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Abstract
The aim of the work. Study of the influence of qualitative factors (excipients), such as fillers,
disintegrants, sorbents, and lubricants on the pharmaco-technological performance of granular masses
with plant extract having expectorant properties.
Methods. Using one of the methods of mathematical planning, namely a four-factor plan based on
the Greco-Latin square, the effect of sixteen excipients on the pharmacological and technological
properties of granular masses with a thick extract of Primula denticulata Smith. was studied. Excipients
were divided into four groups of four substances each. The following indicators of granulate quality
were studied: flowability, Hausner ratio, bulk density.
Results. Studies conducted using mathematical planning of the experiment showed that the
flowability of granular masses depended to a large extent on the content of disintegrants. The granular
mixture containing sodium croscarmellose scattered the fastest. Disintegrants also had the greatest
effect on bulk density. With the use of potato starch, this figure increased. The Hausner ratio was most
significantly influenced by the introduction of fillers, so the best result was obtained when using Avicel
PH - 105.
Conclusions. The influence of 16 excipients on the pharmaco-technological indicators of the quality
of granular masses with a thick extract of Primula denticulata Smith., which has expectorant properties,
was established.
Keywords: granular masses, pharmaco-technological parameters, mathematical planning, extract,
Primula denticulata Smith.
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Introduction
In recent years, herbal medicines have become
extremely popular in the pharmacotherapy of many
diseases, despite significant advances in the
development of synthetic drugs [1-4]. The
appearance of synthetic drugs, which mostly
simulate the biologically active substances of plants,
has not reduced the role of herbal drugs [5].
According to WHO statistics, up to 80 % of the
world’s population prefers drugs of natural origin
[6]. There is a tendency to expand the range of
drugs every year in the pharmaceutical market [7,
8]. The interest in the use of medicinal plants and
drugs derived from them is due to the fact that
when properly dosed, they are almost low-toxic,
without significant side effects, relatively
affordable, effective, and in some cases due to the
complex action have no competitors [9-13].
Significant resources, availability of raw materials,
the possibility of cultivation make plant raw
materials a promising object of study in order to
develop new herbal medicines. Herbal medicines
have a wide range of pharmacological action. It is
possible to use them for the treatment of many
diseases due to many biologically active substances
with different pharmacological action contained in
them [14-16]. Pharmacotherapy increasingly takes
into importance the centuries-old experience of folk
medicine with the application of phytopreparations
[17-19].
It was previously found that the extract of
Primula denticulata Smith. has expectorant
properties. Therefore, the development of new
drugs based on Primula denticulata Smith. is
relevant.
The aim of the research was to study the effect of
qualitative
factors
on
the
technological
performance of granular masses with a dense
extract of Primula denticulata Smith.

Methods
A study of the influence of excipients on the
pharmaco-technological performance of granular
masses with plant extract was performed at the
Department of Pharmacy Management, Economics
and Technology (I. Horbachevsky Ternopil National
Medical University) [20-23].
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The powder mass included excipients and a
thick extract of Primula denticulata Smith.
Excipients were of domestic and foreign production.
According to the requirements of the State
Pharmacopeia of Ukraine, they must ensure
compliance with all pharmaco-technological
indicators of the quality of tablets [24]. Therefore,
sixteen excipients were selected for the experiment
[25-32]. All of them were divided into four groups
(factors) of four substances (levels) in each. The
study was performed using the mathematical
planning of the experiment [33, 34].
To study the influence of four factors and their
levels on the pharmaco-technological properties
of granular masses, 4x4 Greco-Latin square was
used [35-37]. The list of excipients (factors) that
were studied in the development of granules is
shown in Table 1.
For obtaining granulate, the filler (factor A),
disintegrant (factor B) and sorbent (factor C) were
first loaded and mixed. After obtaining a
homogeneous mass, moisturize with a thick extract
of Primula denticulata Smith. was conducted. The
moistened mass was granulated through a sieve
with a hole diameter of 4 mm. The wet granulate
was dried at a temperature of 40–50 0 C. Dry
granulation was performed through a sieve with a
hole diameter of 1 mm. The dry granulate was
dusted with a lubricant (factor D) and examined by
the following parameters: flowability of the
granulate, Hausner ratio and bulk density.
Flowability was determined using the fixed
funnel method. The mixture (±100 g) was poured
through the funnel. The time for the mixture to fall
through the funnel was used to calculate flowability
[24, 38].
Hausner ratio is an indirect index of the ease of
the powder flow. It is calculated as the ratio of the
tapped density (Dt) to the bulk density (Db). Lower
Hausner ratio (<1.25) indicates better flow
properties than higher ones (>1.25) [24, 38].
Bulk density of the mixture was determined by
pouring the mass into the graduated cylinder. The
bulk volume (Vb) and weight of the blend (m) were
also determined. The bulk density is the ratio of the
total mass (m) to the bulk volume [24, 38].
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The planning matrix of the experiment and the
results of the study of the pharmaco-technological
properties of granular masses containing a thick
extract of Primula denticulata Smith. are shown in
Table 2. The results were subjected to analysis of
variance. In cases where the experimental value of
the F-criterion was higher than the table,
conclusions were made about the statistical
significance of the studied factor and the
results were discussed. In the case where the
F-criterion was lower than the table, it was taken
into account that there is no difference between the
levels of an insignificant factor on the studied
indicator [39].

Results
Analysis of variance of experimental data showed
that the flowability of the granular mass (y 1) is
influenced by all factors. The effect of factors on the
studied of a mass quality indicator for tableting can
be represented by the following ranked number of
advantages: B > A > C > D.
The effect of disintegrants on the flow of the
granulate is shown in Figure 1.
It was found that the best value of flow is
provided by the use of sodium croscarmellose –
2.33 g/s, which has advantages over sodium starch
glycolate – 2.71 g/s, sodium carboxymethyl starch –
2.77 g/s and potato starch – 3.40 g/s.
It was found that among the fillers (factor A)
the granular mass, contained Avicel PH – 105,
scattered the fastest, the scattering rate was
2.38 g/s. Microcrystalline cellulose 102 and
microcrystalline cellulose 200 proved to be slightly
worse, while the flow rate of granular mass was
2.69 g/s and 2.75 g/s, respectively, when conducting
these microcrystalline cellulose samples. The worst
flow was obtained using microcrystalline cellulose
101 (3.39 g/s).
The effect of lubricants on granular mass flow
has the following ranked advantages: calcium
stearate (2.47 g/s) > Prosolv SMCC HD 90 (2.49 g/s) >
sodium lauryl sulfate (2.94 g/s) > magnesium
stearate (3.32 g/s).
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In studying the effect of sorbents on flowability, it
was found that the best value is provided by the use
of calcium silicate (2.49 g/s), which is inferior to
Neusilin US 2 (2.75 g/s) and Syloid 244 FP (2.84 g/s).
The worst results of mass flow for tableting were
obtained with the introduction of anhydrous
colloidal silica (3.14 g/s).
The influence of the studied factors on the
Hausner ratio (y 2) can be represented by the
following ranked number of advantages: A > D > C >
B. The influence of the most significant factor A,
namely fillers, is shown in Figure 2.
The best result was obtained when using
Avicel PH – 105, the value of the Hausner ratio was
1.03. Slightly worse results were obtained when
administered
into
the
tableting
mass
microcrystalline cellulose 200 and microcrystalline
cellulose 102. The worst value of the studied
indicator was obtained using microcrystalline
cellulose 101, the value of the Hausner ratio when
introducing this brand of microcrystalline cellulose
was 1.0745.
After analyzing the effect of lubricants (factor D)
on the Hausner ratio, it was found that the best
value of the study factor was obtained using
magnesium stearate (1.032) and Prosolv SMCC HD
90 (1.034). With the introduction of calcium stearate
and sodium lauryl sulfate, the Hausner ratio
increased to 1.06 and 1.069, respectively.
The ranked number of benefits of the effect of
factor C on the Hausner ratio is as follows:
Neusilin US 2 (1.041) > anhydrous colloidal silica
(1.044) > calcium silicate (1.047) > Syloid 244 FP
(1.063).
It was found that among the disintegrants, the
best value of the Hausner ratio is provided by the
introduction into the mass for tableting potato
starch (1.045) and sodium starch glycolate (1.046).
The value of the study factor slightly worsened with
the use of sodium croscarmellose (1.05) and sodium
carboxymethyl starch (1.055).
After analyzing the results, we found that all test
samples have excellent flow and meet the
requirements of the State Pharmacopeia of Ukraine
[40]. The obtained indicators are in the range from
1.0
to
1.11.
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The ranked number of advantages reflecting the
influence of qualitative factors on the bulk density
of the granulate, based on a thick extract of Primula
denticulata Smith. (y 3), is as follows: B > A > D > C.

1887 (pag 1884-1892)

2.

The effect of the most significant factor B, namely
disintegrants, on the bulk density of the granular
mass is shown in Figure 3.

3.

Among the investigated disintegrants, the highest
value of bulk density was provided by potato starch
(0.546 g/cm3), which had an advantage over sodium
carboxymethyl starch (0.522 g/cm3), sodium starch
glycolate (0.517 g/cm3) and sodium croscarmellose
(0.420 g/cm3).

4.

The highest value of bulk density among the
fillers was found when introduced into the mass of
microcrystalline cellulose 102 (0.541 g/cm3). The
lowest value of the study indicator was obtained
when using Avicel PH – 105 (0.465 g/cm3).
It was found that magnesium stearate
(0.542 g/cm3) provided the highest bulk density
of granular mass among lubricants. Masses to
which lubricants such as Prosolv SMCC HD 90
(0.496 g/cm3), calcium stearate (0.485 g/cm3) and
sodium lauryl sulfate (0.484 g/cm3) were added had
a lower bulk density.
The influence of sorbents on bulk density can be
represented by the following ranked number of
advantages: anhydrous colloidal silica (0.530 g/cm3)
> Neusilin US 2 (0.509 g/cm3) > Syloid 244 FP
(0.498 g/cm3) > calcium silicate (0.469 g/cm3).

5.

6.

7.

8.

Conclusions
The conducted studies allowed determining the
effect of sixteen excipients on the pharmacotechnological parameters of granular masses with a
thick extract of Primula denticulata Smith., which
has
expectorant
properties.
Pharmacotechnological indicators of granular masses with
plant extract and excipients indicate the possibility
of obtaining tablets by direct compression.
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Table 1. Excipients studied in the creation of tablets based on Primula denticulata Smith. extract
Factors

Levels of factor
a1 – Avicel PH – 105
a2 – microcrystalline cellulose 102 (MCC 102)
a3 – microcrystalline cellulose 101 (MCC 101)
а4 – microcrystalline cellulose 200 (MCC 200)
b1 – sodium carboxymethyl starch
b2 – sodium starch glycolate
b3 – sodium croscarmellose
b4 – potato starch
с1 – calcium silicate
с2 – anhydrous colloidal silica
с3 – Neusilin US2
с4 – Syloid 244 FP
d1 – calcium stearate
d2 – magnesium stearate
d3 – Prosolv 90
d4 – sodium lauryl sulfate

А – fillers

В – disintegrants

С – sorbents

D – lubricants

Table 2. Four-factor experiment based on Greco-Latin square and results of mass for tableting study with
extract of Primula denticulata Smith.
В

С

D

у1

1
а1
b1
2
а1
b2
3
а1
b3
4
а1
b4
5
а2
b1
6
а2
b2
7
а2
b3
8
а2
b4
9
а3
b1
10
а3
b2
11
а3
b3
12
а3
b4
13
а4
b1
14
а4
b2
15
а4
b3
16
а4
b4
Notes: у 1 – flowability, g/s;
у 2 – Hausner ratio;
у 3 – bulk density, g/cm3.

c1
c2
c3
c4
c2
c1
c4
c3
c3
c4
c1
c2
c4
c3
c2
c1

d1
d4
d2
d3
d3
d2
d4
d1
d4
d1
d3
d2
d2
d3
d1
d4

1,989
2,651
2,444
2,442
2,760
2,538
2,699
2,801
3,177
3,073
2,181
5,137
3,162
2,581
2,014
3,238

Series No.

А
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у2
1,060
1,026
1,010
1,029
1,036
1,029
1,097
1,031
1,095
1,098
1,042
1,063
1,029
1,029
1,051
1,056

у3
0,436
0,492
0,422
0,508
0,576
0,572
0,439
0,576
0,517
0,486
0,380
0,614
0,560
0,519
0,440
0,486

PhOL

Budniak, et al.

1891 (pag 1884-1892)

Figure 1. Influence of disintegrants on the granular mass flow
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Figure 2. Influence of fillers on the Hausner ratio of granular mass
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Figure 3. The effect of disintegrants on the bulk density of granulate

Bulk density, g/cm3
0,6
0,5
0,4

0,3
0,2
0,1
0
Sodium
carboxymethyl
starch

Sodium starch
glycolate

Sodium
croscarmellose

http://pharmacologyonline.silae.it
ISSN: 1827-8620

Potato starch

