar-
maceutical company holding a license is played by 
a Qualified Person Responsible for Pharmacovigi-
lance.

Keywords: pharmaceutical company, Quali-
fi ed Person Responsible for  Pharmacovigilance, 
medicine safety, Pharmacovigilance

The extent of the problem of the safety of 
the use of the medicines brought to the phar-
maceutical market in the  Russian Federa-
tion defines the  development and  updating 
of legislation in the fi eld of pharmacovigilance 
regulating the involvement of all subject of cir-
culation of medicinal products into the work of 
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2)  organization of  work with information 
on safety and efficacy in relation to medicines 
covered by the  system of  pharmacovigilance 
of the license holder, accounting, reporting on 
adverse events;

3)  identification of new safety and efficacy 
data concerning the use of medicines at the pre-li-
censure and post-licensure stages;

4)  development and  updating of  standard 
operating procedures of the pharmacovigilance 
system of license holders;

5) working with the master fi le of the phar-
macovigilance system, its development and 
updating;

6) collection and systematization of compre-
hensive information on risk minimization meas-
ures;

7) advanced training and continuous profes-
sional development on the issues of improving 
the  system of  pharmacovigilance of  license 
holders and ensuring the safety of medicine;

8) training of license holder’s employees on 
medicines safety, collecting spontaneous reports 
and transmitting them to the Qualified Person 
Responsible for Pharmacovigilance; documenting 
the results of training;

9) functioning as a contact person for author-
ized bodies with 24-hour access.

In  order to  solve the  identified key tasks, 
the Qualifi ed Person Responsible for Pharmacov-
igilance must permanently interact:

1) with employees of a pharmaceutical com-
pany involved in receiving spontaneous reports 
on the safety and effi  cacy of medicines;

2)  with regulatory authorities on medi-
cine safety issues, ensuring timely preparation 
and provision of reports, risk management plans, 
provision of  complete and  timely responses 
to requests.

High-quality and  timely fulfillment of 
the assigned tasks allows the Qualifi ed Person 
Responsible for  Pharmacovigilance to  avoid 
errors in the  operation of the  pharmacovigi-
lance system of the license holder. The Qualifi ed 

for Pharmacovigilance in the process of pharma-
covigilance in a pharmaceutical company. In order 
to ensure timely monitoring of pharmacovigi-
lance activities, according to GPvP, the  license 
holder must appoint and have at its disposition 
a Qualifi ed Person Responsible for Pharmacovig-
ilance (QPRPV).

RESULTS AND DISCUSSION

The criteria for the appointment of the Qual-
ifi ed Person Responsible for Pharmacovigilance 
in a pharmaceutical company holding the license 
include:

 � pharmacovigilance systems management skills;
 � expertise skills / access to expertise in areas 

such as medicine, pharmaceutical sciences, epi-
demiology and biostatistics [4,7].

Responsibility for training and retraining of 
the  Qualified Person Responsible for  Pharma-
covigilance in the fi eld of its pharmacovigilance 
system is  laid on the  senior management of 
the license holder [4]. Training of the Qualified 
Person Responsible for Pharmacovigilance and its 
results are documented properly. The Qualifi ed 
Person Responsible for Pharmacovigilance has 
the authority to manage and make changes to 
the  pharmacovigilance system, risk manage-
ment plans, preparation of  regulatory actions 
in response to emergencies to change the safety 
profile of  medicines  [7]. The  areas of  work of 
the Qualifi ed Person Responsible for Pharmacov-
igilance are extensive and are specifi ed by the job 
description [4].

Based on the  requirements of  regulatory 
acts [4,6,7] and the experience of the Qualifi ed 
Person Responsible for  Pharmacovigilance of 
the  license holder, we have specified the  fol-
lowing key tasks of the Qualifi ed Person Respon-
sible for Pharmacovigilance (see Figure):

1) review of medicine safety profi les and emer-
gency situations connected with changing 
the medicine safety profi les;



46

PHARMACY MANAGEMENT AND ECONOMICS

JOURNAL OF PHARMACEUTICALS QUALITY ASSURANCE ISSUE. №4 (34) 2021

FIG. The main tasks and ways of interaction of the Qualifi ed Persons Responsible for Pharmacovigilance 
in the pharmaceutical company holding the license
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The Qualified Person Responsible for Phar-
macovigilance can delegate to trained persons 
with appropriate qualifi cations the performance 
of  specific tasks under their supervision, 
for example, the performance of activities as spe-
cific medicine safety experts, provided that 
the Qualifi ed Person Responsible for Pharmacov-
igilance will monitor the functioning of the entire 
system and the safety profi les of medicines [4,7].

CONCLUSIONS

The  tasks of the  Qualified Person Respon-
sible for Pharmacovigilance are associated with 
high responsibility, therefore, for their successful 
implementation, the Qualifi ed Person Respon-
sible for Pharmacovigilance shall have extensive 
knowledge in the  field of medicine and phar-
macy, analytical abilities, the ability to maintain 
documentation and  process a  large amount 
of data.

For all medicines, there is a certain balance 
between the benefits they bring and the poten-
tial risk they can cause. The  effectiveness of 
the pharmacovigilance system directly depends 
on the level of responsibility and competence 
of the Qualified Person Responsible for Phar-
macovigilance. The potential risks of the use 
of medicines can be minimized due to the Qual-
ified Person Responsible for  Pharmacovigi-
lance, which in the pharmaceutical company 
holding the  license performs the  functions, 
on the  one hand, of a  safety expert, and  on 
the  other hand  – coordinator of the  correct 
operation of the  pharmacovigilance system 
at the pre-licensure and post-licensure stages 
of medicine safety monitoring. The priority of 
the work of the Qualified Person Responsible 
for Pharmacovigilance is the timely and accu-
rate fulfillment of the tasks set, the preserva-
tion of the safety of medicines when received 
by consumers, as well as the improvement of 
the quality of products

Person Responsible for  Pharmacovigilance 
should have information about the validation 
status of the  database of  adverse reactions 
to medicine, including all shortcomings iden-
tifi ed during validation and corrective actions 
taken [4].

In addition, the Qualifi ed Person Responsible 
for Pharmacovigilance interacts on a daily basis 
with various divisions (departments) of the phar-
maceutical company such as  departments 
of sales, marketing, HR, quality control and assur-
ance, supply and logistics to coordinate moni-
toring and evaluation of spontaneous reports on 
adverse reactions

Employees of  departments that closely 
interact with the  pharmacovigilance system 
and  participate in  monitoring spontaneous 
reports undergo introductory training at 
the  workplace, and  then at least once a  year 
update their knowledge of the basics of good 
practice according to the developed internal 
plan and training program. At the workplaces 
of  employees of a  pharmaceutical company, 
there is  always a  protocol for  transmitting 
data on safety, efficacy or  quality according 
to an internal form. The manager or specialist 
who received the  spontaneous report fills in 
the internal form of the data transmission pro-
tocol on safety, effi  cacy or quality and sends it 
to the Qualified Person Responsible for Phar-
macovigilance by e-mail or in  paper format 
within one calendar day. Then, the employees 
of the Pharmacovigilance and Medical Informa-
tion Department carry out an assessment, anal-
ysis and registration of  reports on suspected 
adverse reactions according to internal proce-
dures. The  license holder pharmacovigilance 
system is designed in such a way as to ensure 
a proper assessment of the quality of the col-
lected reports on adverse reactions in  terms 
of authenticity, legibility, accuracy, consistency 
and the possibility of verifying the maximum 
completeness of the data for their clinical judge-
ment [4].
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or bile ducts [1]. Epidemiological data show that 
10% of the world’s population suff ers from GSD 
and for every decade the number of patients 
increases by about 2 times [2–5]. At the same 
time, in  developed countries, the  number 
of patients with GSD is 10–40% of the adult pop-
ulation. In Russia, the number of patients with 
GSD is 5–20% [2,6]. Cholecystectomy, unfortu-
nately, remains to this day the “gold standard” 
of GSD treatment [3,7,8].

Currently, there is only one substance with 
a proven eff ect on various links of biliary litho-
genesis – ursodeoxycholic acid (UDCA) [9, 10], 
respectively, its use for dissolving cholesterol 
stones today is  an alternative to  cholecystec-
tomy [11,12].

Ursodeoxycholic acid is a  tertiary bile acid 
formed in hepatocytes and intestines. Unlike its 
predecessors – primary and secondary bile acids – 
this acid is hydrophilic and, therefore, non-toxic. 
The scope of its therapeutic use is very extensive 
and includes various diseases of the liver and bil-
iary tract such as chronic active hepatitis with 
cholestatic syndrome, acute hepatitis, toxic liver 
lesions of various genesis, primary biliary cirrhosis 
of the liver, primary sclerosing cholangitis, biliary 
dyskinesia, etc.

Normally, the content of UDCA in human bile 
is no more than 5% of the total pool of bile acids; 

One of the most common diseases of mankind 
is cholelithiasis (GSD). Currently, there is only one 
existing proven on various links of biliary lithogen-
esis – ursodeoxycholic acid (UDCA). Its therapeutic 
area is extensive and includes various diseases of 
the liver and biliary tract. To confirm the efficacy 
and safety of the medicine Ursolab, registered by 
EKOlab CJSC, the main active ingredient of which 
is ursodeoxycholic acid, the comparative pharma-
cokinetics and bioequivalence of this medicine and 
the medicine Ursofalk (Dr. Falk Pharma GmbH, Ger-
many) was studies in 28 healthy volunteers.

Keywords: ursodeoxycholic acid (UDCA), 
bioequivalence, pharmacokinetics, Ursolab, liver 
and gall bladder diseases

According to the World Health Organization, 
more than 2 billion people worldwide suffer 
from liver diseases. In the CIS countries, from 
500 thousand to 1 million medical care encoun-
ters related to  liver pathology are registered 
annually. One of the  most common diseases 
of mankind is cholelithiasis (GSD) that is a mul-
tifactorial and multi-stage disease of the hepa-
tobiliary system, characterized by a  certain 
clinical picture such as a violation of cholesterol 
and/or  bilirubin metabolism with the  forma-
tion of gallstones in the gallbladder (GB) and/ 
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the  intestine, UDCA reduces the  lithogenicity 
of bile, reduces the cholato-cholesterol index, 
promotes the dissolution of cholesterol stones 
(macrolites) and prevents the formation of new 
crystals (microlites). UDCA is well absorbed in 
the  small intestine and is  almost completely 
bound to serum proteins. In the liver, UDCA is rap-
idly and actively conjugated with glycine, taurine, 
N-acetylglucosamine, glucuronic acid and sulfate, 
which specifi es its low level in plasma. In conju-
gated form, UDCA is released into the bile, where 
its concentration specifies the effectiveness of 
the medicine [15].

The main active ingredient of the medicine 
Ursolab, to which this study is devoted, is urso-
deoxycholic acid. Ursolab is a reproduced medic-
inal product. The equivalence of the reproduced 
medicine to the reference medicine is usually 
proved in the  framework of a  bioequivalence 
study, which demonstrates that both medi-
cines have the same rate and degree of absorp-
tion [16]. Such studies are intended to confi rm 
that the reproduced medicines have the same 
efficacy and safety as the reference medicine. 
In  this work, bioequivalence was studied for 
the medicine Ursolab (manufactured by ECOlab 
CJSC) relative to the medicine Ursofalk (Dr. Falk 
Pharma GmbH, Germany).

The  purpose of  this study is to  evaluate 
the pharmacokinetic parameters of bioequiva-
lence of the studied medicine Ursolab, oral sus-
pension 250  mg /5  ml (ECOlab CJSC, Russia), 
and the  medicine Ursofalk, oral suspension 
250 mg /5 ml (Dr. Falk Pharma GmbH, Germany), 
in healthy volunteers after an acute administra-
tion under fasting conditions.

MATERIALS AND METHODS

The study was planned as a randomized, open, 
comparative, cross-sectional, two-period bio-
equivalence study in healthy volunteers under 
fasting conditions.

cholic acid – 26–39%, deoxycholic – 16–33%, lito-
cholic – 0.5–5%. When administered at a dose 
of  13–15  mg/kg per day (orally), the  content 
of UDCA in bile approaches 50%, which makes it 
the main one among bile acids, and the content 
of toxic bile acids (cholic, deoxycholic, litocholic, 
etc.) decreases. The absence of toxicity of UDCA 
is explained by its higher polarity and, accord-
ingly, hydrophilicity [13,14].

It was found that the cytoprotective effect 
of  UDCA on cholangiocytes and  hepato-
cytes is  due to the  prevention of the  release 
of cytochrome C from mitochondria, which, in 
turn, blocks the activation of caspases and apop-
tosis (programmed cell death). UDCA, embedded 
in the hepatocyte membrane, improves the fl u-
idity of the  phospholipid bilayer, stabilizing 
the  cell structure and  protecting them from 
damage.

In addition, UDCA has an immunomodulatory 
effect, reducing the  production of  proinflam-
matory cytokines (interleukins 1, 2, 6, gamma 
interferon, etc.), the level of the immune com-
plexes of IdM and autoantibodies, the expression 
of histocompatibility antigens on hepatocytes 
(HLA I and  II classes), which, in  turn, prevents 
the activation of cytotoxic T-lymphocytes, nor-
malizes the ratio of CD4/CD8 immunocompetent 
cells and promotes the suppression of immuno-
pathological reactions. Stimulating exocytosis 
in hepatocytes during cholestasis by activating 
Ca++-dependent alpha-protein kinase, UDCA 
reduces the concentration of bile acids (cholic, 
litocholic, deoxycholic, etc.) which are toxic to 
the liver cell.

UDCA inhibits the absorption of lipophilic bile 
acids in the intestine, induces bicarbonates-rich 
choleresis, which leads to  increase in bile pas-
sage and stimulates the excretion of toxic bile 
acids through the intestine. Replacing nonpolar 
bile acids, UDCA forms nontoxic mixed micelles 
(liquid crystals with cholesterol molecules). By 
reducing the synthesis of cholesterol in the liver, 
its secretion into bile, as well as absorption in 
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The volunteers, after signing a written form 
of informed consent, were examined at the clin-
ical center of Clinic “Bessalar” LLC.

The  volunteers included in the  study were 
randomized into two groups in a  ratio of  1:1. 
The study plan is presented in Table 1.

The study consisted of screening, two study 
periods and a “cleaning” period. The  duration 

The  study determined the  concentration 
of  ursodeoxycholic acid in the  blood plasma 
of  volunteers after acute administration of 
250 mg (1 dose-measuring cup of 5 ml) of each 
of the medicines under fasting conditions. Based 
on the data on the concentration of ursodeoxy-
cholic acid in blood plasma, the pharmacokinetic 
parameters were calculated.

Table 1

STUDY PLAN

Study stages/procedures Screening
Study periods Final 

evaluationI “cleaning” II

Period duration (days) up to 10 4 14 4

Informed consent Х

Inclusion criteria Х

Exclusion criteria Х Х Х

Demographic and anthropometric data Х

Medical history Х

Physical examination Х Х Х Х

Laboratory examination (clinical blood analysis, 
biochemical blood test, clinical urinalysis) 

Х Х Х

Serology (HIV blood test, syphilis, hepatitis B 
and C markers) 

Х

Urine test for pregnancy Х Х Х

Breath test for alcohol Х Х Х

Urine test for narcotic drugs and psychotropic 
substances, psychoactive drugs

Х Х Х

hospitalization Х Х

Blood pressure, heart rate, body temperature Х Х Х Х

ECG Х Х Х

Randomization Х

Administration of the studied medicinal product 
or the reference medicinal product

Х Х

Blood sampling for PK Х Х

Registration AEs (adverse events) or SAEs 
(serious adverse events) 

Х Х Х Х
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FIG. 1. Averaged pharmacokinetic profi les: R – 
Ursofalk, oral suspension, 250 mg / 5 ml (Dr. Falk 

Pharma GmbH, Germany); T – Ursolab, oral 
suspension 250 mg /5 ml (ECOlab CJSC, Russia) 
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RESULTS AND DISCUSSION

Ursodeoxycholic acid was absorbed into 
the blood with a Tmax value of 1.5 [1.0; 2.125] 
hours (Me [Q25; Q75]) for the tested medicine 
Ursolab, oral suspension 250 mg / 5 ml (ECOlab 
CJSC, Russia), and  2.0  [1.0; 3.5] for the  refer-
ence medicinal product Ursofalk, oral suspen-
sion 250  mg /5  ml (Dr. Falk Pharma GmbH, 
Germany). The average (Mean) maximum con-
centration of the studied medicines (Cmax) was 
4184.59±1974.53 ng/ml (Mean±SD) for the tested 
medicinal product and  4025.77±1768.49 
ng/ml for the  reference medicinal product. 
The  average AUC0-t for the  tested medic-
inal product was 16070.7=7220.96  h·ng/ml 
and 14155.2=4273.44 h·ng/ml for the reference 
medicinal product. The average pharmacokinetic 
profiles of the  studied medicinal product are 
shown in Fig. 1.

Safety parameters included physical and sys-
temic examinations, measurements of  basic 
vital signs, clinical laboratory tests and control 
of adverse events.

of  screening was up to  10 days. The  duration 
of each period was 4 days, the “cleaning” period 
was 14 days. The  total duration of the  study 
for one volunteer was no more than 28 days.

The study was planned to include no more 
than 32 healthy volunteers. As a result, 31 healthy 
volunteers were included in the study, of which 
28 volunteers underwent all screening proce-
dures, were randomized and completed the study 
in accordance with the protocol

The studied medications were taken by 28 vol-
unteers, 21 of them were men and 7 were women. 
The average age of the volunteers was 30.82±6.42 
years (M±SD). The average height of volunteers 
was 175.29±6.33 cm. The average weight of vol-
unteers was 72.05±10.13 kg.

Blood sampling to  determine the  concen-
tration of ursodeoxycholic acid from a cubital 
catheter or by direct venipuncture was carried 
out during the  periods of  administration of 
the studied medicines according to the schedule: 
before administration of the medicine a sample 
of 12.0 h and a sample of 0 (15 minutes before 
administration of the medicine) will be taken, 
then in 0,25, 0,5, 0,75, 1,0, 1,5, 2,0, 2,5, 3,0, 3,5, 4,0, 
5,0, 6,0, 8,0, 12,0, 24,0, 48,0 and 72.0 h.

Since ursodeoxycholic acid is  an endoge-
nous compound, the protocol provides for taking 
two blood samples 12 hours and  immediately 
before administration of the medicine to assess 
the  endogenous concentration. In  this study, 
the duration of observation of the concentration 
of the active ingredient was 72 hours, since such 
a time interval overlaps 4 T1/2 for ursodeoxycholic 
acid from blood plasma, the value of the param-
eter T1/2 was about 13–14 hours.

Analytical procedures were carried out in 
a specialized analytical laboratory.

All blood plasma samples were subject to ana-
lytical study. To determine the  concentration 
of ursodeoxycholic acid in blood plasma, a bio-
analytical method was developed and validated 
using HPLC–MS/MS of the Agilent 1260 Infi nity 
system with a mass-selective detector G6125B.
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(ECOlab CJSC, Russia), is recognized as bioequiv-
alent to the reference medicinal product Ursofalk, 
oral suspension 250 mg /5 ml (Dr. Falk Pharma 
GmbH, Germany).

CONCLUSIONS

As part of the  registration of the medicine 
“Ursolab”, its bioequivalence relative to the ref-
erence medicine “Ursofalk” was studied with 
an acute administration by healthy volunteers 
under fasting conditions. Based on the  data 
obtained, it can be affirmed that the  studied 
medicines are characterized by a high degree 
of similarity in pharmacokinetics. The individual 
and averaged profiles of the pharmacokinetic 
curves of the studied and reference medicines 
have the same forms. The confidence intervals 
for the ratios of the geometric mean values of 
the estimated parameters of the studied and ref-
erence medicines fully correspond to the estab-
lished limits.

Thus, the performed study allows us to state 
the bioequivalence of the medicine Ursolab, oral 
suspension 250 mg /5 ml (ECOlab CJSC, Russia), 
relative to the medicine Ursofalk, oral suspension 
250 mg /5 ml (Dr. Falk Pharma GmbH, Germany). 
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