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DEVELOPMENT OF FORMULATION AND TECHNOLOGY OF FOAMING AGENT
FROM MASTIC (PISTACIA LENTISCUS L.) GUM
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Helicobacter pylori (H. pylori) and its eradication prob-
lem is the subject of intensive research. Since its discov-
ery (1982), this gastropathogen has been considered a
serious public health problem due to its association with
dyspepsia, gastritis, gastric and duodenal ulcers, and gas-
tric carcinoma. Helicobacter pylori is detected in 50-80%
of Asia’s population, 70-90 percent of Africa, 30% of
USA, 70% of Eastern Europe, 30-50 percent of Western
Europe, and 20% of Australia’s population. H. pylori in-
fection is influenced by age, ethnicity, gender, region, and
socioeconomic level [1,5,10].

Numerous investigations on the efficient eradication of
H. pylori have been conducted in vitro and in vivo tri-
als since its discovery. Proton pump inhibitors, several
antibiotics, bismuth salts, and other substances were in-
vestigated. However, research show that these medication
regimens are ineffective. The increase of H. Pylori antibi-
otic resistance is the most significant issue impeding suc-
cessful therapy. Among the difficulties are the following:

- side effects of proton pump inhibitors and antibacte-
rial drugs - cytotoxicity to the intestinal flora and general
toxicity to the body [3,4,10];

- negative attitude towards taking tablets and capsules
by patients and the prescription’s vulnerability [2].

As a consequence, it is critical to develop local antibac-
terial, targeted delivery formulations for H. pylori eradica-
tion that offer extended action and are characterized by high
bioavailability up to H. pylori’s localization in the stomach
mucosa based on the biologically active ingredient [6].

The evergreen plant Mastic gum (Pistacia lentiscus L.,
family Anacardiacae, genus Pistacis L.) was discovered
to exhibit bactericidal effect against 11 strains of Heli-
cobacter pylori. The European Medicines Agency (EMA)
certified Pistacia lentiscus L. gum as a herbal medicine
in 2015 for two therapeutic indications: moderate dys-
pepsia and skin inflammation/minor wound healing. Poor
solubility and biological permeability, on the other hand,
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greatly decrease its healing capability [7].

As a result, the present challenge is to create a mecha-
nism that allows for enhanced medication penetration
across the epithelial barrier in the stomach. In this aspect,
foams are very interesting.Foams are light systems, un-
like solid medicinal forms, they do not swell, on the con-
trary, they grow in volume, completely covering the mu-
cous membrane. Foams are considered as an alternative
to solid and liquid therapeutic forms, they do not require
taste correction, are designed for delivery a healing sub-
stance through the skin and mucous membranes, and for
effective treatment [2,8,9].

The aim of the research was to determine the formula-
tion of the innovative medicinal form - foam system from
Mastic gum and to develop the technology.

- To achieve is the goal we have to solve the follow-
ing tasks:

- Determining the formulation of the foaming powder
composition containing Mastic gum based on biopharma-
ceutical studies;

- Development of foaming powder technology contain-
ing Mastic gum;

- Study of physico-chemical and technological charac-
teristics of foaming powder;

Material and methods. Mastic gum, foaming agents,
foam stabilizing agents, foaming structure - polyol group
substances.

Biopharmaceutical, physico-chemical and technologi-
cal methods of analysis were used in the research process.

Results and discussion. In the first stage, the foaming
substances and their optimal concentration were deter-
mined. Surfactants were used for this purpose: (surfac-
tants) sodium lauryl sulfate (SLS), lecithin, egg white pro-
tein, sodium dodecyl sulfate (SDS). During the research,
the ability of the above substances (foaming agents) to
foam, both individually and in combinations, was studied.
The results are shown in Figs 1 and 2.
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Fig. 1. Foaming ability of Sodium lauryl sulfate (SLS), Dry egg protein,
Sodium dodecyl sulfate (SDS) and Lecithin
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Fig. 2. Results of the combination of foaming agents sodium lauryl sulfate (SLS),
dry egg protein, sodium dodecyl sulfate (SDS) and lecithin foam forming ability
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Fig. 3. Quality of foams prepared in 1%, 2%, 3%, 4% xanthan and gelatin ratio 1: 1
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Fig. 4. Dry foam preparation scheme

According to the obtained results (Fig. 1,2), the combina-
tion of sodium lauryl sulfate (SLS) and lecithin, 2: 2.8%, was
selected considering the foam volume and foam stability.

After the selection of foaming agents, studies were con-
tinued to select the agents that maintain the foam stabil-

ity and to determine the appropriate concentration. The
© GMN

quality of foams prepared in 1: 1 ratio of 1, 2, 3 and 4%
xanthan and gelatin was studied (Fig. 3). When the foam
quality is from 0% to 52%, the air bubbles do not interact
with each other and are spherical in shape. The viscosity
of the foam is also low because there is a lot of free fluid

in the system, which in turn affects the possibility of fluid
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loss. When the foam quality is between 52% and 96%, the
air bubbles are in contact with each other and as a result,
the viscosity also increases. Foams with 52% and 60%
quality do not have the ability to hold air bubbles. When
the foam quality is more than 96%, the foam has a higher
viscosity and is better able to hold air bubbles, which in
turn ensures long-term stability of the foam.

Based on the obtained results, a combination of 2%
xanthan and gelatinin a 1: 1 ratio was selected as the foam
stabilizing agent and the desired concentration.

In the next phase of the research, the influence of fillers
and their concentrations on the formation of the structure
of a multilayer, dry foam system was studied. Isomalt,
sorbitol and maltodextrin were used as fillers. The foams
were prepared using the technological scheme shown in
Fig. 4. 12 foam formulations were prepared.

The foams prepared with sorbitol and maltodextrin after
drying had an uneven soft-sticky structure, with a smooth
surface. The resulting foam compositions are not subject to
granulation. Foam formulations prepared with isomalt have
produced dry foams with an even, funnel-like structure that
are suitable for granulation. Further studies were therefore
continued on foam systems prepared using isomalt.

Fig. 5. Microscopic analysis of isomalt foams
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In the next stage of the research, a microscopic study
of dry foam prepared using isomalt was performed (Fig.
5). Fig. 5 shows that the foam containing 20% isomalt is
characterized by small air bubbles of less liquid mass that
adhere tightly to each other; in 15% of cases, the air space
of the foam bubbles is slightly increased. As for the 10%
and 5% cases, the spatial forms of foam bubbles with a
large amount of liquid mass are increased.

To finally determine the optimal amount of isomalt, in
the next stage of the study we studied the effect of its con-
centration and active pharmaceutical ingredient (Mastic
gum 0.25 g, quantity determined on the basis of prelimi-
nary pharmacological studies) on foam stability, quality
and density. The results are presented in Table 1.

It can be observed from the results (Table 1) that the
foam density, stability, and quality improve in direct pro-
portion to the filler-isomalt concentration. The appropri-
ate concentration of foam filler - isomalt - was determined
to be 20% based on the results. Mastic gum, on the other
hand, has been determined to have no detrimental impact
on the foam quality.

At the next stage of the research, the physicaland tech-
nological properties of the dry foam system were deter-
mined. The results are presented in Table 2.

The results in Table 2 show that the powder looseness
of the foam system including Mastic gum is low, with ex-
tremely tiny particles and a high degree of particle den-
sity, which is most likely attributable to hygroscopicity.

The final stage of the research was devoted to determine
the formulation of capsules with containing a foaming
powder of mastic gum and development of the technology.
In order to improve the physical-technological properties,
the following substances were selected as excipients: dry
egg protein, metocell group substances - metocell K100,
metocell K15, metocell M102, as well as sodium hydro-
carbonate, citric acid, talc and calcium stearate. To ensure
the foaming ability of the capsules, gas-forming agents
were added to them: sodium bicarbonate and citric acid.

Table 1. Results of the study of the influence of isomalt concentration
and Mastic gum on the stability, quality and density of foam

Foam density, (g/sm?) Foam stability (min), ml Foam quality, (%)
Izomalt concentration Permissible limits according to NTD
0.2-0.7 g/sm? 45 min, 0-10 ml 96-100%

5% 0.36 45 min, 23 ml 66% (low)

10% 0.39 58 min, 16 ml 78% (low)

15% 0.48 73 min, 10 ml 85% (medium)

20% 0.67 90 min, 0 ml 96% (high)
Mastic gum, 0,25¢g 0.67 90 min, 0 ml 97% (high)
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Table 2. Results of determination of physical and technological characteristics
of the foam system containing Mastic gum

Physical and technological characteristics Results
Description Yellowish, brown amorphous powder
Particle shape and size Spherical crystals, measuring 131.34-189.28 pm
Flow rate g/s 2,19
Angle of difference,u 15,1+1,23
Bulk density, g/sm? 0,64+0,05
Tapped density g/sm’ 0,77+0,12
Moisture content, % 0,82+0,20

Table 3. Foam capsules formulations containing Mastic gum

Substances Formulation code and content of substances in capsules, mg
name Al A2 A3 A4 Bl B2 B3 B4 C1 C2 C3 Cc4
Mastic gum 250 | 250 250 250 250 250 250 250 250 250 250 250
SLS 9 9 9 9 9 9 9 9 9 9 9 9

Lecithin 12,6 | 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6 12,6

Xanthan 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45

Gelatine 4,5 4,5 4,5 4,5 4,5 4,5 4,5 4,5 4,5 4,5 4,5 4,5

Isomalt 90 | 90 90 90 90 90 90 90 90 90 90 90
Dry egg 38 | 35 32 34 24 2 41 30 25 32 20 39
protein
Sodium- 18 | 21 24 30 27 33 21 26 31 28 31 21

bicarbonate
Citric acid 6 7 9 10 9 11 6 10 8 7 10 7
Metocell
<100 9 - - - 12 - - - 12 - 12 :
Metocell K15 - 9 - - - 7 - 8 - 9 - -
MetocellM102 | - - 9 10 - - 10 - - - - 8
Talc 34 3 54 | 24 4 - 14 | 24 1 - 24 | 14
Calcium 5 | 44 - 3 34 | 64 - 3 24 | 34 4 3
stearate

Average mass | 450 | 450 450 450 450 450 450 450 450 450 450 450

Features Results of biopharmaceutical evaluation

Foaming start
time,
No more than
5 minutes

421 | 424 | 7,41 | 531 | 442 | 5,17 | 3,48 | 571 | 431 | 5,64 | 443 | 438

Foam volume,
ml. Not less 342 | 31,3 394 | 36,2 34,1 30,1 41,1 36,3 38,1 353 34,6 35,8
than 45 ml

Foam half-life

ume, min. | a0\ a3 | 407 | 454 | 421 | 464 | 515 470 [493 |462 |445 | 461
Notless than

40 minutes
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Interaction of sodium bicarbonate with citric acid and
solubility area (hydrochloric acid) results in the formation
of carbon dioxide (CO2) bubbles; as a consequence the
release of a significant portion stimulates the formation
of foam. Using selected excipients, 12 formulations for
the powder-capsule of the foam system containing Mastic
gum were compiled. The compositions are listed in Table
N3. Based on biopharmaceutical studies, was evaluated
Mastic gum containing capsules foam forming ability in
artificial gastric juice and their stability. The results are
presented in Table 3.

Formulation B3 (Table 3) is optimal according to the
onset of foaming, foam volume and foam half-life of
Mastic gum capsules.

Conclusions:Based on biopharmaceutical studies, the
formulation of capsules containing a foaming powder
composition was determined, mg: Mastic gum 250.0; So-
dium lauryl sulfate (SLS) - 9.0; Lecithin - 12.6; Xanthan
4.5; Gelatin 4.5; Isomalt 90.0; Dry egg whites - 41.0; So-
dium bicarbonate - 21.0; Citric acid - 6.0; Metocell M102
-10.0; Talc - 1,4.

The technology of preparation of Mastic gum foaming
powder containing capsules has been developed.

Foaming capsules containing Mastic gum, in artificial
gastric juice, with foam-forming ability and foam stability
meet the standard requirements for foam systems.
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SUMMARY

PABPABOTKA PELEIITYPBI U TEXHOJIOI'MU
MEHOOBPA3OBATEJISI U3 MACTHYHOM (PIS-
TACIA LENTISCUS L.) KAMEIHN

1Zazadze R., 'Bakuridze L.,
2Gongadze N., 'Bakuridze A.

IChavelashvili L.,

Thilisi State Medical University, Department of Pharma-
ceutical Technologies; *Department of Medical Pharma-
cology, Georgia

An acid fraction derived from the evergreen plant of
Mastic gum(Pistacia lentiscus L., family Anacardiacae,
genus Pistacis L.) has been found to have bactericidal
activity against 11 strains of Helicobacter pylori. How-
ever its healing potential is significantly reduced by poor
solubility and low biological penetration. Therefore, the
current problem is to develop a system that provides in-
creased penetration of the drug into the stomach through
the epithelial barrier. Foams are especially interesting in
this regard.

Foams are light systems, they do not swell, on the con-
trary, they grow in volume, completely covering the mu-
cous membrane. The foams do not require taste correction
and are designed to deliver a therapeutic substance from
the skin and mucous membranes and provide an effective
treatment.

The aim of the research was the determination of for-
mulation and development of technology of innovative
medicinal form from Mastic gum.

Based on biopharmaceutical studies, the formulation
of capsules containing a foaming powder composition
was determined: Mastic gum 250.0; Sodium lauryl sul-
fate (SLS) - 9.0; Lecithin - 12.6; Xanthan 4.5; Gelatin 4.5;
Isomalt 90.0; Dry egg whites - 41.0; Sodium bicarbonate
- 21.0; Citric acid - 6.0; Metocell M102 - 10.0; Talc - 1,4.
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The technology of preparation of Mastic gum foaming
powder containing capsules has been developed.Foaming
capsules containing Mastic gum, in artificial gastric juice,
with foam-forming ability and foam stability meet the
standard requirements for foam systems.

Keywords: Helicobacter pylori, eradication, biologi-
cally active substances, Mastic gum (Pistacia lentiscus
Linn.) and Foams.

PE3IOME

PABPABOTKA PEHNEINTYPBI M TEXHOJIO-
T'MU MMEHOOBPABOBATEJISI U3 MACTUYHOM
(PISTACIA LENTISCUS L.) KAMEJIA

Bazagze P.M., 'bakypuaze JI.A., 'Yaseaamsuiu JLT.,
Touranze H.B., 'bBakypuaze A.J.

"Tounucckuii 2ocydapcmeenvlii MEOUYUHCKULL YHUBEDCU-
mem, Oenapmamenm Qapmayesmuyeckux mexHonio0euil,
’0enapmamenm meduyurckol gpapmaronoauu, I pysus

Kucnast ¢ppaximsi, nosrydeHHast U3 BEYHO3EJICHOTO pac-
TeHust macTukoBod kamenu (Pistacia lentiscus L., ce-
MmeiictBo Anacardiacae, pox Pistacis L.), oOnagaer Gak-
TEPUIMIHON aKTUBHOCTHIO B OTHOIIEHMH 11 mTammoB
Helicobacter pylori. OqHako e¢ 1eJICOHBIA MOTCHITUAI
3HAUUTENLHO CHW)KACTCSl BBHUJLY IUIOXOHW pPacTBOPHMOCTH
U HHU3KOH OMOJOrMYCCKOM MPOHUKAIOIICH CIIOCOOHOCTH.
[ToaToMy akTyanbHOM 3amadeid sBisieTcsl pa3padoTKa CH-
CTEMBI, 00ECIIeUNBAOIIEH MOBBIIIEHHOE IIPOHUKHOBEHUE
npernapara B JKEJIYJIOK 4epe3 SMUTENUAIbHBI Oapbep.
Oco0eHHO UHTEPECHBI B ’TOM OTHOILIEHUH TECHBI.

[Tensl — 3TO JIeTKKE CUCTEMBI, OHU He HaOyXaloT, a Hao-
0OpOT, YBEJIIMUMBAIOTCSI B 00BEME, ITOJTHOCTHIO MTOKPHIBAS
CIIU3UCTYIO 0005104Ky. OHU HE TPEOYIOT KOPPEKIIUU BKyca
U TIpe/IHa3Ha4YeHbI JUIsl JOCTaBKH JIeYeOHOTO BEIECTBa C
KOXKH M CIIM3UCTBIX 000J104eK U obecriedeHust SPPeKTUB-
HOT'O JICUCHHMSI.

Llenb viccnenoBaHys - ONPEACICHHE PELENTY Pl U pa3-
paboTka TEXHOJIOTMH HHHOBALIMOHHOW JIEKapCTBEHHOMN
(hOpMBI M3 MACTHKOBON KaME/IH.

Ha ocHoBanuu 0uodhapMarieBTHYeCKUX HCCIICIOBAHMIA
OIlpe/iesieHa peLenTypa Karcyi, CoIep KalluX COCTaB Ie-
HOOOPAa3yIOIIero MopomKa: MacTHKoBas kameas - 250,0;
naypuicyibdar Harpus (SLS) - 9,0; nerurus - 12,6; kcan-
TaH - 4,5; xenatu - 4,5; uzomanst - 90,0; cyxue suuHbIC
oenku - 41,0; rugpokapOoHar Harpus - 21,0; TUMOHHAs
kucjaota - 6,0; metoriet M102 - 10,0; Tanbk - 1,4.

PazpaboraHa TeXHOJIOTHS IPUTOTOBIICHHUS IEHOOOpa3y-
IOIIETOo MOPOIIKAa MACTHKOBOM KaMen U e€ colepiKalinx
karicyn. IlenooOpasyromue Karcyinbl, coaepiKaiiie Ma-
CTHKOBYIO KaMe/lb B UCKYCCTBEHHOM JKEJIyJIOYHOM COKE,
o0Jiazarone MeHO00pa3yoe CroCOOHOCTRIO U CTa-
OMJIBHOCTBIO TICHBI, COOTBETCTBYIOT HOPMAaTHBHBIM Tpe-
0OBaHMSIM K ICHHBIM CHCTEMaM.
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