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Abstract
The preliminary studies of physico-chemical and pharmaco-technological properties of the dry extract of ginger have de-

termined the need for introduction of different groups of excipients for developing a solid dosage form for the treatment of type II 
diabetes mellitus. 

Aim. To choose the rational filler in the composition of tablets with ginger obtained by direct compression.
Materials and methods. The study object was the dry extract of ginger (DEG) (producer “Megaprom”, Dnepr, Ukraine) 

and modern excipients for the production of tablets by direct compression: GalenIQ 721 (BENEO-Palatinit Gmb), Flowlac 100  
(Meggle Co.), Tablettose 80 (Meggle Co.), Farmaxx (Merck), Microcelac 100 (Meggle Co.), Vivapur 112 and 102 (JRS Pharm), Pro-
solv HD 90, Prosolv SMCC 50 (JRS Pharm) manufactured in Germany. Pharmaco-technological and physico-chemical properties of 
the samples were studied according to conventional methods of the State Pharmacopoeia of Ukraine.

Results and discussion. According to the results of the crystallographic analysis, the ability to the moisture absorption, 
resistance to crushing, disintegration time, fluidity indicators, angle of repose and bulk volume the effect of modern excipients on 
physicochemical and pharmaco-technological properties of the dry extract of ginger has been studied. 

Conclusions. According to the results of microscopic analysis, it has been found, that the rational fillers are GalenIQ 721, 
Prosolv HD 90, Prosolv SMCC 50, Vivapur 102 and Vivapur 112, as they provide a uniform system and the necessary resistance 
to destruction. The study of the kinetics of the moisture absorption has shown that addition of the fillers significantly reduces the 
increase in moisture compared to the dry extract. The mixture with GalenIQ 721 has the lowest parameters of moisture absorption 
at a relative air humidity of 45 %, 75 % and 100 %. In accordance with the results of the pharmaco-technological studies, it has been 
found that addition of GalenIQ 721 leads to improved flowability, disintegration, settling qualities; it indicates the feasibility of its 
inclusion into the composition of the solid dosage form.
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1. Introduction
Diabetes mellitus (DM) is one of the major medical and social problems of our time 

related to the priority areas of national health systems in almost all countries of the world 
[1, 2]. Its prevalence is high in both developing and developed countries. By the medical and 
social significance DM occupies the “honorable” third place due to the fact that every year 
labor losses and economic damage increase as a result of morbidity, disability and mortality 
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of the population, the costs of the state and society aimed at the treatment of the disease and 
its complications [3, 4].

Phytotherapy is one of the most common and effective auxiliary methods in the treatment of 
type I and II diabetes mellitus [5, 6]. If the disease can be detected in the early stages, phytotherapy 
in combination with a diet and dosed physical activity can stabilize the condition of many patients 
without drug treatment [7]. 

Medicinal plants have a number of advantages over synthetic drugs: they are low-toxic, 
have a mild effect, can be used for a long time without significant side effects, especially allergic 
reactions, combined well with drugs, enhancing their therapeutic effect [8, 9].

One of the plants exhibiting a multifaceted range of therapeutic properties on the human 
body is ginger (Zingiber officinale) [10, 11]. According to the preliminary pharmacological studies 
conducted the presence of hypoglycemic action of the dry ginger extract was proven [12, 13], which 
confirmed the feasibility of developing a solid dosage form based on it.

When studying physicochemical and pharmaco-technological properties of the dry extract 
of ginger it was found that it had a heterogeneous structure with transparent particles of a light 
brown color with linear particle sizes from 0.1 to 1 µm, the average value of the form factor – 0.7. 
The substance is hygroscopic, has poor flowability and compressibility. It confirmed the need for 
introduction of different groups of excipients [14]. 

During development of the composition and technology of tablets with the dry extract of 
ginger it is rational to use the method of direct compression, which eliminates the impact of mois-
ture on the active substances in the production process, reduces the risk of microbial contami-
nation, decreases the amount of excipients, as well as saves production space, thereby reducing 
equipment and energy costs [15, 16].

2. Aim of research
The aim of the work is to choose the rational filler in the composition of tablets on the basis 

of ginger obtained by direct compression.

3. Materials and methods
The study was performed on the basis of State scientific-research laboratory for medicinal 

substances quality control of the National University of Pharmacy in 2018.
The study object was the dry extract of ginger (DEG) (producer “Megaprom”, Dnepr, 

Ukraine) and modern excipients for the production of tablets by direct compression: GalenIQ 721– 
isomalt (polyol) (BENEO-Palatinit Gmb), Flowlac 100 – a mixture of 85 % α-lactose monohydrate 
and 15 % amorphous lactose, (Meggle Co.), Tablettose 80 – agglomerated lactose monohydrate 
(Meggle Co.), Farmaxx – a mixture of 70 % calcium carbonate and 30 % sorbitol, (Merck), Micro-
celac 100 – a mixture of 75 % α-lactose monohydrate and 25 % microcrystalline cellulose, (Meg-
gle Co.), Vivapur 112 and 102 – microcrystalline cellulose (JRS Pharm), Prosolv HD 90, Prosolv 
SMCC 50 – a mixture of 98 % microcrystalline cellulose and 2 % colloidal silicon dioxide (JRS 
Pharm) manufactured in Germany [17].

The pharmaco-technological properties were studied according to conventional methods: 
microscopic analysis, flowability, bulk density, tapped density, Carr index, Hausner index, resis-
tance, disintegration and moisture absorption [18, 19]. The flowability was determined according 
to the method of the State Pharmacopoeia of Ukraine (SPhU), II ed., using a funnel with a 15 mm 
hole diameter [20].

The bulk volume and bulk density were studied on a 545P-AK-3-RT-TD device for vibration 
compaction of powders (PHARMA TEST, Germany).

Carr Index and Hausner Index were calculated by formulas 1 and 2, respectively:
Carr Index
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Hausner Index
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where V0 – is the bulk volume; V1250 – is the settled volume.
Resistance and disintegration of the tablets were studied on a PJ-3 tablet four-use tester (China).
The crystallographic studies were performed a “KONUS – Academy” laboratory micro-

scope with 40 times magnification of the eyepiece and a built-in camera.
The moisture absorption was studied at a relative humidity of 45 %, 75 % and 100 %. Within 

6 hours of the experiment, the change in the mass of the powder in the laboratory desiccator was 
recorded. The relative air humidity of 75 % was created with the help of a saturated solution of 
sodium chloride, and potassium carbonate formed 45 % of humidity.

4. Research results
Primarily, to determine the qualitative characteristics of tableting masses microscopic stud-

ies of DEG mixture with different fillers in the ratio of 1:1 were conducted. The results are present-
ed in Fig. 1–7.

Fig. 1. The mixture of DEG and Flowlac 100

Fig. 2. The mixture of DEG and Tablettose 80

Fig. 3. The mixture of DEG and Microcelac 100
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Fig. 4. The mixture of DEG and Farmaxx

Fig. 5. The mixture of DEG and GalenIQ 721

a                                                        b

Fig. 6. The mixture of DEG with: a – Vivapur 112; b – Vivapur 102

                                                  a                                                           b

Fig. 7. The mixture of SEG with: a – Prosolv HD 90; b – Prosolv SMCC 50

To conduct further research, the model tablets with the fillers were manufactured, after that, 
the resistance of tablets to crushing on a PJ-3 Tablet Four-use Tester was studied. The results of the 
studies are shown in Fig. 8.
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Fig. 8. Indicators of resistance to crushing of model tablets with different fillers

Thus, taking into account the results of the microscopic analysis and indicators of tablet 
resistance to crushing the samples with such fillers as GalenIQ 721, Prosolv HD 90, Prosolv SMCC 
50, Vivapur 102 and Vivapur 112 were selected for further research.

It is known that all plant components are hygroscopic substances. Therefore, we stud-
ied how fillers affected the moisture absorption of DEG at a relative humidity of 45 %, 75 %  
and 100 %.

Fig. 9. Kinetics of the moisture absorption of DEG and DEG samples with different fillers at  
a relative humidity of 45 %

Fig. 10. Kinetics of the moisture absorption of DEG and DEG samples with different fillers at  
a relative humidity of 75 %

For the final selection of the filler, the pharmaco-technological properties of the samples 
with DEG were studied. The results are given in Table 1.
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Fig. 11. Kinetics of the moisture absorption of DEG and DEG samples with different fillers at a 
relative humidity of 100 %

Table 1
The pharmaco-technological properties of the samples with DEG with different fillers

Parameters Unit of  
measurement

No. 1 
DEG with  

GalenIQ 721

No. 2 
DEG with  

Prosolv HD 90

No. 3 
DEG with  

Prosolv SMCC 50

No. 4 
DEG with  

Vivapur 102

No. 5 
DEG with  

Vivapur 112

Bulk density 
m/V0

g/ml 0.54±0.03 0.55±0.04 0.47±0.04 0.45±0.03 0.49±0.05

Tapped density 
m/V1250

g/ml 0.70±0.02 0.71±0.02 0.70±0.03 0.67±0.02 0.71±0.04

Carr Index  % 23.91 21.1 51.4 48.64 31.37

Hausner Index – 1.3 1.27 1.51 1.48 1.46

Flowability 
without vibration

s/100g
10.03±2.15 ∞ ∞ ∞ ∞

Flowability with 
vibration 6.04±1.56 13.13±1.48 38.33±1.94 15.80±2.05 16.22±1.62

Angle of repose ᵒ 33±1 34±1 36±1 34±1 35±1

Disintegration min 10.450.52± >15 >15 >15 >15

5. Discussion of the research results
Pharmaceutical development involves determination of the crystallographic characteristics 

of active pharmaceutical ingredients, excipients and their blends. As literature data analysis re-
vealed, the physicochemical properties of excipients play a significant role in the selection of the 
composition of the finished medicinal product [22, 23].

 To select the rational filler our attention was paid to the shape and size of the particles, their 
ability to agglomerate. The analysis of the mixture with Flowlac 100 (Fig. 1) has shown a non-uni-
form distribution of the extract in the filler. Flowlac 100 is rounded particles with a linear size of 
0.5–0.6 µm. The form factor of the filler is 0.97.

In the microscopic examination of the mixture with Tablettose 80 (Fig. 2) it has been found 
that the extract particles are different in shape and size. The form factor of Tablettose is 80 – 0.78. 
The size of the filler particles is 0.45 µm. 

Microcelac 100 (Fig. 3) particles have a rounded shape with a rough surface. The form fac-
tor of the filler is 1. The linear size of particles is 1-1.5 µm. 

The data presented in Fig. 4 also indicate a mismatch in the geometric dimensions of the 
extract particles and the Farmaxx filler. The filler has a rough surface and a spherical shape. The 
form factor of the filler is 0.93. The particle size ranges from 1 to 1.35 µm. 
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Therefore, the analysis of the mixtures with Flowlac 100, Tablettose 80, Microcelac 100, 
Farmaxx (Fig. 1–4) has shown that the particles of the extract and fillers differ in shape and the 
linear size, and it allows to predict the separation of the tablet mass when filling the matrix channel. 

As can be seen from Fig. 5, there is a uniform distribution of the extract in the GalenIQ 721 
filler. It should be noted, that the mass with this filler consists of particles, which are homogeneous 
by their linear size. The particle size of the extract ranges from 0.8 to 1.0 µm, while the size of the 
filler particles is 0.9-1.5 µm. Due to its inhomogeneous surface GalenIQ 721 binds the particles 
together, filling the voids of the extract surface.

As can be seen from Fig. 6, in the mixture with DEG the particles of Vivapur 112 (А) and 
Vivapur 102 (В) are of irregular shape with the linear sizes from 0.1 µm to 1.1 µm. The form factor 
of the filler is 0.27.

The results of studying the mixtures with Prosolv HD 90 and Prosolv SMCC 50 (Fig. 7) 
indicate that the particles of these fillers are of anisodiametric shape, which linear sizes vary from 
0.1 µm to 1 µm; the form factor of the filler is 0.36.

Thus, when using different brands of Vivapur 112 and Vivapur 102 and mixtures of Pro-
solv HD 90 and Prosolv SMCC there is filling of the interparticle space of the extract and adhe-
sion of small particles of excipients on its surface. It can lead to formation of a strong structure 
of the tablet mass.

The results of resistance of tablets to crushing showed that the samples with Prosolv HD 
90 and Prosolv SMCC 50 having the maximum stability (more than 100 N), the samples with 
GalenIQ 721 – more than 60 N, and model tablets with Vivapur 102 and Vivapur 112 – more than 
40 N which met the SPHU requirements. The samples with Tablettose 80, Flowlac 100, Microcelac 
100, Farmaxx showed the minimal resistance (less than 40 N), which did not meet the requirements 
of the SPhU.

The selected fillers from microscopic analysis and the resistance of tablets to crushing were 
subjected for further studies. As can be seen from the results presented (Fig. 9), the moisture ab-
sorption of the mixtures with different fillers is significantly different from the moisture absorption 
of the pure extract. The mixture with GalenIQ 721 has the least increase in moisture (2.27 %). With 
the rest of the fillers, the moisture absorption was almost the same, which was about 4 %.

At relative humidity up to 75 % (Fig. 10) there is an increase in moisture from 5.21 to 5.66 % 
in the samples with Prosolv HD 90, Prosolv SMCC 50, Vivapur 102 and Vivapur 112, in DEG – to 
8 %, and in the mixture with GalenIQ 721 – to 4.32 %.

The tendency to increase the values of the moisture absorption is preserved at a relative 
humidity up to 100 % (Fig. 11). 

Thus, the results of the experiment have shown that the moisture absorption when adding 
excipients is significantly reduced compared to the original substance. The mixture with GalenIQ 
721 has the lowest values of moisture increase.

As evidenced by the data given in Table 1, the mixture with Prosolv SMCC 50 (sample No. 3) 
and Vivapur 102 (sample No. 4) has a significant difference between the values of bulk density and 
tapped density and Carr Index over 38, which indicates their very poor flowability. Samples No. 3–5 
are compacted much more than the mixture with GalenIQ 721 (sample No. 1) and Prosolv HD 90 
(sample No. 2), and it suggests the use of greater pressure during compression. The angle of repose 
in all samples has approximately the same values; it indicates a significant force of adhesion between 
the particles of the mixtures. However, in contrast to samples No. 2–5, the mixture of GalenIQ 721 
(sample No. 1) is able to flow under different conditions of the vibration funnel. The flow indicators 
are 9.97 g/s and 16.55 g/s without vibration and with vibration, respectively. By the disintegration 
time, only sample No. 1 met the requirements of the SPHU II ed., and did not exceed 15 min. 

Thus, according to the results of the studies conducted, sample No. 1 was selected for fur-
ther research.

6. Conclusions
1. Based on the crystallographic analysis, the ability to moisture absorption, resistance to 

crushing, disintegration time, flowability, angle of repose and bulk volume the effect of modern 
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excipients on physicochemical and pharmaco-technological properties of the dry extract of ginger 
has been studied.

2. According to the results of microscopic analysis, it has been found that the rational fillers 
are GalenIQ 721, Prosolv HD 90, Prosolv SMCC 50, Vivapur 102 and Vivapur 112; they provide a 
uniform system and the necessary resistance to destruction.

3. The study of the kinetics of the moisture absorption has shown that addition of fillers 
significantly reduces the increase in moisture compared to the dry extract. The mixture with 
GalenIQ 721 has the lowest parameters of moisture absorption at a relative air humidity of 45 %, 
75 % and 100 %. 

4. According to the results of the pharmaco-technological studies, it has been found that 
addition of GalenIQ 721 leads to improve flowability, disintegration, settling qualities; it indicates 
the feasibility of its inclusion into the composition of the solid dosage form. 

5. The results obtained will be taken into account in further studies in development of the 
composition of tablets with the dry extract of ginger.
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