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Introduction. Diabetes mellitus is one of the world’s most common diseases, therefore
the development and introduction of new effective drugs for diabetes treatment into
clinical practice is an important task for the health systems of many countries of the
world.

Aim. The aim of our work was to determine and substantiate the quantitative ratio
of excipients for the development of the optimal composition of directly compressible
ginger dry extract tablets.

Materials and methods. To choose the optimal composition of tablets containing
ginger dry extract, the effect of various quantitative ratios of the excipients Kollidon K30
and Neusilin UFL 2 on tablet mass pharmaceutical technical parameters, determined
by established methods, was studied. For processing the experimental data, mathematical
methods were used: design of experiment, regression analysis and a technique based
on the theory of vector optimization.

Results. The interrelation between factors that were studied and technological parameters
of tablet mass and compressed tablets were analyzed using regression equations.
Conclusions. The studies conducted allowed to chose the optimal composition of ginger
dry extract tablets: ginger dry extract — 60%, Galen IQ 721 - 34.5%, Kollidon K30 - 3.5%,
Neusilin UFL 2 - 1%, calcium stearate — 1%. The chosen tablet formulation is characterized
by pharmaceutical technical parameters meeting the requirements of the European
Pharmacopoeia and the State Pharmacopoeia of Ukraine.

INTRODUCTION

Diabetes mellitus (DM) treatment is one of the important
medical and social problems of our time and belongs to
the priorities of national health systems in many countries
of the world [1]. One of the widespread and effective
methods of diabetes treatment is phytotherapy. Compared
to drugs of chemical origin, herbal medicines are much more
tolerable by the patients, have lower toxicity, do not cause
severe side effects, but exert a mild nevertheless effective
action [2,3].

Ginger (Zingiber officinale) is a medicinal plant with
a wide range of therapeutic properties due to its unique
chemical composition. Pharmacological studies in laboratory
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animals have shown that ginger extract possesses hypo-
glycemic and antioxidant activities, which indicates its
promising potential for the development of new drugs
for type 2 diabetes mellitus (T2DM) treatment [3,4].

To develop a finished medicine that meets requirements
of European Pharmacopoeia (Ph.Eur.), as well as the State
Pharmacopoeia of Ukraine (SPhU), it is necessary to estab-
lish an optimal composition of a preparation, taking into
consideration the effect of excipients on pharmaceutical
technical properties which are important for obtaining solid
dosage form of appropriate quality [5,6].

In order to establish the tablet formulation, experimen-
tal design and regression analysis were used as powerful
tools for experimental-statistical investigation and optimi-
zation in this study. The design of experiment (DoE) with
factors at two levels (-1; +1) carries the implication that
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the factor effect on the dependent variable is linear. When
factors are evaluated only at the lower and upper levels,
it is impossible to assess whether there is a nonlinear com-
ponent in the ratio between the factors and the dependent
variable. We suppose that the relationship between factors
and the dependent variable is most likely non-linear. There-
fore, additional experiments were conducted where factors
were set at midpoints (-1; 0; +1) to test linear and quadratic
effects, as well as the interaction of factors. This approach
is known for using non-compositional plans proposed by
Box and Behnken. In this work, we used DoE — which
is based on a combination of a two-level full factorial
balanced incomplete block design with a balanced incom-
plete block design. The factorial experiment was supple-
mented with a minimum number of experiments at the central
points. These are necessary to establish the second-order
regression equation. This approach has allowed minimizing
the experiment on the development of the formulation
of the tablets, hence, save time and resources [7,8].

The aim of this study was the determination of excipient
quantitative composition for obtaining tablets with ginger
dry extract by direct compression in order to achieve optimal
pharmaceutical technical parameters of both the tablet mass
and the tablets.

MATERIALS AND METHODS

The study object was ginger dry extract (manufactured
by “Megaprom”, Dnipro, Ukraine) and modern excipients
for the production of tablets by direct compression: GalenlQ
721 (BENEO-Palatinit Gmb, Germany), Kollidon K30
(BASF, Germany), Neusilin UFL 2 (Fuji Chemical Industry,
USA), calcium stearate (S.D. Fine Chemicals Ltd., India).

In preliminary studies devoted to the formulation devel-
opment of directly compressed tablets containing 0.3 g of
ginger dry extract with an average weight of 0.5 g, the effect
of three functional groups of excipients on pharmaceuti-
cal technical parameters was examined. According to the
experimental results, Kollidon
K30 was chosen as a binder,

The study was performed as two independent duplicate
series of 7 experiments in each one. All tablet formulations
were prepared by blending ginger dry extract, tablet filler
and lubricant with different amounts of Kollidon K30 (X))
and Neusilin UFL 2 (X)). The resulting tablet mass was
thoroughly mixed and its pharmaceutical technical proper-
ties — bulk density, tapped density and Carr index — were
determined and registered as response variables y , y, and y,,
respectively [5,6]. The tablets were pressed in the laboratory
single-punch tablet press (model HTM-01E, Mariupol plant
of technological equipment, Ukraine) using flat cylindrical
punches with the diameter of 11 mm and compression force
of 100 Mpa.

Table 1. Factors and their levels for the experimental design

Variation Levels
IFEIGHRIFS unit | Snterval | Low Middle | High
ow \o” o
X, - Kollidon K30 % 15 2.0 35 5.0
X, - Neusilin UFL2 | % 0.5 1.0 15 2.0

Note. Tablet average weight was constant in all formulations and achieved
by adding different proportions of tablet filler. Herein, Galen IQ 721 was
selected on the basis of previous investigations [13]

Table 2. Tablet formulations which were tested according to
Box-Behnken design

Amount, mg/per tablet

Name of ingredient

1 2 3 4 5] 6 7
Ginger dry extract 300 300 300 300 300 300 300
Kollidon K30 25 25 10 10 17.5 17.5 17.5
Neusilin UFL 2 10 5 10 5 10 5 7.5
Galen IQ 721 160 165 175 180 |167.5|172.5| 170
Calcium stearate 5 5 5 5 5 5 5
Mass of tablet (mg)| 500 500 500 500 500 500 500

Tables obtained were subjected to the evaluation of their
disintegration time, resistance to crushing and friability,
which were response variables y,, y, and y,, respectively
[5,6] (Table 3).

Table 3. Matrix of DOE and results of response variable determination

Neusilin UFL 2 — as a moisture  |S §
Lo
. [
regulator, and calcium stearate g§§ X X | v |y 2 A A (2R I VU 2 A IRV B2 VA
. . [
—as a lubricant. Based on avail- |2 %
able literature data, the amount 1 | + | + [0.561(0.6040.724|0.769| 21.3 | 21.37 | 486 | 533 | 40.5 | 37.5 | 0.86 | 0.886
of calcium stearate in the formu-

. o 2 + - 10.580(0.599 | 0.714 | 0.740|18.735|18.935| 450 | 483 | 80.0 | 70.5 |0.640|0.620
lation was set to be 1% of the

. 3 - + |0.548|0.568|0.714 [0.740 | 23.23 | 23.18 | 434 | 449 |59.75| 60.5 |0.8360.730
tablet average weight [9,10].

To determine optimal 4 - - |0.581(0.586|0.740 |0.751| 21.4 | 21.93 | 420 | 418 | 51.0 | 51.5 |0.930|0.914
amounts of Kollidon K30 and 5 0 + [0.591|0.606|0.769| 0.8 | 23.1 | 24.14 | 484 | 464 | 77.0 | 81.0 |0.758|0.714
Neusilin UFL 2, various math- 6 0 - |0.605|0.581|0.769|0.740 | 21.3 | 21.14 | 460 | 415 | 91.0 | 96.0 |0.621|0.683
ematical approaches such as 7 0 0 |0.625|0.606|0.769 [0.769 | 18.75 | 21.19 | 475 | 438 |118.5|119.0|0.5280.528

design of experiment (DOE)
and vector optimization theory
have been used in this study [11,12].

The results of planning the experiment according to the
first-order 22 factorial design on two levels are that a linear
model is not realizable in this case. Due to this, we applied
a more effective variant of planning — a symmetric non-com-
posite second-order design according to the Box-Behnken
model (Tables 1 and 2).
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Note. y,', y," - bulk density, g/ml; y,', y," - tapped density, g/ml; y.', y," - Carr index; y,', y," - disintegration
time, s; y¢', v, - crushing strength, N; y/', y," - friability, %

The performed regression analysis allowed presenting
information obtained on the basis of experimental data
in a compact form. The estimated empirical equations
made it possible to determine the impact of factors (X, X))
on each pharmaceutical technical parameter with an accept-
able error of not more than 3%, using applicable mathemati-
cal software MathCad (Version 15).
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The approximation error (A), which determines the devia-
tion from the maximum allowable error value, was calcu-
lated by the well-known formula:

A = e 1000,
exp
The maximum and minimum values of the response vari-
ables within studied factor variation intervals were analyzed,;
factor value areas in which the parameters to be determine
do not overstep the limits established by the researcher were
also found.

RESULTS AND DISCUSSION

As a result of mathematical processing of the experimen-
tal data, we have obtained second-order empirical equations
determining interrelation and degree of impact of the excipi-
ent amounts on the technological parameters of model tablet
mixtures and tablets with dry ginger extract (Table 4).

Table 4. Regression equations for pharmaceutical technical
parameters

V4, seC

Response variables Regression equations

Yy, (X;,%,)=0.345 + 0.02x, + 0.318x, + 0.013x,x, -

v ~ bulk density 4.389x,2 - 0.129%,

Y, (X;,%,) = 0.634 + 0.089x, -0.036x, + 0.11x,x, —

v, - tapped density 1475350 % 4 5x103x 2

Y, (X,,X,) = 37.026 + 2.346x, - 28.553x, +

y; - Carrindex 032%.x, - 0.516 X2 +9.86 x.2

Y, (x,,%,) = 386.514 - 0.722x, + 16.083x, +

y, - disintegration time 6.833x,x, - 1.389,? - 2x,2

Y, (X,X,) = -395.941 + 115.889x, + 428.687x, -

¥s ~ crushing strength |15 /635% x, ~ 13.264x, - 130x2

Yo (X;,%,) = 3.298 + -0.574x, - 2.347x, +

Y, — friability 0.13x,X, + 0.05 x,* + 0.658 X,2

Analysis of the regression equation for bulk density
showed that its maximum value of 0.618 g/ml corresponds
to the amounts of Kollidon K30 and Neusilin UFL 2 of 4.1%
and 1.4%, respectively (Figure 1a).

Maximum value of tapped density determined using
the regression equation is 0.775 g/ml under the amounts
of Kollidon K30 and Neusilin UFL 2 of 3.7% and 2.0%,
respectively (Figure 1b).

The analysis of the equation for the Carr index revealed
passable flow properties of tablet mass for all value range
of both factors X, and X, (i.e., the amounts of Kollidon K30
and Neusilin UFL 2, respectively) (Figure 1c). The minimum
value of this parameter of 20.8 was provided by 5.0% and
1.8% of the mentioned excipients, respectively.

The regression equation describing the effect of disin-
tegration time shows that the time that meets the require-
ments of Ph.Eur, and also SPhU, is achieved with all levels
of factors. The minimum value of this parameter is 419 s,
which corresponds to the amounts of Kollidon K30 and
Neusilin UFL 2 of 2.0% and 1.0%, respectively (Figure 1d).

Analysis of the regression equation for the crushing
strength of tablets demonstrated that when Kollidon K30 is
contained in the amount of 3.5 % and Neusilin UFL 2 —in
the amount of 1.0 %, resistance to crushing is maximum and
reaches the value of 93.2 N (Figure le).

The regression equation for friability determines the
lowest value of tablet weight loss, which is 0.645%, when
X, and X, are 3.6% and 1.0%, respectively, (Figure 1f).
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Figure 1. Comparison of experimental and theoretical

dependencies according to the regression equations:
a)y,=flx, x,); b) y,= flx, x,); ) y,= flx, x,); d) y,= f(x, x,);
e) Vs :f(xz’ xz);f) yézf(xl’ xz)

To determine the amounts of excipients that would
equally provide optimal values of all pharmaceutical tech-
nical parameters, a technique based on the theory of multi-
vector optimization was used. According to this technique,
from the obtained range of acceptable solutions (Figure 2),
those values of X and X, are selected that equally satisfy all
parameters simultaneously, taking into account the limita-
tions applied by the researcher. In our case, the following
conditions were determined:

» acceptable content ranges for Kollidon K30 and
Neusilin UFL 2 are: 0.02 <X1 <0.05; 0.01 <X2<0.02,
respectively;

* acceptable ranges of pharmaceutical technical parameters:
* bulk density: 0.55 <yl (X1, X2) <0.62;
 tapped density: 0.7 <y2 (X1, X2) <0.78;

+ Carr index: 20 <y3 (X1, X2) <23;

« disintegration time: 418 < y4 (X1, X2) <530;

« crushing strength: 41 <y5 (X1, X2) <93.33;

+ friability: 0.65 <y6 (X1, X2) < 1.00.

According to the method that is used to search for
optimal parameters, the sum of squared deviation of each
parameter value from its maximum, minimum or specified
value, taking into account the limitations applied, should be
minimal. Based on this condition, a function to search for
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optimal parameter values was formed and its minimum using
the least squares method was found (Figure 2).
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Thus, the optimal pharmaceutical technical parameters of
the tablet mass and directly compressible tablets with ginger
dry extract were obtained at X, = 3.5%, and X, = 1.0%.

Ginger dry extract tablets with specified excipient com-
position have pharmaceutical technical parameters that meet
the requirements of Ph.Eur, as well as SPhU, and are uni-
formly close to the given conditions: bulk density — 0.595
mg/ml, tapped density — 0.765 mg/ml, Carr index — 21,
disintegration time — 439 s, crushing strength — 93.3 N and
friability — 0.65%.

Thus, studies conducted allowed to chose the optimal
composition of ginger dry extract tablets: ginger dry extract
— 60%, Galen 1Q 721 — 34.5%, Kollidon K30 — 3.5%,
Neusilin UFL 2 — 1%, calcium stearate — 1%.

CONCLUSIONS

1. By design of experiment and regression analysis methods,
the quantitative effect of Kollidon K30 and Neusilin UFL
2 on pharmaceutical technical properties of the tablet
mixture and tablets with ginger dry extract has been
studied.

2. Using a technique based on the theory of multi-vector
optimization, the optimal composition of ginger dry
extract tablets with necessary pharmaceutical technical
parameters meeting the requirements of SPhU was estab-
lished as follows: Kollidon K30 — 3.5%, Neusilin UFL 2
—1.0%.
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