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Arterial hypertension still remains one of the main problems of modern cardiology. It is a major
risk factor for cardiovascular disease, in economically developed countries leading to chronic disability
and lethal outcome [3].

Despite the wide spectrum of medicines for treating arterial hypertension, till today this pathology
is characterized by high mortality. The cause of this presumably is the lack of knowledge of pathogenic
mechanisms for development of arterial hypertension, which would be able to help for identification of
new medical targets for prevention and treatment of this disease based on individualized, personalized
medicine. In this regard during the recent years the attention of the researchers was focused on the new
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endogenous substances involved in vasoconstriction and vasodilation mechanisms [3]. In this direction
special attention is paid to vasodilating products of epoxygenic acid metabolism such as
epoxyeicosatrienoic acids (EETSs), which rapid conversion in the body into less active metabolites such as
dihydroxyeicosatrienoic acids (DHETSs) is promoted by enzyme epoxide hydrolase (sEH). It is particularly
noteworthy that till today in the literature there is little data on the study of natural compounds with
suppression of sEH action which would promote the prolongation of EETs vasodilating activity [8].

In the treatment of arterial hypertension, special attention is paid to the ability of the patient to
use the drug independently, without any additional materials (water, syringe, etc.) and their rapid action
[8]. Difficulty in swallowing is common among all age groups, occurring in 35% of the population.
Indication of difficulty in swallowing occurs especially in cases of sore throat, seasickness, allergies and
bronchitis. This time orally taken soluble forms of dispersible drugs are optimal [10,11]. Modern
technology gives the opportunity to create drug forms with different speeds of release of substances,
absorption and consequently difference bioavailability. This is especially actual for oral solid dosage forms,
which account for 50-60% of all forms of administration. In the last years, fast-dissolving solid
formulations have become particularly popular, in which the effect of rapid solubility or disintegration is
achieved through the use of special excipients or special technological methods. Orodispersible tablets
(ODT) dissolve or disperse rapidly, when they come into the contact with saliva in the oral cavity and do
not require water while taking the drug. The use of ODT is especially convenient in pediatric and geriatric
practice [10,11].

Based on literature data and preliminary pharmacological studies, it has been revealed that
biologically active substances of plant origin - phenolic compounds: camphorol, apigen, luteolin, etc. have
the ability to inhibit soluble epoxy hydrolase activity and provide vasodilatory action [8].

The purpose of this study was the development of the formulation and technology of luteolin
Orodispersible tablets (ODT) based on biopharmaceutical studies.

To achieve this goal, we set the following tasks:

* Determination of physico-chemical and technological properties of active pharmaceutical
ingredients (APIs);

* Determination of the formulation of luteolin orodispersible tablets based on biopharmaceutical
studies;

* Development of luteolin orodispersible tablets technology based on technological studies;

= Evaluation of the prepared orodispersible tablets.

Materials and methods

The following materials have been used during investigation: Active pharmaceutical ingredient
(API)- Luteolin, was purchased from Dalian launcher fine chemical co. (China), Prosolve SMCC HD90
was purchased from JRS Pharma (Germany), Kollidon® 30 was purchased from BASF (Germany),
Mannitol was purchased from Dalian launcher fine chemical co.(china), Sodium Stearyl Fumarate was
purchased from Jiangxi Alpha Hi-tech Pharmaceutical Co., Ltd.

Residual moisture content of API was determined by using an automatic humidity detector (MS-
70) at 1050C. The moisture content in the study sample was determined by achieving a constant weight.

To evaluate the fractional composition and morphological properties of the powder (size, shape,
surface relief) we used the method of Direct Optical Microscopy with visible light.

1 mg of the substance was placed in a clean, pre-degreased glass jar and added the immersed liquid
(dimethicone, mineral oil). The powder is suspended in the liquid with a spatula until the solid particles
are equally distributed in the liquid. Then the micro particle is covered with a glass so that air bubbles do
not hit. The samples are examined under a microscope Axio Observer.Z1 Carl Zeiss (Germany) and the
lens (A-Plan 10x/ 0.25 Ph 1.) is used to measure the particles size of the test substance.

Determination of dispersion was performed through sampling analysis.

The flowability of API was determined by measuring the powder flow rate and the angle of
inclination using the device ERWEKA GTB (Germany).
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The angle of repose was determined by using protractor, which is the angle between the cone
formed from the friable material and the horizontal plane. The bulk density of the API was determined
using with ERWEKA SVM 223 (Germany).

Thickness of tablet was measured by using electronic vernier caliper (Mitutoyo, Model CD-6 CS,
Japan).

For weight variation, twenty tablets were selected randomly after compression and the mean
weight was determined using analytical balance. None of the tablets deviated from the average weight by
more than +7.5% (USPXX).

Crushing strength parameter of ODT was measured using ERWEKA TBH 125 (Germany) testers.
Friability was determined using TAR 220 ERWEKA (Germany) following USP Pharmacopoeia (reference
of the USP pharmacopoeia), rotational frequency at 20 rpm for 5 minutes.

Wetting time. A piece of circular tissue paper (8cm) folded twice was placed in a Petri dish
(Internal Diameter = 9cm) containing 10 ml of buffer solution simulating saliva pH 6.8. A tablet was placed
on the paper and the time taken for complete wetting was noted. Three tablets from each formulation
were randomly selected and the average wetting time was noted.

In vitro dispersion time of prepared tablet was done by dropping the tablet in 10 ml measuring
cylinder containing 6 ml of simulated salivary fluid (pH 6.8). Time required for complete dispersion of
tablet was measured.

On the first stage of the research, the physical and technological characteristics of the active
pharmaceutical ingredient were determined. The results are given in Table N1.

Table N1

Results of physical, chemical and technological characteristics study of Luteolin (n = 3)
Physical, chemical and technological characteristics Results of study
Description Yellow powder
Particle shape and size spherical, 232.21-263.14 um
Flow rate g/s 5.02
Angle of repose ° 25.22+1.14
Aerated bulk density, g/sm? 0.346+0.05
Tapped density g/cm? 0.493+0.12
Moisture content % 2.86+0.17

The data in Table (N1) shows that the friable of the luteolin substance is high, represented by
small particles and the degree of particle density is optimal. To prepare luteolin orodispersible tablets, we
used a model formulation of ODTs selected by artificial intelligence (Table N2), which is a ready-made
composition for the preparation of ODT containing various active pharmaceutical ingredients.

Table N2
Optimal formulation of ODT modeling tablets predicted by INForm® Artificial Intelligence

N Ingredient Value %
1 | Prosolve SMCC HD90 47.5

2 | Mannitol 45.0

3 | Kollidon 30 6.5

4 | Sodium stearyl fumarate 1.0

Luteolin orodispersible tablets were prepared by using sublimation method / 4,7,9 /. The luteolin content
in all formulation was 50 mg. For the preparation of ODT tablets by sublimation method, were used easily
volatile substances camphor, menthol and thymol. It was prepared 12 formulations for the preparation of
luteolin orodispersible tablets. The results are given in Table N3.
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Composition of Luteolin orally disintegrating tablet formulations

JECM 2022/4

Ingredients (mg)
Formulation | Luteolin Prosolve Kollidon Sodium
code (mg) Camphor | Menthol | Thymol | SMCC | Mannitol 30 stearyl
HD90 fumarate
F1 50.0 5.0 - - 47.5 47.5 47.5 47.5
F2 50.0 10.0 - - 45.0 45.0 45.0 45.0
F3 50.0 15.0 - - 6.5 6.5 6.5 6.5
F4 50.0 20.0 - - 1.0 1.0 1.0 1.0
F5 50.0 - 5.0 47.5 47.5 47.5 47.5
F6 50.0 - 10.0 - 45.0 45.0 45.0 45.0
F7 50.0 - 15.0 - 6.5 6.5 6.5 6.5
F8 50.0 - 20.0 - 1.0 1.0 1.0 1.0
F9 50.0 - - 5.0 47.5 47.5 47.5 47.5
F10 50.0 - - 10.0 45.0 45.0 45.0 45.0
F11 50.0 - - 15.0 6.5 6.5 6.5 6.5
F12 50.0 - - 20.0 1.0 1.0 1.0 1.0

The technological process of preparation of tablets consists of the following stages: preparation of
raw materials, preparation of tablet mass, tablet-making, packaging of finished products.
Prosolv. SMCC HD90, mannitol, kollidon 30 placed into mortar and add the desintegrated
camphor, menthol and thymol using 96% ethyl alcohol with quantities specified in the formulations and
mix for 2-3 minutes. The resulting compositions are added to a certain amount of sterile fumarate sodium,
mixed well and crush into a perforated plate or sieve with a size of 1.5-2 mm.

The tablets were produced using a single punch tablet eccentric type of press, by pressing - using
8 mm punch, with a compressive strength of 20 kg / cm 2.

Prepared tablets keep in a drying oven at 40 ° C for 2 hours, in order to remove volatile agents
from ODT. After evaporation of camphor, menthol and thymol, we evaluated the quality of the tablets
according to the physical and technological parameters [1,2,5,6]. The results are given in Table N4.

Table N4

Physical properties pre-sublimation and post-sublimation of orally disintegrating luteolin tablets

Mechanical strength

Average Thickness . ] Disintegration | Wetting

Y | Weight (mg) (mm) Friability Crushing time (s) Time (s)

o=

S (%) strength

=]

o
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F1 | 155.2 | 1505 | 3.3 3.1 99.89 | 99.86 | 6.0 5.8 38.60 | 30.73 | 3.6 2.6
04 | 0.7 +0.02 | £0.06 | £0.15 | +0.43 | +0.01 | +0.02

F2 | 159.8 | 155.6 | 3.3 3.2 99.63 | 99.43 | 55 52 34.37 | 28.37 | 3.3 2.3
05 |04 +0.07 | £0.10 | £0.08 | +0.36 | +0.03 | +0.01

F3 | 1653 | 160.9 | 3.4 3.3 99.40 |99.23 | 5.1 49 29.14 | 2258 | 3.1 20
0.5 | 0.6 +0.12 | £0.16 | +0.34 | +0.44 | +0.04 | +0.05
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F4 | 1699 | 1712 | 3.4 3.2 99.15 | 99.05 | 4.6 4.3 25.88 | 19.36 | 2.9 1.2
+0.3 +0.7 +0.08 | +0.05 | +0.62 | +0.54 | +0.02 | +0.04

F5 155.1 | 150.6 | 3.2 3.1 99.77 | 99.65 | 6.5 6.4 46.25 | 38.49 | 2.8 1.9
+0.4 +0.6 +0.09 | +0.06 | +0.54 | £+0.61 | +0.05 | +0.06

F6 | 160.1 | 155.8 | 3.3 3.2 99.57 | 99.44 | 6.1 5.9 41.25 | 3231 | 25 1.6
+0.5 +0.8 +0.13 | +0.12 | +0.54 | +0.23 | +0.05 | +0.04

F7 | 165.2 | 1610 | 3.4 3.1 99.42 | 9930 | 5.4 5.3 36.12 | 28.74 | 2.3 1.4
+0.4 +0.7 +0.12 | £0.14 | +0.43 | +0.56 | £0.04 | +0.05

F8 | 169.8 | 171.1 | 3.4 3.1 99.25 | 99.13 | 4.8 45 31.25 | 2325 | 1.9 1.2
+0.6 +0.4 +0.07 | £0.04 | +0.32 | +0.57 | +0.03 | +0.05

F9 | 155.3 | 150.3 | 3.2 3.1 99.85 | 99.80 | 5.8 5.7 52.33 | 40.45 | 4.4 35
+0.6 +0.5 +0.06 | +0.09 | +0.56 | +0.26 | +0.01 | +0.02

F10 | 159.9 | 155.7 | 3.3 3.1 99.73 | 99.60 | 5.1 49 45.24 | 31.56 | 4.1 2.9
+0.5 +0.4 +0.11 | £0.09 | +0.23 | +0.58 | +0.03 | +0.02

F11 | 165.4 | 1609 | 3.4 3.2 99.50 | 99.38 | 4.7 4.4 35.18 | 28.62 | 3.8 1.9
+0.5 +0.6 +0.08 | +0.12 | +0.51 | +0.65 | +0.03 | +0.02

F12 | 170.1 | 171.2 | 3.4 3.1 99.20 | 99.03 | 4.1 4.0 32.37 | 26.44 | 3.6 1.8
+0.4 +0.5 +0.15 | +0.14 | +0.45 | +0.12 | +0.03 | +0.01

The results of the study (Table N4) show that the strength of luteolin orodispersible tablets
decreased after sublimation, but remained within the acceptable limits, not less than 3.6 kg / cm 2. One of
the most important factors of using ODT is the rapid action, which is related to the disintegration of the
tablets. In this respect, camphor as a sublimating agent is better than menthol and thymol. In addition, a
correlation was found between the concentration of the sublimation agent and the dissolution of the
orodispersible tablets, 15 mg camphor is optimal amount per tablet. The higher content of sublimating
agent, the faster the tablet disintegrates is, this is probably due to the formation of pores during the
sublimation process, which promotes fluid penetration into the tablet. Disintegration time of tablets
before sublimation ranged from 25.88 to 52.33 sec. After sublimation it decreased to 19.36 - 40.45 sec. It
should be noted that the disintegration of tablets is directly correlated with their strength (Tab.3. F1, F2,
F3, F4), the stronger the tablet is, the more time it takes to disintegrate.

Conclusion:

It is suggested, that developed formulation of luteolin orodispersible tablet based on sublimation
method of technology is characterized with rapid disintegration especially in camphor containing
formulation - F1, F2, F3, F4.
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COCTAB Y TEXHOJIOTUA OPOJUCITEPCUPYEMBIX TABJIETOK JIIOTEOJIMHA C
TIOTEHIIVAJIBHBIM AHTUTUTIEPTEH3VBHBIM JEVCTBUEM

I lemapraMeHT dapMaleBTHYeCKOH TexHomoruu, Tommcckuii ['ocymapcrBenssii MeaumuHCKniz
Yuusepcurer, Tounucu, I'pysus; 2[lemapramenT dhapmanuy u dpapMaleBTUYECKUX TEXHOIOTHH,

VYuusepcuter Cautsaro-ge-Komnocrena, Cantssaro-ge-Komnoctena, Mcnanus. 3/lenaprament

MeAUIMHCKOH (papmakororun, Toumucckuit 'ocymapcrBennsrit Megunmunckuil Y HuBepcuret, Towmmmcy,
I'pysus;

PE3IOME

AprepuanpHas TUIIEPTEH3HSA ABIAeTCA Haubojee  PacCIPOCTPAaHEHHBIM  XPOHUYECKUM
3aboeBaHMEM, B DKOHOMUYECKH PAa3BUTHIX CTPAHAX, BeAYIIMM K XPOHUYECKOM HHBAIUIHOCTU U
JIETaIBHOMY HCXOZAY.

B mocremmue romsl BHHMaHMe HCCIefoBaTesleil ObLIO COCPeOTOYEHO HA BBIABIEHUU HOBBIX
SH/IOT€HHBIX BEIIeCTB, YYAaCTBYIOIIMX B MeEXaHM3MaX Ba30KOHCTPUKIIMM M Ba3oWIATAlUH. B sToM
HAaIIpaBJIeHHU O0Co00e BHUMAHUE YZENAeTCI COCYAOPACUIMPAIONWMM IPOAYKTaM SIOKCHUTeHA3HOTO
MeTab0IM3Ma, TAKUM KaK SIIOKCHIHKo3aTpreHoBble KucIoThl (DDTK), KoTophle GBICTPO MpeBpaIaioTcs B
OopraHu3Me B MeHee aKTHUBHBIE MeTAaOONUTHI - NUTHAPOKcHdiKko3aTpueHossie kuciaors: (ITDTK), moz
BIHAHUEM (pepMeHTa paCTBOPUMOM SIIOKCHJ, THAPOJIA3BL.

B cormacHO suTepaTypHBIX IAHHBIX OHOJOTMYECKH AaKTHBHOE BeleCTBO PACTUTEIBHOTO
IIPOUCXOXKIEHUA — JIIOTEOJMH 00JaflaeT CIOCOOHOCTBIO HHTHOMPOBATh AKTUBHOCTH PAcCTBOPHUMOM
SIIOKCHUTHUZPOJIA3HL, YTO CIIOCOOCTBYEM IIPOJIOHTHPOBAHUIO cocymopacmupsomeit akrusaoctr DD TK. IIpn
JIeYeHUY apTepPHAJbHOH THIEepTeH3sMH O0co0oe BHHUMAHUE YZeNAeTCI BO3MOXKHOCTH OOJIBHOTO
KCIIOIB30BATh IIperapaT CaMOCTOATEIBHO, 6e3 KaKUX-THU00 JOIOIHUTEIFHbIX MaTEPUAIOB (BOLSHL, IITIPULIA
U T. I.) ¥ OBICTPOMY JeHICTBUIO.

Ha ocHOBaHMM UCKYyCCTBEHHOTO HHTe/IJIeKTa U OuodapMaleBTHYeCKUX HCCIeJOBAaHUM
paspaboTaHa TeXHOJIOTUA Ta6IETOK JIOTEOINHA, JUCIIEPTUPYEMBIX BO PTY, CyOIMMAIlHIOHHBIM METOOM.

IToxazaHo, 4TO TAaGJIETKH JIIOTEOJIWHA, AUCIEPTUpPYyeMble BO PTY, IO KadeCTBY COOTBETCTBYIOT
CTaHJApTHBIM TpeboBaHmAM. VcmonbzoBaHue KaMdoOpsl B KadeCcTBe CyOJIMMAIlMOHHOTO areHTa
obecreurBaeT (OPMHPOBAHHE IOPHUCTOH CTPYKTYpPBHI, YTO CIIOCOOCTBYyeT IIPOHMKHOBEHUIO XXUIKOCTHU
BHYTPB Ta0JIETOK 1 UX OBICTPOIl Je3UHTETPALIHH.
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SUMMARY

Arterial hypertension is the most common chronic disorder in economically developed countries
leading to chronic disability and lethal outcome.

During the recent years the attention of the researchers was focused on identifying new
endogenous substances involved in vasoconstriction and vasodilation mechanisms. In this direction special
attention is paid to vasodilating products of epoxygenic metabolism such as epoxyeicosatrienoic acids
(EETs), whose rapid conversion in the body into less active metabolites such as dihydroxyeicosatrienoic
acids (DHETS) is promoted by enzymatic epoxide hydrolase (sHE).

According literature sounces biologically active substance of plant origin — luteolin has the ability
to inhibit sEH action, promoting the prolongation of EETs vasodilating activity. In the treatment of arterial
hypertension, special attention is paid to the ability of the patient to use the drug independently, without
any additional materials (water, syringe, etc.) and rapid action.

Based on artificial intelligence and biopharmaceutical studies, the formulation of luteolin
orodispersible tablets and its technology was developed by sublimation method.

As it was shown ODT of luteolin meet standard requirements in terms of quality. The use of
camphor as a sublimation agent ensures the formation of a porous structure, which promotes the
penetration of fluid into the tablets and their fast disintegration.
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