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METHODOLOGICAL APPROACHES TO THE DESIGN OF SOLID DOSAGE FORMS OF
NOOTROPIC ACTION ON THE BASIS OF PLANT RAW MATERIALS

© G. Slipchenko, O. Ruban, S. Kutsenko

OO6IpyHmMY8aAHO 3a2a1bHY MEMOOO02II0 CIMBOPEHHS MEEPOUX TIKAPCOKUX POPpM 3 POCIUHHOT CUPOBUHU HA NPUK-
a0i Cyx020 eKCmpaxmy ma noOpIiOHEHUX KOPEHi8 3 KOPEHeSUWaMU WOIOMHUYL OAIKANbCOKOI Ma 6CMAHOGLCHHS
ix cmabinenocmi y npoyeci 36epicanHsi.

Mema. Buznauumu 3a2aibHi Memoooao2iuni nioxoou 00 po3pooxu meepoux HikapcbKux popm 3 poCIuHHOW Cu-
posunoro - Scutellaria baicalensis.

Mamepianu ma memoou. CmabinbHicms po3pobieHUx npenapamie 8UBYAIU MemooomM Mmpusanozo 3oepicanms
npu memnepamypi (25+2) °C, ma 6ioHocHil onococmi nogimps 60+5 %. Iokaznuxu skocmi KOHMPOROGAIU
npomszom (0, 3, 6, 9, 12, 18, 22, 24, 27 mic).

Pesynomamu. Bionogiono 00 3anponono8ano2o Memooono2iyno2o nioxooy, nepuum emanom 00Caiodcens oy-
JI0 BUBYEHHSL CYUACHO20 CIMAHY (himonpenapamis 3 CMeopeHHAM HOOMPONHUX MA CeOaMmUsHUX eqhexmis.
Bcmanosnerno paxmopu, ki modxcyme enausamu K HA camy pedo8uHy, max i Ha AKICMb 20Mo80i JiKapcbKoi
dopmu. JJocniosceno npupooui odxcepena MiHeparbHux Komniekcie (makpo- ma mikpoenremenmu (ME)). Bugueno
NO2IUHAHHA 80JI02U MA ii 6NAU6 HA QI3UKO-XIMIUHY CMADLIbHICINb MA MEXHOI02IUHY NOBEOIHKY Npu Ni020mMosyi
JKAPCHK020 3acoby. 3acmocosysanu epyny Oiopenesanmuux cepeoosuy, o 00360.1810Mb MOOEI08AMU NOGeDi-
HKY, pO34UUHENHs | a0copOYilo npenapamis y WiyHKO80-KUWKOBOMY mMpaKmi nayicuma.

Bucnoeku. Po3pobieno memoouunuii nioxio 00 npueomye8anus npenapamis Ha 0CHO8i HAMUBHOI pOCIUHHOL Cu-
posunu ma cyxoeo excmpakmy (Scutellaria baicalensis). Busueno mepmin 36epicanns mabaemox i kancyi i 6yio
8uU3HAUeno, wo mabaemxu i Kancyau cmadinvii npomseom 2 pokie 36epicants npu memnepamypi 3o6epicanns 15-
25 °C; onmumanvHi nakysaibHi mamepiany - NOAGIHIIXAOPUOHA NIIGKA | AIOMIHIESA (oNbed, HADUMA IAKOBAHA
Knrwuosi cnosa: Illnemnux OaiKkanbCoKull, mMemooono2iuni nioxoou, pociuHu, OiopenesaHmHicCmb, HOOMPONH

npenapamui, mexHoN02iuHi, hapMaKo-mexHono2iuti, mabiemkuy, Kancyiu

1. Introduction

Social danger of the central nervous system dis-
eases determines the relevance of the search and devel-
opment of new psychotropic drugs [1]. This problem
has received special attention recently due to the ap-
pearance in the environment of many negative factors
(excess information, extra noise, vibration, electromag-
netic and radioactive radiation, chemical pollution,
etc.), which causes the violation of physiological func-
tions of the body, especially mental disorders [2]. Men-
tal activity is disturbed not only with the extreme stress
of excitement, but also with its relative insufficiency,
which is possible during fatigue, intoxication [3]. For
the correction and treatment of central nervous system
diseases are used nootropic drugs. Therefore, the crea-
tion of effective and safe drugs in this area of action is
an urgent problem.

The presence of a wide range of biological com-
pounds in the Scutellaria baicalensis, which have a di-
verse pharmacological activity, and good tolerability,
justifies the feasibility of studying the preparations of
this plant as potential nootropic agents [4]. Today in the
world, there are two directions of phytopreparations
design: the use of native medicinal raw materials for the
preparation of drugs and the receipt of extractions from
medicinal plant raw materials (tinctures, extracts) with
their subsequent introduction into the finished medicines.
Both directions require the use of a certain methodologi-
cal approach.
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2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

The methodology of developing rational composi-
tion and technology of dosage forms depends on the
choice of dosage form. To create solid medicinal prepa-
rations on the basis of plant material, it was necessary to
investigate the qualitative composition of the active sub-
stance, conduct a series of physico-chemical and phar-
maco-technological studies in order to justify the choice
of auxiliary substances and the method of obtaining.

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

The methodological guidelines of the criteria for
the development of the Likarskih forms have accumulat-
ed widespread vicarities during the development of the
various drugs. Different authors use these studies in the
development of new drugs [5]. The methodology for the
development of the rational composition and technology
of the medicinal product depends on the purpose of
treatment and the chosen dosage form [6-8].

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

According to literary data, there are no general
approaches to preparations based on vegetable raw mate-
rials. Therefore, a methodological approach to the crea-
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tion of a rational technology and the composition of solid
medicinal preparations based on vegetable substances is
relevant.

5. Formulation of goals (tasks) of Article.

To find out general methodological approaches
for the design of solid dosage forms with plant material
of Scutellaria baicalensis.

6. Statement of the basic material of the study
(methods and objects) with the justification of the
results

The development of each new drug should occur
directly through a consistently planned methodological
approach, taking into account the chosen dosage form.
We have offered to develop two dosage forms containing
medicinal plant material and a dry extract of the Scutel-
laria baicalensis — tablets and capsules. The stability of
the developed formulations was studied by the method of
prolonged storage at a temperature (25+2) °C, and rela-
tive humidity of air 6045 %. Quality indices were moni-
tored during all period of the study (0, 3, 6, 9, 12, 18, 22,
24, 27 months).

In accordance with the proposed methodological
approach, the first stage of the research was the study of
the current state of phytopreparations with nootropic and
sedative effects creation. It was necessary to conduct an
analysis on the creation of herbal preparations and the
peculiarities of technological methods for their production.

Expansion of the range of modern effective and
safe medicines can be achieved by introducing into the
pharmaceutical industry new original medicines based on
natural raw materials.

Due to the transition of domestic pharmaceutical
production to the rules of Good Manufacturing Practice
(GMP), get stricter the requirements for the practice of
cultivation and quality of medicinal plant materi-
als. Ukraine has adopted "Good Agricultural and Collec-
tion Practices” (GACP) of medicinal plants, which is one
of the good practices of GxP, which form the system of
quality assurance of pharmaceutical production and com-
plies with the current legislation of Ukraine. The principles
of GACP are recommended for both the agricultural pro-
duction of medicinal plants and their collection in nature.
This guideline contains detailed requirements and recom-
mendations in a specific area of activity — cultivation and
harvesting of raw material of plant origin.

The next stage of the research was the marketing
research of the market of nootropic drugs by studying the
market segment of nootropics of plant origin in order to
substantiate the expediency of developing and introduc-
ing into the industrial production of solid pharmaceutical
products in the form of tablets and capsules of this direc-
tion of action.

In order to ensure the effectiveness of the devel-
oped medicines, it is necessary to establish factors that
may affect both the substance itself and the quality of the
finished dosage form. It was also necessary to determine
the indicators of standardization and pharmacological
activity of drugs.

Specificity of plants is that they are able to syn-
thesize a huge number of various chemical compounds
belonging to different classes. But it is important that

therapeutic properties possess only those that have phys-
iological (biological) activity [9].

Therefore, no less important is the study of medic-
inal plants for natural sources of mineral complexes
(macro- and trace elements (TE)). There is a correlation
between the accumulation of certain groups of BAS in
plants and the concentration of TE in them.

The therapeutic effect of TE can increase the ac-
tivity of the main active ingredient of medicinal plants. It
is known that macro- and TE play a significant role in the
life of organisms. They can act as activators of processes,
acting on enzymes and genetic apparatus of cells. En-
richment of medicinal plants and medicinal plant raw
materials with TE is usually carried out in the process of
cultivation [10].

Of great importance is the method of obtaining
both substance and finished product. Drying of extracts
can be carried out in spray, sublimation dryers (without
condensation) and in a vacuum-drying cabinet (through
the condensation stage). We used a spray dryer to obtain
dry extract.

Determination of the kinetics of moisture absorp-
tion of plant material substances, both dry extracts and
native raw material, is an important criterion for further
choice of auxiliary substances and technology for the
manufacture of solid dosage forms. The value of mois-
ture content and moisture absorption kinetics affects both
physical and chemical stability and technological behav-
ior when receiving a drug. In the dry extract of Scutellar-
ia baicalensis, the complex of organic substances is pre-
sent dominated by flavonoid glucuronides salts and car-
bohydrates, which create the conditions for increasing
hygroscopicity.

Forecasted evaluation of bioavailability is one of
the important stages in the process of developing the
technology of drugs. One of the most important charac-
teristics of medicinal substances is solubility. The study
of solubility is used to predict bioavailability in vitro. For
preparations from native raw materials, the expression of
bioavailability in the gastrointestinal tract is very rele-
vant. However, the use of classical pharmacopoeial buff-
er solutions in vitro does not always adequately reflects
their behavior in vivo. As a way out of this problem, a
group of biorelevant media was developed that allow
modelling the behavior, dissolution and adsorption of
drugs in the gastrointestinal tract of a patient. Biorelevant
media are buffer solutions with the addition of natural
surfactants that are as close as possible to the internal
fluids of the human body in terms of chemical composi-
tion and physical and chemical properties, such as pH,
osmolarity, buffer capacity, surface tension.

We have proposed studying the solubility of the sum
of biologically active substances - flavanoids in the powder
of the roots and rhizomes of the Scutellaria in biorelevant
media FaSSIF and FeSSIF with pH 6.5 and 6.8.

The general methodological approach to the de-
velopment of medicinal products with nootropic action
on the basis of plant material is shown in Fig.1, 2.

One of the most important indicators of the qual-
ity of medicines is the shelf life. During the period of
storage, there should be no negative changes in the
physical, chemical, pharmacological and consumer
characteristics of the drug. Stability of a medicinal
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product and its quality are closely linked. The criterion
of stability is preservation of the drug’s quality. Reduc-
tion of the amount of biologically active substance
confirms the instability of the drug. Shelf life - the peri-
od during which a drug must fully maintain therapeutic
activity, harmlessness, meet the conditions of regulato-
ry documentation. Shelf life and stability are closely
related. Stability studies are conducted starting from the
earliest phases of pharmaceutical development. We

have conducted a study of obtained tablets and capsules
for 27 months, where we evaluated the indicators at set
intervals (3.6, 9, 12, 18, 22, 24, 27). The preparations
were stored in the contour-cell package on the basis of
PVC film and aluminum foil.

The results are shown in Table 1 and Table 2.
Studies show that, according to all quality indicators, the
drugs development meet the requirements of regulatory
documentation.

Aim: to study the current state of

BLOCK 1 Information-search

creation of phytopreparations with
nootropic and sedative action, the
classification of nootropic drugs.

IChoice of the dosage form; forecast of technology and
design of the medical form; selection of active and
lauxiliary substances according to certain requirements

1. Choosing the type of raw
material and identifying its BAS
complex

BLOCK 2 Exploratory

2. Analysis of literature data as for
the technological aspects of the
creation of preparations on the
basis of plant raw materials

Research of the domestic market of nootropic drugs,
study of assortment, market segment of nootropes of
plant origin and market conditions.

Aim: Determination of the need
for drugs of the indicated
direction. Development of the
composition and technology of
tablets and capsules based on the
scullcap

Substantiation of expediency of development and
implementation of preparations of nootropic action in
the form of tablets and capsules on the basis of
Scutellaria baicalensis

1. Carrying out market research of
the market of nootropic drugs

v

Development of composition and
technology of tablets

o

v

2. Carrying out research on the
creation of solid dosage forms in
the form of tablets and capsules

A

Development of the composition and
technology of hard gelatin capsules

v

Research of macro- and
microelement composition of  |¢—
Scutellaria extract

3. Development of composition and
technology of tablets

©

v

Conducting physico-chemical

and pharmaco-technological
studies (dry extract, tablet
masses)

Atomic emission spectrographic method

v

Methods of microscopic and sieve
analysis

v

The choice of rational auxiliary
substances and the method of
tablets obtaining

Physical methods for the determination
of pharmaco-technological parameters

A 4

\
k

Optimization of the tablets
composition and technology

e

Mathematical planning of experiment
(use of dispersion and regression
methods), finding areas of solution and
construction of vector-functions.

Fig. 1. Methodological approach to the creation of drugs with nootropic action on the basis of plant material
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Justification of the granulate
drying temperature and the
choice of the type of drying

P Method of thermogravimetry, determination of drying kinetics

Research of macro- and
microelement composition of
shredded raw material of roots }je—

and rhizomes of Scutellaria

4 Development of the composition and technology of hard
gelatin capsules

baicalensis ‘
Pharmaco-technological il Atomic emission snectroeranhic method
research of shredded roots and ‘
rhizomes of Scutellaria
baicalensis Physical methods (microscopic and granulometric analysis)
Justification of the expediency 1 ¢

of the auxiliary substances use - .
Y Physical methods for the determination of pharmaco-

technological parameters

Study of bioavailability of BAS v
from medicinal plant material |4 Method of spectrophotometry
using biorelevant media

(1) ()

\Z
BLOCK 3 Determination of indicators for Aim: Comprehensive evaluation of the quality
standardization and pharmacological efficacy of received drugs based on developed and
of developed drugs validated methods of analysis. Conducting
pharmacological research
Development of methods for
determining the qualitative and ¥ Methods of quality control (TLC and SP methods)
quantitative content of BAS in 7
dosage forms
v / Physical and chemical methods

Definition of stability in the
process of storage

\

Physical and chromatographic methods

Selection of rational packaging rd
v

Approbation of technology and
methods of analysis in the
conditions of pharmaceutical
production

v
Study of antiamnestic,
antidepressant, anxiolytic
properties, antihypoxic activity

f

Methods of quality control, process validation

/ Methods of pharmacological research (models)

Fig. 2. Methodological approach to the creation of drugs with nootropic action on the basis of plant material
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Table 1
Results of stability study of tablets under the conditional name "Scutex" during storage
Identification f%;?inot;
The
Aver- | Weight | Disin- Fria- | sumof | Expi- | Con-
L ; Solu- | .. .
Description The sum of age uni- tegra- bilit bility, | flavo- | ration | clu-
. Baicalin | weight | formity tion y % noids, in | date sions
flavonoids terms of
baicalin,
in grams
Ona
at;l; 2(:;:%/“ chromato-
Tablets of light spectrum of gram of
yellow color, flat- psolution test solu-
cylindrical shape repared for tion, a spot
withalineanda | P ugn tifica- of brown The
facet. The diame- | ¢ tion of color mus%/ No
ter of the tablet flavonoids in should be comply | No more less Not Not less
(10.0+0.3) mm, detected on From - than than .
: the range with the | than 15 more 2 during
height (3.2+0.4) the value | 0.304 g . - 75 % 0.0135¢
from 220 to require- | minutes - than 1 . years | storage
mm. Onthe | )06 nm must of Ry 00336 | ontsof | In water n % In one
surface of the have absorp- corre- the SPU 45 ? tablet
tablets, the tion maxin?a sponding 1ed ' min
presence of at wave- to the spot
individual inclu- on the
- - lengths
sions of white (27£93) nm chromato-
color is allowed gram of
and (32043) A
nm baicalin
' PRS.
Corresponds | Corresponds Corre- 0.324 | Core 8 o011 | SO 00200 3 | suitable
sponds sponds sponds months
Corresponds | Corresponds Corre- 0.318 | Core 10 94.47| SO 4 0205 6 | suitable
sponds sponds sponds months
Corresponds | Corresponds Corre- 0.320 | Core 9 91.89 | Ol 00212 9 | suitable
sponds sponds sponds months
Corresponds | Corresponds Corre- 0.322 | Core 11 91.66| S| 0.0210 | 1 year| Suitable
sponds sponds sponds
Corresponds | Corresponds Corre- 0.324 | Core 10 93.96 | SO 00200 | 18 | suitable
sponds sponds sponds months
Corresponds | Corresponds Corre- 0.324 | Corre- 9 9228 | SO 90210 | 22 | suitable
sponds sponds sponds months
Corresponds | Corresponds Corre- 0.323 | Ccorre 9 93.14| SO 00209 | 2 years| Suitable
sponds sponds sponds
Corresponds | Corresponds Corre- 0.322 | Corre 8 92.25| SOl 40209 | 27 | suitable
sponds sponds sponds months

36




Scientific Journal «ScienceRise: Pharmaceutical Science»

Nel (17)2019

Table 2
Results of study of stability of capsules under the conditional name "Scutella" during storage
Identification Quar_ltl_ta_ltlve
definition
. The sum of
- Weight . . - Shelf- .
Description sum of fla- o uniformity Disintegration flavon0|ds, life Conclusions
. Baicalin in terms of
vonoids AT
baicalin, in
grams
The ultravio-
let absorption
spectrum of a i
Solid gelatin solution On a chroma
togram of test
capsules prepared for :
e solution, a
number 1 quantification
- . brown spot
with a cap of | of flavonoids
. should be Not less
green color in the range No more than .
. found corre- | From 0.277 . than 0.03 g during
and a white from 220 to o 30 minutes . 2 years
sponding in gt00.332¢g : in one cap- storage
body, con- | 400 nm must in water
Y the Rf value sule
taining a have absorp-
: . - to spot on the
brownish- tion maxima
chromatogram
yellow pow- at wave- -
of baicalin
der. lengths PRS
(279£3) nm '
and
(320£3) nm.
Corresponds | Corresponds | Corresponds | Corresponds 11 0.067 moiths Suitable
Corresponds | Corresponds | Corresponds | Corresponds 10 0.065 mo?]ths Suitable
Corresponds | Corresponds | Corresponds | Corresponds 12 0.063 mo?nhs Suitable
Corresponds | Corresponds | Corresponds | Corresponds 12 0.063 1 year Suitable
Corresponds | Corresponds | Corresponds | Corresponds 11 0.066 molr?ths Suitable
Corresponds | Corresponds | Corresponds | Corresponds 13 0.062 m02r12ths Suitable
Corresponds | Corresponds | Corresponds | Corresponds 10 0.064 2 years Suitable
Corresponds | Corresponds | Corresponds | Corresponds 12 0.063 m02n7ths Suitable

7. Conclusions from the conducted research
and prospects for further development of this field

1. The methodological approach to the preparation
of drugs on the basis of native vegetable raw material
and dry extract (Scutellaria baicalensis) has been devel-
oped. It is proposed:

— to study the macro- and microelement composi-
tion of plant material, which significantly influences the
pharmacological activity of the prepared preparations;

— to study moisture absorption of both substances
and the finished dosage form for determining the method

of obtaining and determining the rational choice of pack-
aging of the finished product;

— to study the solubility of the sum of biologically
active substances — flavanoids in the powder of roots and
rhizomes of the Scutellaria baicalensis in biorelevant
media.

2. The shelf life of tablets and capsules has been
studied and it was determined that tablets and capsules
are stable for 2 years of storage at a storage temperature
of 15-25 °C; optimal packaging materials — polyvinyl
chloride film and aluminum foil printed lacquered.
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