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1. Introduction
The competitive pharmaceutical market is rapidly 

developing and contributes to the production of effective, 
high-quality and affordable medicines in various forms, 
including capsules [1–3].

Today, the capsule is one of the most common 
forms, after tablets. Modernity and innovation are char-
acteristic features of this dosage form. Several advantag-
es provided them with wide opportunities in technology: 
high bioavailability, good appearance, easy to swallow, 
the shell protects the contents of the capsule from envi-
ronmental factors [4–6].

The capsule, as a medicinal form, is constantly 
being improved and is convenient for the development of 
new and modernization of already existing medicines 
and their technologies [7–10].

The use of direct encapsulation technology allows 
to significantly reduce the time of the technological cy-

cle (1), especially due to the coating stage, to exclude the 
use of several equipment positions (2), to reduce produc-
tion areas (3), to reduce energy and labour costs (4) and to 
have a positive effect on cost of the drug [7, 8].

Modern herbal preparations are widely used in 
the complex treatment of various diseases, in particular 
for cardiovascular diseases, which occupy a leading 
place among the morbidity in Ukraine [11, 12]. They 
differ in mild effectiveness, low toxicity and the possi-
bility of long-term use without the risk of side ef-
fects [13–15]. The tropical plant Rauwolfia serpentina 
accumulates indole alkaloids, which are the most effec-
tive means for the treatment of hypertension with min-
imal side effects.

The aim of our work is to develop the composition 
and technology of a medicinal drug in the form of cap-
sules with dry extract of Rauwolfia serpentina for the 
treatment of hypertension.
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2. Research planning (methodology)
Considering the modern trends of industrial phar-

macy, we have developed a methodology for the develop-
ment of a medicinal preparation with a dry extract of 
Rauwolfia serpentina in the form of capsules.

The general methodology (Fig. 1) is based on the 
consistent conduct of information, marketing, economic, 
physico-chemical, pharmaco-technological, biopharma-
ceutical research, which will ensure the compliance of 
the medicinal product with modern GMP requirements.

3. Materials and methods
On the basis of the Department of Plant Technolo-

gy of Medicines of the National Pharmaceutical Univer-
sity, Kharkiv (2021), capsules with a medicinal plant 
substance in the form of a dry extract of Rauvolfia ser-
pentina produced by the company “Panthea Pharm Pri-
vate Limited”, India were developed.

Experimental samples of masses for encapsulation 
contained 2.0 mg of dry extract of Rauvolfia serpentina 
and various excipients used in the technology of solid 
dosage forms. Five series of capsules No. 4 with a white 
body and a light green cap of the Snap-Fit type, produced 
by the company “Capsugel”, were produced. Mass sam-
ples of the powder mixture for each series were obtained 
by weighing and mixing the components. The total 

weight of the filler for the capsules was 55 mg. Composi-
tions of sample masses for capsules (Table 1).

The study of pharmaco-technological characteristics 
was carried out on the devices of the company “Pharma 
Test” (Germany). Flowability was assessed by the Carr In-
dex powder compressibility index and the Hausner Index 
coefficient [1, 12, 16].

To determine disintegration, six capsules were taken 
from each batch and placed in the vessels of a disintegration 
tester from the company “Erweka” (Germany). Water at 

37 °C±0.5 °C was used as a medium. The time of 
disintegration was recorded until the moment of 
opening the capsules and releasing the fillers [1, 12].

Table 1
Compositions of sample masses for capsules 

containing dry extract of Rauvolfia serpentina

Substances

Compositions of samples 
of masses for encapsula-

tion, mg
1 2 3 4 5

Dry extract of Rauvolfia 
serpentina 2.00 2.00 2.00 2.00 2.00

Lactose monohydrate 
200/25 «Alpavit Kaserei 
Champignon Hofmeis-

ter», Germany

20.0 – – – –

Manit PARTECKM 200 
«Mersk», Germany 25.0 30.0 – – –

MCC 102 «Mingtai 
Chemical», Taiwan – 18.0 15.0 – –

Dicalcium phosphate 
9214 «Budenheim», 

Germany
– – 34.0 18.0 –

Croscarmellose sodium 
«Yung Zip Chemical Ind. 

Co., LTD», Taiwan
5.0 – 3.0 4.0 –

PROSOLV® SMCC HD 
90«JRSPHARMA», USA – – – 30.0 52.7

Calcium stearate SPE 
«Electrogazokhim», 

Ukraine
– 0.2 1.0 1.0 0.3

Aerosil SE «Oris-
il-Kalush», Ukraine – 4.5 – – –

Talc «LUZENAS 
PHARMA», Italy 3.0 0.3 – – –

A comparative analysis of the calculation of the 
cost of production of tablets and capsules with dry ex-
tract of Rauvolfia serpentina was carried out using the 

“cost plus” method [17, 18].
Statistical processing of the obtained data was 

carried out according to generally accepted statistical 
methods using the Excel program (MS Office 2019) and 
the Statistica 8.0 program (StatSoftInc., USA). The ob-
tained data were analyzed using methods of variational 
statistics. An acceptable level of significance is p<0.05.

Quantitative parameters were calculated (M±SD), 
where M is the mean and SD is the standard deviation of 
the mean. Values of p≤0.05 were considered statistically 
significant.

Fig. 1. General methodology for the development of a medicinal 
product in the form of capsules
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4. Research results
At the first stage of experimental research, the 

pharmaco-technological properties of the substance of 
the dry extract of Rauvolfia snake were studied (Table 2).

The results of studies of the pharmaco-technological 
properties of the substance of the powder of the dry extract 
of Rauvolfia serpentina showed that the powder has a very 
low fluidity value (Table 2). This indicator is confirmed by 
the high value of the angle of repose, as well as the fine 
dispersion and amorphous properties of the powder. The 
difference in the values of bulk density and density after 
shrinkage indicates the ability to clump. The values of Haus-
ner index and Carr index confirm the poor value of turnover.

That is, for the application of direct encapsulation 
technology, it is necessary to use modern auxiliary sub-
stances to correct the pharmaco-technological indicators 
of the mass for encapsulation containing the dry extract 
of Rauvolfia serpentina.

As a result of the conducted research, it was estab-
lished that when developing a new composition and tech-
nology of a drug with a powder substance of dry extract 
of Rauvolfia serpentina in capsules, it is advisable to use 
auxiliary substances in the technology from the group: 
fillers; disintegrants; antifriction agents.

At the first stage of the research, the influence of 
various excipients and their amount on the pharma-
co-technological properties of samples of mass for cap-
sules of Rauvolfia serpentina dry extract, obtained by 
the direct encapsulation method, was studied.

The results of the research of mass for encapsula-
tion and ready-made capsules containing dry extract of 
Rauvolfia serpentina (Table 3).

Table 2
Pharmaco-technological properties of the substance of 

Rauvolfia serpentina dry extract
Parameters/Units of measurement Value

Bulk density, g/ml 0.37±0.01
Density after shrinkage, g/ml 0.56±0.02
Fluidity, s/100 g of sample 95.30±2.40

Angle of repose, degree 63±1.5
Carr index, % 34.0±1.0
Hausner Index 1.51±0.03

Note: n=5, Р=95 %

The composition of the encapsulation mass sample 
No. 1 (disintegrant lactose monohydrate 200/25, filler 
mannitol PARTECKM 200 to improve fluidity, croscar-
mellose sodium as disintegrant, talc as lubricant) has 
mostly satisfactory pharmaco-technological values of the 
indicators, but they are close to the limit readings (Table 3).

The experimental sample of mass for encapsula-
tion according to No. 2, which includes disintegrant 
MCC 102, PARTECKM 200 mannitol as filler to im-
prove fluidity, aerosil with moisture absorption proper-
ties, calcium stearate as lubricant and glidant talc, has 
unsatisfactory powder fluidity and disintegration time.

To improve fluidity, dicalcium phosphate 9214 as 
filler, MCC 102 as disintegrant, croscarmellose sodium 
as disintegrant and calcium stearate were added to the 
composition of the next sample No. 3. According to 
the Table 3, the introduction of calcium phosphate 9214 
into the composition improved the fluidity value to aver-
age readings and had a good effect on the disintegration 
time of the capsules. However, during the production of 
the studied mass, there was a slight delamination of the 
active substances, finely dispersed particles of the pow-
der substance of the dry extract of Rauvolfia serpentina 
were located on the surface of the mass.

With such a ratio of components, the capsule mass 
requires an additional stage of mixing or shaking to en-
sure the uniformity and homogeneity of the mixture, as 
well as the ability to compactly form under pressure, so 
that the capsules meet the SPhU pharmacopoeial require-
ments for quality indicators.

For further experimental studies, it was decided to 
use multi-component excipients with improved functional-
ity. In the pharmaceutical market of excipients, there is a 
tendency to use combined substances [19, 20]. One of the 
most common fillers is MCC of various brands as a uni-
versal filler, in particular PROSOLV® SMCC (multifunc-
tional cellulose) of the third generation [21, 22]. It is a sili-
cate MCC obtained by adding colloidal silicon dioxide to 
it before drying (98 % MCC+2 % colloidal silicon dioxin). 
Particles of colloidal silicon dioxide are contained on the 
surface and in the pores of PROSOLV® SMCC, thanks to 
which the surface area is increased by almost 5 times. Sil-
ication makes the powder looser and provides better fluid-
ity compared to traditional MCC brands, homogeneity due 
to easy and good mixing, high disintegration rate.

The next encapsu-
lation composition after 
No. 4 containing PRO-
SOLV® SMCCHD 90 di-
luent, dicalcium phos-
phate 9214 bulking agent, 
croscarmellose sodium 
disintegrant and calcium 
stearate had better flow 
(18.10 s/100 g sample) and 
disintegration (15 minutes) 
values, according to the 
description, the mass is ho-
mogeneous, in comparison 
with composition No. 3.

Table 3
Pharmaco-technological properties of masses for encapsulation and ready-made capsules

No. Characteristics
Compositions of mass samples for encapsulation

1 2 3 4 5

1 Description
The mass 

is white, ho-
mogeneous

The mass is 
white, ho-

mogeneous

The mass is 
white, het-

erogeneous

The mass is 
white, ho-

mogeneous

The mass is 
white, ho-

mogeneous

2 Fluidity, s/100 g of 
sample 26.30±0.7 32±1.0 23±0.6 18±0.5 15.10±0.4

3 Angle of repose, degree 40±1.2 45±1.3 30±0.9 28±0.8 25±0.6
4 Carr index, % 22.0±0.6 30.0±0.9 18.0±0.5 14.0±0.4 5.0±0.1
5 Hausner index 1.30±0.04 1.42±0.04 1.23±0.04 1.15±0.03 1.05±0.03
6 Disintegration, min. 23±0.7 27±0.8 18±0.5 15±0.4 9±0.2

Note: n=5, Р=95 %
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The best fluidity (15.10 s/100g of sample) and 
disintegration time (9 minutes) was obtained from en-
capsulation mass sample No. 5, which contained 52.7 mg 
of PROSOLV® SMCCHD 90 diluent and 0.3 mg of 
calcium stearate. According to the description, the mass 
is homogeneous, easily mixed. The value of the Carr 
index coefficients is (5.0 %), the Hausner index reaches 
a value of (1.05), which indicates a very good fluidity of 
the powder.

On the pharmaceutical market of Ukraine there is 
a drug containing a dry extract of Rauvolfia serpenti-
na (2.0 mg) and used for the treatment of hypertension 
and arrhythmia, ATC group C02A A04.

Thus, the basic technology of tablet production 
involves ten stages with a total duration of 48.5 hours, the 
new technology of capsules – four stages and, according-
ly, 7 hours (Fig. 2). The weight of the tablet core is 
65.1 mg, the shell is 80.0 mg. The total weight of the 
coated tablet is 145.1 mg.

The authors developed the composition and modern 
technology of a medicinal drug in the form of capsules with 
dry extract of Rauvolfia serpentina for the treatment of hy-
pertension. The mass of the contents of the capsule is 55 mg.

Comparative characteristics of the main techno-
logical and economic indicators in the production of 
tablets and capsules are shown in Fig. 3.

As a result of the study, it was established that 
when using the modern developed technology of the 
medicinal product based on the dry extract of Rau-
volfia serpentina in capsules, hours are reduced by 
86 %, the number of stages by 60 %, and electricity 
by 91 %, which allows to reduce the manufacturer’s 
price by 37 %.

The introduction of the direct encapsulation 
method will allow not only to modernize Ukrainian 
industrial production, but also to obtain high-quality 
and affordable medicines for the population.

5. Discussion of research results
In [23], studies were conducted to study the influ-

ence of various excipients on the properties of capsules 
with metamizole sodium. The authors established that 
the composition containing VIVAPUR 102 microcrys-
talline cellulose has satisfactory pharmaco-technologi-
cal properties of the powder and a fast release.

This is a standard brand of second-generation 
microcrystalline cellulose with medium-sized parti-
cles, combining good fluidity and high density. Such 
universal properties are suitable for most active sub-
stances in direct pressing or encapsulation technology.

The use of PROSOLV® SMCCHD 90 in our 
studies improved the flowability, homogeneity of the 
Rauvolfia serpentina dry extract powder mass, consid-
ering the low dosage of the substance of 2 mg. It has 
been experimentally proven that PROSOLV® SMC-
CHD 90 shortens the disintegration time as a disinte-
grant, because due to silicate moisture easily pene-
trates to the MCC, hydrophilic bridges are formed, 
wettability increases, and mass swelling occurs.

That is, the multi-functionality of PROSOLV® 
SMCCHD 90 “three-in-one” excipients, which has 
the properties of a filler, disintegrant and glidant, al-

Fig. 2. Production stages with hours of tablets and capsules 
with dry extract of Rauvolfia serpentina (2.0 mg)
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shell mass 80.0 mg
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Fig. 3. Comparative characteristics of the main 
technological and economic indicators in the production 

of tablets and capsules
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lows you to easily apply direct encapsulation technology, 
replace and reduce the number of excipients and thus in-
crease production efficiency.

Practical value. The application of the direct en-
capsulation method in the technology of a medicinal 
product based on the dry extract of Rauvolfia serpentina 
for the treatment of hypertension is a modern approach to 
modernization for industrial pharmacy because it will 
provide an opportunity to obtain a high-quality, conve-
nient and affordable drug of domestic production.

Study limitations. In the experiment, the effect of 
various excipients on the pharmaco-technological proper-
ties of encapsulation masses and ready-made capsules was 
investigated, however, it is relevant to conduct research on 
modern industrial equipment in the enterprise conditions.

Prospects for further research. In the future, 
research is planned in the conditions of industrial pro-
duction using modern equipment.

6. Conclusions
1. When developing the composition of capsules 

with dry extract of Rauvolfia serpentina, the influence of 
various excipients on the pharmaco-technological prop-
erties of encapsulation masses and ready-made capsules 
was investigated. Improvement of the main technological 
parameters was achieved when using the combined aux-
iliary substance PROSOLV® SMCCHD 90.

2. Experimental studies prove that the combined 
auxiliary substance, namely PROSOLV® SMCCHD 90, 
having the properties of a filler, a disintegrant and a slid-
ing agent, is more effective in the direct encapsulation 
technology in terms of its effect on the fluidity of the 
mass and disintegration of the capsules.

3. Application of the direct encapsulation method 
proves technological and economic efficiency. The im-
plementation of this method will allow to expand the 
range of new medicines and improve existing technolo-
gies, in particular in the form of tablets, which are widely 
produced in industrial production.
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