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ABSTRACT

During the construction of concrete structures of small cross-sections, the release of heat during cement
hardening has no harmful effects. With the increasing temperature of the hardening cement mass, the rate of cement
hydration increases. This increases the rate of release of its heat of hydration of cement. The consequence of the
accelerated process of hydration of the binder is a more intensive increase in the strength of cement stone than in the
case of hardening under normal conditions. This fact is widely used in practice for the intensification of the hardening of
concrete. When structures with small cross-sections are being built, the heat released during hardening is relatively
quickly transferred to the surrounding space and does not cause a significant increase in temperature. In structures
made of massive concrete (with a large cross-section), this heat is stored in the interior of the array for a long time, which
causes a rather large rise in temperature and its slow drop. This is due to the fact that heat transfer to the external
environment is hampered here by the considerable thickness of the massif and the rapid rate of concreting, mechanized
laying of large masses of concrete. As a result, a temperature difference is created between the internal and external
parts of the structure and harmful internal stresses arise that can cause cracking in the hardened concrete. This leads to
a violation of its solidity. The faster cement hydrates, the sooner and more heat is released. The types of cements with a
high content of tricalcium silicate and aluminate emit more heat and rather than types of cement with a high content of
dicalcium silicate and tetra-calcium aluminoferrite. However, the latter has a lower strength. The increase in strength
resulting from the hydration process is inevitably associated with the release of heat into the environment.
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QUINOLINE DERIVATIVES AS GROWTH REGULATORS FOR ORNAMENTAL PLANTS
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ABSTRACT

It is investigated the effect of synthesized organic compounds of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline,
its derivatives, and hydrogenated analogs. These compounds affected the height of seedlings when they were used for
pre-sowing seed treatment of the following ornamental plants: annual ornamental grass — scarlet sage (Salvia
splendens) and woody plant — yellow rhododendron (Rhododendron luteum). Prior to the sprouting process, the seeds of
Rh. luteum and S. splendens were soaked in water solutions of compounds with concentrations of 0.01%, 0.05%, and
0.1% for 18 hours. Dihydro- and tetrahydroquinolines with a concentration of 0.05% proved to be the most effective for
both plants. For Rhododendron luteum, the compounds of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline, its derivatives,
and hydrogenated analogs with a concentration of 0.1% proved to be the most effective. Dihydroquinolines at
concentrations of 0.05 and 0.1% proved to have the strongest effect when applied to the studied perennial woody plant
(Rhododendron luteum). Dihydroquinoline at the concentration of 0.05% also proved to be effective when applied to the
annual grass (Salvia splendens). For annual S. splendens, tetrahydroquinoline at concentrations of 0.01 and 0.05%
appeared to be the most effective. The pre-sowing seed treatment of grass Salvia splendens and woody plant
Rhododendron luteum with the studied compounds demonstrated that their effect on the height of the seedlings is
species-specific. The pre-sowing seed treatment of Rh. luteum and S. splendens allows increasing the height of the
seedlings by 3-61 % and 17-25 %, respectively. It is suggested using the compounds of 6-hydroxy-2,2,4-trimethyl-1,2-
dihydroquinoline, its derivatives, and hydrogenated analogs as effective growth stimulators for ornamental grasses and
woody plants.
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COMPARATIVE STUDY ON ANTIOXIDANT ACTIVITY OF SALVIA NEMOROSA L.
FROM TWO DIFFERENT LOCATIONS
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ABSTRACT

In order to investigate the antioxidant activity of Salvia nemorosa L. collected from Ahar and Urmia regions in
Iran at different growth stages, aerial parts of sage after collecting were dried, and for measurement, the ability of
scavenge DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) radical in different concentrations (0.025, 0.05, 0.07, 0.1, 0.2,
0.04 and 0.6) of methanolic extracts were prepared. The result showed that the ability to scavenge DPPH radical and
amount of inhibition percent of vegetative stage leaves, flowering stage leaves, and flowers increased with increasing
concentrations of methanolic extracts from 0.25 to 0.6 mg/ml. In the region of Urmia, the highest amount of DPPH
inhibition there was in vegetative stage leaves, and the lowest amount of DPPH inhibition was seen in flowers. In Ahar
regions, unlike the Urmia region, the highest amount of DPPH inhibition there was in flowers, but the lowest of DPPH
inhibition was seen in flowering stage leaves. Also, the content of inhibition of DPPH in Ahar and Urmia regions similarly
increased between two phenological stages (vegetative stage leaves, flowering stage leaves, and flowers) in 0.4 mg/ml
and 0.6 mg/ml concentrations.
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ANTIBIOTIC SUSCEPTIBILITY OF ESCHERICHIA COLI ISOLATE FROM URINARY
TRACT INFECTION OF THALASSEMIC PATIENTS IN THI-QAR PROVINCE
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ABSTRACT

Escherichia coli (E. coli) is the most common type of pathogen that causes Urinary tract infection disease. It can
be presented as pathogenic or non-pathogenic strain and found not only in the animal but also in the human intestine.
This bacterium can cause opportunistic infection when the human host comprised of thalassemia patients or changes the
healthy hemostatic flora. This study aimed to analyze the presence of bacteria in thalassemia patients with urinary tract
infection. A total of 303 samples were collected during the period from August 2019 to January 2020 from thalassemia
patients who suffered from urinary tract infection. The results showed that there were 6.9% of patients infected with E.
coli, 2.6% of patients were infected with S. aureus, 0.7% with both Proteus and Klebsiella, while 89.1% of patients had a
negative sample for bacteria. Also, the incidence of urinary tract infections in females is higher than in males. Besides, its
occurrence in rural areas is higher than in city residents. Moreover, among 16 antibiotics tested to sensitize bacteria to
antibiotics, Imipenem showed 100% efficacy on all isolated bacteria. In contrast, Netilmicin showed 80.1% efficacy,
Gentamycin 80.1%, and Amikacin 76.2%. Ampicillin, Aztreonam, Amoxicillin-Clavulanic Acid, Tetracycline, and Ticarcillin-
Clavulanic Acid, did not show any effectiveness toward the bacteria while other antibiotics showed different activities.
Furthermore, the isolated microbes from thalassemia patients were the highest resistance to antibiotics in comparison
with other studies, and this antibiotic-resistant may be due to the weakening of the patient's immune status and frequent
blood taking and the antibodies it contains.
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ABSTRACT

This study was designed to examine the DPPH free radical-scavenging activity, in different concentrations
(0.025, 0.05, 0.07, 0.1, 0.2, 0.04 and 0.6) of methanolic extracts of Salvia nemorosa L. collected from the northwest of
Iran (Zonouz and Ardabil regions) at two-stage of growth (vegetative stage leaves, flowering stage leaves, and flowers).
The result showed that the mean of inhibition percentage in the Zonouz region increased in various concentrations and
between flowers, vegetative stage leaves, and flowering stage leaves, compared with the plants of the Ardabil region. In
each of the regions of Zonouz and Ardabil, the highest amount of DPPH inhibition was observed in the vegetative stage
leaves in comparison with flowering stage leaves and flowers. In addition, in the effect of DPPH radical trapping in
different concentrations of methanolic extracts of Salvia nemorosa L. was observed that from each of the collected
region, methanolic extracts from sage plants were dose-dependent and acted very effective and useful and the best
antioxidant activity was in the high concentration of extracts, So in Zonouz and Ardabil regions, the content of inhibition
of DPPH increased significantly, by increasing the concentration of 0.025 mg/ml to 0.6 mg/ml and in Zonouz region the
content of inhibition of DPPH similarly increased in 0.2, 0.4 and 0.6 mg/ml concentrations. In the Ardabil region, the most
content of inhibition of DPPH was seen in 0.4 mg/ml and 0.6 mg/ml concentrations, but in this region, the content of
inhibition of DPPH in 0.2 mg/ml concentration there was only in vegetative stage leaves and flowering stage leaves.
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USING SYNTHESISED ORGANIC COMPOUNDS AS ENVIRONMENTALLY FRIENDLY
RETARDANTS FOR ORNAMENTAL PLANTS
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ABSTRACT

The pre-sowing treatment of scarlet sage (Salvia splendens Ker Gawl.) seeds with 4-methyl-2-piperidin-1-yI-
pyrimidine-5-carboxylic acid at concentrations of 0.01, 0.05, and 0.1% proved to have an obvious inhibiting effect. Prior
to sowing, the seeds of Salvia splendens were soaked in a water suspension of 4-methyl-2-piperidin-1-yl-pyrimidine-5-
carboxylic acid and 4-methyl-2-morpholin-4-pyrimidine-5-carboxylic acid with concentrations of 0.01%, 0.05%, and 0.1%
for 18 hours. On the 42nd day of the experiment, the seedlings, having been preliminarily hardened for 12 days, were
removed from the greenhouse and planted on the field. The pre-sowing treatment of Salvia splendens seeds with 4-
methyl-2-morpholin-4-pyrimidine-5-carboxylic acid proved to have the inhibiting effect at concentrations of 0.01 and
0.05%. The height of the seedlings decreased by 13.3-43.7%. It was revealed that 4-methyl-2-piperidin-1-yl-pyrimidine-5-
carboxylic acid at concentrations of 0.01, 0.05, and 0.1% decreased the growth of the seedlings by 30.4-43.7%, and 4-
methyl-2-morpholin-4-pyrimidine-5-carboxylic acid at concentrations of 0.01 and 0.05% decreased the growth of the
seedlings by 13.3-22.2%. By contrast, the effect of pyrimidinecarboxylic acids on seed germination and plant height of
another annual flower — spreading marigold (Tagetes patula L.) was stimulating. It was investigated some different
concentrations from 0.01 to 0.05 %. The same concentrations of identical compounds were tested, but effects from them
were opposite for Tagetes patula, and Salvia splendens seedlings. Consequently, the species-specific effect of
pyrimidinecarboxylic acids on seed germination and plant height for ornamental grasses takes place. Therefore,4-methyl-



2-piperidin-1-yl-pyrimidine-5-carboxylic acid and 4-methyl-2-morpholin-4-pyrimidine-5-carboxylic acid are recommended
as growth retardants for Salvia splendens.
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MISUSE AND ABUSE OF DRUGS: A CROSS-SECTIONAL SURVEY AMONG
PHARMACY PROFESSIONALS IN SAUDI ARABIA

ALSHAYBAN, Dhafer'; JOSEPH, Royes'; LUCCA, Jisha'; ALJISHI, Fatimah'; ALSADIQ, Yara?

'Department of Pharmacy Practice, College of Clinical Pharmacy, Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia
2PharmD student, College of Clinical Pharmacy, Imam Abdulrahman Bin Faisal University, Saudi Arabia

ABSTRACT

Prescription and non-prescription medication misuse or abuse is a global problem that has a negative
impact on all human life aspects, including health, social, economic, and security status. According to the United Nations
Office on Drug and Crime reports, over 5% of adult people used drugs at least once in the year 2015, and 29.5 million of
them were suffered from the consequences of inappropriate use of drugs. Information on the knowledge and perception
among pharmacists regarding the misuse and abuse medications in Saudi Arabia are limited, and therefore, a study was
conducted among pharmacy staff to assess their knowledge and awareness on drug misuse and abuse. A cross-
sectional study was carried out in Eastern Province, Saudi Arabia. Pharmacy professionals with more than three months
of experience were included in the study. A structured questionnaire was used to obtain the participant’s responses. A
Chi-square test was used to evaluate the association of socio-demographic factors with the participant's responses.
Ninety pharmacy professionals were responded. Overall, 69 (76.7%) participants agreed that misuse and abuse are two
different terms. In addition, the study showed different responses for patients who suspected to be medication abusers.
In conclusion, this study provides an initial picture of pharmacy staffs’ knowledge and opinion regarding the misuse and
abuse of medicines in Saudi Arabia. Participants’ reactions toward such behaviors were different and not consistent.
Therefore, there should be a clear policy to define the role of the pharmacy staff toward the misuse and abuse of
medication in Saudi Arabia.
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CLINICAL AND LABORATORY TESTING OF A NEW MODIFICATION OF TWO-LAYER
"SILEP" DENTURES USED IN PROSTHETIC DENTISTRY
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ABSTRACT

Dentistry is a part of medicine, where various polymer materials were used for the first time. Many factors forced
researchers to find more stable, versatile, and hygienic materials for the manufacture of dental products. It is important to
note that the search for the ideal polymer dental material is still ongoing. This is because modern polymers, in some
cases, do not meet the specified requirements for chemical, physical, strength, and elastic properties. Based on the data
on the method of creating and using silicone material for the base of the removable prosthesis "Gossil", an improved
silicone material for two-layer dentures "Silep" was developed, as well as a special primer for better connection of the
lining with the rigid acrylic base of the prosthesis. To evaluate the most suitable compound, materials were tested for
several parameters, such as tensile strength, elongation, and shore hardness. In addition to selecting a suitable material



for modification, the selection and testing of an adhesive that allows the chemical bonding of the acrylate surface to the
siloxane surface were carried out.
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ABSTRACT

During the construction of concrete structures of small cross-sections, the release of heat during cement
hardening has no harmful effects. With the increasing temperature of the hardening cement mass, the rate of
cement hydration increases. This increases the rate of release of its heat of hydration of cement. The
consequence of the accelerated process of hydration of the binder is a more intensive increase in the strength
of cement stone than in the case of hardening under normal conditions. This fact is widely used in practice for
the intensification of the hardening of concrete. When structures with small cross-sections are being built, the
heat released during hardening is relatively quickly transferred to the surrounding space and does not cause a
significant increase in temperature. In structures made of massive concrete (with a large cross-section), this
heat is stored in the interior of the array for a long time, which causes a rather large rise in temperature and its
slow drop. This is due to the fact that heat transfer to the external environment is hampered here by the
considerable thickness of the massif and the rapid rate of concreting, mechanized laying of large masses of
concrete. As a result, a temperature difference is created between the internal and external parts of the
structure and harmful internal stresses arise that can cause cracking in the hardened concrete. This leads to a
violation of its solidity. The faster cement hydrates, the sooner and more heat is released. The types of cements
with a high content of tricalcium silicate and aluminate emit more heat and rather than types of cement with a
high content of dicalcium silicate and tetra-calcium aluminoferrite. However, the latter has a lower strength. The
increase in strength resulting from the hydration process is inevitably associated with the release of heat into the
environment.

Keywords: concrete, hydration, minerals, temperature, strength.

mineral composition and fineness of grinding.

1. INTRODUCTION The presence in their composition of an
increased amount of C3S glass and especially

It is known that the hydration reactions of CsA, determines the intense heat release during
cement minerals are exothermic, and the the hardening of such types of cements, mainly in

interaction of cement with water is accompanied the first terms, due to the rapid interaction of
by the release of heat. these minerals  with water. Cements

characterized by a high content of C4AF and
most of all B-C.S are characterized by a reduced
heat release. Heat generation can also be
reduced by introducing active mineral additives
According to D. Verbeck and C. Foster into Portland cement, in particular, finely ground
(Bazhenov, 2002), the heat release of three granulated blast furnace slags (Volzhensky,
calcium silicate (C3S) and two calcium silicate 1986).
(C2S) is much lower, and three calcium
aluminate (CsA) and four calcium alumin-ferite 2. MATERIALS AND METHODS
(C4AF) more.
The heat release of various portland types Heat release during hardening of cements
of cements varies widely depending on their is of great practical importance. In particular, in
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According to S.D.Okorokov (Volzhensky,
1986), clinker minerals are characterized by heat
release indicators at different hardening periods.



the process of concreting conventional structures
at low temperatures, increased heat generation
plays a positive role. On the contrary, the
construction of massive structures, for example,
hydraulic structures (especially in summer), from
concrete on cements with increased heat
generation leads to their heating to 50 °C and
more. Subsequent cooling of concrete masses at
the outer surfaces causes significant temperature
differences in the outer and inner zones, the
occurrence of tensile stresses in the surface
layers, and the formation of cracks in them. This
reduces the bearing capacity and durability of
structures, therefore, when erecting massive
concrete structures, low-heat types of cements
are used, for example, with heat release after
three days no more than 168-188 and after
seven days 210-230 J/g.

The experiments of many researchers
have shown that heat from a mixture of Portland
cement and water is released stepwise during the
first days of hardening.

Based on their data, as well as the data of
V.Lerch, T.Powers, and others (Mikulsky, 2002),
the time of initial hardening of the cement test
can be divided into four periods according to the
intensity of heat release. The first period of 30-40
min can be attributed to the first period of the
interaction of cement with water, when there is a
strong heat release in the test (especially during
the first 5-8 min) with its subsequent decrease to
small values.

The second period - the period of low
heat, sometimes called induction, occurs during
the second to fourth hours. Its duration depends
on the properties of cement and gypsum content.

The third period, starting 3-5 hours after
the moment of cement mixing with water, is
characterized by the beginning of setting and a
gradual increase in heat generation, reaching a
maximum after 6-10 hours. At this point, the
setting of the dough is usually marked.

The fourth period begins after the heat
release indicator passes through a maximum and
is characterized by a decrease in the amount of
heat by the daily time to approximately 4.19 J/h
per 1 g of cement. At this time, an intensive
increase in the strength of the system s
observed, and the heat release in ordinary
cements after a day of hardening reaches 15-
20% of the total (Volzhensky, 1986; Bazhenov
2002). At the same time, according to the data of
Yu. S. Malinin and others, there is a stepwise
change in the concentration of calcium hydroxide
and silica in an aqueous solution of cement

paste. A curve with sharp kinks is also
characteristic, illustrating the growth of the
ultimate shear stress measured by a conical
plastometer. Here, the moments of decrease in
the indices of the ultimate shear stress coincide
in time with the onset of strong drops in the
concentration of calcium hydroxide in the liquid
phase of the test (Mikulsky, 2002; Dvorkin, 1991;
Solomatov, 1989).

The presence of an induction period with
low heat generation is explained by the formation
of clinker particles of helium shells of hydrated
compounds, which almost cease water access to
unreacted inner zones of binder grains. But the
presence of a saturated solution of Ca(OH), and
other compounds in the gel formed, and on the
unreacted surface of the cement, particles create
the conditions for the diffusion influx of water from
the intergranular space with a low concentration
of the solution. As a result, the osmotic pressure
gradually increases in the gel shells, leading to
rupture at certain values. In this case, there is the
possibility of direct access to water to exposed
fresh surfaces and its reaction with cement. This
moment is the end of the induction period of low
activity and the beginning of the third period with

increasing heat dissipation (Krivenko, 1989;
Neville, 1972; Reichel, 1979).
The data obtained by M.I. Strelkov

(Reichel, 1979), during observations under a
microscope, confirm the possibility of rupture of
the gel shells that arise on the surface of cement
grains. He also believes that the phenomenon of
rupture of the shells on individual particles
contributes to their movement into the grain
space, which, due to this, is filled with cementing
neoplasms.

The rate of heat release and the formation
of particles of a new solid phase during the
hydration of binders has a great influence on the
formation of a bound structure with the formation
of a “hardened stone”. For example, the
formation of calcium hydroxide from oxide usually
proceeds very quickly with the release of a new
substance. Theoretically, they are able to
increase its temperature by 878:1.17 = 750 °C
(here 1.17 J/g °C is the heat capacity of the
hydrate) (Artyukhovich, 2011).

Hydration (a-semi-aquatic gypsum comes
with the release of 112 J/g. In this case, with
stoichiometric ratios of the reacting components,
the resulting two hydrates can theoretically heat
up only by 112:1.09 = 103 °C. It is important to
note that hydration of calcium oxide or gypsum
proceeds practically within 1-2 hours with the
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release of all the heat.

Of the clinker minerals, only C3A can be
compared to some extent with CaO and semi-
aquatic gypsum. With its full hydration, 1082 J/g
is released, or in terms of C3AHq, 600 J/g. If we
allow the possibility of a fairly rapid interaction of
this substance with water even in half, then in the
absence of heat loss, the temperature of the
reaction product can reach approximately 300:
1.26 = 237 °C.

Hydration of semi-aquatic gypsum with
relatively small heat release proceeds quietly only
with a moderate increase in the external volume,
while hydration of three calcium aluminates,
according to some researchers, causes an
insignificant strength of the formed stone, and
according to others its zero strength.

It is characteristic that the presence of
3Ca0-A1,0sin clinkers in an amount of 5-10% is
useful, while its higher content already leads to a
temporary decrease in the strength of types of
cements. This phenomenon can be partially
explained by the peculiarity of hydration CsA
(Shevchenko, 2004).

Of the other clinker minerals, C3S - 500
J/g, according to V.Lerch and R. Bogg (Puliaev,
2011), is distinguished by high heat release
during full hydration. However, this process. it is
relatively slow, and even under favorable
conditions at ordinary temperature during the first
12 hours, the degree of hydration barely exceeds
15-20%. In this case, heat generation can reach
100-126 J per 1 g of the starting substance, and
even less per 1 g of neoplasms. These heat
dissipation indicators are close to those
characteristics of semi-aquatic gypsum, which
interacts with water for 1-2 hours. Thus, one can
not be afraid of significant heating of Cs3S
hydration products and deformations inherent in
CsA.

The two calcium silicate C.S, as well as
the four calcium aluminoferrite C4AF in terms of
heat during the initial hydration periods, cannot
have a significant effect on the heating of the
system, in which dangerous deformations can
occur.

Thus, it is necessary to evaluate the true
astringent properties of certain substances with
due regard for the factor of heat release, which
from a certain threshold exerts a sharply negative
effect on the hardening effect of the system. It
should be emphasized that the above applies to
stoichiometric mixtures of binders with water. The
hardening of concrete and mortar mixtures is less

affected by the factor of the intensity of heat
generation due to the presence of aggregates
and excessive amounts of water preventing the
system from overheating (in the absence of
artificial heating).

3. RESULTS AND DISCUSSION:

The most significant influence on the rate
of hardening of concrete is exerted by the
mineralogical composition of cement. According
to the intensity of the increase in concrete
strength at normal temperature, modern types of
cements are divided into four types (Table 1).

At the same time, type | and type Il types
of cements, which provide a faster increase in
concrete strength, at an early age, sharply slow
down the increase in strength during long
hardening periods, while type Il and type IV
cements, slowly hardening at the beginning,
show a noticeable increase in strength over a
long time. Under favorable conditions, the
strength of concrete on these types of cements
by the half-year age increases by 1.5 to 1.8 times
compared with the strength at the age of 28 days,
and there is also an increase in strength over the
next several years, although at a slower pace.

A noticeable effect on the rate of
hardening of concrete is exerted even by
relatively small fluctuations in air temperature.

To determine the temperature of cement
hydration during hardening of concrete,
thermometers of the TM-1288/1 type are installed
in the structure. Thermometer readings were
recorded in an eight-channel TM-5103. The
arrangement of thermometers in the structure is
shown in Figure 1.

From Figure 1, it is seen that on the first
and second foundations, thermometers No.1 and
No.6 in the center are installed, respectively,
thermometers No.2, No.3 and No.7, and No.5 are
installed along the edge of the formwork at
different levels. Thermometers No.4 and No.8 are
installed to control the outside temperature or air
temperature.

Figure 2 and Table 2 show the change in
temperature of concrete over time in various
places of structures. Therefore, when concreting
massive structures, especially in the spring-
autumn period, it is necessary, if possible, to take
into account temperature fluctuations and its
effect on the hardening of concrete.

Analysis of the results of changes in
concrete temperature shows that 5 hours after
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pouring, the temperature of concrete began to
rise markedly and amounted to 37.1-38.3 °C
(Table 2). Such a relatively slow rise in
temperature is due to the regular process of
cement hydration.

This process is very intense. Since, at this
stage, the number of hydrated phases is
relatively small, in the space between the cement
particles, there is free growth of thin plates of
calcium hydroxide and calcium hydrosilicates and
ettringite in the form of long fibers that form
simultaneously.

In the process of intensive hydration of
clinker minerals C3;A C4AF and C3S, after 22
hours and 30 minutes, thermometers No.1 and
No.3 (structures No.1) respectively reached a
maximum temperature of 76.3 and 69.1 °C
(2017/08/12, at 08:30 h).

In construction No.1, the maximum
temperature was recorded by thermometers:

- No.1 - after 22 hours 30 minutes - 76.2
°C:

- No.3 - after 22 hours 30 minutes - 69.1
oC;

- No.2 - after 29 hours - 49.6 °C.

In construction No.2, the maximum
temperature was recorded by thermometers:

- No.7 - after 23 hours 30 minutes - 68.8
°C:

- No. 5 - after 24 hours - 60.7 °C;

- No. 6 - after 26 hours 30 minutes - 79.0
°C.

The preservation of the reached maximum
temperature of concrete can be observed from 4
to 9 hours, depending on the location of the
thermometers. This fact confirms that the third
stage of the hydration process, occurring after 5
hours 30 minutes, lasts up to 27 hours.

After 27-30 hours, a uniform, and a slight
decrease in temperature is observed at all
studied points of concrete structures (Figure 2).
This confirms the completion of intensive
hydration of CsA and C4AF, as well as the end of
the crystallization of calcium hydroxide through
the liquid phase.

The degree of hydration depends on the
water-cement ratio, and reaches its maximum
value only after 1-5 years (Evlanov, 2002;
Krasnovsky, 2004; Shifrin, 1985; Sychev, 1974;
Lukyanov, 1972; Lukyanov, 1971; Velichko,
1972).

The degree of hydration (Figure-3) is
determined in various ways: by the amount of Ca
(OH)2, by heat, by the specific gravity of the
cement paste, by the amount of chemically bound
water, by the amount of non-hydrated cement

(18,19), or indirectly by the strength of cement
stone (Shifrin, 1985; Sychev, 1974; Lukyanov,
1972; Lukyanov, 1971; Velichko, 1972;
Solovyanchik, 1985; Shifrin, 2007).

Hydration products vary in strength. The
main carriers of strength are calcium
hydrosilicates (Krivenko, 1989). In the process of
hydration of clinkers C3S and C.S, in addition to
calcium hydrosilicates, hydrated lime Ca (OH) is
formed, which is stored in the cement stone and
prevents corrosion of steel inside the cement
stone (Solovyanchik, 2015).

Since the thermal conductivity of concrete
is relatively low, hydration leads to a significant
increase in temperature inside massive concrete
structures. At the same time, the outer part of the
concrete massif loses a certain amount of heat,

so that a sharp temperature gradient s
established.

Like many chemical reactions, the
hydration reaction of clinker minerals is

exothermic, with cement emitting up to 120 cal/g
(Solovyanchik, 2015).

Strictly speaking, the total heat release is
the sum of the heat of a chemical reaction and
heat as a result of the sorption of water by the
surface of a gel formed during hydration. The
heat of sorption is a quarter of the total heat
dissipation.

Bogg's research results showed that
ordinary Portland cements emit about half of the
total heat in 1-3 days. The heat release depends
on the chemical composition of the cement and
represents the sum of the heat of hydration of all
cement constituents. From this, it follows that, if
the composition of cement is known, its heat
release can be determined with a high degree of
accuracy (Shevchenko, 2004; Neville, 1972).

Since at an early age, the hydration of the
individual components proceeds at different
speeds, the rate of heat release, as well as the
total amount of heat, depends on the composition
of the cement. From this, it follows that by
reducing the percentage of the most rapidly
hydrating components (C3A and C3S), the rate of
heat generation of concrete at an early age can
be reduced.

On the other hand, heat release during
cement hydration can prevent the freezing of
water in the capillaries of freshly laid concrete in
cold weather. Therefore, high heat release, in this
case, is a positive factor. It is clear that it is
desirable to know the heat release value of
various cements in order to choose the most
suitable type of cement for each specific case.
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For many applications of concrete, moderate heat
generation is a positive factor (Neville, 1972).

The initial framework of the cement stone
that arose during the setting significantly affects
the further structure of the hydration products, in
particular, the crack resistance and strength
growth rate. Therefore, it is not surprising that
there is a definite relationship between the
degree of hydration and strength.

Temperature changes do not occur
instantly, and it depends on the temperature
difference, the properties of concrete, the
massiveness of the structure, the heat generation
of cement, and other factors. Therefore, a jump-
like change in temperature can be arbitrarily
adopted, especially since the strength of concrete
hardening at different temperatures is affected by
the mineralogical composition of cement, water-
cement ratios, and others. The normal
temperature of the concrete hardening medium is
conventionally considered 15 ... 20 °C.

It is known that heating accelerates
chemical reactions. An increase in concrete
temperature activates the interaction of water and
cement and accelerates the hardening of
concrete. Moreover, the phase composition of
cement hydration products hardening at different
temperatures remains almost the same.

The resulting neoplasms fix the expanded
volume of concrete, however, concrete exhibits
residual deformations, that is, its volume after
heating is greater than the original.

4. CONCLUSIONS:

1. In concrete, the maximum hydration
temperature - 79.0 °C was reached 26 hours 30
minutes after pouring structures No.2 and
maintaining a high temperature in the range of
78.0-79.0 °C continues for 9 hours.

2. The preservation of the reached
maximum  temperature of concrete in
thermometers can be observed from 4 to 9 hours,
depending on the place of their installation. This
fact confirms that the third stage of the hydration
process, occurring after 5 hours 30 minutes, lasts
up to 27 hours after pouring concrete.

3. It should be borne in mind that the rate
of increase in the strength of concrete is
gradually slowing down, and its final strength will
depend on in which growth certain temperature
fluctuations occur.

4. In fact, temperature changes do not

occur instantly. The intensity of heating and
cooling depends on the temperature difference,
the properties of concrete, the massiveness of
the structure, heat dissipation of cement, and
other factors.
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Table 1. Classification of cements by hardening rate

Type of The mineralogical characteristics Kzs...90= Kzs...180=
cement Roo Ri1so
R2g R2g
| Aluminate cement (C3A)>12% 1...1,05 1...1,05
Il Alite cement (C3S>50%, C3A<8%) 1,05...1,2 1,1...1,3
1] Cement with complex mineralogical 1,2...1,5 1,3...1,8
characteristics (pozzolanic, Portland cement
with content C4AF>14%, Portland cement slag
with slag content 30...40%)
\YJ Belite Portland cement and slag Portland 1,6...1,7 1,85
cement with a slag content of more than 50%
For comparison 1,35 1,55
Lgn
Rn=R2g------
Lg28
Table 2. The change in temperature of concrete over time
Time Thermometer number
1 [ 2] 3[4]5]6] 7] 8
2019/08/23
10:00 29 | 30 | 30 | 25 | 31 | 30 | 30 29
10:30 30 | 31 | 30 | 26 | 31 | 29 | 31 28
11:00 30 | 31 | 31| 27 | 31| 31 | 31 29
11:30 30 | 31 | 31|27 | 31| 31 | 31 29
12:00 31 | 31 | 31 (28|31 ] 31 ] 31 30
12:30 32 | 32 | 32 | 29 | 31| 31 | 32 31
13:00 33 | 33 | 33 |30 | 32 | 32| 33 31
13:30 33 | 33 | 33 |30 |33 ]33 ]33 31
14:00 34 | 34 | 34 |31 |34 |34 | 34 31
14:30 36 | 35 | 36 | 31 | 35| 35| 36 32
15:00 38 | 37 | 38 | 32 | 37 | 38 | 38 32
15:30 40 | 39 | 41 | 33 | 39 | 40 | 40 31
16:00 43 | 42 | 43 | 34 | 42 | 43 | 43 32
16:30 45 | 44 | 46 | 34 | 43 | 46 | 45 32
17:00 48 | 46 | 49 | 34 | 46 | 49 | 48 32
17:30 52 | 49 | 53 | 34 | 48 | 52 | 51 32
2017/08/12
08:30 76 | 47 | 69 | 27 | 60 | 78 | 69 29
09:00 76 | 47 | 69 | 27 | 60 | 78 | 69 30
09:30 76 | 47 | 69 | 29 | 61 | 78 | 69 32
10:00 76 | 48 | 69 | 31 | 61 | 78 | 69 34
10:30 76 | 48 | 68 | 32 | 61 | 78 | 69 35
11:00 76 | 48 | 68 | 31 | 61 | 78 | 69 34
11:30 76 | 48 | 68 | 33 | 61 | 79 | 69 36
12:00 76 | 48 | 68 | 33 | 61 | 79 | 69 36
12:30 75 |49 | 68 | 37 | 60 | 79 | 69 35
13:00 75 1 49 | 68 | 37 | 60 | 79 | 68 35
13:30 75 1 49 | 68 | 37 | 60 | 79 | 68 35
14:00 75 | 49 | 67 | 38 | 60 | 79 | 68 35
14:30 75 | 49 | 67 | 38 | 60 | 79 | 68 36
15:00 75 | 50 | 67 | 38 | 60 | 79 | 68 36
15:30 75 | 50 | 67 | 36 | 59 | 78 | 68 35
16:00 74 | 49 | 67 | 36 | 59 | 78 | 68 34
16:30 74 | 49 | 67 | 35 | 59 | 78 | 68 34
17:00 74 | 49 | 66 | 35 | 59 | 78 | 68 33
17:30 74 | 49 | 66 | 34 | 59 | 78 | 68 33
18:00 74 | 48 | 66 | 34 | 58 | 77 | 68 33
18:30 73 | 48 | 66 | 32 | 58 | 76 | 68 31
19:00 73 |47 |65 |30 |57 |76 |67 30
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ABSTRACT

It is investigated the effect of synthesized organic compounds of 6-hydroxy-2,2,4-trimethyl-1,2-
dihydroquinoline, its derivatives, and hydrogenated analogs. These compounds affected the height of seedlings
when they were used for pre-sowing seed treatment of the following ornamental plants: annual ornamental
grass — scarlet sage (Salvia splendens) and woody plant — yellow rhododendron (Rhododendron luteum). Prior
to the sprouting process, the seeds of Rh. luteum and S. splendens were soaked in water solutions of
compounds with concentrations of 0.01%, 0.05%, and 0.1% for 18 hours. Dihydro- and tetrahydroquinolines
with a concentration of 0.05% proved to be the most effective for both plants. For Rhododendron luteum, the
compounds of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline, its derivatives, and hydrogenated analogs with a
concentration of 0.1% proved to be the most effective. Dihydroquinolines at concentrations of 0.05 and 0.1%
proved to have the strongest effect when applied to the studied perennial woody plant (Rhododendron luteum).
Dihydroquinoline at the concentration of 0.05% also proved to be effective when applied to the annual grass
(Salvia splendens). For annual S. splendens, tetrahydroquinoline at concentrations of 0.01 and 0.05% appeared
to be the most effective. The pre-sowing seed treatment of grass Salvia splendens and woody plant
Rhododendron luteum with the studied compounds demonstrated that their effect on the height of the seedlings
is species-specific. The pre-sowing seed treatment of Rh. luteum and S. splendens allows increasing the height
of the seedlings by 3-61 % and 17-25 %, respectively. It is suggested using the compounds of 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline, its derivatives, and hydrogenated analogs as effective growth stimulators for
ornamental grasses and woody plants.

Keywords: quinolinic compounds, growth regulators, grasses, woody plants.

1. INTRODUCTION

Several heterocycles have shown
biological activity: a potent antibacterial (Brown et
al.,, 2004), anti-inflammatory (Gavrilov et al.,
1988), antitrypanosomal (Fotie et al., 2010) and
other effects. The same quinolinic compounds at
different concentrations may either stimulate or
inhibit the biological processes (Gavrilov et al.,
1988; Litvinov, 1998; Dorey et al., 2000; Brown et
al., 2004; Le et al., 2007; Fotie et al., 2010).

Some papers also study the biological
effect of quinolinic compounds, such as dihydro—
and tetrahydroquinoline, on seed germination and
the root growth of the stem cuttings of woody
plants (Shmyreva, 2000; Butorina et al., 2002;
Baranova, 2013 a). Over the last years, attempts

have been made to synthesize new quinolinic
compounds that can be wused as growth
regulators (Dorey et al., 2000; Croisy-Delcey et
al., 2000; Pravin et al., 2000ab, 2003; Abadi,
Brun, 2003; Denmark, Venkatraman, 2006). The
effect of certain quinolines on seed germination
and the size of the seedlings of Rhododendron
ledebourii was also investigated (Moiseeva et al.,
2012 a; Kalaev et al., 2013). However, the effect
of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline,
its derivatives, and hydrogenated analogs on the
growth of other plants has not been studied yet.

Therefore, the aim of our research was to

study the effect of synthesized organic
compounds of 6-hydroxy-2,2,4-trimethyl-1,2-
dihydroquinoline, its derivatives and

hydrogenated analogs on the height of seedlings,
when used for pre-sowing seed treatment of the
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following ornamental plants: annual ornamental
grass — scarlet sage (Salvia splendens) and
woody plant - yellow rhododendron
(Rhododendron luteum).

The annual ornamental grass, scarlet sage
(Salvia splendens Ker Gawl.), was selected as
the study material because it is often planted in
urban gardens and grows slowly in the early
stages of its development (Nikolaenko 1971,
Gladky 1977). Highly decorative deciduous shrub
yellow rhododendron (Rhododendron luteum
Sweet.) is quite winter-hardy and drought-
resistant (Alexandrova 2003; Vostrikova 2011;
Moiseeva et al., 2012 b; Baranova, 2013 b). It is
planted in urban and residential areas, and its
propagation requires additional stimulators of
growth and seed germination.

2. MATERIALS AND METHODS

The research was conducted at the B.
M. Kozo-Polyansky = Botanical Garden  of
Voronezh State University in 2017. The study
focused on the following organic compounds
synthesized at the Department of Organic
Chemistry of Voronezh State University:

6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahy_
droquinoline (compound 1),

6-hydroxy-2,2,4-trimethyl-1,2-dihydroquino__
line (compound 2),

7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_
thyl-1,2,3,4-tetrahydroquinoline (compound 3),

7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_
thyl-1,2-dihydroquinoline (compound 4), and

1-ben_zoyl-6-hydroxy-2,2,4-trimethyl-1,2-dihy
droquinoline (compound 5), and the way they
influence the height of seedlings of Rh. luteum.

The effect of 6-hydroxy-2,2,4-trimethyl-
1,2,3,4-tetrahydroquinoline and 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline on the height of the
‘Hot fire” variety of scarlet sage (Salvia
splendens Ker Gawl.) was also studied.

Prior to the sprouting process, the seeds of
Rh. luteum and Salvia splendens were soaked in
water solutions of the above-listed compounds
with concentrations of 0.01%, 0.05%, and 0.1%
for 18 hours. The control group consisted of the
same type of seeds soaked in a tap water
solution of a commonly used growth stimulator,
Epibrassinolide (commercial fraction Epin Extra
produced by NNPP NEST M, Russia), with the

concentration of 0.05% (following the instruction
of commercial fraction). In the case of each of the
studied concentrations of the acids, as well as the
control group, the experiment was conducted
three times using a set of 100 seeds. After
soaking, the rhododendron seeds were placed in
Petri dishes containing blotting paper and
germinated in the laboratory conditions at a
constant temperature of 22 °C. On the 21st day,
the sprouts were planted in containers filled with
high-moor peat and then kept in a greenhouse.
The height of the seedlings of Rhododendron
luteum was measured with a ruler, 7 months after
the start of the experiment. After the first true
leaves appear, young plants are considered
seedlings (Korovkin 2007).

The seeds of S. splendens were sown in
containers filled with a mixture of soil and sand (3
parts soil/1 part sand) and kept in a greenhouse
at 20 °C, as recommended in (Nikolaenko 1971,
Gladky 1977). Seed germination was evaluated
on the 20th day of the experiment. On the 42nd
day of the experiment, the seedlings, having
been preliminarily hardened for 12 days, were
removed from the greenhouse and planted on the
field. The field experiment was designed
according to B. A. Dospekhov (1985). The height
of the seedlings was measured on the 42nd day
using a ruler. The results were statistically
processed using the STADIA software package.
The procedures of data grouping and processing
were described by A. P. Kulaichev (2006). The
mean values were compared using Student's t-
test. The variances were compared using the F-
test. The coefficient of variation (Cv) was
counted, according to G. F. Lakin (1990). If Cv
was below 10%, it meant that the degree of
variation was low, with Cv between 10 and 25%.
The degree of variation was medium, and when
Cv was over 25%, the degree of variation was
high (Lakin 1990). To estimate the influence of
various concentrations of the chemical
compounds on the height of the plants, a one-
way analysis of variance was used. The power of
influence was estimated, according to Snedecor
(in %).

3. RESULTS AND DISCUSSION:

The height of the seedlings of
Rhododendron luteum 7 months after the seeds
were treated with the studied organic compounds
are given in Table 1 and Figure 1. The seedlings
in all the experimental groups were higher than
the ones in the control group, with 6-hydroxy-
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2,2 ,4-trimethyl-1,2-dihydroquinoline  (compound
2) demonstrating the stronger stimulating effect
than 6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahy _
droquinoline (compound 1).

It is demonstrated that 6-hydroxy-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinoline  (compound
1), 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline
(compound 2) and 1-benzoyl-6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline  (compound  5)
appear to have strong stimulating effect with any
of the studied concentrations: 0.01, 0.05, and
0.1% (differences with the control group are
reliable, P<0.001). 1-Benzoyl-6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline shows the
strongest stimulating effect and 7-[(dime_
thylamino)methyl]-6-hydroxy-2,2,4-trime_ thyl-
1,2,3,4-tetrahydroquinoline (compound 3)
appears to be less active. But 7-[(dime_
thylamino)methyl]-6-hydroxy-2,2,4-trimethyl-
1,2,3,4-tetrahydroquinoline (compound 3) and 7-
[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_
thyl-1,2-dihydroquinoline  (compound 4) at
concentrations of 0.05 and 0.1% (Tables 1, 2)
also demonstrated a stimulating effect. However,
7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_
thyl-1,2-dihydroquinoline (compound 4) is more
effective. 7 months after the start of the
experiment, the height of Rh. luteum seedlings
increased by 3.0-61.2% (Table 2). For Rh.
luteum the strongest stimulating effect was
demonstrated by all the studied compounds with
the concentration of 0.1%.

The study also determined the effect of
the chemical compounds on the height of Salvia
splendens and the variation coefficient for this
parameter (Table 3). Variance analysis
demonstrated that the studied quinolinic
compounds influence the height of plants. The
power of influence is given in Table 4.

Quinolinic compounds  6-hydroxy-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinoline with
concentrations of 0.01% and 0.05% and 6-
hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline with
the concentration of 0.05% can be used as
growth stimulators for scarlet sage plants,

increasing their height by 17-25%.

4. CONCLUSIONS:

The conducted experiments demonstrated
that the stimulators have both similar and
species-specific effects on annual grasses and
perennial woody plants. 6-Hydroxy-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinoline and 6-

hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline with
the concentration of 0.05% have the most
substantial growth stimulating effect on the
seedlings of all the studied plant species.
However, the effect of the compounds on annual
grass is different from the one they have on
woody plants. For the annual grass
tetrahydroquinoline with concentrations of 0.01%
and 0.05% proved to be the most effective. For
Rhododendron luteum compounds of 6-hydroxy-
2,2 ,4-trimethyl-1,2-dihydroquinoline, its derivati_
ves, and hydrogenated analogs with the
concentration of 0.1% proved to be the most
effective. Dihydroquinoline at the concentration of
0.05% also proved to be effective when applied
to the annual grass (Salvia splendens), while the
other studied concentrations did not influence the
height of the seedlings. The effect of synthesized
chemical compounds of 6-hydroxy-2,2,4-trime_
thyl-1,2-dihydroquinoline and its hydrogenated
analog on grasses and woody plants is species-
specific. Tetrahydroquinolines are more effective
than dihydroquinolines for the annual grass
(Salvia  splendens). Dihydroquinolines are
stronger than tetrahydroquinolines for the woody
plant (Rhododendron luteum). The pre-sowing
seed treatment of Rh. luteum and S. splendens
allows increasing the height of the seedlings by
3-61 % and 17-25 %, respectively. It is suggested
using the compounds of 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline, its derivatives, and
hydrogenated analogs as effective growth
stimulators for grasses and woody plants.
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Figure 1. Comparative height (in mm) of Rh. luteum seedlings 7 months after the start of the
experiment for the compounds 1-5
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Table 1. The height (in cm) of Rh. luteum seedlings 7 months after the start of the experiment

Con Control Epin Extra compound compound compound compound compound
centr o o

. group, % group, % 1 2 3 4 5
ation
9/("01 6.9+0,2* 7.6+0,1**2  6.8+0,2 6.8+0.2 7.7£0.2**?
00 167102 69:02° 788027 7.9502%2 70:02° 7402 07
0.1 8.4+0,2*** 9.4+0,2*** 8.3+0.2*** 9.5+0.2*** 10.8+£0.3**
% 3 3 3 3 *3

Reference for Table 1-2:

* — differences with the control group are reliable (p<0.05)

* — differences with the control group are reliable (p<0.01)

* — differences with the control group are reliable (p<0.001)

' - differences with the Epin Extra group are reliable (p<0.05);
2 - differences with the Epin Extra group are reliable (p<0.01);
3 - differences with the Epin Extra group are reliable (p<0.01);

6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (compound 1),

6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (compound 2),
(dimethylamino)methyl]-6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (compound 3),
(dimethylamino)methyl]-6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (compound 4),
-benzoyl-6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (compound 5).

7
7
1

Table 2. The increase (in %) in the height of Rh. luteum seedlings 7 months after the start of the
experiment

Concen Epin. % compound compound compound compound compound
tration —P'" 7 1 2 3 4 5
0,01% 3.0 13.4 - - 14.9
0,05% - 16.4 17.9 4.5 6.0 32.8
0,1% 25.3 40.3 23.9 41.8 61.2
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Table 3. The height of Salvia splendens seedlings after the pre-sowing seed treatment with quinolinic
compounds

Average height

concentration, of the plants Max - Variation / Increase in
% chr)1 ’ min, cm Cv, % the height of
the plants, %
Control group 15.810.6 14 - 20 4.0/127 -
Epin Extra 13.940.7* 12-18  4.3/15.1 -
group
6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (stimulator 1)
0,01% 18.520.3*2 17 —20 1.22/5.9 17,1
0,05% 19.840.5**2 18 -22 22/76 25,3
0,1% 15.3+0.4 14 — 17 1.3/7.8 -

6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (stimulator 2)

0.01% 15.8+0.3" 14 - 17 1.12/6.3 -
0,05% 18.8+0.2***2 18— 20 6.26/4.3 19,0
0.1% 14.740.2 14 - 16 4.65/4.8 -

Reference: Cv - variation coefficient; * - differences with the control group are reliable (p<0.05); ** -
differences with the control group are reliable (p<0.01); *** - differences with the control group are reliable
(p<0.001); ' - differences with the Epin Extra group are reliable (p<0.05); 2 - differences with the Epin Extra
group are reliable (p<0.001); @ — differences with the Epin Extra group are reliable (p<0.05); 6 — differences in
variation within the experimental group and control group are reliable (p<0.01).

Table 4. The power of influence (in %) of the stimulator on the height of Salvia splendens on the 42nd
day of the experiment

as compared to as compared

compound the control to the Epin asis
group Extra group

compound 1 5.2** 7.7 7 e

compound 2 4.8*** 7.0%** g **+

Reference: ** - the influence of the factor is reliable (p<0.01); *** - the influence of the factor is reliable
(p<0.001).
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ABSTRACT

In order to investigate the antioxidant activity of Salvia nemorosa L. collected from Ahar and Urmia regions
in Iran at different growth stages, aerial parts of sage after collecting were dried, and for measurement, the ability
of scavenge DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) radical in different concentrations (0.025, 0.05, 0.07,
0.1, 0.2, 0.04 and 0.6) of methanolic extracts were prepared. The result showed that the ability to scavenge DPPH
radical and amount of inhibition percent of vegetative stage leaves, flowering stage leaves, and flowers increased
with increasing concentrations of methanolic extracts from 0.25 to 0.6 mg/ml. In the region of Urmia, the highest
amount of DPPH inhibition there was in vegetative stage leaves, and the lowest amount of DPPH inhibition was
seen in flowers. In Ahar regions, unlike the Urmia region, the highest amount of DPPH inhibition there was in
flowers, but the lowest of DPPH inhibition was seen in flowering stage leaves. Also, the content of inhibition of
DPPH in Ahar and Urmia regions similarly increased between two phenological stages (vegetative stage leaves,
flowering stage leaves, and flowers) in 0.4 mg/ml and 0.6 mg/ml concentrations.

Keywords: Lamiaceae, Salvia nemorosa, Antioxidant activity, Methanolic extracts, 2,2-diphenyl-1-picrylhydrazyl

(DPPH)

1. INTRODUCTION

The enlarged lamiaceae contains about
236 genera and 6,900 to 7,200 species, and the
most abundant genera are Salvia. The most
common purpose of medical and aromatic herbs is
Salvia spp (Mirjalili et al., 2006). The genus Salvia
is represented in Iran by 58 species, 17 of which
are endemic. Salvia nemorosa L., commonly
known as wood sage, is growing in central Europe
and Western Asia (Skala and Wysokinska, 2004).
The members of the genus display a remarkable
diversity in growth form, floral morphology,
pollination biology, and secondary compounds.
They are distributed all around the world (Walker
et al., 2004). Many species of Salvia are used in
traditional medicine throughout the world. In
Iranian folk medicine, several Salvia species have
been used as antiseptic for wounds, as a diuretic,
stomach tonic, anti flatulent, and reconstitute, and
for the treatment of eye disorders, diarrhea,

dyspepsia, fever, rheumatism, excessive
menstruation, common cold, coughing, pertussis,
and sinusitis (Naghibi et al., 2005). There is a
growing interest in medicinal plants as therapeutic
agents against many illnesses such as
Alzheimer's disease, diabetes mellitus, and
oxidative damages (Zengin et al., 2014).

Antioxidants such as flavonoids, tannins,
coumarins, xanthons, phenolics, lignans, and
terpenoids are found in various plant products
(such as fruits, leaves, seeds, and oils) (Jeong et
al.,, 2004). DPPH is one of the most popular
sensitive and frequently used methods for the
determination of the antioxidant activity of plant
extracts, which was usually explained with the
presence of phenolic acids and flavonoids in them.
(Fazal et al., 2011). The effect of antioxidants on
DPPH radical scavenging is due to their hydrogen
donating ability, which is accepted as an electron
or hydrogen radical to become a stable
diamagnetic molecule (Hadbaoui et al., 2010).
Studies have showed that S. nemorosa is a rich
source of bioactive metabolites (flavonoids).
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Also, S. nemorosa exhibited
considerable antioxidant, antibacterial, and
inhibitory enzyme activities. In conclusion, S.
nemorosa is a valuable source of natural products
and could be used for preparing novel functional
foods, cosmetics, and pharmaceutical ingredients.
It was reported, phenolic compounds of Salvia
nemorosa are gallic acid, protocatechuic acid,
catechin, p-hydroxybenzoic acid, caffeic acid,
epicatechin, vanillin, p-coumaric acid, ferulic acid,
sinapic acid, benzoic acid, o-coumaric acid, rutin,
hesperidin, rosmarinic acid, trans-cinnamic acid,
quercetin, luteolin, kaempferol, apigenin (Bahadori
et al., 2017).

Herein, we aim to evaluate the influence of
the region on the antioxidant activity of S.
nemorosa in the northwest of Iran.

2. MATERIALS AND METHODS

2.1. Plant material

Sage plants (Salvia nemorosa L.) were
collected at two vegetative and flowering stages
from two regions in the northwest of Iran including
Ahar (75 km from Tabriz to Ahar) (longitude:
38.26°E', latitude: 47.04°N and altitude:1391m )
and in East Azarbaijan and Urmia, Qasemlu
village (longitude: 37.65 °E', latitude: 47.05°N and
altitude:1328m) in western Azarbaijan. Plant
collection times at the vegetative stage were May
12th to May 26th, 2017, and collection times at the
flowering stage were May 19th to June 5th, 2017.
After collecting the plants, they were dried at room
temperature.

2.2. Extraction

After collecting plants at two growth
stages (vegetative and flowering) from two regions
(Ahar and Urmia) and after drying flowers and
leaves in shade conditions, each was powdered,
and they were soaked using 50 ml absolute
methanol and were extracted for three days by a
shaker. Extracts, then, were centrifuged for 20
minutes in 1000 rpm (Sarrou et al., 2016).

2.3. DPPH radical scavenging

The antioxidant activity of sage plants
extracts in this study was evaluated using DPPH
(2,2-diphenylpicrylhydrazyl) scavenging assay.
The hydrogen atom or electron donation abilities
of the corresponding extracts were measured from
the bleaching of the purple-colored methanol
solution of DPPH. Various concentrations (0.025,
0.05, 0.07,0.1,0.2,0.4,0.6 mg/ml) of the extracts in
methanol were added to 2 ml of methanol solution
of DPPH. The absorbance was read against a
blank at 517 nm. Inhibition of free radical DPPH in

percent (1%) was calculated with the following
equation:

1% = (Ablank — A sample / Aviank) X 100 (Sarrou et al.
2016).

2.4, Statistical analysis

Data on DPPH radical activity in this study
were performed with SPSS statistical software.
Multi-Way-ANOVA analysis of variance was used
to compare variables in regions, stages, different
concentrations, and their interactions. Duncan’s
test was used to show the least significant
difference in the probability level of 5% (P-value
<0.05).

3. RESULTS AND DISCUSSION:

The capability of sage plants in quenching
the oxidant radicals have previously been reported
(Et-Touys et al., 2016). According to table 1, there
was no considerable difference in the content of
inhibition of DPPH by regions (Ahar and Urmia)
between flowers, vegetative stage leaves, and
flowering stage leaves (Table1). In the region of
Urmia, the highest amount of DPPH inhibition
there was in vegetative stage leaves, and the
lowest amount of inhibition was seen in flowers. In
Ahar, unlike the Urmia region, the highest amount
of DPPH inhibition there was in flowers, but the
lowest of DPPH inhibition was seen in flowering
stage leaves (Figure 1).

In the Ahar region, the most the content of
inhibition was observed in flowers in 0.025, 0.05,
0.07, and 0.2 mg/ml concentrations, but there was
no considerable difference between vegetative
stage leaves and flowering stage leaves. Also, in
the Ahar region in 0.1 mg/ml concentration, the
most and the lowest content of inhibition of DPPH
were in vegetative stage leaves, and flowering
stage leaves. In the Urmia region, the most and
the lowest the content of inhibition of DPPH by
increasing the concentration of 0.025 mg/ml to 0.2
mg/ml was seen in vegetative stage leaves and
flowers, respectively. So that, in this region from
the vegetative stage to an insignificant flowering
decrease was observed (Figure 1). Similar to our
results, in the study of Et-Touys et al. (2016) on
antioxidant activity of Salvia officinalis was seen
that DPPH inhibition in methanolic, ethanolic and
en-hexane extracts were dose-dependent and by
increasing the concentration from 0 to 500 pg/ml
increased, and the most of inhibition percentage in
methanolic extracts was observed. While inhibition
percentage by increasing the concentration from
500 to 1000ug/ml didn’t show the significant
change (Et-Touys et al. 2016).
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Moreover, in this study was observed that
the methanolic extracts of vegetative stage leaves of
plants collected from Urmia region had higher
antioxidant properties in comparison with methanolic
extracts of flowers and flowering stage leaves of
sage plants while the methanolic extracts of flowers
in Ahar region plants showed the highest antioxidant
activities (Figure 1). About the amount of phenolic
compound in the growth of different stages of
plants, several studies were done that the effect of
plant growth stages shows on the amount of this
compound. According to the results of previous
studies, the total phenolic content of extracts from
fenugreek (Omezzine and Haouala 2013) and
Asparagus racemosus decreased from vegetative
to fructification stages (Verma and Kasera 2007).

In the study of the effect of DPPH (2, 2-
diphenyl-1-picrylnydrazyl) radical trapping in
different concentrations of methanolic extracts of S.
nemorosa was observed that from each of the
collected region, methanolic extracts prepared from
plants samples in scavenger of DPPH radical dose-
dependent acted very effective and useful and the
best antioxidant activity was in the high
concentration of extracts. So that, by increasing
concentration from 0.025 to 0.6 mg/ml, the content
of inhibition percentage showed an increase in each
growth stage (flowers, vegetative stage leaves,
flowering stage leaves). The content of the inhibition
percentage showed the same increase in the
highest concentrations (0.4 and 0.6mg/ml) in
different phonologic stages (Figure 1).

Also, it has been shown that total
polyphenolic content increased at the flowering
stage in Boerhavia diffusa, Sida cordifolia (Verma
and Kasera 2007) and Crithmum maritimum
(Males et al., 2003), during floral budding in
Hypericum hyssopifolium, H. scabrum and at full
flowering in H. pruinatum (Ayan et al., 2007). In
addition, in spinach leaves, higher levels of total
phenolics and antioxidant capacity were reported
at the mid-maturity stage in comparison with the
immature stage (Pandjaitan et al., 2005).
Furthermore, leaf methanolic extracts of Aegle
marmelos (Siddique et al., 2010), Myrtus
communis var. italica (Wannes et al., 2010),
Artemisia absinthium (Riahi et al., 2013) and
Malva sylvestris (Barros et al., 2011) showed the
highest antioxidant capacity compared to other
plant parts (Alimpi¢ et al., 2014). It seems that a
decrease in phenolic content with age is probably
due to their dilution with growth or that may be
because of great cellular division at the early
growth stages and formation transport
phenomenon toward the young organs (Wang and
Lin 2000; Del Bano et al., 2003). Also, it was

reported that the existence of by-products,
especially during the flowering stage, maybe
considered a significant source of natural
antioxidants in sage plants. Antioxidant activity is
related to phenolic compounds that play a crucial
role in neutralizing free radicals as a result of the
fact that phenolics have a hydroxyl group (Viuda-
Martos et al., 2010).

According to previous studies, the
major phenolic compounds identified in the
extracts of sage plants are rosmarinicacid,
carnosic acid, salvianolic acid, and its derivatives
carnosol, rosmanol, epirosmanol and rosmadial
(Lu and Foo 2001). Among these, rosmanol is a
major constituent of many salvia species and
possesses strong antioxidant capacity because
these groups cause phenols to more easily donate
hydrogen atoms to activate free radicals to
interrupt the chain reaction of antioxidants (Weng
and Wang 2000). Furthermore, natural antioxidant
compounds have various mechanisms such as
prevention of chain initiation and breaking by
donating hydrogen atoms or electrons,
decomposition of peroxides, and prevention of
continued hydrogen abstraction (Fazal et al.
2011). In addition, the reductive potential
measures the ability of a sample to act as an
electron donor and, therefore, reacts with free
radicals converting them to more stable products
and thereby terminates radical chain reactions
(Sarikurkcu et al., 2010).

Observed differences in antioxidant
activities of sage plants in Ahar and Urmia regions
in this study can be caused by the effect of the
difference in environmental factors such as
longitude, latitude, altitude, harvest season, plants
age, growth stages, soil and climate conditions in
these regions. For example, it has been reported
that the concentration of phenolic compounds can
be affected by age and seasonal variation (Uddin
et al., 2012). Also, variation in the amounts of
phenolic compounds can be attributed to several
reasons. Many of intrinsic factors such as plant
species (genetic), parts of the plants and extrinsic
factors such as environmental conditions (e.g.,

climate, soil, irrigation, temperature range,
exposure to diseases and pests), cultural
practices, harvest season, drying methods,

handling and storage factors can influence the
phenolic content of plants during the plant growth
cycles (Tavassoli and Djomeh 2011).
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4. CONCLUSIONS:

On the basis of all the analyses, it could be
concluded that the methanolic extracts of
vegetative stage leaves in the Urmia region
showed the highest amount of antioxidant activity,
but in the Ahar region, the highest amount
antioxidant activity in the methanolic extracts of
flowers was observed. So, different stages of
growth of Salvia nemorosa plants, harvest times,
different in climatic condition, major habitat and
direct relation between ecological and genetic
factors have led to differences in the antioxidant
activity of sage plants in Ahar and Urmia regions
which, can be investigated as a source of plant
antioxidants, with potential use in food, cosmetics,
and pharmaceutical fields.
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Table 1. Variance Analysis to compare DPPH inhibition in different concentrations in Ahar and Urmia

regions
Regions Stages Mean squer
Vegetative leaves 57.732™
Flowering leaves 53.847 s

Ahar Flowers 65.444 "

Vegetative leaves 71.448 "
Urmia Flowering leaves 68.702 "

Flowers 50.854 s
Note: ‘ns’ indicate non-significant diffrence at %5.
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Figure 1. The percentage of DPPH inhibition in different concentrations of Ahar (A) and Urmia
(B) regions separately in different stages of growth
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ABSTRACT

Escherichia coli (E. coli) is the most common type of pathogen that causes Urinary tract infection disease.
It can be presented as pathogenic or non-pathogenic strain and found not only in the animal but also in the human
intestine. This bacterium can cause opportunistic infection when the human host comprised of thalassemia
patients or changes the healthy hemostatic flora. This study aimed to analyze the presence of bacteria in
thalassemia patients with urinary tract infection. A total of 303 samples were collected during the period from
August 2019 to January 2020 from thalassemia patients who suffered from urinary tract infection. The results
showed that there were 6.9% of patients infected with E. coli, 2.6% of patients were infected with S. aureus, 0.7%
with both Proteus and Klebsiella, while 89.1% of patients had a negative sample for bacteria. Also, the incidence
of urinary tract infections in females is higher than in males. Besides, its occurrence in rural areas is higher than
in city residents. Moreover, among 16 antibiotics tested to sensitize bacteria to antibiotics, Imipenem showed
100% efficacy on all isolated bacteria. In contrast, Netilmicin showed 80.1% efficacy, Gentamycin 80.1%, and
Amikacin 76.2%. Ampicillin, Aztreonam, Amoxicillin-Clavulanic Acid, Tetracycline, and Ticarcillin-Clavulanic Acid,
did not show any effectiveness toward the bacteria while other antibiotics showed different activities. Furthermore,
the isolated microbes from thalassemia patients were the highest resistance to antibiotics in comparison with
other studies, and this antibiotic-resistant may be due to the weakening of the patient's immune status and
frequent blood taking and the antibodies it contains.

Keywords: thalassemia, urinary tract infection, bactéria, Escherichia coli, antibiotics.

1. INTRODUCTION: underproduced chain or chains, in patients with -
thalassemia major, the most important cause of

The term thalassemia (derived from the mortality and morbidity is organ failure due to

Greek —thalassall, which means —the seal—
referring to the Mediterranean—and —emiall,
meaning —related to bloodll) indicates a
heterogeneous group of genetic disorders of
hemoglobin synthesis characterized by a
disturbance of the production of globin chains,
leading to anemia, ineffective erythropoiesis, and
destruction of erythroblasts in the bone marrow
and of erythrocytes in the peripheral blood (Faust
et al., 2011) In individuals that produce normal
hemoglobin, two types of polypeptide chains (a
and non-a) pair with each other at a ratio close to
1/1 to form normal hemoglobin molecules. In
thalassaemic patients, an excess of the
customarily produced type accumulates in the cell
as an unstable product, leading to the destruction
of the cell (Javad et al., 2011). This imbalance is
the hallmark of all forms of thalassemia. Types of
thalassemia are wusually named after the

deposits of iron (Ricerca et al., 2009) Urinary tract
infection (UTIs) is one of the most common
diseases caused by different types of pathogens.
In thalassemia patients, infection of urinary tract
infection occurs as a result of organ failure,
including the urinary system, as a result of the
accumulation of iron resulting from the breakdown
of red blood cells (Vento et al., 2006). Women are
often more likely to be infected than men for
physiological and anatomical reasons for the
urinary system (Aldudak et al., 2000). The
infection at urinary tract infection called by a local
infection in top of the urinary system is called
pyelonephritis, and the lower part of the body
called cystitis, in the two cases can be detected
through clinical manifestations and laboratory
diagnosis (NoorBahr et al., 2016).

E .coli is the most common type of
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pathogen that causes UTI disease. These
bacteria are usually considered non-pathogenic
when they are present in the intestines, and
they reach the urinary system and become
pathogenic (Marrs et al., 2015). E. coli has many
virulence factors that are gained by the ability
to invade the host, which is related to adhesion,
toxin, and some works to protect the bacteria
from attacking the immune system (Nielsen et
al., 2014). Several studies demonstrated E.
coli's capability to cause opportunistic infections
when the changing habitat or immune system
compromised in the host and also by change
hemostat through using antibiotics. Commensal
E. coli strains efficiently exchange genetic
material with pathogenic E. coli strain or other
pathogens such as Salmonella, Shigella,
Yersinia, and Vibrio (Hussein et al,
2018)(Shahdoust et al., 2016).

This study aimed to analyze the presence
of bacteria in thalassemia patients with urinary
tract infection.

2. MATERIALS AND METHODS:
2.1. Sample Collection

After taking approval from Thi-Qar
University ethical committee, The research was
performed in Nasiriya Center for Hereditary blood
disorder, where three hundred and seven patients
with thalassemia agreed to perform and publish
this research. Their ages ranged from 4 to 30
years. Their choice is based on having a urinary
tract infection, as evidenced by symptoms, doctor
diagnosis, and urine microscopy examination.
Urine samples were collected and tested for
antimicrobial susceptibility of E. Coli. Samples of
urine were taken from patients whose normal
texture consistency was without any signs of
disease. E. coli commensal, isolated from a
healthy person, does not take any antibiotic for an
extended period of about three months.
Approximately 5 ml of urine from the middle of the
urethra was collected from each patient and
healthy individuals in sterile containers and
transported directly to the laboratory.

2.2. Microscopic Examination

All specimens were pre-examined by
microscopy to identify the presence of pus cell,
epithelial cell, red blood cell, throat mucus,
bacterial cells, and other substances (Lloyd et al.,
2009).

2.3. Culture of samples

Selected samples were labeled and
cultivated on blood agar and MacConkey agar for
urine sample grown on MacConkey agar only
incubated overnight at 37°C in an incubator under
aerobic conditions. Any E. coli suspected from
urine sample was submitted to subculture on blood
agar and MacConkey agar. All specimens lactose
fermenter colonies on MacConkey, because they
are fermented lactose sugar, which leads to the
formation of lactic acid, and with the presence of a
neutral red pigment as an indicator appears the
pink color. Depending on morphological features
of the colonies and microscopically examination
with Gram's stain, the pure cultures were prepared
for biochemical tests to distinguish E. coli from
other Enterobacteriaceae (Yamamoto, 2007).

3. RESULTS AND DISCUSSION:

3.1. Distribution of E. coli among Urinary Tract
Infection

A total of 303 urine samples were collected
during the period from September 2019 to March
2020 from thalassemia patients who suffered from
urinary tract infection. The results showed that
there were 6.9% of patients infected with E. coli,
2.6% of patients were infected with S. aureus,
0.7% with both Proteus and Klebsiella, while
89.1% of patients had a negative sample for
bacteria (Figure 1).

3.2. The Percentage of Infection with E. coli
Compared to other Isolated Bacteria

A total of 33 infectious bacteria were
isolated from thalassemia patients by urine. There
were 64% of patients infected with E. coli, 36%
with other infectious bacteria as S. aureus, and
0.7% of patients infected with both Proteus and
Klebsiella (Figure 2).

3.3. Distribution of the Thalassemia patients
Infected with E. coli According to Age Group

The results showed that the higher
infection was in second age groups (38.1%),
followed by the third age group (33.3%). The
lowest infection was in the first age (28.6%)
(Figure 3 and Table 1)

3.4. Distribution of the Thalassemia patients
Infected with E. Coli According to Gender

The results showed that the higher
infection was in females was 61.9%, while the
lowest infection was in the males (38.1%) (Figure
4 and Table 2).
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3.5. Distribution of the Thalassemia patients
Infected with E. coli According to Habitation

The results showed that the higher
infection was in rural was 61.9%, while the lowest
infection was in the urban (38.1%) (Figure 5 and
Table 3).

3.6. Identification of E. coli Bacterium
3.6.1. Morphological Properties

E. coli colonies appear smooth colonies
with distinct edges and pink colonies on the
MacConkey agar during incubation at 37°C
overnight. E. coli usually lactose ferments. E. coli
colonies on the blood agar Milky to white color with
or without zone of hemolysis, or most UPEC
appearance - hemolytic. While the commensal
non-hemolytic (Figure 6).

3.6.2. E. coli Bacterium on CLED agar

CLED agar (cysteine—lactose—electrolyte-
deficient agar or medium) is a valuable non-
inhibitory growth medium used to isolate and
differentiate urinary infectious microbes. It
contains cysteine and lactose, and it is electrolyte
deficient; the latter trait prevents the swarming of
Proteus species. Cysteine promotes the formation
of cysteine-dependent dwarf colonies (Figure 7).
Bromothymol blue is the indicator used in the agar,
and it changes to yellow in case of acid production
during fermentation of lactose or changes to deep
blue in case of alkalization. Lactose-positive
bacteria build yellow colonies. Bacteria which
decarboxylate L-Cysteine cause an alkaline
reaction and build deep blue colonies. E. coli
appear on medium opaque yellow colonies with a
slightly deeper yellow center.

3.7. Antibiotic Susceptibility

The antimicrobial susceptibility test for 31
isolates of E. coli was performed on Muller Hinton
agar by the modified Kirby Bauer disc diffusion
method. All E. coli isolates that included 31 UPEC,
46, and 20 controls healthy, were screened
against 16 antimicrobial agents (Figure 8).

3.7.1. Antibiotics Susceptibility Pattern

The results of the current study showed
that there were among 16 antibiotics used only
Imipenem had activity against all isolated E. coli.
While the Ampicillin, AT, Streptomycin,
Ciprofloxacin, Ticarcillin-clavulanic acid,
Amoxicillin- clavulanic acid, and Tl had no activity

against isolated E. coli. Other antibiotics like
Amikacin, Piperacillin, Tetracycline, and Netilmicin
recorded only one intermediate activity in addition
to the other activities (Table 4).

3.8. Discussion

3.8.1. Distribution of Thalassemia Patients

according to Age, Gender and Habitation

The current study showed a significant
increase in thalassemia among the second age
group. The high rate of prevalence of thalassemia
occurred in the second age group because the
syndrome begins in the people who carry it,
according to the inherited, it may be within two
years or more and the patients who are up to 20
years or more is exposed to many complications,
the most important of which is the increase iron
overload and this effects on the heart muscle and
kidneys and endocrine, in addition to the viral
infections, which lead to many deaths status. The
results agree with the study of (Al-attar et al.,
2014), in Irbil, their results designate that major
thalassemia phenotype can be diagnosed
perfectly within the early months or early days of
age because the exhibitions of the disease may
perform after a complete switch from fetal to adult
Hb synthesis occurs. Typically, this switch is
completed by the sixth month after birth.
Frequently, milder forms are discovered by
chance and at different ages, and many patients
whose conditions to be homozygous may show no
significant symptoms or anemia for several years
(Pourgheysari et al., 2016).

According to gender, the results showed
that there was a non-significant difference
between gender because thalassemia is a genetic
disease that is transmitted from parents to
offspring and for both sexes equally. The results
agree with the study of (Ayyash et al., 2018) that
evaluated biochemical and hematological
parameters in B-thalassemia in Gaza and
recorded non-significant differences between
thalassemia syndrome according to gender.

According to habitation, the result showed
that there was a significant increase in
thalassemia syndrome in rural habitats. This is due
to some common tribal traditions among the rural
population and their mating and lack of openness
to other families, especially those who marry
cousins. The current results agree with the study
of (Kremastinos et al., 2010), in North America,
they showed that the distribution of thalassemia
increases significantly in rural habitat than urban
habitat. Although the study disagrees with the (Al-
attar et al., 2014) study, Irbil showed that there
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was no relationship between the distribution of the
syndrome and the habitat, the compatibility
between the two studies may be due to random
sampling of models or all ages without
discrimination. The disagreement between the two
studies may be due to the number of reasons,
such as a large number of rural-urban migrations,
especially after the 1990s, the scarcity of rural
resources and employment in the city, or the study
was limited to the study of family genetic diseases.

3.8.2. Isolation and ldentification E. coli Bacterium

E. coli bacterium is composed of
pathogenic and non-pathogenic strains, Non-
pathogenic strains that may evolve into
pathogenic variables, and vice versa. Most extra-
intestinal infections associated with E. coli are
caused by commensal strains that become
pathogenic by adaptation stratagems or the
acquisition of virulence determinants (Saez-Lépez
et al., 2016).

The commensal E. coli and Uropathogenic
E. coli can colonize the gastrointestinal tract and
be well adapted to conditions in the large intestine
(Bailey et al., 2010). Some physiological studies
about E. coli had demonstrated the ability of these
organisms to adapt themselves to their different
habitats (Polage et al., 2012).

The isolates of E. coli from thalassemia
patient who suffer from urinary tract infection
assigned for the current study and based on
patients with UTI were 21 6.9%, out of a total of
303 patients with UTI, and 8 2.6% S. aureus, 2
0.7% for both Klebsiella and Proteus. They were
diagnosed by a physic and microscopic
examination of urine. By culture, both isolated
commensal and uropathogenic E. coli have the
same morphological form on MacConkey agar.
Still, most uropathogenic E. coli B- hemolytic and
commensal E. coli were non-hemolytic on blood
agar.

In the current study, the UPEC isolates
were diagnosed as 28.6% isolates in group | from
6 samples, 38.1% isolates in group Il from 8
samples, and 33.3% isolates group Il from 7
samples. This result corresponds with many
studies that focused on the predominant of UPEC
among categories patients. The current study
agreed with the study of (Abd ALameer et al.,
2015), where they study 318 different samples
from a burn, vaginal swab, urine, and environment
and recorded 25:28% of E. coli from a urine
sample. Also, a local study performed by (Al
Badry, A. et al., 2016), in Thi-Qar province, they
studied the identification of pathogenic bacteria

from thalassemia patient and recorded among 40
patients the E. coli recorded 6.6% among other
bacteria. The study also agreed with the study of
(Shah et al., 2019), in Waist province they study
virulence factors of uropathogenic Escherichia coli
(UPEC) and correlation with antimicrobial
resistance and recorded 22: 20% from 105 urine
sample infected with E. coli bacterium. The study
also agreed with the study of (Hosseini et al.,
2009), in Tehran, they studied the distribution of E.
coli among patients with urinary tract infection and
showed 243: 16.2% from total sample infected
with pathogenic E. coli. While the current study
disagreed with the study of (Melo et al., 2015), in
Brazil, they study the diversity of Escherichia coli
isolated from humans and foods and recorded
among 84 urine samples 48: 57.1% infected with
E. coli. The reason behind the current and
previous studies may be due to the different
location of the study, as well as the immune status
of the patient, in addition to the development of this
bacterium as well as novel strains of E. Coli, a
potential human pathogen, has been attributed to
advances in diagnostic capabilities and not to the
emergence of a new pathogenic strain (Sullivan et
al., 2011).

E. coli which generally produces from fecal
or the per urethral flora and the vaginal serve as a
reservoir for it, are responsible most UTls tapping
expands in (2000) (Kawamori et al., 2008), the
commensal E. coli contain specific surface
structures that can able induce signal cascades if
the organism encountering the appropriate
receptor and the ability to acquire and propagate
plasmid types can vary between E. coli
commensal and pathogenic subgroups E. coli
(Cohen, 2017). However, commensal E. coli that
evolved into a pathogen depends not only on the
gaining of virulence factor genetic information
enabling successful colonization of the host but as
well on the presence of functional genes directly
contributing to pathogenesis. That is what they
explained (Marrs et al., 2015); these strains cause
disease if the host is compromised
immunologically.

The isolation of E. coli from thalassemia
patients considering them immunocompromised
patients in the present study was consistent with
most local and international studies, as for the
differences in the results, it may be due to: the
study was more specialization for a particular
category, living conditions and nature of the
population, the progress of society or hygiene,
ratio of males to females allocated in the study,
isolated from the patient without symptomatic
urinary tract infection, social status and methods
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of insulation and techniques used.
3.8.3. Antibiotic Susceptibility Pattern

Antibiotic susceptibility patterns will help
choose the right antibiotic and reduce antibiotics
problem, from misuse, antibiotics. This information
will be useful to reduce the problem of antibiotic
resistance, and it is a global problem, resistance
may be natural resistance or acquired resistance.
Natural resistance is especially specific to bacteria
with certain antibiotic resistance, such as having a
cellular wall that prevents the passage of the
antibiotic, the acquired resistance is caused by
genes inherited by plasmids, transposons, and
integrin's or conjunction. Also, increased
resistance is usually due to the widespread and
incorrect use of antibiotics. When talking in
general about E. coli through sensitivity and
resistance to the direction of antibiotics.

The results of the current study showed
that there were among 16 antibiotics used only
Imipenem had activity against all isolated E. coli
with 100% sensitivity. While the Ampicillin,
Aztreronam, Streptomycin, Ciprofloxacin,
Ticarcillin-clavulanic acid, Amoxicillin- clavulanic
acid, and Tetracycline had no activity against all
isolated E. coli with 100% sensitivity. Other
antibiotics as Amikacin, Piperacillin, Tetracycline,
and Netilmicin recorded only one intermediate
activity in addition to the other activities. The E. coli
showed in the present study resistance for most -
lactamase antibiotics, while the anti-B-lactamase
antibiotics act by binding to certain proteins in the
cytoplasmic membrane called Binding Proteins
Penicillin. These proteins are responsible for some
interactions in the peptidoglycan synthesis
process. Therefore, the association of anti-p-
lactam with these enzymes leads to the disruption
of its work and thus stops the process of
manufacturing the cell wall to produce a cell wall
deficient incoherent, which makes the bacteria
sensitive to the pressure of osmosis and then the
death of bacteria. The previous study done by
(Abd ALameer et al., 2015), in Thi-Qar province
showed among 46 isolate

E. coli from a patient with urinary tract
infection 100% resistant for Penicillin, 96%
resistant for Amoxicillin Clavulanic acid, 74%
resistant for Ceftriaxone, 87% resistant for
Tetracycline and 96% resistant for both Ticarcillin
Clavulanic acid and Trimethoprim. While all isolate
sensitive for Amikacin and 96% sensitive for
Netilmicin. Also, a study performed by (Igbeneghu
et al.,, 2014), in Nigeria, they showed that the
strains were highly resistant to Cefalothin 100%,
Streptomycin 94.0 %, Tetracycline 92.0 %, and

Trimethoprim 89.3 % while resistance to the
Quinolones was low 3.3 - 14.0 %. A study of
(Patricia et al.,, 2011), in Brazil, they studied
antimicrobial susceptibility for E. coli isolate from
diarrheagenic patients and showed the most
effective drug were Ceftazidime, Ceftriaxone,
Imipenem and Piperacillin-tazobactam, for which
no resistance observed. Most recent studies
suggested the increase and spread of antibiotics
resistance related to horizontal transfer of
resistance genes such as integrons among
bacterial populations or through conjunction.
Transport resistance genes from commensal E.
coli to pathogenic bacteria represent a potential
risk to public health as well as the common and
wrong use of antibiotics in addition to taking large
doses of antibiotics at an early age, which leads to
curbing and weakening the immune system.

4. CONCLUSIONS:

E. coli has the highest incidence among
other bacterial in thalassemia patients infected
with urinary tract infection, the incidence of urinary
tract infection in females is higher than in males,
as well as in rural population is higher than in the
urban population. The antibiotics have proven to
be very effective in treating bacteria are Imipenem,
Gentamycin, Amikacin, while the  Ampicillin,
Aztreonam, Tetracycline, Amoxicillin-Clavulanic
acid and Piperacillin are not effective against
isolated bacteria, the culture medium CLED and
IPE 20E have proved effective in diagnosing
isolated bacteria.
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Figure 5. Distribution of E. coli According to Habitation.

o

Figure 6. Morphological of E. coli colony A and B: E. coli colony on MacConkey agar lactos
ferment, C: commensal E. coli colony on blood agar non-hemolytic, D: UPEC colony a-
hemolytic, E and F: UPEC (-hemolytic E. coli.
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Figure 8. Antimicrobial susceptibility test; for E. coli isolated.
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Table 1. Distribution of E. coli According to Age Group

Pathogen E. coli Total
Groups No. % No. %
Less than 11 years 28.6 6 28.6
11 - 20 years 8 38.1 8 38.1
More than 20 years 7 33.3 7 33.3
Total 21 100 21 100
Table 2. Distribution of E. coli According to Gender
Pathogen E. coli Total
Gender No. % No. %
Male 8 38.1 8 38.1
Female 13 61.9 13 61.9
Total 21 100 21 100
Table 3. Distribution of E. coli According to Habitation
Pathogen E. coli Total
Habitation No. % No. %,
Urban 8 38.1 8 38.1
Rural 13 61.9 13 61.9
Total 21 100 21 100

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com
Established in 1993.

32



Table 4. Antibiotic susceptibility of E. coli against isolates 16 types of antibiotics.

e of Response Antibiotic Susceptibility
Antiblofia Resistance Intermediate Sensitive Total
No. % No. % No. % No. %
IPM 0 0.00 0 0.00 21 100 21 100
AMP 21 100 0 0.00 0 0.00 21 100
AT 21 100 0 0.00 0 0.00 | 21 100
CTR 21 100 0 0.00 0 0.00 21 100
CEP 21 100 0 0.00 0 0.00 21 100
NET 3 14.3 0 0.00 18 85.7 21 100
AK 5 23.8 1 4.8 15 714 | 21 100
TTC 21 100 0 0.00 0 0.00 | 21 100
Pl 20 | 95.2 1 4.8 0 0.00 | 21 100
TE 20 | 95.2 1 4.8 0 0.00 | 21 100
AMC 21 100 0 0.00 0 0.00 | 21 100
GEN 4 19.0 0 0.00 17 81.0 21 100
Tl 21 100 0 0.00 0 0.00 | 21 100
NIT 7 33.3 1 4.8 13 61.9 21 100
NA 18 | 85.7 2 9.5 1 4.8 21 100
CIP 19 90.5 0 0.00 2 9.5 21 100
CalXx? = 260.107 TabX2 = 43.77 DF = 30 P. Value = 0.0001

The SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY (ISSN: 2674-6891; 0104-5431) is an open-access journal since 1993. Journal DOI: 10.48141/SBJCHEM. http://www.sbjchem.com.
This text was introduced in this file in 2021 for compliance reasons.

© The Author(s)

OPEN ACCESS. This article is licensed under a Creative Commons Attribution 4.0 (CC BY 4.0) International License, which permits use, sharing, adaptation, distribution, and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The
images or other third-party material in this article are included in the article’s Creative Commons license unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/ licenses/by/4.0/.

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com
Established in 1993.
33



SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY

STUDY ON THE DPPH FREE RADICAL-SCAVENGING ACTIVITY OF SALVIA
NEMOROSA L. AT TWO GROWTH STAGES

GHAFIYEHSANJ, Elham'; DILMAGHANI, Kamaladdin*?; CHAPARZADE, Nader3;
SAADATMAND, Sara%;

4 Islamic Azad University, Science and Research Branch, Faculty of Science, Biology Department
2 Islamic Azad University, Marand Branch, Faculty of Science, Biology Department
3 Azerbaijan Tarbiat-e-Moallem University, Faculty of Science, Department of Biology

* Correspondence author
e-mail: dilmaghanikamal@gmail.com

Received 12 April 2020; received in revised form 22 May 2020; accepted 22 June 2020

ABSTRACT

This study was designed to examine the DPPH free radical-scavenging activity, in different concentrations
(0.025, 0.05, 0.07, 0.1, 0.2, 0.04 and 0.6) of methanolic extracts of Salvia nemorosa L. collected from the
northwest of Iran (Zonouz and Ardabil regions) at two-stage of growth (vegetative stage leaves, flowering stage
leaves, and flowers). The result showed that the mean of inhibition percentage in the Zonouz region increased in
various concentrations and between flowers, vegetative stage leaves, and flowering stage leaves, compared with
the plants of the Ardabil region. In each of the regions of Zonouz and Ardabil, the highest amount of DPPH
inhibition was observed in the vegetative stage leaves in comparison with flowering stage leaves and flowers. In
addition, in the effect of DPPH radical trapping in different concentrations of methanolic extracts of Salvia
nemorosa L. was observed that from each of the collected region, methanolic extracts from sage plants were
dose-dependent and acted very effective and useful and the best antioxidant activity was in the high concentration
of extracts, So in Zonouz and Ardabil regions, the content of inhibition of DPPH increased significantly, by
increasing the concentration of 0.025 mg/ml to 0.6 mg/ml and in Zonouz region the content of inhibition of DPPH
similarly increased in 0.2, 0.4 and 0.6 mg/ml concentrations. In the Ardabil region, the most content of inhibition
of DPPH was seen in 0.4 mg/ml and 0.6 mg/ml concentrations, but in this region, the content of inhibition of DPPH
in 0.2 mg/ml concentration there was only in vegetative stage leaves and flowering stage leaves.

Keywords: Salvia nemorosa, Lamiaceae, Growth stage, Antioxidant activity, 2,2-diphenyl-1-picrylhydrazyl
(DPPH).

origins are commonly used worldwide as a part of
traditional culture worldwide, and prefer alternative
medicine methods at least once a year, and
consume herbal drugs and healing herbs
(Schipmann 2006).

Medical and aromatic herbs are used in
such domains as cosmetics, medicine, dye, herbal
tea, nutritional supplements, liquor, pesticide and

1. INTRODUCTION

It is known that 50,000— 75,000 plant
species are used in traditional and modern
medicine worldwide (Schippmann et al., 2002).
Medical and aromatic herbs have had essential
components of healthcare throughout human

history (Schippmann et al. 2002). From the past fungicide, essential oil products, perfumes,
until now, by use of plantS for the cure of different ﬂavoring |iquids1 and Cleaning products_
disease types in worldwide was usual because Previously, local usage of these herbs was

they contain components of therapeutic value.
This was the basic formation of medicinal plants
(Raja et al., 2010). Recently, there has been a
general opinion that synthetic materials that are
commonly used in the food and drug industry
cause many diseases, such as cancer. This has
led to an increasing global demand for natural and
organic forms of medication. As a result of this
demand, healing herbs and medicines of herbal

common as part of the traditional culture, but
today, these herbs have become an important
source of national and international trade
(Schipmann 2006).

The genus Salvia L. one of the largest
genera in the Lamiaceae family (subfamily
Nepetoideae), comprises over 900 species
throughout the Old and New World (Hedge 1992).
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The Lamiaceae (Labiate) is one of the most
diverse and widespread plant families in terms of
ethnomedicine, and its medicinal value is based
on the concentration of the volatile oil (Sarac and
Ugur 2007). Also, the Lamiaceae plant family is
one of the largest families among the dicotyledons,
many species belonging to the family being highly
aromatic, due to the presence of external
glandular structures that produce volatile oil
(Giuliani and Bini 2008). Salvia nemorosa L.,
commonly known as wood sage, is growing in
central Europe and Western Asia (Skata and
Wysokinska 2004). In addition, S. nemorosa
exhibits a considerable antioxidant, antibacterial,
and enzyme inhibitory activities. Studies have
showed that S. nemorosa is a rich source of
bioactive metabolites (flavonoids and phenolic
compounds) and could be used for preparing

novel functional foods, cosmetics, and
pharmaceutical ingredients (Bahadori et al.,
2017).

Observing the considerable amount of
phytochemicals of S. nemorosa with attempted to
design a study to reveal the quantity of its
antioxidant activity as well as the effect two
different regions in northwest of Iran.

2. MATERIALS AND METHODS

2.1. Plant material

Salvia nemorosa L. plants were
harvested at different growth stages (vegetative
and flowering stages) from the northwest of Iran
including Zonouz gardens in East Azarbaijan
(longitude: 38.26° E', latitude: 45.46° N and
altitude:1550 m) and 85 km from Khalkhal to
Ardabil (Abbasabad village) in Ardabil province
(longitude: 38.13¢ E', latitude: 48.19° N and
altitude:1335 m). Plants were harvested during the
vegetative stage from May 12th to May 26th, 2017,
and were harvested during the flowering stage
from May 19th to June 5th, 2017.

2.2. Extraction

The flowers and leaves of sage plants
were dried at room temperature, and in shade
conditions, then each was powdered, and they to
extract were soaked in absolute methanol (50 ml),
and extraction was carried out by shaking at room
temperature for 72h. They were centrifuged for 20
minutes in 1000 rpm (Sarrou et al., 2016).

2.3. DPPH radical scavenging

The ability of plant extracts to scavenge
DPPH free radicals was determined according to
the method described by Bondet et al., (1997). The

sage extracts at different concentrations (0.025,
0.05, 0.07,0.1,0.2,0.4,0.6 mg/ml) were mixed with
2 ml of methanol solution of DPPH. The
disappearance of DPPH was read against a blank
at 517 nm. Free radical scavenging capacity was
calculated by Equation 1:

% scavenging =100 - (Abc sample) ¥, a0, (Eq. 1)
(Abc DPPH)

Abs sample = Abs measured - Abs control (i.e., the
absorbance of the sample tested without DPPH)
(Barros et al., 2011).

2.4, Statistical analysis

Duncan’s test was used to show the least
significant difference in the probability level of 5%
(P-value <0.05). Data on DPPH radical activity in
this study were performed with SPSS statistical
software. Multi-Way-ANOVA analysis of variance
was performed to compare variables, regions,
stages, and different concentrations.

3. RESULTS AND DISCUSSION:

According to Table 1, there was no
considerable difference in the content of inhibition
of DPPH by regions (Zonouz and Ardabil) between
flowers, vegetative stage leaves, and flowering
stage leaves (Table1). But significant difference
(p<0.01) was observed in each separate region
between various concentrations (0.025, 0.05,
0.07, 0.1, 0.2, 0.4 and 0.6 mg/ml). In each of the
regions of Zonouz and Ardabil, the highest amount
of DPPH inhibition was observed in the vegetative
stage leaves in comparison with flowering stage
leaves and flowers. So, in two regions, from
vegetative stage leaves to flowers, an insignificant
decrease was observed (Figure 1).

The mean inhibition percentage in the
Zonouz region showed an increase in various
concentrations and in flowers, vegetative stage
leaves, and flowering stage leaves, in comparison
with the plants of the Ardabil region (Table 1). In
this two regions, the content of inhibition of DPPH
increased significantly, by increasing the
concentration of 0.025 mg/ml to 0.6 mg/ml and in
Zonouz region the content of inhibition of DPPH
similarly increased in 0.2, 0.4 and 0.6 mg/ml
concentrations (Figure 1)

Similar to our results, in the study of
antioxidant activities of Salvia officinalis L. extracts
was observed that DPPH inhibition in methanolic,
ethanolic and n-hexane extracts was dose-
dependent and by increasing the concentration

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com
Established in 1993.

36



from 0 to 500 pg/ml increased while, inhibition
percentage in the highest concentrations (500 to
1000 pg/ml) didn’t show the significant change (Et-
Touys et al., 2016).

The more ever-present research showed
that in each of regions of Zonouz and Ardabil, the
highest amount of DPPH inhibition was observed
in the vegetative stage leaves in comparison with
flowering stage leaves and flowers. Similarly, in
the study of Moghaddam et al., (2018) on total
phenolic content and antioxidant activity of
Fumaria vaillantii L. extract at different growth
stages was seen that highest accumulation
amount of phenolic compounds was at the early
growth stages, but the lowest was in the flowering
stage.

In the Ardabil region, the most content of
inhibition of DPPH was seen in 0.4 mg/ml and 0.6
mg/ml concentrations, but in this region, the
content of inhibition of DPPH in 0.2 mg/ml
concentration there was only in vegetative stage
leaves and flowering stage leaves. Also, the
content of inhibition of DPPH in flowers of the
Zonouz region increased in comparison with
flowers of the Ardabil region. In Zonouz and
Ardabil regions, the content of inhibition of DPPH
in higher concentrations (0.2, 0.4 and 0.6 mg/ml)
significantly increased in compared with 0.25,
0.05, 0.07 and 0.1 mg/ml concentrations. In this
regions, content of inhibition of DPPH in 0.07 and
0.1mmg/ml concentrations significantly decreased
in compared with 0.4 and 0.6 mg/ml but
significantly increased in compared with 0.025 and
0.05 mg/ml concentrations (Figure 1).

The influence of age and seasonal
variation in the concentration of phenolic
compounds are reported in previous researches
by Munné-Bosch et al. (2000); Sellami et al. (2009)
and Uddin et al., (2012). A decrease in phenolic
content with age is probably due to their dilution
with growth, or that may be because of great
cellular division at the early growth stages. (Wang
and Lin 2000; Del Bano et al.,, 2003). Also, it
seems that the existence of phenolic compounds
during the earlier stages suggests a transport
phenomenon toward the young organs. It was
reported that some phenolic compounds
disappeared from the vascular system by growing
the plants. Also, endogenous biosynthesis and
transportation in plants are two phenomena that
can influence the distribution of phenolic
compounds. It appears that a close relationship
among different processes of biosynthesis,
degradation, and transport are involved in the
distribution of polyphenols in the plants (Del Bano
et al. 2003). Furthermore, the type of solvent, the

degree of polymerization of phenolics, the
interaction of phenolics with other food
constituents, and the formation of the insoluble
complex are also important (Galvez et al., 2005;
Cesoniené et al., 2012).

Recently, phenolic compounds have
received considerable attention because of their
physiological functions, including antioxidant and
free radical-scavenging abilities that are affected
by the quality and nutritional value (Govindarajan
et al., 2007). Therefore, antioxidant activity in
plants is related to phenolic compounds that play
a crucial role in neutralizing free radicals as a
result of the fact that phenolics have a hydroxyl
group. Due to the previous reports, the phenolic
compounds are associated with redox properties,
which allow them to act as reducing agents,
hydrogen donators, and singlet oxygen quenchers
as well as their metal-chelating abilities (Viuda-
Martos et al., 2010). Itis well-established that sage
phenolic compounds (rosmarinic acid, carnosic
acid, salvianolic acid, and its derivatives carnosol,
rosmanol, epirosmanol, rosmadial) are highly
effective free radical scavengers and antioxidants.
It is showed that good antioxidant properties of S.
officinalis by-products are a result of the high
content of polyphenolics. Significance and role of
phenolic  compounds  showing  significant
correlations with antioxidant tests are undoubted.
Nevertheless, it should be taken into consideration
that the total antioxidant capacity of sage extracts
is the result of the potential cumulative or
synergistic effects of the diversity of major and
minor phenolic components (Lu and Foo 2001;
Johnson and Jorge 2005).

Observed differences in this study such
as the content of DPPH inhibition in higher
concentrations, the mean of DPPH inhibition and
differences at different growth stages between
Zonouz and Ardabil regions probably due to
variation in the amounts of phenolic compounds
and environmental factors such as longitude,
latitude, altitude, harvest season, plants age,
growth stages, soil, temperature changes and
annual humidity and rainfall in these regions.
Similarly, Tavassoli and Djomeh (2011) stated that
variation in the amounts of phenolic compounds
could be attributed to several reasons such as
plant species (genetic), parts of the plants and
extrinsic factors such as environmental conditions
(e.g., climate, height, soil characteristic,
temperature, humidity irrigation, temperature
range, exposure to diseases and pests, cultural
practices, harvest season, drying methods,
handling and storage factors) can influence the
phenolic content of plants during the plant growth
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cycles.

4. CONCLUSIONS:

According to the present study, it can
be concluded that observed differences in the
content of antioxidant activities in higher
concentrations, the increase of mean of DPPH
inhibition in Zonouz region and the decrease
of radical inhibition in flowers of Ardabil region
probably due to differences in climatic
conditions, the type of solvent, the degree of
polymerization of phenolics, in two regions
Zonouz and Ardabil that are affected
antioxidant activities and phenolic contents in
sage plants. Moreover, an increase in the
number of antioxidant activities at the
vegetative growth stage in these two regions
shows that this stage is the best stage of the
harvest to obtain the highest amount of natural
antioxidants of salvia nemorosa for using in
various industries, including food industries.
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Table 1. Variance Analysis to compare DPPH inhibition in different concentrations in Zonouz and
Ardabil regions
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ABSTRACT

The pre-sowing treatment of scarlet sage (Salvia splendens Ker Gawl.) seeds with 4-methyl-2-piperidin-
1-yl-pyrimidine-5-carboxylic acid at concentrations of 0.01, 0.05, and 0.1% proved to have an obvious inhibiting
effect. Prior to sowing, the seeds of Salvia splendens were soaked in a water suspension of 4-methyl-2-
piperidin-1-yl-pyrimidine-5-carboxylic acid and 4-methyl-2-morpholin-4-pyrimidine-5-carboxylic acid with
concentrations of 0.01%, 0.05%, and 0.1% for 18 hours. On the 42nd day of the experiment, the seedlings,
having been preliminarily hardened for 12 days, were removed from the greenhouse and planted on the field.
The pre-sowing treatment of Salvia splendens seeds with 4-methyl-2-morpholin-4-pyrimidine-5-carboxylic acid
proved to have the inhibiting effect at concentrations of 0.01 and 0.05%. The height of the seedlings decreased
by 13.3-43.7%. It was revealed that 4-methyl-2-piperidin-1-yl-pyrimidine-5-carboxylic acid at concentrations of
0.01, 0.05, and 0.1% decreased the growth of the seedlings by 30.4-43.7%, and 4-methyl-2-morpholin-4-
pyrimidine-5-carboxylic acid at concentrations of 0.01 and 0.05% decreased the growth of the seedlings by
13.3-22.2%. By contrast, the effect of pyrimidinecarboxylic acids on seed germination and plant height of
another annual flower — spreading marigold (Tagetes patula L.) was stimulating. It was investigated some
different concentrations from 0.01 to 0.05 %. The same concentrations of identical compounds were tested, but
effects from them were opposite for Tagetes patula, and Salvia splendens seedlings. Consequently, the
species-specific effect of pyrimidinecarboxylic acids on seed germination and plant height for ornamental
grasses takes place. Therefore,4-methyl-2-piperidin-1-yl-pyrimidine-5-carboxylic acid and 4-methyl-2-morpholin-
4-pyrimidine-5-carboxylic acid are recommended as growth retardants for Salvia splendens.

Keywords: synthesized organic compounds, pyrimidinecarboxylic acids, grasses, retardants.

1. INTRODUCTION such as Ethephon (commercial formulation

Ethrel® produced by Bayer CropScience AG

To cultivate scrubby and compact plants,
special growth regulators — retardants, are used,

which inhibit the plant growth. The most
commonly used retardants are: chlorcholine
chloride ((2-chloroethyl)-trimethylammonium
chloride), alar (succinic mono-(N,N-
dimethylhydrazide)), and ethephon ((2-
chloroethyl)phosphonic acid) (http://
www.valleyflora.ru/53-1.html). Chlorcholine

chloride is the basis for a plant growth regulator —
“Toor”, which used to be very popular in Russia
and its neighboring countries (today the regulator
is manufactured under the name Atlet® by PCC
Rokita SA (Poland). (2-chloroethyl)phosphonic
acid is used all over the world to synthesize
various preparative forms of growth retardants,

(Germany)). Ethephon is used to synthesize
growth retardants which efficiently induce the
production of ethylene. These regulators contain
disodium salts of ethephon together with
hydrazine (hydrel) and dimethylhydrazine
(dihydrel). 2,2-Dimethylhydrazide of succinic acid
is also commonly used (Sherer, Gadiev, 1991).

Over the last years, attempts have been
made to synthesize new organic compounds that
can be used as growth regulators (Dlugosz, Dus,
1996; Abdel-Gawad et al., 2005; Shujiang et al.,
2005; Marjani et al., 2011; Ostroshenko,
Ostroshenko, 2011). Such compounds should be
more effective than the existing commercial
formulations (Vasin et al., 2008; 2009). Several
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heterocycles have shown a potent antibacterial
effect (El-Sayed et al., 2002a,b, 2004; Brown et
al., 2004). The genotoxicity of some heterocyclic
compounds has been verified using cytogenetic
indicators, and they were recognized as
environmentally friendly (Butorina et al., 2002).
The effect of pyrimidinecarboxylic acids on seed
germination and plant height was studied using
another annual flower — spreading marigold
(Tagetes patula L.) (Vostrikova et al., 2012).
However, the effect of pyrimidinecarboxylic acids
on the growth of other plants has not been
studied yet. They may appear to have an
inhibiting effect and thus can function as
retardants used to reduce the height of plants
and cultivate low growing ornamental grasses.

It is studied the effect of synthesized organic
compounds of pyrimidinecarboxylic acids when
used for pre-sowing seed treatment of the
ornamental grass plant scarlet sage (Salvia
splendens Ker Gawl.).

2. MATERIALS AND METHODS

The research was conducted at the
B.M. Kozo-Polyansky Botanical Garden of
Voronezh State University (geographic

coordinates: 39°22' N, 51°40' E; 168.2 meters
above sea level).

In the study, it was used the annual
ornamental plant the “Hot fire” variety of scarlet
sage (Salvia splendens Ker Gawl.), which is often
planted in urban gardens.

In the research, it was focused on the effect
of synthesized organic (heterocyclic) compounds
of pyrimidinecarboxylic acids on the height of
seedlings of S. splendens. The following
heterocyclic compounds were used: 4-methyl-2-
piperidin-1-yl-pyrimidine-5-carboxylic  acid, 2-
benzylamino-4-methyl-pyrimidine-5-carboxylic
acid, and 4-methyl-2-morpholin-4-pyrimidine-5-
carboxylic acid synthesized at the Department of
Organic Chemistry of Voronezh State University.

2-Substituted 4-methylpyrimidine-5-
carboxylic acids [4-methylpyrimidine-5-carboxylic
acids] are synthesized by condensation of the
corresponding caboximidamides (1-
piperidinecarboxamide, benzylguanidine, and 4-
morpholinecarboximidamide) with ethyl
ethoxymethyleneacetoacetate in boiling ethanol.
Acid hydrolysis of ethyl esters 2-R-4-methyl-5-
pyrimidinecarboxylic acids obtained by this model
to the desired 2-R-4-methylpyrimidine-5-

carboxylic acids with a yield of 60-69% counting
on the starting caboximidamides.

Prior to sowing, the seeds of Salvia
splendens were soaked in a water suspension of
4-methyl-2-piperidin-1-yl-pyrimidine-5-carboxylic
acid and 4-methyl-2-morpholin-4-pyrimidine-5-
carboxylic acid with concentrations of 0.01%,
0.05%, and 0.1% for 18 hours. The control group
included the same type of seeds soaked in tap
water. In the case of each of the studied
concentrations of the acids, as well as the control
group, the experiment was conducted three times
using a set of 100 seeds. The seeds of Salvia
splendens were sown in containers filled with a
mixture of soil and sand (3 parts soil/1 part sand)
and kept in a greenhouse at 20 °C, as
recommended in (Nikolaenko, 1971). On the
42nd day of the experiment, the seedlings,
having been preliminarily hardened for 12 days,
were removed from the greenhouse and planted
on the field. The field experiment was designed
according to B. A. Dospekhov (1985). The height
of the seedlings was measured on the 42nd day
using a ruler. The results were statistically
processed using the STADIA software package.
The procedures of data grouping and processing
were described by A. P. Kulaichev (2006). The
mean values were compared using Student's t-
test. The coefficient of variation (Cv) was
counted, according to G. F. Lakin (1990). If Cv
was below 10%, it meant that the degree of
variation was low, with Cv between 10 and 25% it
was medium, and when Cv was over 25% - the
degree of variation was high (Lakin, 1990). To
estimate the influence of various concentrations
of the chemical compounds on the height of the
plants, a one-way analysis of variance was used.
The power of influence was calculated according
to Snedecor (in %).

3. RESULTS AND DISCUSSION:

When applied to Salvia splendens seeds,
4-methyl-2-piperidin-1-yl-pyrimidine-5-carboxylic
acid at concentrations of 0.01, 0.05, and 0.1%
demonstrated the inhibiting effect on the growth
of plants. The same effect was observed for 4-
methyl-2-morpholin-4-pyrimidine-5-carboxylic
acid at concentrations of 0.01 and 0.05%. The
height of the seedlings decreased by 30.4-43.7%
in the former case and by 13.3-22.2 % in the
latter, as compared to the seedlings in the control
group (Table 1).

4-methyl-2-piperidin-1-yl-pyrimidine-5-car_

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com
Established in 1993.

41



boxylic acid inhibits the growth of the seedlings at
all the studied concentrations (0.01, 0.05, and
0.1%), with the effect being more obvious when
the concentration was 0.1%. The height of the
plants was 8.9+0.4 cm (at the concentration of
0.1%, P<0.001) and 11+x0.5 cm (at the
concentration of 0.01%, P<0.001). The height of
the plants in the control group was 15.8+0.6 cm.

Earlier research studied the stimulating
effect of 0.01-0.05 % 4-methyl-2-piperidin-1-yl-
pyrimidine-5-carboxylic acid on the germination
and growth of the seedlings of spreading
marigold: with the concentration of 0.03-0.05 %,
the height of the plants increased (differences
with the control group are reliable, P<0.001).
However, other compounds of pyrimidine-5-
carboxylic acids at the studied concentrations
demonstrated stronger stimulating effects
(Vostrikova et al., 2012).

4-methyl-2-morpholin-4-pyrimidine-5-

carboxylic acid at concentrations of 0.01 and
0.05% inhibits the growth significantly. The mean
height of the plants was 12.3+0.3 and 13.7+0.4
cm, respectively (differences with the control
group are reliable, P<0.001, P<0.01). The height
of the plants in the control group was 15.81£0.6
cm. 4-methyl-2-morpholin-4-pyrimidine-5-
carboxylic acid at the concentration of 0.01% did
not affect the growth of the plants. The parameter
“height of the seedlings” in the control group and
in the experimental group (treated with 4-methyl-
2-piperidin-1-yl-pyrimidine-5-carboxylic acid,
excluding the 0.5% concentration) was
characterized by the medium coefficient of
variation (12.7-15.1%), which indicates the high
level of intravarietal variability. When the seeds of
Salvia splendens were treated with 4-methyl-2-
morpholin-4-pyrimidine-5-carboxylic  acid, the
variability level was low, which is proved by low
Cv (6.6-8.9 %). This indicates that individual
seedlings show similar reactions to the
compounds used.

The effect of the treatment of seeds with the
synthesized organic compounds on the height of
the seedlings was evaluated using the one-way
analysis of variance (Table 2). The rate of the
decrease in the height of Salvia splendens
seedlings (in %) is shown in Table 1.

It was demonstrated that
piperidin-1-yl-pyrimidine-5-carboxylic =~ acid at
concentrations of 0.01, 0.05, and 0.1%
decreased the growth of the seedlings by 30.4-
43.7%, and 4-methyl-2-morpholin-4-pyrimidine-5-
carboxylic acid at concentrations of 0.01 and
0.05% decreased the growth of the seedlings by

4-methyl-2-

13.3-22.2%.

4. CONCLUSIONS:

The pre-sowing treatment of Salvia
splendens seeds with 4-methyl-2-piperidin-1-yl-
pyrimidine-5-carboxylic acid at concentrations of
0.01, 0.05, and 0.1% proved to have an obvious
inhibiting effect. The pre-sowing treatment of
seeds with 4-methyl-2-morpholin-4-pyrimidine-5-
carboxylic acid proved to have the inhibiting
effect at concentrations of 0.01 and 0.05%. Thus,
synthesized organic compounds of
pyrimidinecarboxylic acids can lower the height of
Salvia splendens seedlings by 13.3-43.7%. It was
revealed that 4-methyl-2-piperidin-1-yl-
pyrimidine-5-carboxylic acid at concentrations of
0.01, 0.05, and 0.1% decreased the growth of the
seedlings by 30.4-43.7%, and 4-methyl-2-
morpholin-4-pyrimidine-5-carboxylic  acid  at
concentrations of 0.01 and 0.05% decreased the
growth of the seedlings by 13.3-22.2%. By the
contrast, the effect of pyrimidinecarboxylic acids
on seed germination and plant height of another
annual flower — spreading marigold (Tagetes
patula L.) was stimulating (Vostrikova et al.,
2012). It was investigated some different
concentrations from 0.01 to 0.05 %. The same
concentrations of identical compounds were
tested, but effects from them were opposite for
Tagetes patula, and Salvia splendens seedlings.
Consequently, the species-specific effect of
pyrimidinecarboxylic acids on seed germination
and plant height for ornamental grasses takes
place. The genotoxicity of heterocyclic
compounds has been tested previously, and they
have been recognized as environmentally
friendly. Therefore, the studied compounds at the
said concentrations can be used for pre-sowing
seed treatment as retardants which yield low-
height and compact ornamental forms of Salvia
splendens plants.

The data discussed in the Results and
Discussion showing the relevance of the work
and how different it is from other researches.
Also, point out the benefits and improvements
that can be observed in order to develop new
scientific standards that can change something in
the related field.

5. ACKNOWLEDGMENTS:

The study received financial support from

the Ministry of Science and  Higher

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com
Established in 1993.

42



Education of the Russian Federation within the 9.

framework of State Contract
With universities regarding scientific research in
2020-2022, project No. 10.

FZGU-2020-0044.
11.

6. REFERENCES:

1. Abdel-Gawad, S. M., El-Gagy, M. S. A,, 12
Heiba, H. I., Aly, H. M., Ghorab, M. M.

Synthesis and radiation stability of some
new biologically active hydroquinoline and
pyrimido[4,5-b]quinoline  derivatives. J. 13
Chin. Chem. Soc., 2005, 52, 1227-1236.

2. Brown, C. W., Liu, S., Klucik, J., Berlin, K. 14

D., Brennan, P. J., Kaur, D., Benbrook, D.
M. Novel heteroarotinoids as potential
antagonists of Mycobacterium bovis BCG.
Journal of Medicinal Chemistry, 2004, 47
(4), 1008-1017. 15
3. Butorina, A. K. Vostrikova, T. V.,
Shmyreva, J. V., Belchinskaya, L. I,
Kondaurova, V. A. The effect of chemical 16
stimulants on germination and cytogenetic
indicators of seedlings of birch seeds
hanging. Forestry, 2002, 5, 33-35.
4. Dlugosz, A., Dus, D. F. Synthesis and
anticancer properties of pyrimido(4,5-

Kulaichev, A. P. Methods and tools for
integrated data analysis. Moscow:
FORUM: INFA-M, 2006.
Lakin, G. F. Biometry. Moscow: Higher
School, 1990.
Marjani, A. P., Khalafy, J., Ebrahimlo, A.
M. R. Facile Synthesis of Some New
Pyrimidoquinolines. Synthetic Commun,
2011, 41 (16), 2475-2482.

doi: 10.1080/00397911.2010.505701

.Major retardants (chlorcholine chloride,

alar, and ethephon). URL: http: //

www.valleyflora.ru/53-1.html (Acceced
12.01.2017).
. Nikolaenko, N. P. Handbook of the florist.

Moscow: Kolos, 1971.

. Ostroshenko, V. V., Ostroshenko, L. Yu.

Influence of the seed pretreatment with
growth stimulators on their sowing
qualities. Bulletin of Krasnoyarsk State
Agrarian University, 2011, 5, 12—15.

.Sherer, V. A., Gadiev, R. Sh. Using

growth regulators in vine growing and
nursery gardens. Kiev: Urozhai, 1991.

.Shujiang, T. U., Fang, F., Tuanjie, L.,

Songlei, Z., Xiaojing, Z. An efficient one-
pot synthesis of novel pyrimidoquinoline
derivative under microwave irradiation
without catalyst. J. Heterocycl. Chem.,
2005, 42, 707-710.

b)quinolines. Chem Inf Abstr., 1996, 51, 17.Vasin, A. V., Darmin, A. V., Brezhnev, V.

367-374.
5. Dospekhov, B. A. The methodology of
field experience (with the basics of

V. Using growth stimulators for corn and
barley growing. Fodder Production, 2009,
2,17-18.

statistical processing of research results). 18.Vasin, V. G., Darmin, A. V., Vasin, A. V.

5th ed. add. and reslave. Textbook:
benefits for high school. Moscow:
Agropromizdat, 1985.

6. El-Sayed, O. A., Al-Bassam, B. A, 19
Hussein, M. E. Synthesis of some novel
quinoline-3-carboxylic acids and
pyrimidoquinoline derivatives as potential
antimicrobial agents. Archiv Pharmazie,
2002a, 335, 403-410.

7. El-Sayed, O. A., EI-Bieh, F. M., El-Aqeel,
S. |, Al-Bassam, B. A., Hussein, M. E.
Novel 4-aminopyrimido[4,5-b]quinoline 20
derivatives as potential antimicrobial
agents. Bollettino Chimico Farmaceutico,
2002b, 141, 461-465.

8. El-Sayed, O. A., Al-Turki, T. M., Al-Daffiri,
H. M., Al-Bassam, B. A., Hussein, M. E.
Tetrazolo[1,5-a] quinoline derivatives as
anti-inflammatory and antimicrobial
agents. Bollettino Chimico Farmaceutico,
2004, 143, 227-238.

Effective use of growth stimulators for
corn growing. Proceedings of Samara
State Agrarian University, 2008, 4, 22—-24.

.Vostrikova, T. V., Kalaev, V. N., Potapov,

A. Yu., Shikhaliev, H. S. The effect of new
synthesized chemical compounds of a
number of pyrimidine carboxylic acids on
the growth activity of Tagetes patula L.
Bulletin of Voronezh State University. Ser.
Chemistry. Biology. Pharmacy, 2012, 2,
132-135.

. Trivedi, A., Dodiya, D., Surani, J.,

Jarsania, S., Mathukiya, H., Ravat N.,
Shah, V. Facile one-pot synthesis and
antimycobacterial evaluation of
pyrazolo[3,4 d]pyrimidines. Archiv
Pharmazie, 2008, 341, 435-439.

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com

Established in 1993.

43



Table 1. The height of Salvia splendens seedlings after the pre-sowing seed treatment with the
studied synthesized organic compounds

The average Max - Increase in the
Concentration, % height of the : Cv, % height of the
min, cm
plants, cm plants, %
Control group 15.8+0.6 14 - 20 12.7 -
4-methyl-2-piperidin-1-yl-pyrimidine-5-carboxylic acid
0,01% 11.0£0.5*** 9-13 13.6 30.4
0,05% 10.0£0.9*** 3-13 28.0 36.7
0,1% 8.9+0.4*** 7-11 13.5 43.7
4-methyl-2-morpholin-4-pyrimidine-5-carboxylic acid
0,01% 12.3£0.3*** 11-14 8.9 22.2
0,05% 13.7£0.4** 12-15 8.8 13.3
0,1% 15.240.3 14 - 17 6.6 -

Reference: Cv — variation coefficient
** — differences with the control group are reliable (p<0.01);

*** — differences with the control group are reliable (p<0.001).

Table 2. The power of influence (in %) of the retardant on the height of Salvia splendens on the 42nd
day of the experiment

as compared to
retardant the control asis
group
4-methyl-2-piperidin-1-yl-
pyrimidine-5-carboxylic acid 6.0*** -
4-methyl-2-morpholin-4- 0.9*** 3.3
pyrimidine-5-carboxylic acid

*kk

Reference: *** - the influence of the factor is reliable (p<0.001).
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ABSTRACT

Prescription and non-prescription medication misuse or abuse is a global problem that has a negative
impact on all human life aspects, including health, social, economic, and security status. According to the United
Nations Office on Drug and Crime reports, over 5% of adult people used drugs at least once in the year 2015,
and 29.5 million of them were suffered from the consequences of inappropriate use of drugs. Information on the
knowledge and perception among pharmacists regarding the misuse and abuse medications in Saudi Arabia are
limited, and therefore, a study was conducted among pharmacy staff to assess their knowledge and awareness
on drug misuse and abuse. A cross-sectional study was carried out in Eastern Province, Saudi Arabia. Pharmacy
professionals with more than three months of experience were included in the study. A structured questionnaire
was used to obtain the participant’s responses. A Chi-square test was used to evaluate the association of socio-
demographic factors with the participant's responses. Ninety pharmacy professionals were responded. Overall,
69 (76.7%) participants agreed that misuse and abuse are two different terms. In addition, the study showed
different responses for patients who suspected to be medication abusers. In conclusion, this study provides an
initial picture of pharmacy staffs’ knowledge and opinion regarding the misuse and abuse of medicines in Saudi
Arabia. Participants’ reactions toward such behaviors were different and not consistent. Therefore, there should
be a clear policy to define the role of the pharmacy staff toward the misuse and abuse of medication in Saudi
Arabia.

Keywords: Knowledge, Perception and Practice, misuse and abuse

1. INTRODUCTION ilegal medications, the terms have to be

differentiated when it comes to prescription or

World Health Organization (WHO) defined
the rational use of medications as where patients
receive medications suitable to their clinical
needs, in doses that are optimal for enough period,
and at the lowest price. Inappropriate use of drugs
can be classified into either misuse or abuse
(World Health Organization (WHO), 2002). Drug
misuse is defined as the use of medications in a
way other than that is stated by a physician, while
drug abuse is the use of a substance for a purpose
not consistent with legal or medical guidelines
(Sadia, 2015).

Although the terms 'abuse' and 'misuse’
are interchangeably used when talking about

over-the-counter (OTC) medications (Sadia,
2015). The issue of misuse and abuse of
medications has become a serious concern
afflicting all countries, owing to the crucial dangers
triggered to health, social, economic, and security
(Ali, et al., 2011).

According to the United Nations Office on
Drug and Crime reports, over 5% of adult people
used drugs at least once in 2015, and 29.5 million
of them were suffering from drug use disorders
(United nations office on drugs and crime, 2017).
The magnitude of the impairment triggered by drug
use is underlined by the estimated 28 million years
of “healthy” life lost worldwide in 2015 (United
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nations office on drugs and crime, 2017). There
is a lack of data regarding the abuse of
medications in Saudi Arabia. However, one study
concluded that substance abuse could be a public
health issue in Saudi Arabia, that was also linked
to many psychiatric diseases (Bassiony, 2013).

Pharmacists are front-line health care
providers, most accessible members of a health
care team, the sentinel of the country's Schedule
X drugs, dispenser of addictions
pharmacotherapy, and drug educator (Lafferty, et
al.,, 2006). The American Society of Health-
System Pharmacists (ASHP) clearly states,
"ASHP believes that pharmacists have unique
knowledge, skills, and responsibilities for
assuming an important role in substance abuse
prevention, education, and assistance” (American
society of health-system pharmacist (ASHP),
2003). However, in Saudi Arabia, data pertaining
to the knowledge and awareness of pharmacists
and other pharmacy staff to problems related to
drug abuse and misuse are limited. The aim of this
study is to investigate the understanding of
pharmacy professionals about the difference
between words ‘'misuse and abuse' of
medications, in addition to investigating
pharmacists’ belief about the misuse/abuse of
medications in Saudi Arabia. We also evaluated
the pharmacy staff’s practice regarding dispensing
medications to customers suspicious for misuse or
abuse of the medications.

2. MATERIALS AND METHODS

2.1 Study setting, recruitment and data

collection

A cross-sectional study was conducted
from January—May 2017 among pharmacy
professionals, working in different public sectors
hospital and community pharmacies in Dammam
and Al Khobar regions, Eastern Province, Saudi
Arabia. A convenient sample of 13 pharmacies,
including three hospital pharmacies and ten
community pharmacies, in the region was
selected. All pharmacy professionals, including
pharmacists (having a bachelor's degree in
pharmacy) and pharmacy technicians (not having
a bachelor's degree in pharmacy) from the
selected pharmacies, were considered for
screening. Pharmacy professionals with less than
three months of experience are most likely to be
under training, and thus, they were not included in
the study. Pharmacy professionals working in

more than one pharmacy outside the sector were
also excluded from the study. A study researcher
visited the participated pharmacies and
encouraged the participants to fill up a study
questionnaire on the spot. Each pharmacy's
director and the participants were briefed about
the aim and the objectives of the study. A total of
100 pharmacy professionals agreed to participate
in the study. Informed consent letters were
obtained from the participants before completing
the questionnaire. Participants were assured
about the confidentiality of their personal
information and response.

2.2 Study instrument

A questionnaire was developed through
the review of literature and researches available in
this field and was used to obtain participants'
socio-demographic  information and  their
response. The primary draft of the questionnaire
was distributed to members of the research team
for their feedback, and modifications were carried
out as per the suggestions. Based on a pilot study,
which was carried out on 20 pharmacists before
the definitive study, some questions were
modified. The questionnaire had three sections;
the first section was about participants socio-
demographic details. The second section was
discussing pharmacy professionals’
understanding of the difference between word
misuse and abuse of medications and their belief
about the misuse/abuse of medications in Saudi
Arabia. The participants were also asked to list the
name of commonly abused or misused drugs from
their experience. The final section was about
pharmacy professionals’ practice regarding
dispensing medications to customers suspicious
for misuse or abuse of the medications.

2.3 Ethical approval

The study was approved by the
Institutional Review Board of Imam Abdulrahman
Bin Faisal University, Saudi Arabia (IRB-
UGS201805210).

2.4 Data processing and analysis

Participants' socio-demographic
information and their response to the
questionnaire items were presented using
frequencies and percentages. Chi-square test was
used to test the association of gender, age, place
of work, nationality, and years of experience of
pharmacy professionals with their responses. A 2-
tailed significance test was set at the 0.05 level for
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all analyses. All statistical analyses were
performed using SPSS Statistics version 24.

3. RESULTS AND DISCUSSION:

3.1 Results

Among the 100 pharmacy professionals
who agreed to participate, 90 had returned filled
questionnaires. The refusal for participation was
due to either pressure of time or administrative
commitments. The socio-demographic
characteristics of the participants were
summarized in (Table 1). The sample was
comprised of 61.1% males, 43.3% aged less than
30 years, 62.2% Saudi nationals, 72.2% with a
bachelor's degree or more, 77.8% from hospital
pharmacies, and 34.4% with more than ten years
of experience.

Table 1. Socio-demographic characteristics of
participants

Socio-demographic N %
variables

Gender

Male 55 61.1%
Female 35 38.9%
Age

20-30 years 39 43.3%
31-40 years 31 34.4%
41 years or older 20 22.2%
Nationality

Saudi 56 62.2%
Other 34 37.8%

Educational qualification

Pharmacy technicians* 25 27.8%
Bachelor’'s degree 55 61.1%
Master’s degree or higher 10 11.1%
Graduated from
Saudi university 46 51.7%
Non-Saudi university 43 48.3%
Working place
Hospital pharmacy 70 77.8%
Community pharmacy 20 22.2%
Years of experience
1-5 years 31 34.4%
6-10 years 28 31.1%
11-15 years 13 14.4%
16 years or more 18 20.0%
Overall 90 100%

*Not having a bachelor's degree in pharmacy

The participants were asked about their
understanding of the difference between terms of
misuse and abuse of medications (Figure 1).
Overall, 69 (76.7%) participants agreed that there
is a difference between these terms. As shown in
Figure 1, the agreement was less than 70%
among pharmacy technicians or among those who
aged less than 30 years; whereas the agreement
was 80% or more among the participants aged
more than 30 years, graduated from Saudi
universities, having a bachelor's degree or more,
or having 11-15 years of experience.

Importantly, 75.6% (n=68) think that both
narcotics and non-narcotics medications are
misused/abused in the country while remaining
responded that either only narcotic medications
(12.2%) or only non-narcotic medications (12.2%)
are misused/abused.

Participants practices at pharmacies was
also discussed, (Figure 2) and (Table 2)
summarize practice at a pharmacy regarding
dispensing medications to customers suspicious
for misuse or abuse of the medications. The key
finding is that three-quarter (n=68) of participants
claimed that they never dispensed medication to
customers if misuse/abuse was suspected.
Among the remaining 22 participants, nearly half
of participants claimed that they had reacted to
situations where misuse/abuse of medications
was suspected before dispensed the medications.
Thatis, in total, 87% of participants had reacted to
customers suspicious for misuse or abuse of the
medications. Importantly, 12 (13.3%) participants
accepted that they had failed to react before
dispensing medications to suspicious customers.
In details, the proportion of the non-reacted
pharmacy professionals, a high percentage was
reported among female (26%), aged less than 40
years (16%), Saudi nationals (14%), pharmacy
technicians (36%), graduated from a Saudi
university (17%), working in a hospital pharmacy
(14%), and having experience 6-10 years (25%)

(Table 2). Importantly, more females and
pharmacy technicians tended to dispense
medication without reacting to suspicious

situations (P <0.05). However, the study did not
show a statistical association between other socio-
demographic characters and this practice (P
>0.05).

Participants were also asked about the
possible effective solution from their experience
that can limit misuse/abuse of medications.
Overall, 83.3% (n=75) think that awareness
programs to both pharmacy professionals and
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customers may limit the misuse/abuse of
medications. In addition, implementation of
punishment (50.0%, n=45) and limit easy access
to medications (47.8%, n=43) were also effective
solutions to control the misuse/abuse of
medications from the pharmacist point of view.

3.2 Discussion

Pharmacists and pharmacy technicians in
retail and hospital pharmacies are important
stakeholders for the dispensing of medicines.
Thus, they share equal responsibility for
substance abuse/misuse detection and prevention
(American society of health-system pharmacist,
2003). Being aware of this problem, having
sufficient knowledge to identify medication
abuse/misuse and playing a crucial role in
educating individuals with substance abuse
problems are important points that pharmacists
should consider.

Previous studies revealed that pharmacists
receive scant information on substance
abuse/misuse during their undergraduate courses,
and few professionals from this area can be
considered experts in the area of misuse or abuse
(American society of health-system pharmacist,
2003; Tomko and Giannetti, 2013). However,
study results showed that pharmacists' and
pharmacy technicians' knowledge in this area was
respectable; more than three-quarters of
participants agreed that they are aware of the
differences of abuse and misuse terminologies.
Though it wasn’t statistically significant. Young
ages (20-30 years old) were unaware of the
difference in the terminology compared to higher
ages (more than 40 vyears) (33% vs. 15%
respectively). The possible reason for the
increased understanding among higher ages
might be due to the existence of well-established
practice-based-knowledge. It is well documented
that pharmacists will gain knowledge by focused
training or more often gained through personal
experience (Wagner, 2010). Similarly, a higher
proportion of pharmacy staffs having fewer years
of experience were also unaware of the difference
in the terminology compared to those having
higher years of experience. This could be due to
the reasons that pharmacists in the country are
periodically undergoing continuous medical
education. Also, over the last few decades, an
extensive change was observed in the medical
education and medical services in the Arabian

countries, and it has been reflected in medical
research activities that pertains to substance-
related issues also (Jon, 2010). A substantial
proportion of pharmacy technicians were unaware
of the difference in terminology, possibly because
of the lack of education and training offered to the
technicians. Another reason could be due to the
un-offered courses that could help in
understanding the medication misuse during their
study. Interestingly, high percentages of Saudi
graduates were aware of the difference than those
who graduated from non-Saudi universities.

National Institute of Health (NIH) reports
that nearly one-fifth of people in the United States
have used prescription medicines for non-medical
reasons (Sweileh, et al.,, 2014). The issue is
substantial in the Middle East, and it could be a
matter for serious concern in Saudi Arabia
(Khalifeh, et al., 2017; Sammon, 2017). With
regards to our participants' knowledge about
which type of medications can be abused or
misused, a majority (88%) of them stated that
narcotics and/or non-narcotic medications could
have the chance to be misused or abused. This
finding is consistent with the results of a previously
published study (Abood and Wazaify, 2016). More
specifically, study participants enlisted the
common substance that can be misused or
abused, such as Pregabalin, Gabapentin,
Benzodiazepines, Tricyclic  Antidepressants,
Tramadol, and other Analgesics, Trihexyphenidyl,
Metformin, and Antibiotics. Similarly, over the

counter medications like Mentex Syrup
(Ammonium Chloride, Dextromethorphan,
Diphenhydramine, Menthol, Pseudoephedrine,

and Sodium Citrate) Lactulose Syrup, Bisacodyl,
Solpadine (Paracetamol, ibuprofen, caffeine, and
codeine), and Caffeine can be abused or misused.
Some of the medications listed are consistent with
a recent study that reported the top 10 medications
that are used between 2010 and 2015
(AlKkhamees, et al., 2018). Most of the study
participants believe that misuse and abuse issues
can have significant economic as well as clinical
consequences. Globally, a total of $35 billion
spending is used to treat the drug users annually
(AlKhamees, et al.,, 2018). A recent published
study reported that analgesics abuse by adult
patients in primary care settings is associated with
around $53.4 bilion in costs every vyear
(International Narcotics Control Board, 2014;
Sheree, 2017).

Pharmacies have a critical role in
preventing and protect patients from drug misuse
or abuse problem (American society of health-
system pharmacist, 2016). Pharmacists must use
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their professional judgment to screen patients for
drug misuse or abuse, intentionally ignoring a
dubious prescription, when there is a concern over
its legitimacy, may not be ethical and acceptable
(American society of health-system pharmacist,
2016). Pharmacists reaction towards customers'
suspicious requests for medications were different
based on gender. A quarter of female pharmacy
staff, compared to 5% among male staffs, were
reluctant to respond to the situation. The cultural,
religious, and gender-specific differences in the
country may have been influenced the attitude.
Most of the male participants affirm that they would
deny prescriptions if they had a serious concern
about a prescription, and they would never
dispense medication to a customer suspicious to
be a misuser. More than one-third of pharmacy
technicians claimed that they would not have the
chance to face such a situation, and the reason
might be the fact that they have limited access to
talk directly to the patients when they come to the
pharmacy.

Lack of responsibility, the dearth of
effective communication between the health care
providers and patient and their family, missing
follow-ups with doctors, wrong information about
the euphoric effects of drugs, multiple prescribers
and lack of restriction of prescription of drugs by
physicians were all possible reasons reported for
abusing or misusing medications, which was
consistent with the findings observed in a recently
published study (Alshomrani, et al., 2017). A
recently  published report reveals that
unemployment, lack of physical activity, self-
treatment of depression, and simply boredom are
also the reasons for drug abuse (Nazaraliev
Medical Center, 2015). In addition to
implementation of education programs and
punishment, participants recommended different
solutions such as restrictions in prescribing of
medication based on the prescribers disciplines,
increasing the price of the medication or including
them in the insurance plan, restriction on quantity
prescribed, implementing good unified electronic
networking of records and tracking system of
substance abusers, more involvement of health
care providers including physicians and
pharmacists in this sensitive issue. Moreover,
according to American society of health-system
pharmacist, pharmacists should be enrolled to
limit substance abuse problems as this is their
responsibilities as healthcare providers either by
preventing, educating or assisting through
performing different activities such as providing
and participating in substance abuse prevention
and assistance programs, initiating educational
programs for patients, technicians, colleges, other

healthcare providers, under graduated students
and community. In addition, the referral of patients
and their families to support groups, contributing
to identifying patients who may suffer from
substance abuse and providing optimum
counseling sessions for those patients.

3.2.1 Limitations

The present study was done in Eastern
Province, and thus results of the study could not
be generalized to all the regions of Saudi Arabia.
A similar study on the national level can give a
clearer picture of whether medication abuse or
misuse is a serious issue in Saudi Arabia or not.
Other participants from different backgrounds
should have been included in this study, such as
physicians and nurses. Knowing the differences
can give a clear picture of the level of the
knowledge and awareness of pharmacists.
Another research should be conducted in this
regard and compare the differences in knowledge
and awareness among health care providers in
Saudi Arabia.

4. CONCLUSIONS:

This study provides an initial picture of
pharmacists and other pharmacy staffs’
knowledge and opinion regarding the misuse and
abuse of medicines in Saudi Arabia. There is still
a lack of knowledge among some participants
about the differences between misuse and abuse
of medications. Abuse and misuse can involve
both OTC and prescription medications, and the
participants’ reactions toward such behavior were
different and not consistent. Therefore, there
should be a clear policy to define the role of the
pharmacist toward the misuse and abuse of
medication in Saudi Arabia.
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Figure 1. Pharmacy professionals’ understanding of the difference between word misuse and abuse
of medications.

12 (13%)

10 (11%) M Never Dispensed

M Dispensed, but reacted

M Dispensed and not reacted

68 (76%)

Figure 2. Pharmacy professionals' response to dispensing medications to customers suspicious for
misuse or abuse of the medications.
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Table 2: Pharmacy professionals’ practice on dispensing medications to customers suspicious for
misuse or abuse of the medications.

Socio-demographic variables Practice on dispensing medication if
misuse/abuse was suspected

Never Dispensed, Dispensed and P-value®

Dispensed but not reacted!

(n=68) reacted’ (n=12)

(n=10)

Gender
Male 44 (80%) 8 (15%) 3 (5%) 0.02*
Female 24 (69%) 2 (6%) 9 (26%)
Age
20-30 years 31 (80%) 2 (5%) 6 (15%) 0.22
31-40 years 23 (74%) 3 (10%) 5 (16%)
41 years or older 14 (70%) 5 (25%) 1(5%)
Nationality
Saudi 40 (71%) 8 (14%) 8 (14%) 0.44
Other 28 (82%) 2 (6%) 4 (12%)
Educational qualification
Pharmacy technicians? 13 (52%) 3 (12%) 9 (36%) 0.004*
Bachelor's degree 46 (84%) 6 (11%) 3 (5%)

Master's degree or higher 9 (90%) 1(10%) 0 (0%)
Graduated from

Saudi university 31 (67%) 7 (15%) 8 (17%) 0.21
Non-Saudi university 36 (84%) 3 (7%) 4 (9%)

Working place

Hospital pharmacy 50 (71%) 10 (14%) 10 (14%) 0.18
Community pharmacy 18 (90%) 0 (0%) 2 (10%)

Years of experience

1-5 years 25 (81%) 3 (10%) 3 (10%) 0.19
6-10 years 20 (71%) 1 (4%) 7 (25%)

11-15 years 10 (77%) 3 (23%) 0 (0%)

16 years or more 13 (72%) 3 (17%) 2 (11%)

#Based on Fisher's Exact Test; * statistically significant at 5% level

IReaction defined as either talking or expressing the issue to a concerned patient, doctor, or
pharmacy director.

not having bachelor's degree in pharmacy
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ABSTRACT

Dentistry is a part of medicine, where various polymer materials were used for the first time. Many factors
forced researchers to find more stable, versatile, and hygienic materials for the manufacture of dental products.
It is important to note that the search for the ideal polymer dental material is still ongoing. This is because modern
polymers, in some cases, do not meet the specified requirements for chemical, physical, strength, and elastic
properties. Based on the data on the method of creating and using silicone material for the base of the removable
prosthesis "Gossil", an improved silicone material for two-layer dentures "Silep" was developed, as well as a
special primer for better connection of the lining with the rigid acrylic base of the prosthesis. To evaluate the most
suitable compound, materials were tested for several parameters, such as tensile strength, elongation, and shore
hardness. In addition to selecting a suitable material for modification, the selection and testing of an adhesive that
allows the chemical bonding of the acrylate surface to the siloxane surface were carried out.

Keywords: GosSil, SIilEP, polymeric material, prosthetic dentistry.

1. INTRODUCTION The chemical structure of acrylates

consists of molecules of polymer compounds

Dentistry is a part of medicine, where
various polymer materials were used for the first
time. One of these materials was rubber, as the
most convenient in terms of molding and elastic
properties. However, this natural material had
significant disadvantages in the form of porosity
and chemical instability (Evstratenko et al., 2018;
Mazzeo et al., 2013). These and many other
factors forced researchers to find more stable,
versatile, and hygienic materials for the
manufacture of dental products. It is important to
note that the search for the ideal polymer dental
material is still ongoing.

This is because modern polymers, in some
cases, do not meet the specified requirements for
chemical, physical, strength, and elastic
properties. The first artificial polymer materials
appeared in the XIX century.

constructed from repeated links and connected by
covalent bonds that form macromolecules
(Voloshina et al., 2018; Silva et al., 2019). The
chemical formula of acrylate can be represented
by the example of methylacrylate (Figure 1) and
methyl methacrylate (Figure 2).

H O

Il
CH:=C—C—0—CHs

Figure 1. The chemical formula of methyl
acrylate
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CH;=C—C—0—CHs
|
CH:

Figure 2. The chemical formula of methyl
methacrylate

Currently, polymers are used for dental,
orthopedic structures that are macromolecules
with a molecular weight of several thousand to
several million, consisting of two or more different
components (Duki¢ et al., 2013; Vehkalahti et al.,
1996).

The synthesis of polymers takes place
using a polymerization or polycondensation
reaction. The essence of this reaction is that
molecules of low-molecular substances that are
monomers by nature join the active centers of
polymers that are high-molecular substances
(Girardin et al., 2019; Timoshin et al., 2018, 2019).
In the course of this reaction, the above-mentioned
macromolecular links are formed, which differ in
composition from the original monomers and are
formed by their sequential "cross-linking" with the
release of low-molecular-weight by-products
(Sevbitov et al., 2018). An example of a
polymerization reaction is a reaction from
monomers that do not include an aromatic ring.
For example, obtaining acrylic or methacrylic acids
by polymerization (Figures 3a and 3b).

t(*C
NCHe=CH ', [CHz—CH—]
| |

COOH COOH n
Acrylic acid Poly(acrylic acid)
A)
CH: CHs:

| t(°C) I

nCHa=C —» CH:—CH

I I
COOH

COOH |,

Methacrylic acid Poly(methacrylic acid)

B)

Figure. 3. Polymerization of acrylic acid (A) and
methacrylic acid (B)

Knowledge of the physical and chemical
nature of polymer synthesis allows us to identify
the positive and negative properties of materials-

acrylates used to create acrylic dental plastics.

The positive properties include the existing
high modulus of elasticity, which allows some
dental polymer materials to have the ability to
reverse deformations at a relatively low load, as
well as a favorable factor for dental production and
operation is the low brittleness of crystalline
polymers, which allows dental plastic to withstand
chewing load and physical and mechanical impact
during processing and fitting (Kolodkina et al.,
2018; Gozha et al., 2010).

Positive features of polymer solutions and
their chemical nature provide high manipulative
qualities in plastic molding and the ability to
dramatically change their physical and mechanical
properties when using catalysts and initiators
(Zholudev et al., 2004, 2005) of the polymerization
reaction, which speeds up and simplifies the
process of manufacturing orthopedic structures.

Despite the high level of physical and
chemical indicators that characterize the
resistance of polymers to various destructive
factors, for use in dentistry, in particular in dental
and maxillofacial prosthetics using partially
removable or full removable plate acrylic
prostheses, the structure of polymers needs to be
embedded in various components (Kasatkina,
2010; Kalyvradzhiyan et al., 2010). This is due to
the fact the operation of the polymer prosthesis
occurs under constant physical and mechanical
stress in an aggressive, constantly changing
chemical environment. The combination of these
factors actively affects the structure and properties
of polymers, causing the so-called "aging" of the
prosthesis, in which there is a loss of the complex
of useful properties of the product material (Lepilin
et al., 2003).

Additional components embedded in the
chemical composition of the polymer that
improves its natural properties and slows down the
process of operational wear include fillers,
plasticizers, stabilizers, dyes, cross-agents, etc.
(Nartikova et al., 1977; Paschina et al., 1968). The
arrangement of additional substances with
polymers allows us today to produce bioinert and

technological dentures that meet high
performance, quality, medical and technical
characteristics, aesthetic and functional

requirements.

However, despite the fact that modern
manufacturing methods allow you to achieve high-
quality polymer prosthesis, they are not ideal, and
the positive properties have a number of
disadvantages. Primary negative qualities of
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dental polymers occur already during the
polymerization reaction and are characterized by
a part of the original monomer that is not
embedded in the polymer molecules, which
determines the degree of biocompatibility of the
material and affects the allergization factors when
using a polymer prosthesis (Kuznetsova et al.,
2018; Platonova et al., 2018). Another physical
and chemical disadvantage of polymers is their
water absorption. it can be assumed that this
process is associated with the uncompensated
polarity of the dipole links of the polymer, which
characterizes their  hydrophilic  properties
(Sevbitov et al., 1999; 2004).

From a physical point of view, this property
of affinity for water molecules is more obvious
because the free hypothetical space in the
polymer structure is saturated with water during a
prolonged stay in a humid environment (Mamedov
et al., 2019; Yumashev et al., 2019). This effect of
water absorption adversely affects the geometry of
the polymer prosthesis base, as well as its optical
and mechanical parameters. To the changes in
optical properties, we can also add that in addition
to saturation with water, the porous micro-surface
of the polymer is able to accumulate molecules of
various substances, including those that are dyed
by their chemical nature, which leads to a
deterioration in the aesthetic properties of the
polymer orthopedic product. In addition to physical
and chemical changes within the polymer
structure, polymer prostheses themselves are a
factor of influence, in particular on the surrounding
tissue natural formations of the prosthetic bed,
which is subjected to mechanical pressure due to
a much higher modulus of polymer hardness than
that of the oral mucosa.

Long-term use of a removable prosthesis
leads to a number of changes in trophic
processes, physiology, and microcirculation of the
soft tissues of the mucous membrane, as well as
the underlying bone tissue of the jaw (Saxena et
al., 2019; Rech-Ortega et al., 2019).

The rigidity of the polymeric denture base
has a significant impact on the usability of this
orthopedic designs, so, if you have to thin of the
mucous membrane in the oral cavity, natural and
abnormal bony prominences in the area of
prosthetic bed dental patients do not have the
ability to comfortable use of the prosthesis, are
faced with painful sensations and also the difficult
phase of adaptation to the prosthesis.

These disadvantages of removable
polymer prostheses, in particular those made of
acrylates, were a prerequisite for the use of other

polymer compounds that can be used in medicine.
The leading factor in the medical scientific and
technical search for a suitable material is obtaining
the safest, technologically accessible, acceptable
material in the manufacture and operation, from
which it is possible to create an anatomical
orthopedic structure that meets the physiological
requirements as much as possible.

It is important to understand that synthetic
polymer compounds that do not contain carbon
atoms in the main chain are inherently inorganic
and foreign to the body (Utyuzh et al., 2019;
Mironov et al., 2020). In this regard, when creating
dental products made of polymers, it is necessary
to observe all the maximum possible technological
conditions and physiological restrictions that allow
full and effective use of plastic prostheses in the
treatment of dental patients without harming them.

Acrylic polymer prostheses containing in
their chemical composition acrylic resin, which is a
derivative of the product of polymerization of
acrylic and methacrylic acids (Enina et al., 2019;
Turgaeva et al., 2020), have various restrictions on
use. First of all, they are due to the extreme rigidity
of this material, which exerts mechanical pressure
on the soft tissues of the oral cavity, also included
in the composition of acrylate acids, esters and
their derivatives with the content of a low-
molecular compound (monomer) that is not
embedded in the structure can cause an allergic
reaction or be intolerant for the patient. An
alternative to this group of polymers can serve as
other synthetic materials-elastomers, such as
silicones, copolymers of polychlorinated vinyl and
butylacrylate, nylons, polyoxymethylenes,
polypropylene, ethylene-vinyl acetate (Sevbitov et
al., 2005; Ergesheva et al., 2018).

These materials are mostly elastic plastics,
and this is not provided by the acrylic base of their

chemical composition. During prosthetics,
orthopedic prostheses made entirely of
elastomers, thermoplastic masses, or acrylic

prostheses created in combination with elastic-
plastic, for example, an acrylic prosthesis with a
rubber or polymethylmethacrylate, plasticized with
salicylic acid, are the most common (Sevbitov et
al., 2018; 2019).

However, early developments on creating
two-layer acrylic removable prostheses with lining
materials were not widely used in practice. For
example, rubber linings in the base of the
prosthesis due to the porosity of their structure had
a high level of water absorption, quickly polluted,
and had Ilow adhesion to acrylates.
Polymethylmethacrylates, which are close to them
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in chemical nature, had a stronger bond with
acrylates, but the content of a low-molecular
plasticizer in their composition was actively
subjected to washing out, which caused the
porosity of the lining, which made the latter hard
(Sevbitov et al., 2018; 2019; 2020).

Various other materials, such as PVC,
silicone, and others, were used to create linings,
but most of these elastomers did not meet the
necessary requirements for strength and adhesion
to the acrylic base of the prosthesis (Sevbitov et
al., 2019; 2020).

The decrease in adhesion, as the most
common lack of linings, is due to the fact that the
surfaces of the two materials are uneven at the
atomic level, and if they come into contact with
each other during loading, the contacts will appear
only in the places of the largest protrusion, which
will lead to frictional wear of the material. Thus,
only the densest intermolecular contact of
materials of different phases can cause optimal
adhesion.

As an alternative to the two-layer bases of
removable polymer prostheses, prostheses made
of thermoplastic masses can be used. The
creation of this material involves the use of
biologically neutral thermoplastics with a
crystalline linear or branched structure. the
characteristic difference from inorganic polymers
is that this group of materials does not have a
three-dimensional cross-linked structure and
contains tertiary carbon atoms (Sevbitov et al.,
2018; 2019, 2020).

Another important difference is the ability
of the thermoplastic to reversibly transition to a
highly elastic or viscous state when the
temperature increases, which favorably affects the
plasticity and shape change of the material in
accordance with the anatomy of the prosthetic bed
when using thermoplastic removable prostheses.

The competitive advantage of this material
over acrylates is the absence of a monomer, which
eliminates the toxic effect on the body and allows
the use of thermoplastic prostheses in patients
with hyper sensibilization or allergic reactions.
This group of materials includes nylon,
polypropylene, polyurethane, and others. thus,
removable prostheses made of nylon have high
flexibility, allow you to optimize the load on the soft
tissues of the prosthetic bed, and are more durable
in comparison with acrylic polymer prostheses
(Sevbitov et al., 2018; 2019, 2020).

However, this group of materials for the
manufacture of dental, orthopedic products has its

own disadvantages, for example, the rapid
occurrence of micro-scratches, where a plaque is
formed when coloring products are ingested,
which reduces the aesthetic appearance of the
prosthesis. A more important adverse factor, in
this case, is the higher contamination of the micro-
rough surface of the prosthesis by
microorganisms, which potentially reduces the
level of oral hygiene, complicates hygienic
measures for cleaning the prosthesis, and creates
prerequisites for the development of infectious
agents.

Another negative technological property of
thermoplastics is the lack of chemical compatibility
with acrylic polymer materials. This is reflected in
the increased probability of breaking off artificial
teeth of the prosthesis, made mainly from acrylic
plastics. But, despite these disadvantages, the
creation of prostheses made of thermoplastic
materials is an actual and promising direction in
the development of dental, orthopedic removable
prosthetics, which is confirmed by the works of a
number of authors of modern research in this area,
and indicates that the positive qualities of polymer
materials made of thermoplastic offset the
negative ones (Sevbitov et al., 2018; 2019, 2020).

In addition to polymer materials for the
manufacture of solid bases of orthopedic
removable prostheses that do not carry acrylate
molecular substances in their structure, the
development of the direction of combining acrylate
or other materials with materials for linings is also
continuing. So, in the last decade, prostheses with
pads made of various modern materials have been
introduced into clinical practice. Polymer elastic
plastics and silicones are used as such linings.

One of the promising developments is the
use of silicone material for elastic linings "GosSil".
This material is based on monolithic silicon, which
in its chemical structure, is an oxygen-containing
high-molecular-weight organosilicon compound.
The synthesis of this compound is carried out by
standard methods of polymer chemistry, including
the polymerization reaction. The issue of adhesion
to acrylates in this material is resolved by adding
a special adhesive that can be chemically bonded
to both components in a two-phase connection.

According to the results of the author's
research, this material is acceptable and effective
in use in combination with the polymer acrylic base
of a removable orthopedic prosthesis, since
silicone polymers are chemically stable
substances and do not undergo destruction in their
molecular structure when exposed to a humid
environment. The presence of a soft silicone pad
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in the prosthesis provides a more reliable fixation
of the prosthesis in the oral cavity, precisely
corresponds to the anatomical structures, and
significantly reduces the pain sensitivity of areas
with developed bone formations.

All these indicators may indicate an
improvement in the quality of life of patients using
this two-phase combination of dental, orthopedic
polymer materials.

2. MATERIALS AND METHODS

Based on the above advantages of the
silicone lining technology in a removable acrylate
orthopedic prosthesis, we give an example of
manufacturing and using a soft silicone rubber
lining combined with an acrylate prosthesis.

Based on the data on the method of
creating and using silicone material for the base of
the removable prosthesis "GosSil", an improved
silicone material for two-layer dentures "SilEP"
was developed, as well as a special primer for
better connection of the lining with the rigid acrylic
base of the prosthesis.

The essence of this material for creating a
lining is that it is created from high-elasticity
silicone rubber and is chemically inert. The
chemical composition of this polymer is
characterized by the fact that it is obtained from
organic substances containing silicon, by its
nature it is a high-molecular substance: silicone
rubber combines the structure of carbon and
silicon high-molecular compounds. The chemical
formula of this compound is presented below:

Figure 4. Structure of carbon and silicon

where R - is hydrocarbon radicals, for example -
CHs, - CzHs. The synthesis of this substance
occurs through a polycondensation reaction, and
this reaction is shown in Figure 5.

Thus, from a chemical point of view, this
polymer is a compound of a linear structure that
can combine the property of elasticity with heat
resistance, which has found application in clinical
practice when creating a lining for a removable
denture. From the point of view of the practical

application of this material in an environment with
constant mechanical and physical stress, as well
as under the action of various chemically
aggressive substances, silicone rubber, which is
the main component of the material for the elastic
lining of "SIIEP", provides acceptable results for
long-term use in combination with an acrylate
denture.

The physical and chemical characteristics
of silicone rubber allow us to predict its qualitative
state during operation. The most significant
characteristics of the material, when used in
dentistry, are presented in Table 1.

For the visual application of these values
for practical use, you can compare the
characteristics of silicone rubber with the
characteristics of rubber, which was also used for
linings for the basis of a removable prosthesis. The
most significant characteristics of the rubber
material, when used in dentistry, are presented in
Table 2.

Based on these characteristics, we can
conclude that the rubber is superior in some
respects to those found in silicone rubber, but the
most critical indicators for operation in the oral
cavity, indicated earlier in the list of disadvantages
of pads for the basis of the prosthesis, such as
water resistance and tear resistance, are higher in
silicones. Thus, silicone rubber, used as a lining
for the basis of an orthopedic prosthetic product,
is a more suitable polymer material from a
practical point of view.

In addition to selecting a suitable polymer
material, the necessary criterion for the quality of
its use is the selection of the optimal adhesive
technology and filler, which allow for reliable
"bonding" in the two-phase connection of the
surface of the acrylate with the surface of siloxane
(silicone). To solve this problem, the filler was
chemically modified in the “GosSil” material by
treating the surface of the Aerosil with substances
that can chemically interact with reactive groups
on the surface of the filler. When developing a
modification to improve the strength
characteristics of a two-phase connection, the
creators of the “SilEP” material selected several
different compounds:

1. Amyltrichlorosilane
CH3(CH)4Si(OC2Hs) (APEC)

2. Chloropropyltrimethoxysilane
CI(CH2)3Si(OCH3)3 (HPTMS)
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3. Vinyltriethoxysilane
CH2=CHSIi(OC2Hs)3 (VTES)

4. Dimethyldimethoxysilane
(CH3)2Si(OCHj3), (DMLS)

To evaluate the most suitable compound,
materials were tested for several parameters,
such as tensile strength, elongation, and shore
hardness. The test results obtained are shown in
table 3. In addition to selecting a suitable material
for modification, the selection and testing of an
adhesive that allows the chemical bonding of the
acrylate surface to the siloxane surface were
carried out. The following compounds were
studied as adhesives:

1. Tetrabutoxide (TBT)

2. Tetraethoxysilane (TEOS)

3. y-aminopropyltriethoxysilane (as)

4. Vinyltriethoxysilane (VTES)

5. y-glycidoxypropyltrimethoxysilane (GTS)

the interaction of
1.6 hexamethylene

6. The product of
vinyltriethoxysilane  with
diisocyanate (VHC).

The test evaluated the bond strength of the
materials during peeling. The data obtained are
presented in the "Results and discussions" in
Table 5.

3. RESULTS AND DISCUSSION

The greatest effect in
strength  characteristics of the resulting
vulcanizates is achieved when using
vinyltriethoxysilane as a modifier. Based on the
research, the authors developed a composition
based on siloxane rubber to produce vulcanizates
with low hardness and high physical and
mechanical properties (utility model patent No.
71249 of 13.06.2007). Thus, the results obtained
indicate a high level of strength of the two-phase
connection of materials when using vinyl
triethoxysilane in the "SIlEP" material, which is
superior to the "GosSil" material in these
indicators. The comparative characteristics of
“SIIEP” and “GosSil” for these indicators are
presented in table 4 below.

improving the

Based on the data in table 4, you should
pay attention to the index of resistance to tearing,

which is significantly higher in the material "SilEP"
in comparison with the material "GosSil". As it was
established earlier, siloxanes themselves have a
fairly high level of this indicator in comparison with
rubber, and the use of a modifier allows you to
increase the level of this characteristic almost 4
times in conjunction with a material of another
physical and chemical phase, which potentially
improves the strength properties of the product
created using this technology.

Based on the table 5 data, it is noted that
the use of an adhesive (primer) can significantly
increase the adhesion of the silicone lining to the
acrylate base. In this case, the most effective
product in this combination was the interaction of
vinyltriethoxysilane  with  1,6-hexamethylene
diisocyanate. From the point of view of chemical
analysis, the obtained high strength of the
compound is provided by the presence in VHC of
active functional groups that interact with
unreacted active groups in the siloxane polymer,
the functional groups on the surface of the acrylate
react in the same way. It was found that this
combination of a primer to improve the connection
of the silicone lining "SIlEP" with acrylate allows for
a 14-fold increase in the degree of adhesion to the
base of the denture.

4. CONCLUSIONS

Thus, based on the above review, can
conclude that all methods of using polymer
compounds in orthopedic dentistry are still
relevant, and the development of modern
technologies and approaches to dental materials
allows us to successfully combine traditional
methods of using acrylate polymers with other
newer polymers for successful orthopedic
treatment.

The most relevant and promising methods
are the use of advanced silicone material for two-
layer dentures "Silep" as a lining for the acrylic
base of the prosthesis, as well as a special primer
of vinyltriethoxysilane in combination with 1,6
hexamethylene diisocyanate for better connection
of the silicone lining with a rigid acrylic base of the
prosthesis.

This composition allows to increase the
degree of adhesion to the basis of the denture by
14 times, thereby extending the service life and
increasing the comfort of using the denture.
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Table 1. Physical characteristics of silicone rubber.

Specifications Values
Density, kg/m?3 960-980
Glass transition temperature, °C 130
Thermal conductivity, W/m.K 1,32
Water resistance, % <1
Tear resistance, kgf/icm 20

Table 2. Physical characteristics of rubber.

Specifications Values
Density, kg/m?3 1200
Glass transition temperature, 0¢ 73
Thermal conductivity, W/m.K 0,368
Water resistance, % >1
Tear resistance, kgf/cm 8
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Table 3. Influence of the modifier nature on the physical and mechanical properties of vulcanizates.

Ne| Indicators Symbol modifier

APEC | HPTMS VTES DMLS | Unmodified
1| TS 2 (MPa) 4,0+0.2 |4,240.21 | 5,6+0.28 | 3,2+0.16 3,8+0.19
2 | Elongation (%) | 220+11 | 360118 | 550£27.5 | 360%18 20010
3 | Hardness ® 30+1.5 | 28+1.4 22+1.1 32+1.6 42+2.1

2 Tensile strength
b by Shore A, conventional unit

Table 4. The physical and mechanical properties of siloxane compositions.

Value of the index

(] i c
Ne Indicators Method (SS¢) SIlEP GosSil
1 CTS? (MPa) 270-75 5.6 5.1

2 Elongation at break (%) 270-75 550 436
3 Hardness® 263-75 22 32

4 Tear resistance (kN/m) 262-93 31 12

5 | Permanent elongation (%) 270-75 3 3.6

@ Conditional Tensile Strength

b by Shore A, conventional unit
¢ State Standard

Table 5. The effect of the primer on the strength of the connection of the "SIIEP" lining with the acrylic
base of the prosthesis.

Ne Primer Bond strength during exfoliation (M*m)
1 wpa 0.3+£0.05
2 TBT 1.3£0.03
3 TEOS 1.8+0.06
4 AS 1.7£0.04
5 VTES 1.3+0.05
6 VHC 4.3+0.04
@ Without a primer
R R R
I I I
HO — 8 —O/H+HO, — Si— O H+HO; — 8i— O H+ . —»
I I I T
R R R
R R R
I I I
The SOUTHERN BRAZILIAN JOURNAL OF —» HD - SI - D - SI - D - SI - D - +n HZD
CHEMISTRY (ISSN: 2674-6891; 0104-5431) is an
gpescse ol sce 1992 Jounal 20 10 I I I
I:eoer;vI;SnI:ILIIfSaus%énds_In Ihis ﬁlé in 2021.for - R R R
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Figure 5. The chemical structure of the synthesized silicone rubber.
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