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The aim of the work was a preclinical assessment of acute toxicity, skin resorptive, irritant effects, cumulative and catalase activity,
as well as sensitizing properties of the local gel composition “Benzidaflaziverdine” (GCB) used for the treatment of periodontal
diseases in orthodontic patients.

Materials and methods. 119 animals were involved in the experiment, assigned to seven main and two control groups. GCB
was administered intragastrically in doses of 300-600 mg/kg and intradermally of 200 pg into the outer surface of the ear. The
native solution of GCB was applied to the skin and mucous membranes, administered orally by the method of “subchronic toxicity”
and to the surface of the chorioallantoic membrane (CAM) of chicken embryos. The intensity of lipid peroxidation (LPO) was as-
sessed by the level of diene conjugates (DCs) and malondialdehyde (MDA), and the antioxidant system by catalase activity. The
specific leukocyte agglomeration reaction (SLAR), the specific leukocyte lysis reaction, and neutrophil damage indicators were
used.

Results. The median lethal dose LD, for rats and mice of both sexes exceeded 5000 mg/kg. The irritant effect of GCB on the
mucous membranes was manifested by hyperemia on the second day. Symptoms of irritation disappeared after 3—4 days without
medical intervention. An analysis of the CAM blood vessels after exposure to GCB in two observations at the 120" second showed
the beginning of hemorrhages. In one observation, GCB caused minor hemorrhages at the 300" second of the experiment.

It was found that the coefficient of GCB irritant action was 5 (the mean score of Me (Q1; Q3) was 5 (4; 5)). The coefficient of
cumulation (K, ) exceeded 8.2. An insignificant increase in the median or mean values of catalase enzyme activity, DCs, and
the amount of LPO end product such as MDA was observed compared to the control group animals. The SLAR test indicated the
development of a delayed-type allergic reaction under the influence of GCB in a 1:10 dilution. One-hundred-fold dilution did not
cause significant changes in the indicator in the main group compared to the control one.

Conclusions. GCB belongs to the 4th class of toxicity — practically non-toxic substances, does not have sex- and species sensitivity,
has weak cumulative activity, minimal effect on the system of LPO. GCB can be recommended for the use in clinical periodontology
for medical support of orthodontic patients.

AOKAiHiUHE OLiHIOBAHHA reneBoi KOMMNO3ULii Ha 0OCHOBI PAABOHOIAHOIO KOMNAEKCY
AAA AIKyBaHHA 3aXBOPIOBaHb NApOAOHTAa B OPTOAOHTUYHMX NaLiEHTIB

0. B. TopoBanuin, H. A. Uyxpai, O. |. Mpouko, O. |. MapToBnoc

MeTa pob0Tu — JOKNiHIYHE OLiHIOBAHHS FOCTPOI TOKCUYHOCTI, LUKIPHO-Pe30pBTUBHOI, ipUTaTUBHOI Ta NOApPa3HioBanbHoI Aii, Ky-
MYMSTUBHOI Ta KaTanaaHoi akTMBHOCTI, @ TaKOX CeHcMbinisyBanbH1X BNACTMBOCTEN refieBoi KoMMo3uLii MiCLIEBOrO 3aCTOCYBaHHS
«bensngadnasisepauH» (TKB) Ans nikyBaHHS 3aXBOptoBaHb NApOAOHTa B OPTOAOHTUYHUX NaLliEHTIB.

Marepianu Ta metoau. B ekcnepumeHT 3anyyeHo 119 TBapyH, SKMX NOAINMAW Ha 7 OCHOBHWX i 2 KOHTpONbHI rpynu. KB BBoaMnn
BHYTPILLHBOLLIYHKOBO y Ao3ax 300—600 mr/kr Ta BHYTPILLHBOLLKIPHO 200 MKT y 30BHILLIHIO NOBEPXHIO ByXxa. Pobunu annikavii HaTve-
Horo po3yuHy KB Ha LuKipy Ta cnn3oBi 060MoHKM, NepopanbHO BBOAWIM 3@ METOLOM «CYOXPOHIYHOI TOKCUMHOCTi» Ta HAaHOCUIN
Ha NOBEpPXHt0 xopioanaHToicHoi 0bonoHkn (XAQ) kypsiumx emOpioHiB.

|HTEHCMBHICTb NepekuncHoro okvucHerHs ninigis (MOJ1) ouiHoBanu 3a piBHEM [iEHOBKX KOH'IOraTiB i MarioHOBOrO Aianbaerigy,
aHTWUOKCWAAHTHY CUCTEMY — 32 aKTVBHICTIO kKaTanasu. BukopuctoByBanm peakuito cneumdivHoi arnomepadii neiikouutis (PCAIN),
peakLjito cneuuniYHOro Ni3ncy NENKOLMTIB | NOKa3HUKM MOLLKOMKEHHS HENTPOINiB.

Pesyniratn. Cepeans netanbHa gosa NI, ) ang wypis i Muwert o6ox ctatert nepesuwysana 5000 mr/kr. Iputatueny Ajto MKB Ha
Cnu30Bi 060NOHKY cnocTepirany Ha apyry 4oby sk rinepemito. CuMNToMM NogpasHeHHs 3Hkanu Yepes 3—4 nobu 6e3 megnkamen-
TO3HOro BTPyYaHHs. AHania cyamH XAO nicns Bnnvey KB y ABox cnoctepexerHsix Ha 120 cekyHzi nokasas No4aTok KPOBOBUMBY.
B ogHomy cnoctepexerHi MKB Buknvkana api6Hi kpososunmem Ha 300 cekyHai EKCEPUMEHTY.

BcraHoBneHo, Lo koediuieHT nogpasHioansHoi gii MKB ctaHoswB 5 (cepeatin 6an Me (Q1; Q3) popisHiosas 5 (4; 5)). Koedbiui-
€HT KyMyIsiLlii nepeBuLLyBaB (KKWI >8,2). CnocTepiranu HeocToBIpHe 30inbLUeHHs MejaHHUX abo cepefHix 3Ha4eHb aKTUBHOCTI
hepMeHTy KaTanasw, AiEeHOBMX KOH'KOraTiB i KinbkocTi KiHueBoro npogykTy MOJT ManoHoBoro Aianbaeriay NopiBHSHO 3 TBAapUHaMu
KoHTponbHoi rpynu. Tect PCAJT noka3aB BUHVKHEHHS anepriyHoi peakuii cnosinbHeHoro Tuny nig snnveom KB y posseaeHHi 1:10.
PoseenenHs y 100 pasiB He BUKMWKano AOCTOBIPHUX 3MiH NOKa3HWKa B OCHOBHIVA rpyni MOPIBHSIHO 3 KOHTPOMEM.

BucHoBku. KB HanexuTb 40 4 Knacy TOKCUYHOCTi — Maibke HETOKCWUYHI PEHOBWHW, HE XapaKTepr3yeTbCs CTaTEBOIO Ta BUAOBOIO
YyTNMBICTIO, Mae cnabky KyMynATUBHY aKTUBHICTb, MiHiManbHUIA BNnuB Ha cuctemy MOJ1. TKB MoxHa pekomeHAyBaTy 1151 BUKO-
PUCTaHHS Y KNiHIYHIA NapofoHTONOrT Ans MeAUKaMEHTO3HOTO CynpPOBOAY OPTOAOHTUYHIX NaLIEHTIB.
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Increasing the treatment effectiveness of maxillofacial
anomalies will continue to be an urgent problem of modern
dentistry. However, over the years, numerous studies have
established a high percentage (68 %) of the risk of deve-
loping periodontal tissue diseases against the background
of maxillofacial anomalies among patients of various ages.
In approximately 80 % of cases, such patients undergo or-
thodontic treatment with the use of fixed appliances, during
which the severity of the pathological process course in the
periodontal complex tissues only worsens [1,2,3].

Under the influence of a local stressor effect of a bracket
system on the periodontium, there is a focal loosening of
the epithelium, leukocyte infiltration, edema and dilation of
blood vessels. According to some researchers, in the reali-
zation of damaging mechanisms to periodontal soft tissues
under local stress, hypoxia plays a leading role, which is
associated with disturbances in external respiration and gas
exchange, transport and utilization of oxygen [4]. Inturn, the
inflammatory process, stress reaction, and hypoxia cause
a loss of balance between lipid peroxidation (LPO) and
antioxidant systems (AOS), which is one of the important
links in the pathogenesis of many diseases, particularly
periodontal tissues.

Oxidative stress occurs when intracellular concentra-
tions of reactive oxygen forms exceed physiological values
[5]. It is during orthodontic treatment that two different
situations coexist potentiating the occurrence of inflamma-
tory processes and oxidative stress: on the one hand, it is
bracket systems, and on the other hand, the biomechanics
of tooth movement [6]. Thus, violations of oxygen trans-
port and utilization, respiratory functions of mitochondria,
prooxidant-antioxidant homeostasis in soft and hard perio-
dontal tissues, as well as the occurrence of oxidative stress
when using bracket systems are the basis for using local
pharmacological agents with anti-inflammatory, analgesic,
anti-hypoxic and antioxidant effects.

The data of numerous studies indicate that flavonoids
have a pronounced antibacterial, anti-inflammatory and
antioxidant effects — their phenolic structure enables mol-
ecules to interact with free radicals, reducing the intensity
of lipids, resulting in inhibition of the main negative factor
formation — malondialdehyde (MDA) [7,8]. Thus, the drug
“Proteflazid® (‘ECOFARM,” Ukraine) based on flavonoid
glycosides (liquid extract 1:1), obtained from a mixture of
Deschampsia caespitosa herba and Calamagrostis epigeios
herba, has pronounced antioxidant and immunotropic pro-
perties, protects mucous membranes, normalizing indica-
tors of local immunity (lactoferrin, secretory immunoglobulin
A, lysozyme and complement component 3).

Also, among the drugs used in dentistry, a non-steroidal
low-toxic drug benzydamine hydrochloride with antimicro-
bial, analgesic and anti-exudative properties and an active
anti-inflammatory activity, is also effective. On the basis of
the above-mentioned medicinal products as active compo-
nents in the composition of the gel base (sodium alginate,
nipagin and water for injections), an extemporaneous gel
composition “Benzidaflaziverdine” (GCB) was developed
for a local use for periodontal dressings in the treatment
of gingivitis and periodontitis in orthodontic patients before
and during active orthodontic treatment to eliminate signs of
inflammation and reduce oxidative stress from the loading
effect of bracket systems [9].
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OpwuriHaAbHiI AOCAIAXKEHHS

Aim

The aim of the work was a preclinical assessment of acute
toxicity, skin resorptive, irritant effects, cumulative and ca-
talase activity, as well as sensitizing properties of the local

GCB gel composition used for the treatment of periodontal
diseases in orthodontic patients.

Materials and methods

To carry out toxicological studies of GCB for compliance
with the requirements of DSanPiN 2.2.9.027-99 [10], four
types of laboratory animals of both sexes were used equally:
54 non-linear sexually mature rats (weighing 180-200 g),
34 white sexually mature mice (weighing 17-23 g), 30
light-colored guinea pigs (weighing 300-350 g) and one
rabbit (male, weighing 560 g), which were kept in vivarium
conditions at Danylo Halytsky Lviv National Medical Uni-
versity (LNMU) on a standard diet [11].

During animal research, the principles of bioethics,
legal norms and requirements in accordance with the
principles of humanity set forth in the Directive of the Euro-
pean Community [12], in accordance with the European
Convention for the Protection of Vertebrate Animals Used
for Research and Other Scientific Purposes (Strasbourg,
1986), as well as the General Ethical Principles of Animal
Experiments adopted at the First National Congress
on Bioethics (September 20, 2004, Kyiv, Ukraine) were
followed. The study was approved by Protocol No. 8 of
the Committee on the Ethics of Scientific Research, Ex-
perimental Developments and Scientific Works of Danylo
Halytskyi LNMU dated October 18, 2021.

Each group of experimental animals was formed by
compiling ranked rows and numbering and labeling accord-
ing to initial body weight. The results obtained during the
research were compared with standard reference indicators
of 20 intact animals that made up the control groups [13].
Anesthesia was performed by intramuscular injection of
2 % “Xylazine” (Alfasan, the Netherlands) at a dose of
5 mg/kg of body weight and “Zoletil 50” (Virbac, France) at
a dose of 0.5 mg/kg of body weight. The studied material
was collected during the experiments by cardiac puncture
under anesthesia.

Acute toxicity was determined in rats (n = 24) and mice
(n = 24) by intragastric administration of GCB in doses of
3000-6000 mg/kg followed by determination of the degree
and nature of acute oral toxicity. For 14 days, after the
drug administration, the animals were followed up daily to
register the presence of toxicity clinical signs or death. The
following indicators were evaluated: lethality (death dates
of animals in each group, daily); manifestations of toxicity
(daily), including appearance; body weight dynamics. The
criterion of GCB acute toxicity was the median lethal dose
(LD,,). After the end of the experiment, euthanasia, dissec-
tion and macroscopy of internal organs were performed in
randomly selected 5 animals [14].

The assessment of the skin resorptive and irritative
effect of GCB consisted in studying changes in the structural
and functional state of the skin and mucous membrane
with an assessment of the risk of acute manifestations on
their surface under laboratory conditions. The study was
conducted by immersing mouse tails (n = 10) into a native
solution of GCB 10 times for 4 hours (exposures of 4 hours
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per day 5 days a week) and applying this agent to the mouse
skin (n = 10). A conclusion was made based on toxicological
indicators: lethal effect, time and degree of intoxication sign
manifestations, changes in body weight. The irritant effect
was examined by applying GCB to the conjunctival sac of
rabbit eyes [15].

The chorioallantoic membrane (CAM) of 9-day-old
chicken embryos was used to determine the irritating
effect of GCB [16]. Fresh chicken eggs (up to seven days
after oviposition) weighing from 50 g to 60 g. Incubation
in an inverter incubator was carried out at a temperature
of 38.3 £ 0.2 °C. In order to provide a base level when
evaluating the experimental results, sterile 0.9 % sodium
chloride (NaCl) solution was tested as a negative control. As
a positive control, a 1 % solution of sodium dodecyl sulfate
was used as a generally recognized irritant based on the
results of in vivo experiments. Three eggs were taken to
study each substance. To avoid a traumatic reaction, eggs
were incubated for 30 minutes, the inner membrane was
pre-moistened with a 0.9 % NaCl solution, and then it was
removed with tweezers. GCB was assessed in the native
state by applying 0.3 ml directly to the CAM surface using
a disposable glass pipette.

Reactions to CAM were monitored for 300 seconds
using a micro-camera endoscope. The following reactions
and changes in CAM were monitored and recorded in points
with mandatory photo-fixation after 30, 120 and 300 seconds
from the time of substance application: 1 — vascular lysis
(breakdown of blood vessels): 30 seconds — 5 points; 120
seconds — 3 points; 300 seconds — 1 point; 2—hemorrhages
(bleeding from blood vessels): 30 seconds — 7 points; 120
seconds — 5 points; 300 seconds — 3 points; 3 — coagulation
(intra- and extravascular protein denaturation): 30 seconds
-9 points; 120 seconds — 7 points; 300 seconds — 5 points.

The irritation index was calculated as the median value
from the total scores of all test repetitions. The ratio of the
numerical values of the irritating effect (irritation index) and
the risk category of developing an irritating effect was as
follows: 0.0-0.9 — not causing an irritating effect; 1.0-4.9 —
weak irritating action; 5.0-8.9 — moderate irritating effect;
9-21 — pronounced irritating effect.

The presence of a toxic-cumulative effect upon GCB
oral administration into rat bodies (n = 10) — the severity
degree of the toxic “accumulation” effect in a living organism
(cumulation coefficient — K ) — was determined by the
method of “subchronic toxicity” [17,18]. GCB was adminis-
tered in its native form, starting with a dose of 600 mg/kg
with a dose increase of 1.5 times every 4 days. Animals
were removed from the experiment after 28 days.

The state of lipid peroxidation (LPO) was determined
in rats (n = 10) of the main group by the content of active
thiobarbituric acid (TBK-AP) products in the blood via
reaction with thiobarbituric acid [19]. The intensity of LPO
processes was assessed with diene conjugates (DCs) - by
the intensity of heptane fraction and secondary products
— MDA light absorption [20]. The antioxidant system state
was assessed by the main enzyme of antioxidant protec-
tion — catalase activity [21]. The control group consisted of
intact rats (n = 10).

The sensitizing properties of GCB were evaluated
during complex sensitization of the main group guinea pigs
(n =10), which was carried out by intradermal injection of

ISSN 2306-4145  http://zmj.zsmu.edu.ua

200 pg (in 0.02 ml) of the agent into the outer surface of the
ear [22]. Animals of the control group (n = 10) were injected
with 0.02 ml of solvent (physiological solution). The gel was
then applied to the left half of the animal bodies for 10 days.
The degree of sensitization was defined after conducting
intradermal tests at dilutions 1:10, 1:100. The body reaction
was evaluated by visual examination of the skin surface
at the place of sample injection after 20-30 minutes, 4-5
hours and 24 hours after administration and according to
the results of clinical and immunological tests.

After completion of the experiment, changes in peri-
pheral blood parameters were studied: content and qual-
itative composition. The obtained data were expressed in
percentages and in absolute units per 1 liter of blood (10%1)
[23]. We calculated the lymphocyte-monocyte ratio index
(LMRI), the neutrophil-monocyte ratio index (NMRI), and the
neutrophil-eosinophil ratio index (NERI). After sensitization
of the animals, a method for detecting the reaction of blood
cells to the allergen “in vitro” was used for its quantitative
assessment — the specific leukocyte agglomeration reaction
(SLAR), the specific leukocyte lysis reaction (SLLR) and
indicators of neutrophil damage (IND) [23].

Statistical processing of the results was carried out us-
ing the Microsoft Excel package. Compliance of the obtained
data with the normal distribution law was checked using the
Shapiro-Wilk test. Provided the normality of the distribution
was met, the significance of the obtained differences in
the compared values was assessed using the Student's
test or the Mann-Whitney test in cases where there was a
non-parametric data distribution. Non-normally distributed
data were presented in the form of Me (Q1; Q3), where Me
was the median and (Q1; Q3) were the upper and lower
quartiles. Changes with a level of more than 95 % (p < 0.05)
were considered significant [24].

Results

The study on the GCB acute toxic effect nature within 14
days made it possible to reveal that after a single intragastric
administration of the agent, no signs of intoxication were
observed in the experimental animals. The animals were
active, responded to light and sound stimuli, urination and
defecation processes were normal, there was no respiratory
disturbance, reflex excitability was preserved. The body
weight dynamics of the animals that received the studied
drug was within the physiological norm. There were no fatal
cases during the entire follow-up period, after which, at an
autopsy of 5 randomly selected animals, no abnormalities
were noted in the internal organs. LD, for rats and mice of
both sexes exceeded 5000 mg/kg. According to the toxico-
logical classification, the developed GCB was assigned to
the 4" class of toxicity — practically non-toxic substances. It
was also found that GCB did not have sex- and species-re-
lated sensitivity.

In the study on the skin resorptive effect, no symptoms
of intoxication were noted after the application of the studied
GCB to the guinea pig skin. When examining the treated
skin area of the white mouse tails, no signs of irritation
were seen. It was detected that functional changes such
as the appearance of erythema, edema, and cracks did
not occur after the GCB application to the intact skin of
experimental animals.
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Sample Before influence Exposure time 30 s Exposure time 120 s Exposure time 300 s

— . ~ S

0.9 % sodium Embryo
chloride solution No. 1
(negative control)

Embryo
No. 2

Embryo
No. 3

Gel composition Embryo
“Benzid No. 1
aflaziverdine”

Embryo
No. 2

Embryo
No. 3

Sodium laureth Embryo
sulfate No. 1
(positive control)

Embryo
No. 2

Embryo
No. 3

L b

Fig. 1. Photofixation of irritating effect of gel composition “Benzidaflaziverdine” on the chicken embryo chorioallantoic membrane (macrophoto).
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Table 1. Manifestations of irritant action on the chicken embryo chorioallantoic membrane

EC T TS T E TS TS E R E T TS TR

Effect/experiment

Physiological solution (0.9 % sodium chloride solution). Negative control

Observation 1 - - = = - - _ _ _ 0
Observation 2 - - 1 - - - _ _ _ 1
Observation 3 - - - - - = = = - 0
Irritation index Me (Q1; Q3) 0(0.0;0.5)
Gel composition “Benzidaflaziverdine” in its native state
Observation 1 - - - - - 3 _ _ _
Observation 2 - - - = = - - -
Observation 3 - - - - 5 - - - -
Irritation index Me (Q1; Q3) 5(4;5)
Sodium laureth sulfate (1 % solution of sodium dodecyl sulfate). Positive control
Observation 1 5 - - 7 - - = = = 12
Observation 2 5 - - 7 - - - - - 12
Observation 3 5 - - 7 - - - - - 12
Irritation index Me (Q1; Q3) 12 (12;12)
(starting with a dose of 0.1 LD, to 0.5 LD, ) by 1.5 times
Days of administration 1-4 |58 |9-12 |13-16 |17-20 |21-24 | 25-28 every 4 days according to the relevant scheme (Fig. 2).
An administered daily dose LD, {04 |0.15 [0.22 [034 |05 [075 [1.12 Asubchronic experiment to determine the GCB cumula-
Total dose for 4 days LD, 04 |06 |088 |136 |20 |30 |45 tive properties made it possible to show satisfactory general
Total dose for the periods 1.0 condition and behavior of rats throughout the experiment;
1.88 the animals consumed food and water, responded ade-
3.24 quately to external stimuli, and an increase in body weight
5.24 was observed. No deaths of experimental animals were
824 registered. The K exceeded 8.2, which indicated a weak
12.74

Fig. 2. Scheme of conducting the “subchronic toxicity” test.

356 ISSN 2306-4145

The irritant effect of GCB on the rabbit conjunctiva
was manifested on the second day by hyperemia of the
mucous membrane (intensity 0-1 points), edema (0 points),
secretions (0 points). Symptoms of irritation disappeared
after 3—4 days without medical intervention.

The study on the GCB irritating effect using an alter-
native model — the chicken embryo CAM allowed us to
obtain the following results (Fig. 1, Table 1). Physical testing
solution (0.9 % sodium chloride solution) as a negative
control demonstrated vessel lysis at the 300" second in
one experimental observation. Analysis of the CAM blood
vessels after exposure to GCB showed the beginning of
hemorrhage in two observations at the 120" second. In one
observation, small hemorrhages were caused by the tested
agent at the 300" second of the experiment.

Testing of sodium laureth sulfate (1 % solution of sodium
dodecyl sulfate) as a positive control showed hemorrhage
and lysis of vessels at the 30th second in all experimental
observations (Fig. 1, Table 1).

The obtained results of recording negative changes in
the CAM for a given time period are presented in Table 1.

The obtained irritation index served as a criterion for
classifying the irritative activity of the studied GCB. The
compound was considered to have a moderate irritant effect
on mucous membranes based on the detected coefficient
of irritation.

Cumulation coefficient — K was determined by the
method of “subchronic toxicity” [20] in a subacute expe-
riment with repeated administration of increasing doses

http://zmj.zsmu.edu.ua

GCB cumulative activity.

After the subchronic administration of GCB, the results
of blood analysis in experimental animals based on LPO in-
dicators — catalase activity, concentrations of MDA and DCs
were as follows. The catalase index (nmol H,O,/ml x min)
in the experimental group animals was on average 3.4 (2.3;
5.0) in comparison with the index of 2.27 (2.1; 3.2) in the
control group animals (a p value significance of 0.18) (Me
(Q1; Q3); M £ m). The level of MDA in the experimental
group animals was on average 89.38 + 46.10 mmol/l in
comparison with the level of 62.24 + 11.60 mmol/l in the
control group animals (a p value significance of 0.088).
The index of DCs in the experimental group animals was
on average 1.61 + 0.68 units of A/mlin comparison with the
indicator of 1.28 + 0.25 units of A/ml in the control group
animals (a p value significance of 0.162).

The study results showed a slight and insignificant in-
crease in the median or mean values of the enzyme activity
of catalase, DCs and the MDA amount, an end product of
LPO, in the experimental animals compared to those in the
control group animals. This testified to the minimal effect of
GCB components on the LPO system.

When conducting intradermal tests in sensitized guinea
pigs, GCB in doses of 1:10 and 1:100 (solvent — physiolo-
gical solution) did not cause changes on the skin surface. As
can be seen from the data presented in Table 2, the values
of leukocyte absolute number and the percentage content
and absolute number of basophils, eosinophils, neutrophils,
monocytes and lymphocytes in the experimental group
animals did not change significantly compared to those in
the control group.

The sensitizing effect of GCB was manifested by an
increase in the SLLR value. In animals exposed to the agent
at a dilution of 1:10, a persistent tendency to increase leu-

Zaporozhye medical journal. Volume 25. No. 4, July — August 2023



kolysis was noted. Exceeding its critical value of 10 % was
observed in 70 % of experimental animals. In the control,
it almost did not exceed the critical 10 %. The mean group
values of this indicator in the experimental animals exceed-
ed the control indicators by two times, which characterized
the development of allergic cytotoxic-type reaction in their
body. At the same time, at a 1:100 dilution, the lysis values
in the experimental group indicated the absence of allergic
reactions (Table 3).

The phenomenon of leukocyte agglomeration is the first
phase of allergic reaction. The SLAR test results indicated
the development of a delayed-type hypersensitivity under
the influence of GCB at a 1:10 dilution. One-hundred-fold
dilution did not cause significant changes in the indicator
of the main group compared to the control.

For IND in the group for which the 1:10 dilution was
analyzed, fluctuations in the value from 0.05 to 0.07 were
noted (exceeding the critical value of 0.05 was noted in
50 % of animals from the main group), while the median
IND in this group was within normal limits. In a dilution of
1:100 and in the control group animals, this indicator did not
exceed 0.05 in all experimental guinea pigs. An increase
in IND observed in some experimental animals under the
influence of GCB in a dilution of 1:10 was due to the effect
on the maturation of neutrophilic granulocytes which have
amoeboid activity, indicating the potential of GCB for specific
sensitization of the organism.

Discussion

Thus, the conducted experimental studies indicate the
absence of toxic effects and the relative safety of the
developed GCB due to the two active components. This
is benzydamine hydrochloride for the local use in the oral
cavity, which belongs to non-steroidal anti-inflammatory
drugs, which are inferior to steroids in terms of their mecha-
nism of action but have a very low toxicity. At the same
time, benzydamine hydrochloride is characterized by high
virucidal effect as well as antimicrobial activity against
periodontopathogens [25].

The drug “Proteflazid®” is characterized by significant
antioxidant activity associated with the presence of free and
glycosidated flavonoids, an important property of which is
the involvement in redox reactions as donors or acceptors
of electrons and protons [26]. “Proteflazid®” has a wide spec-
trum of biological effects on numerous pathogenetic links
of hypoxic tissue damage, including preventing blockage of
microcirculation vessels by leukocyte plugs, inhibiting the
synthesis of leukotrienes from arachidonic acid, reducing
capillary permeability, restoring the sensitivity of platelets
and increasing their duration of action, reducing the adhe-
sive property of blood elements, protects endotheliocytes
from damage, reduces perivascular edema [27]. In addition,
this drug has a positive effect on the gastrointestinal tract
state, normalizes peristalsis, vegetative-vascular disorders,
increases the body non-specific resistance due to the in-
duction of endogenous a- and y-interferons, as well as a
detoxifying effect [26,27].

The low sensitizing potential of GCB was revealed using
suchtests as SLAR, SLLR and IND, which made it possible to
detect a delayed type of allergic reaction. SLLR is based on
the change of sensitized cells under the action of a specific
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Table 2. The results of hematological parameters of guinea pigs with percutaneous

exposure to gel composition “Benzidaflaziverdine” (Me (Q1; Q3); M £ m)

Parameters, Control animals Sensitized animals | The significance
units of measurement (n=10) (n=10) value, p

Leukocytes, g/l 12.96 £ 2.60 12.40 £1.99
Basophils, % 0(0; 0) 0(0; 1)
Basophils, g/l 0.00 (0.00; 0.00) 0(0.00;0.12)
Eosinophils, % 3(2;3) 3(2;4)
Eosinophils, g/l 0.33+0.04 04310.15

Neutrophils, %
Neutrophils, g/l

17.0 (15.0; 23.0)
1.93 (1.80; 3.24)

17.5(16.0; 21.0)
2.35 (2.30; 2.47)

Monocytes, % 3(2;3) 3(2;3)
Monocytes, g/l 0.35+0.10 0.38+£0.14
Lymphocytes. % 759+4.9 745+58
Lymphocytes, g/l 9.80 £1.60 9.70 £1.97
LMRI 26.4 (23.3; 39.0) 25.4 (24.5; 32.3)
NMRI 7.8(5.7; 8.6) 6.2(5.7;7.1)
NERI 6.36 (5.70; 8.00) 5.33 (4.60; 8.50)

0.59
0.65
0.69
0.18
0.07
0.82
0.31
0.56
0.54
0.57
0.96
0.57
0.54
0.18

Table 3. Assessment of the sensitizing effect of gel composition “Benzidaflaziverdine”

(GCB) in the experimental animals and in vitro allergy tests

— Conto
1:10 dilution 1:100 dilution

SLLR 110 710
% 6.18£2.70 11.09 + 1.90*
(p =0.0002)
SLAR N 010 4110
% 1.20+0.07 14+0.1
IND N 010 510
% 0.025 +0.008 0.045 + 0.008*
(p = 0.00005)

0/10
6.98+2.0

0/10
0.89+0.2

0/10
0.020 £ 0.001

N: numerator — the number of animals with positive (supernormal) results, denominator - all in the
experiment; *: significant differences compared to the control, p > 0.05 (Tukey’s HSD test) and its value

was omitted in the table.

allergen and is associated with the complement involvement
in the implementation of the immune complex formation on
the cell surface resulting in their damage and lysis. The SLAR
is based on the effect of strengthening the blood cell adhesion
when a specific allergen is added to it, which is one of the
first phases of the specific allergic reaction of blood cells. The
IND reflects the increase in their mobility under the influence
of an allergen and serves to assess the early phase of the
allergic reaction of blood cells [23].

As there is convincing evidence that inflammation of
periodontal tissue is one of the main sources of reactive
oxygen species (ROS) in the oral cavity [5] coupled with the
activation of aggressive periodontopathogenic microorgan-
isms [28], it is likely to indicate that aseptic inflammation in
orthodontic patients may also be related to damage caused
by oxidative stress.

Finally, itis a proven fact that fixed orthodontic applianc-
es are a source of corrosion, and due to the simultaneous
influence of deformation, friction and mechanical action,
the degradation of orthodontic brackets and arches occurs
causing higher concentrations of metal ions in the oral cavity.
Corroded appliances induce the release of metal ions, which
can cause increased levels of ROS through metal-catalyzed
free radical reactions. Chromium, iron, nickel, cobalt, titani-
um and molybdenum are a group of transition metals that
can undergo redox reactions with the ROS formation [29].

Therefore, it is decisive to include GCB in the drug
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“Proteflazid® as an inducer of the endogenous o- and
y-interferon synthesis up to a physiologically active level,
which increases the non-specific body resistance to viral
and bacterial infections, has antioxidant properties, does not
have an immunotoxic effect, does not cause refractoriness
(hyporeactivity) of the immune system. The drug inhibits the
course of free radical processes, prevents the accumulation
of LPO products, increases the antioxidant status of cells,
and thus reduces stressor intoxication [5]. In this study, it
has been confirmed by the main enzyme of antioxidant
protection activity — catalase and the studied level of primary
LPO products — DCs, secondary products — MDA, which
are responsible for damage to cell membranes and vessel
walls, as one of the leading factors in the development of
inflammatory process and its chronicity [20].

Therefore, the developed and preclinically evaluated
GCB is a novel approach to the local treatment of perio-
dontal tissue diseases in orthodontic patients with the aim
of avoiding oxidative stress by means of the synergistic
antioxidant action of the flavonoid complex and the non-ste-
roidal drug antimicrobial properties.

Conclusions

Through the experimentally detected toxicity param-
eters, the effect of periodontal gel composition “Ben-
zidaflaziverdine”, based on the flavonoid complex and
benzydamine hydrochloride, on the body of warm-blooded
animals was analyzed. It has been proven that this gel
composition:

1) is classified as the 4th class of toxicity — practically
non-toxic substances. LD, for white rats and white mice
exceeds 5000 mg/kg; does not have sex and species
sensitivity;

2) has weak cumulative activity, the cumulation coef-
ficient exceeds 8.2;

3) does not have skin-resorptive and local-irritating
effects when applied to the skin;

4) has a minimal effect on the lipid peroxidation system,
which suggests the ability of GCB to reduce oxidative stress
in periodontal tissues of orthodontic patients.

5) may cause an allergy and insignificant changes in
peripheral blood when experimental animals are sensitized;

6) has a moderate irritating effect on mucous mem-
branes.

Prospects for further research are to continue the study
on the developed gel composition “Benzidaflaziverdine”
when used in clinical settings as a means of local direction
for the treatment of inflammatory and dystrophic-inflamma-
tory diseases of periodontal tissues in orthodontic patients.
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