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ABSTRACT

INTRODUCTION: To develop phytomedicine with a cardiotonic and immunomodulating effect in the
form of hard gelatin capsules, to predict the rational composition and optimal technology for obtaining a
combined medicine the determination of physico-chemical and pharmaco-technological properties of the
lyophilized sunflower protein substance, the dry extract of hawthorn flowers and fruits and the mixture of
these biologically active substances in the ratio 1.4: 1 have been used.

MATERIALS AND METHODS: Physical and technological methods on State Pharmacopoeia of Ukraine
2.0 have been used.

RESULTS: The results of the studies of microscopy, bulk volume, settled volume, settling qualities, bulk
density, tapped density, flowability, angle of repose and moisture absorption of the lyophilized sunflower
protein substance, the dry hawthorn extract and their mixture were analyzed.

The extract does not have flowability because of the fineness of the powder and rough surface of particles.
It was necessary to grind additionally the protein substance to achieve the homogeneity of the mixture of
the two active substances. The re-milled protein substance showed good flowability. But the flow rate of the
mixture was lower. The mixture of powders was characterized by the low bulk density and tapped density, a
significant settling quality of the mixture.

CONCLUSION: Analyses of the data obtained pointed to the need to additionally grind the lyophilized
sunflower protein substance and to introduce glidants into the mass for the incapsulation, or the obtaining
granules. Moisture regulators must be added to the composition for the incapsulation because of the signif-
icant moisture absorption of the powder mixture.
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cal medicine notes also a weakened immune system
among the many risk factors for the occurrence and
the development of CVD, such as heredity, obesity,
bad habits, hypodynamia, stress and age (3).

Marketing research showed that drugs with si-
multaneously cardiotonic and immunomodulating
actions were presented in insufficient quantities on
the pharmaceutical market of Ukraine. Therefore,
in view of the progressive problem of the CVD prev-
alence in Ukraine, the development of a medicine
with cardiotonic and immunomodulatory effects is
relevant for practical medicine and pharmacy (4,5).

Hard gelatin capsules were suggested as the op-
timal medicine dosage form, due to the relative sim-
plicity of the technological process to other solid dos-
age forms and convenience of taking the drug.

The following active ingredients were used to
create the medicine: we selected the dry extract of
hawthorn flowers and fruits as a cardiotonic drug
and the lyophilized sunflower protein substance
as an immunomodulator. The producer of the dry
extract is the research-and-production company
“Vilarus” Ltd. in Ladyzhyn (Ukraine). The lyophi-
lized sunflower protein substance was obtained un-
der the direction of Professor A.I. Bozhkov at the In-
stitute of biology at V.N. Karazin Kharkiv National
University. The immunomodulating properties of
the sunflower protein substance have been experi-
mentally proven (6).

The flavonoids (rutin, quercetin, vitexin, hype-
roside) are not less than 1.5% in the flowers and fruits
of hawthorn. Also, flowers and fruits contain organic
acids (citric, oleanolic, ursolic, cratagic, caffeic, chlo-
rogenic acids), carotenoids, tannins, pectin, and vi-
tamins. The active ingredients of hawthorn improve
the coronary and the cerebral blood circulation, re-
duce the excitability of the central nervous system
and heart muscle, have the effect of enhancing the
contraction of the heart muscle. Hawthorn promotes
normalization of heart rate (7-9).

There are 14% of dry matter, 67.2% of oligosac-
charides, 23.3% of amino acids and oligopeptides,
11.5% of lipids, less than 1% of vitamins and miner-
als, less than 1% of organic acids in the lyophilized
sunflower protein substance. The free amino ac-
ids in the protein substance are threonine (3%), va-
line (23%), cysteine (16%), methionine (11%), leucine

(10%), arginine (4%), isoleucine (4%), and lysine (1%).
The composition of the lyophilized sunflower pro-
tein substance includes vitamins: B1 (0.38 mg/1); B2
(3.24 mg/1) and PP (8.3 mg/l) and a small amount of
microelements: iron, calcium, phosphorus.

It was oligosaccharides that played a major role
in the shaping and strengthening of human immuni-
ty from all these components, and it was threonine,
from these amino acids, that stimulated the immune
system (6).

One dose of the studied active substances for
capsules was chosen according to the literature da-
tabase (4,6,10). The ratio of lyophilized protein sub-
stance and dry extract was 1.4: 1, respectively.

The purpose of this scientific work was the
study of physical, chemical and technological prop-
erties of the dry extract of hawthorn flowers and
fruits and the lyophilized sunflower protein sub-
stance obtained by the technology we have modified
on the stage of grinding.

MATERIALS AND METHODS

In carrying out the work, the physical and tech-
nological methods of the State Pharmacopoeia of
Ukraine 2.0 (11) are used to obtain the reproducible
and reliable data.

Determining the shape and particle size of the
extract was performed using fluorescent microscope
type “Liumam R1”7, which allows the observation
and photographing of the image of the object in the
transmitted light with lighting from above through
an Opak illuminator and a lens, and also from below
through the microscope condenser. Samples of the
extract were prepared in silicone oil (the polydimeth-
ylsiloxane PMS-100). Photomicrographs of a mixture
of the dry extract of hawthorn and the lyophilized
sunflower protein substance after re-grinding were
obtained also with this microscope in the transmit-
ted light without silicone oil.

The research of microscopy of the protein sub-
stance before the grinding and the mixture of the
protein substance with the extract was carried out
using MBS-9 microscope in the reflected light. Dig-
ital photographs were taken using ocular camera
DCM 300. The particle size was determined by the
ScopePhoto 3.1.
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Determination of fractional composition of the
active pharmaceutical ingredients was carried out
using the sieving method with a set of sieves with
normal accuracy and a cell size 1; 0.7; 0.5; 0.355; 0.25;
0.18 and 0.09 mm.

The bulk volume, settling qualities, bulk den-
sity and tapped density were determined using a
545P-AK-3 device for powder vibratory compacting
(Ukraine).

The determination of the moisture content of
the active substances was carried out by Auto Ex-
press Moisture Tester Sartorius MA-150.

RESULTS AND DISCUSSION

The dry extract of the flowers and fruits of haw-
thorn is a fine, odorless, light yellow powder. Dom-
inating particles have isodiometric nearly spherical
shape with an average size of 35 um, a rough surface
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and the ability to aggregate in the extract according
to the microscopic analysis (Fig. 1a). The particles
have a porous structure. It may be predicted a lack of
flowability of powder from these results.

The lyophilized sunflower protein substance
that had the appearance of solid plates was ground
by a laboratory grinder and sieved through a sieve
with a mesh diameter of 1 mm. The resulting micro-
graphs of the ground sunflower protein substance
(Fig. 1b) shows that the powder has isodiometric
shaped dense particles with a size of 80-700 um, with
a homogeneous structure and a rough surface.

Active ingredients were mixed in a laboratory
mixer (a mixture micrograph shown in Fig. 1c). In
the study of technological properties of the mixture
on different devices it turned out that the mixture
is subjected to separation. Therefore, to prevent the
possibility of this process during the encapsulation,

’ % - -
R A $a N
PO AR L SRR oot oo

Fig. 1. Photomicrographs of active substances powders: a) the dry extract of hawthorn fruits and flowers; b) the lyophi-
lized sunflower protein substance before the secondary grinding; ¢) a mixture of the dry extract of hawthorn and the ly-
ophilized sunflower protein substance before the secondary grinding; d) a mixture of the dry extract of hawthorn and the
lyophilized sunflower protein substance after re-grinding
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the protein substance powder is further crushed and
sieved through a sieve with holes with a diameter of
0.355 mm. After re-grinding and mixing the protein
substance with the dry extract a mixture separation
was not observed (Fig. 1d).

Fig. 2 presents the results of the fractional anal-
ysis of the dry extract of hawthorn and the lyoph-
ilized sunflower protein substance before re-grind-
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Fig. 2. Fractional composition of the dry extract of haw-
thorn and the lyophilized sunflower protein substance be-
fore re-grinding

ing. According to fractional analysis, agglomerates
of particles with the predominant size of 0.09-0.18
mm are formed in the dry extract. The destruction
of agglomerates was seen during the mixing of the
two active ingredients. The protein substance before
re-grinding is a powder with the predominant frac-
tions of particles which have a size of <0.09-0.18 mm.
The existence of 15.11% fractions with particle siz-
es of more than 0.355 mm lead to the separation of
the two substances from the mixture. The separation
as indicated above was leveled by additional grinding
and sieving of the protein substance powder.

In the study of the pharmaco-technological
properties, it was found that the flow rate of the dry
hawthorn extract is characterized as infinite time
(no flowability) (Table 1). Data from studies of the
re-milled lyophilized protein substance showed good
flowability. But the flow rate for the mixture of the

Table 1. The physicochemical and pharmacotechnological properties of the dry hawthorn extract and the re-milled ly-
ophilized protein and their mixture

Ground Mixture of
Indicator lzgﬁ}f}lﬂx:f Dry hawthorn extract su;lnfilolvlv: ;Fhr;);;in

protein extract (1.4 :1)
Bulk volume, (V ), ml 161+2.5? 223423 182.5+0.5*
Settled volume, (V, ), ml 152+22 193+13 162.5+0.5*
Settled volume, (V, ), ml 121+12 152423 120.5+0.5*
Settled volume, (V ,, ), ml 117+0.5° 141+13 117.2+0.3*
Settled volume, (V, ), ml 117+0.3? 132+13 117.2+0.3*
Settling qualities, (V, -V, ), ml 31+1 41+1 42+0.5
Bulk density, (m/V ), g/ml 0.62+0.01 0.18+0.01 0.27+0.01
Tapped density, (m/V1250;2500), g/ml 0.85+0.01 0.30+0.02 0.43£0.01
Flowability, g/sec 7.47+0.36 A powder does not fall 1.87+0.04
Flowability, sec / 100 g 13.38+0.65 An infinite time 53.31£1.01
Angle of repose, degrees 25£1 - 40+1
Carr index, % 27+1 41+0.2 36£0.3
Hausner ratio 1.38+0.02 1.67+0.02 1.56+0.01
Moisture content, % 5.12+0.11 2.64+0.60 5.08+0.44
Moisture absorption in 100% rel. hum., 10.21+1.01 19.3442 41 13.8642.25

25°C,24 h, %

Note:

l.n=5 P=0.95.
2. For 100 mg

3. For 40 mg

4. For 50 mg
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lyophilized protein substance - the dry extract (ra-
tio 1.4:1, respectively) was several times smaller be-
cause of the envelopment of protein substance par-
ticles with small particles of the extract. The good
flowability of the lyophilized protein substance and
insufficient flowability for the mixture were con-
firmed in the measurement of the angle of repose
as an indirect characteristic of the flowability. Al-
though the Carr index and the Hausner ratio indi-
cate that the protein substance flowability is unsatis-
factory, the powder must be shaken and stirred when
dosed on the automatic equipment. These indicators
show very poor flowability for the extract, and bad
flowability for the mixture because of the large phys-
ical interaction of particles between them.

The ground sunflower protein substance with-
out addition of the extract can be associated with
middle powders by the tapped density (0.6+1.1g/ml)
(12). The dry extract and the mixture of medicinal
substances were characterized by a slight bulk den-
sity and tapped density (<0.6 g/ml), which provides
the basis for the classification of these powders as
light powders. There were also high settling qualities
of the mixture, which is a negative phenomenon to
achieve homogeneity of the dosage during the work
of capsule filling machines.

The results of the studies on the absorption of
moisture by active substances and their mixture at
100% relative humidity in a desiccator at 25°C for 24
h showed that the protein substance has the ability
to absorb moisture, the substance became darker in
color, but no significant changes in the consistency
occurred.

In contrast, the dry hawthorn extract has
turned into a dense mass of dark brown color during
the absorption of moisture, that is, it is very hygro-
scopic substance. The mixture of substances became
a thick, ductile, sticky mass of dark brown color.

As can be seen from the results obtained, a mix-
ture of powders of the lyophilized sunflower protein
substance and the hawthorn extract is characterized
by the poor flowability, low bulk density and tapped
density, a significant settling quality, requiring the
introduction of auxiliary antifriction glidants into
the composition of the mass for the encapsulating,
or the obtaining a granulate to improve these indica-
tors. The composition of the mass also requires the

addition of moisture regulators because of the mois-
ture absorption, which can be observed when filling
capsules and storage of a finished product.

CONCLUSION

The studied physical, chemical and technolog-
ical properties of the dry hawthorn extract and the
lyophilized sunflower protein substance and their
mixture allowed the prediction of the technological
methods in the manufacture of capsules on the basis
of these active substances.

REFERENCES

1.  The World Health Organization [Internet]. Avail-
able from: http://www.euro.who.int/en/health-top-
ics/moncommunicable-diseases/cardiovascular-dis-
eases/data-and-statistics 2016

2. Townsend N, Nichols M, Scarborough P, Rayner M.
Cardiovascular disease in Europe — epidemiologi-
cal update 2015. Eur Heart J. 2015;36(40):2696-705.

3. Losin IE, Shakhnovich RM, Zykov KA, Ruda MIa.
Cardiovascular Diseases and Mannose-Binding
Lectin. Kardiologiia. 2014;54(3):64-70 (in Russian).

4.  The directory “COMPENDIUM - medicines” [In-
ternet]. Kiev: MORION, 2016. Available from:
http://compendium.com.ua (in Russian).

5.  State Register of Medicines of Ukraine. Informa-
tion Fund [Internet]. Available from: http:/www.
drlz.com.ua/ (in Ukrainian).

6.  Zviahintseva OV. Characteristics of nonspecific
low-molecular and specific high-molecular resis-
tance factors after the action of stress loads in ani-
mals of different ages [dissertation]. [Kharkiv]: Na-
tional Technical University “Kharkiv Polytechnic
Institute™; 2012. 115 p. (in Russian).

7.  Leung SWS, Wong MMW, Man RYK Effects of
an Extract of Hawthorn on Arterial Blood Pres-
sure in Anaesthetized Rats. Cardiol Pharmacol.
2013;2(1):104

8.  Schulz V, Hansel R, Blumenthal M, Tyler VE. Ra-
tional Phytotherapy: A Reference Guide for Physi-

cians and Pharmacists. 5th rev. ed. Berlin: Springer;
2004. 423 p.

9.  Dahmer S, Scott E. Health Effects of Hawthorn.
American Family Physician. 2010;81(4):465-8.

10. RF Specification TU U 10.8-24126303-001:2013.
The protein-sunflower food additive “Ideal” (in
Ukrainian).

Scripta Scientifica Pharmaceutica, 2017;4(2):41-46
Medical University of Varna

45



The Study of Physico-chemical and Technological Properties of Active Substances and Their Mixture for the Development of ...

11. The State Pharmacopoeia of Ukraine: in 3 v. 2nd
ed. Kharkiv: The Ukrainian Scientific Pharmaco-
poeial Centre for Quality of Medicines; 2015. V.1.
1128 p. (in Ukrainian).

12. Chueshov VI, Gladuh YeV, Sayko IV, Lyapunova
OA, Sichkar AA, Krutskikh TV, et al. Technology
of medicines of industrial production: textbook for
stud.: in 2 v. V.1. Vinnitsa: Nova kniga; 2014. 696 p.
(in Russian).

Scripta Scientifica Pharmaceutica, 2017;4(2):41-46

46 Medical University of Varna



