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SUMMARY

Introduction. Researching new effective drugs and developing the dosage forms based on medicinal plants are the most important
achievements of modern pharmacy. Drying extracts of corn silk (DECS), roots of Achyranthesbidentata (DEAB) and the substance of
Rutin are the perspective sources to get phytopreparations.

Aim.To develop the composition and technology of granules with dry extracts and rutin. This research will be suitable for making
solid gelatin capsule dosage form recommended to be used as potassium-sparing diuretics

Materials and methods. The research subjects are dry extracts of CS, AB andRutin.Excipients used in the granulation process are
Lactose (anhydrous), magnesium carbonate, calcium carbonate, corn starch and microcrystalline cellulose (MCC 101). Technology
properties and quality of granules were evaluated according to the methods described in the Russian State Pharmacopoeia (RSP).

Results and discussion. Analyzing the technology properties of the DECS and DEAB showed that all of them were unsatisfactory.
Therefore, to combine them in a single dosage form, granulation needs to be used, and the excipients were selected. This selection
allowed obtaining a flowability mass with homogeneous fractional composition. Many different compositions of DECS: DEAB: Rutin (1:
3: 1) and excipients were evaluated.The technology properties of the granules were studied to discover the optimal composition and
technology which were selected for drug production. Choosing size of solid gelatin capsules for encapsulating. Based on the values of
bulk density of granules and reasonable therapeutic dosage, capsules NO 00 were selected for packing.

Conclusion. The composition and technology of granules with dry extracts and rutin, satisfied technological characteristics. They can
be used to produce a solid gelatin capsule dosage form. The selected size of solid gelatin capsules to meet production conditions is N2 00.
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PE3IOME

BeegeHue. Monck HOBbIX 3pdeKTUBHbIX eKapcTBeHHbIX cpeacTs (/1C) u paspaboTka seKapcTBeHHbIX dopM (/1d) Ha ocHoBe pac-
TUTE/IbHBIX Cy6CTaHLMI — BaXHelLmne 3a4a4mn coBpeMeHHON dapMauum. MNepcneKTUBHBIMM MCTOYHMKaMK NoslyveHns ¢utonpenapaTos
AB/IAIOTCA CyXMe IKCTPAKTbI CTONBUKOB C pbinbLamu Kykypysel (CPK) 1 kopHelt conomougeta apysyboro (KCZ), a Takwe cybcraHums
¢dnaBoHonaa pyTuHa.

Lienb paboTbl — paspaboTka cocTaBa U TEXHOIOMMU FPaHy/1 KOMMO3MLMKM CyxnX SKCTPakToB CPK 1 KC/, ¢ pyTMHOM, NPUroAHbIX 415
NoNy4YeHUs eKapcTBeHHOM GpOPMbI B BUAE TBEPAbIX XeNaTUHOBbIX Kancy, npeAsiaraeMoi B Ka4ecTBe AMypeTUHecKoro Kaauiicbepera-
Iolero cpeacTea.

Marepuan u metoabl. O6beKTh UCCNef0BaHNA — pa3paboTaHHble aBTopaMm cyxue 3KcTpakTbl CPK n KCJ 1 cybcTaHumsa pyTuHa.
BcrnomoraTenbHble BelecTBa, NPUMeHAeMble AN NpoLiecca FpaHyIMPOBaHUA: NakTo3a 6e3BoAHas, MarHua KapboHaT, KasbLmua Kap6o-
HaT, KpaxMasl KyKYpY3Hbl, MUKPOKpUCTanandeckas uennnosa MKL, 101. TexHonormyeckne cBoMCTBa MaTepuasioB U MokasaTesn
KayecTBa rpaHy/IAToB OMpeAeNsn No papMaKonenHbIM MeTogukam (Fd PO XIV nsgaxus).

PesynbTathbl. MokasaHo, 4To Bce cyxue aKkcTpakThl CPK 1 KC/J obnagatoT Hey0BN€TBOPUTE/IbHBIMU TEXHO/I0MMYECKUMM CBOMCTBA-
MWU. [lna nonyyeHus Cbiyyei MacChl C OAHOPOAHBLIM GPAKLIMOHHBIM COCTaBOM UCC/1E0BAIN PAa3/INYHbIE KOMMO3MLMK, COCTOALNE U3
cMecun cyxumx sKkcTpakToB CPK, KC/, v pyTuHa B cooTHoweHun 1: 3 : 1 1 BcnoMoraTeNbHbIX BELWeCTB. M3yyeHbl TEXHONIOrMYeCKMe CBOW-
CTBa rpaHy, BbIbpaHbl ONTUMasibHble COCTaB M TexHo0ruA. [NogobpaH pa3Mep TBepAbIX XenaTMHOBbIX Kancy/l. OCHOBbIBaACh Ha 3Have-
HUAX HACbINMHOM NNOTHOCTM FpaHy/ 1 TepaneBTUYeCKN 060CHOBaHHOW f03bl, 417 ¢pacoBKu BbiGpaHbl Kancy/ibl pasmepom N2 00.

3akntoueHne. Pa3paboTaH COCTaB U TEXHOIOTUA NOYYEHNA FPaHYNATOB KOMMO3ULMM CYXMX 3KCTPAKTOB CTONIGMKOB C pbi/bLLaMu
KYKYPY3bl M KOPHei1 conioMoLBeTa /By3y60ro ¢ pyTUHOM, 06/1aAatoluX YA0B1eTBOPUTE/IbHBIMU TEXHONOTUYECKMMM XapaKTepUCTMKaMu,
NO3BO/IAWMMK UCMO/Ib30BaTb UX A/1A NOJYHYeHUA SIeKapCTBEHHON GOpMbI B BUAE TBEPAbIX XeNaTUHOBbIX Kancy. MogobpaH pasmep

TBEP/AbIX eaTUHOBbIX Karncy/ C Lie/1blo anpob1upoBaHMA TEXHOIOTUM B MPOU3BOACTBEHHbIX YCI0BUAX.
KnioyeBble c/oBa: Cyxoi IKCTPaKT, KYKypy3Hble pbiibLa, Styli cum stigmatis Zeae maydis, kopHu conomouseTa ay3y6oro, Radices

Achyranthidis bidentatae, rpaHynbl, TeXHOJIOTMYeCKME CBOMCTBA.

Ana yutuposanua: Nguyen Thi Ngan, M.G. Ozhigova, I.E. Kaukhova, V.A. Weinstein. Development of composition and technology
of granules with dry extracts of corn silk and roots of achyranthes bidentata. Farmatsiya (Pharmacy), 2019; 68 (4): 32-38. https://doi.

org/10/29296/25419218-2019-04-05

Introduction

Not only synthetic drugs, but also medicinal
substances derived from plants are used for
the prevention and treatment of various diseases.
These compounds are effective because of the
presence of biologically active substances ( BAC) that
provide a wide range of pharmacological action.
In this case, the purification of a herbal extract or
individual medicinal substances of plant or synthetic

origin are often used as active substances.

The phytocompositions selected for research
include dry extracts of corn silk (CS), roots of
Achyranthes bidentata (AB) and the substance of
rutin. Corn silk has been used in traditional and
official medicine in many different countries
around the world. Besides cholagogue, diuretic,
hemostatic effects, the modern pharmacological
researchsproved it to possess anti-inflammatory,
neuroprotective, hypoglycemic, anti-diabetic and
many other pharmacological properties [1].

Achyranthes bidentata Bl. is a tropical plant in the
Amaranthaceae family. It has been used in traditional
and official Chinese and Vietnamese medicine, as
well as in other countries for the treatment of various
diseases. The root of A. bidentata is an important

herbal medicine, which contains significant amounts
of biologically active compounds (BAC), such as
triterpenoid saponins(oleanolicacidandits glycoside),
phytosteroids (ecdysterone,in okosteronean drub
rosterone), polysaccharides, amino acids, alkaloids
and coumarins [2]. Achyranthes extract lowers high
cholesterol, raises uterine tone, slows the heart rate
and is used as a diuretic for the treatment of kidney
diseases and hypertension. In addition, Achyranthes
bidentata Bl is applied in the treatment of rheumatic
and in-flammatory diseases [3].

Rutin is one of the bioactive compounds which is
contained in many plants and food derived from plant
[4]. As a medicinal substance, rutin has a wide range
of pharmacological activities, including antioxidant,
cytoprotective, vasoprotective, anticar-cinogenic,
neuroprotective and cardioprotective activities [5].
In Russia, rutin is registered in the State Register of
Medicines (GRLS Russian Federation) and used as an
angioprotector and microcirculation corrector.

The aim of this research is to develop the
composition and technology of granulation made
from dry extracts and rutin. It is suitable for
preparing a solid gelatin capsule dosage form which is
recommended to use as a potassium-sparing diuretic.
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Materials and methods

The research objects were dry extracts of corn
silk and Achyranthes bidentata [6,7]. Their main
specifications are presented in table 1. Excipients
used in the research are presented in table 2.

Technological characteristics of dry extracts and
granules were determined according to generally
accepted methods [8]. First, Fractional composition
was determined by sieve analysis. Secondly, Bulk
volume and bulk density were studied on a device
Tapped Density Testers ERWEKA SVM 221. Besides,
the Granulate flow tester ERWEKA GT was used to
record Flowability. Finaly, Residual moisture was
determined by the gravimetric method according to
OFS «Weight Loss on Drying» State Pharmacopoeia RF.

Moisture absorption at relative air humidity of
98% was researched was studied with the help of
a laboratory desiccator by the method: Put 2 dry
extracts samples weighing about 200 mg (accurate
to 0,1 mg) into 2 weighing bottles. Then each bottle
was kept inside adesiccator bottle containing of

10% glycerol solution. The relative humidity was
98+1% and temperature was 25+2°C. This test last 72
hours,every 1 hour the mass change of powder was
recorded.

The disintegration of granules was determined
on Disintegration Tester ERWEKA ZT 221 according
to OFS «Disintegration of tablets and capsules» State
Pharmacopoeia RF.

Results and discussion

Technological and physicochemical characteristics
of dry extract are the most important values in
the development and production of dosage forms.
Technological characteristics of dry extracts and
granules were studied and the results are presented
in table 3.

Analyzing the technology properties of the DECS
and DEAB showed that all of them were unsatisfactory.
Dry extract of CS is characterized by very bad
flowability and low bulk density. The flowability of
dry extract AD was a little higher, however it cannot

Table 1

Quality indicators of dry extractsof corn silk and Achyranthes bidentata

Name indicator

Description
smell.

Characteristics of dry extract CS

Powder with a particle size of 0,1 to 0,5
mm, red-brown in color, with a specific

Characteristics of dry extract AB

Powder with a particle size of from 0,1 to
0,5 mm, from golden brown to yellow
brown, with a slight specific smell and

sweet taste

Qualitative analysis

Content BAC,%

Weightlosson drying, %

TLC method in the system n-butanol acetic
acid — water (4:1:5). Two spots (retention
factor (Rf) 0,71+0,01 and 0,89%0,01) detected
by spraying the plates with 2% ethanolic
aluminum chloride. Rf value 0,89 indicated
the presence of luteolin.

The content of flavonoids (in terms of
luteolin): 2,52 * 0,07 %

3,24 £ 0,31

The TLC method in the system: n-butanol —
ethanol - 25% ammonia solution (7:2:5).
One spotwas detected by spraying the plates
with 20% sulfuric acid. Rf value 0,9
indicated the presence of oleanolic acid.

The content of saponins (in terms of
oleanolic acid): 5,75 * 0,34%

2,76 £ 0,05

Table 2

Characteristics of the excipients

Ne Name of substances Regulatory documents Brand and country of manufacture
1 Lactose (anhydrous), OST 49-63-85 DFE Pharma,Germany

2 Aerosil A-300 GOST 14922-77 SigmaAldrich, USA

3 Magnesium carbonate GOST 6419-78 Sigma-Aldrich, Germany

4 Calcium carbonate GOST 4530-76 Sigma-Aldrich, Germany

5 Cornstarch GOST 32159-2013 Component-Reactive, LLC, Russia

6 Microcrystalline cellulose (MCC 101) FS 42-08803-98 FelitsataHolding, LLC, Russia

7 Rutin ND 42-11607-05 Merck ,Germany

34
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be considered as a satisfaction. Therefore, to combine
them in a single dosage form,wet granulation needs
to be used. The composition of extract contains
water-soluble adhesives, so binders are unnecessary,
it is sufficient to moisten the mass with the selected
solvent — alcohol solution.

Researching hygroscopic properties of DECS and
DEAB is one of the most important properties that
figures out their quality and stability.

Hygroscopicity was tested at relative humidity of
air of 98% (fig.1).

Based on the results of the
experiment, it was found that,

the composition including rutin and phytoextracts
of corn silk and Achyranthes bidentata in the ratio
1:3:1 produced a comparable diuretic activity with
standard Verospiron. On the basis of pharmacological
researches, the composition and the magnitude of a
dose of the active ingredients for the dosage form
were recommended as following: DECS - 60 mg;
DEAB - 180 mg; Rutin - 60 mg.

The next task was the choice of excipients and an
appropriate granulation technology, which provided

Table 3

The technology properties of the DECS and DEAB

atarelative air humidity of 98 %

(fig.1), the moisture absorption Ne Name
kinetics were mostly similar indicator
between 2 extracts. After 6

hours of the experiment, the

moisture content increased to Flowability,
10 % (fig. 1a). Extracts turned 1 glsec
into sticky, non-flowing

powders. After 72 hours, the

moisture content increased to

50% and the extracts became Angle of
a dense, sticky mass (fig. 1b). |2 repose,
The refore, in order to obtain Degrees

granules with flowability mass

and homogeneous fractional, Bulk volume

it is necessary to determine the after

composition of excipients and tapping, kg/

granulation technology. 2
Previous research conduc- Residual

moisture, %

ted in SPCPU showed that

0,2410,04

3,420,32

Dry
extract
AD

Dry
extract
CS

Reference Values

8,612 gfsec — very good
6,6-8,5 gfsec — good;
3-6,5 gfsec — fair;
2-3 gfsec — passable;
1-2 gfsec — bad;
0,3-1 gfsec — very bad

2,58%0,07

22-28° — very good;
28-32° — good;
32—40° - fair;

40-45° - passable;
45-50° - bad;

50-65° — verybad
> 2000 kg/m?® — very heavy;
from 1100 to 2000 kg/m? - heavy;

from 600 to 1100 kg/m® — medium;
< 600 kg/m? easy flowing powder

57,04,7  48,014,6

46519 925128

3,6710,41 Not more than 5%

12
DECS=1.6108x+0.708
10 H R* =0 ] 5
8
6
4 yDEAB=1.4681x+1.2555
R*=0.8802
2
0
0 2 4 6 8 0 20 40 60 80
—#— Dry extract AB —+— Dry extract AB
~i— Dry extract CS —@— Dry extract CS
Fig.1. The hygroscopicity of dry extracts of corn silk (DECS) and Achyranthes bidentata (DEAB):
a — 6 hours; b — 72 hours. X-axis : time, hours; Y-axis : moisture absorption, %.
Ebapmaums 2019, . 68, N4 35
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the granule’s technology properties: flowability,
bulk density, angle of repose, fractional composition.
Excipients were investigated: anhydrous lactose,
magnesium carbonate, calcium carbonate, corn
starch, and microcrystalline cellulose (MCC 101). Wet
granulation technology was allowable to provide the
greatest homogeneous fractional of the granules,
however, aqueous solutions were unacceptable
due to the high hygroscopicity of dry extracts. The
studied binders included an alcoholic solution of 60%
to 96% concentration and 5% PVP solution.

The composition of the mixture contained rutin,
has low solubility in water. Therefore, to improve
the uniformity of mixing, increases wettability and
solubility, Tween-80 was added to the composition as
a wetting agent (granules N° 9 and N° 10).

Granules were prepared as follows: BAC was
introduced into the composition in the form of a
mixture SESRK: SEKSD: rutin in the ratio 1: 3: 1. The
filler wasadded and mixed thoroughly. The mixture
was moistened with a moisturizing solution,
thoroughly mixed until homogeneous, rubbed
through a 2 mm sieve and dried in a drying cabinet at
70°C. Dry powder was rubbed through a 1 mm sieve
and packaged in vials with stopperscap. Description

and fractional composition of the obtained granules
are presented in tables 4 and 5.

The collected experimental data demonstrated
that the most significant factors for receiving optimal
granules were the alcohol concentration of the
binder and the type of filler. A higher alcohol content
(96% and 90%, var. N® 1 and N¢ 3) did not provide
enough binding strength of the powder, and a large
amount of fraction less than 0,25 mm was formed
in the particles. Using 70% alcohol for granulation
was optimal because it achieved sufficient bonding,
the granulation processstill capability occur, the
mass did not stick to the sieve, was dried easily and
kept grain. The best fillers were lactose anhydrous
and the combination of lactose with starch, whereas
magnesium and calcium carbonates (var. N°® 4 and
N¢ 6) led to the formation of fragile granules with
a large amount of fine fraction. Thus, the obtained
granules of compositions N° 2,59 and 10 had
satisfactory technological properties (fig. 2).

In the first 5 hours, the weight gain of all particles
is linear. The fastest increase in moisture was the
granules N2 5 (up to 5% in 5 hours). Granules N° 2 and
N¢ 9 show the moisture absorption at the smallest
speed (fig. 2a). Granules at the same time did notlose

Table 4

Composition and size of granules

Fractional composition
. (size of granules),%
Ne Composition
less than from 0.25
0,25 mm to 1,0 mm
Mixture of BAC - 60 %; Lactose (anhydrous) — 39 %; Aerosil A-300 - 1 %; ot o
1 95% ethanol solution — 35 ml per 100 g of mixture 14,1620,03 85,8420,92
Mixture of BAC - 60 %; Lactose (anhydrous) — 39 %; Aerosil A-300 - 1 %; o o
2 70% ethanol solution — 16 ml per 100 g of mixture 7,8920,08 92,111,02
Mixture of BAC - 60 %; Lactose (anhydrous) — 39 %; Aerosil A-300 - 1 %; " "
3 5% PVP solution in 90% ethanol — 18 ml per 100 g of mixture 411x0.32  45,89£0.81
4 Mixture of BAC - 60 %; Magngsmm carbonate — 30 %; qun starch. — 10 %; 70% 47.7140.81 52.2040,42
ethanol solution — 16 ml per 100 g of mixture
Mixture of BAC - 60 %; Lactose (anhydrous) — 34 %; Corn starch — 6 %; o -
> 70% ethanol solution — 16 ml per 100 g of mixture 5,4610,05 94,54%1,05
Mixture of BAC - 60 %; Microcrystalline cellulose (MCC 101) — 10 %; n o
e Calcium carbonate — 30 %; 70% ethanol solution — 16 ml per 100 g of mixture e 87,4520,54
Mixture of BAC - 60 %; Microcrystalline cellulose (MCC 101) — 10 %; " o
7 Lactose (anhydrous) — 30 %; 70% ethanol solution — 14 ml per 100 g of mixture Ha2PEaLY eplicaaliZe
Mixture of BAC - 60 %; Microcrystalline cellulose (MCC 101) — 20 %; " i
8 Lactose (anhydrous) — 20 %; 70% ethanol solution — 15 ml per 100 g of mixture Y Ghalin 5l
Mixture of BAC - 60 %; Tween-80 — 1%; Lactose (anhydrous) — 40 %; + .
2 70% ethanol solution — 14 ml per 100 g of mixture S 22
Mixture of BAC - 60 %; Tween-80 — 1%; Lactose (anhydrous) — 34 %; + +
10 Corn starch. — 6 %; 70% ethanol solution — 12 ml per 100 g of mixture 7,380,04 92,6510,72
36 Ebapmaumn 2019, 1. 68, Ne4
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Table 5
Technological properties of granules

Ne Flow- Angle Weight  Disinte- Bulk volume  Bulk volume Carr Compres- Hausner

var.in ability of repose, Losson gration  before tapping, after tapping, sibility Index ratio

table 4 gjsec* Degrees Drying % time, min kg/m? kg/m?® IC=100(V-V))/V, HR=V |V,

1 4,6 35 2,81 0,86 470 540 13,0 1,15

2 7,0 27 3,36 0,56 560 660 15,1 1,18

3 2,6 37 2,53 4,49 370 410 9,75 1,11

4 4,5 35 3,26 0,56 450 500 10,0 1,11

5 7,3 25 3,35 1,11 570 610 6,55 1,07

6 5,3 35 2,63 1,84 690 760 9,21 1,1

7 5,6 30 2,59 1,01 480 550 12,7 1,145

8 4,7 37 1,96 0,74 500 540 7,4 1,08

9 9,4 25 2,43 1,02 540 620 12,9 1,15

10 7,9 27 2,23 1,02 520 610 14,7 1,17
the flowability. After 72 hours of the experiment, the researches, dosage of phytocomposition was

moisture content increased to 30 % (granules N2 5)
and the granules turn into sticky, non-flowingmass
(fig. 2b). Research showed that the N® 9 component
had the least moisture absorption.

Indicators of bulk density, flowability,
hygroscopicity, Carr Index and Hausner ratio
allowed to have an objective assessment of the
technological properties and suitability of the
granules for packaging in solid gelatin capsules.
Based on the totality of properties, the composition
and technology of granules N2 9 should be selected
for production. On the basis of the pharmacological

selected. The preliminary composition of the mass
for granulation is presented in table 6.

The bulk density of the granules was 620+21
kg/m?3. Dosage of phytocomposition in one capsule
should be 500-600 mg. The results of choosing solid
gelatin capsule sizefor encapsulating werepresented
in table 7. To obtain the final product, select the
capsule N° 00.

Conclusion
Analyzing the technology properties of the DECS
and DEAB showed that all of themwere unsatisfactory.

a6
y2=0.734x + 0.44
R? = 0.9925
y5 =0.924x + 0.832
4
y9=0.739x + 0.649
2 R?=0.9915
y10 = 0.855x + 0.563
R*=0.9929
0
0 1 2 3 4 5 6

= Granule N5
Granule N°10

== Granule N°2
=== Granule N9

b 35

30

25

20

15

10

0 20 40 60 80
—#— Granule N°2 —fil— Granule N°5
=== Granule N°9 Granule N°10

Fig.2. The granule’s hygroscopicityof compositions N2 2, 5, 9 and 10 (relative humidity of air of 98%):
a — 5 hours; b — 72 hours. X-axis : time, hours; Y-axis : moisture absorption, %.)
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Table 6
Composition of granules in one capsule

N2 Name Component Contents in one capsule, g
1 DECS 0,06

2 DEAB 0,18

3 Rutin 0,06

4 Lactose (anhydrous) 0,20

5 Tween-80 =

6 70% ethanol _

solution

The composition and technology of granules
with dry extracts and rutin, satisfied technological
characteristics. It is able to use them to produce a
solid gelatin capsule dosage form. The selected size
of solid gelatin capsules in order to apply production
conditions is N° 00.
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Table 7
Choosing the size of solid gelatin capsules
Size 000 00 0 1 2 3 4 5
Volume in ml 1,37 0,95 0,68 0,5 0,37 0,3 0,21 0,13
Weight of the selected composition, mg - 547.9 387,3 269,1 - 144,3 - -
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