A\ IANAVAY Intermational Journal of Applied Pharmaceutics

jm ACADENIC SCIENCES

Knowledge to innovation ISSN- 0975-7058 Vol 14, Issue 2, 2022

Short Communication

STUDY OF EMULSION PRODUCTS STABILIZED WITH SURFACTANTS BASED ON
RHAMNOLIPIDS PSEUDOMONAS SP. PS-17

PELEKH-BONDARUKI. R.1 ", VILDANOVA R. 1.2, KOBYLINSKA L. I.t “=*, BILA Y. Y.3 "=/, BILOUS S. B.1

1Danylo Halytsky Lviv National Medical University, Lviv, Ukraine, 2Department of Physical Chemistry of Combustible Minerals L. M.
Lytvynenko Institute of Physico-Organic Chemistry and Coal Chemistry, NAS of Ukraine, Lviv, Ukraine, 3lvan Franko National University of
Lviv, Lviv, Ukraine
Email: iryna.p.r.8@gmail.com

Received: 20 Nov 2021, Revised and Accepted: 06 Jan 2022

ABSTRACT

Objective: To study the effectiveness of the biocomplex of surfactants based on rhamnolipids Pseudomonas sp. PS-17 (biocomplex PS) as an
emulsifier in emulsions for use in dermatology.

Methods: Technological methods of o/w emulsions manufacturing, ultrasonic dispersion, as well as microscopic studies of manufactured emulsions
have been used.

Results: To select the concentration of biocomplex PS as an emulsifier, studies of the emulsifying properties of bio complex PS in comparison with
polysorbate 80 have been performed, taking into account the similarity of the hydrophilic-lipophilic balance of these substances. Several
compositions of emulsions have been studied in which the biocomplex PS has been used as an independent emulsifier in a concentration from 4 to
10%, as well as in combination with other emulsifiers-lanolin and glycerol monostearate.

Conclusion: The creation of stable o/w emulsions requires the use of high concentrations of biocomplex PS as an emulsifier, more than 10%, which
is impractical and economically unreasonable. The use of biocomplex PS as a co-emulsifier with emulsifiers of the second type allows obtaining
stable emulsions at a total concentration of complex emulsifier 7-10%.
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A significant number of dermatological medicines for dermal use are
emulsion forms, which make up about 90% of all cosmetic creams
and are widely used in compositions of topical semi-solid
preparations [1-3].

Emulsions belong to microheterogeneous systems, the stability of
which is of great importance because it affects the accuracy of dosing
of the active substance [4]. The stability of emulsions depends on
many factors, primarily on the type of used stabilizers. Among the
emulsion stabilizers, surfactants deserve the most attention due to
their multifunctionality. Preference is given to surfactants that are
insensitive to pH, safe for humans, and biodegradable. Surfactants of
microbiological origin meet these requirements [5].

Biosurfactants can form foams, emulsions, microemulsions regulate
the stability of dispersed systems with liquid dispersion medium
(aqueous and organic). Such physicochemical properties of these
substances allow stabilizing the functional properties of various
products. Biosurfactants increase the solubility of sparingly soluble
(insoluble) medicinal substances in water; increase the stability of
heterogeneous systems; extend the shelf life of medicines. The
structure of their molecules can explain the contribution of
biosurfactants to the improvement of various drugs: dipole
molecules are oriented in a certain way on the phase interface and
allow other substances to be adsorbed on them or to interact with
them [6]. The presence of surfactants in the composition of drugs
affects the bioavailability and efficacy of drugs.

Biosurfactants produced by B. subtilis, Pseudomonas spp.,
Streptomyces spp. are currently commonly studied [7, 8]. Their
advantage over synthetic surfactants is that they are biodegradable,
have low toxicity, and are used in low concentrations [6].

This study evaluates the effectiveness of the bio complex of surfactants
based on rhamnolipids Pseudomonas sp. PS-17 (biocomplex PS) as an
emulsifier in emulsions for use in dermatology.

The bio complex PS is a biogenic surfactant complex synthesized by
bacteria of the genus Pseudomonas, which is a viscous mass

consisting of rhamnolipids, alginate, and water [9]. The substance
was developed in the Department of Physical Chemistry of
Combustible Minerals L. M. Lytvynenko Institute of Physico-Organic
Chemistry and Coal Chemistry, NAS of Ukraine.

The biocomplex PS has been used as an independent emulsifier in
o/w emulsions, as well as as a co-emulsifier in combination with
emulsifiers of the second type-lanolin and glycerol monostearate.
Grape seed oil has been used as the oil phase of emulsions.

Emulsions of the o/w type with 30% of oil phase have been made in
the laboratory conditions using a laboratory homogenizer at a
stirring speed of 2000 rpm, the homogenization time was 15 min.

Before the microscopic examination, the emulsions have been mixed
and sonicated for 5 min using an ultrasonicator UZDN-A650T
(Akademprylad, Ukraine).

The Olympus BX51 microscope (Olympus, Japan) has been used to
study emulsions. Emulsion samples have been examined using a 40x,
0.75 NA high-aperture lens and a LUMC-B11/Sony camera (Labtron,
WB). The size of the dispersed particles has been determined using
the software complex Image], (NIH, USA); statistical analysis of the
particle size distribution in the emulsions was calculated by ANOVA
in the software complex GraphPad Prizm (GraphPad Software, USA).

During the development of drugs or cosmetics in the form of
emulsions, an important step is the choice of excipients that would
allow obtaining high-quality and safe products. Such key excipients
that require special attention are emulsifiers, which are preferably
surface-active whose molecules have a diphilic structure. They form
a boundary layer on the surface of immiscible liquids, which reduces
the surface tension, and thus increases the possibility of emulsion
formation [10].

The development of emulsions, in particular the choice of the
concentration of emulsifiers, is mainly carried out based on
experimental studies, which are quite expensive and require a long
time to conduct research.
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Hydrophilic-lipophilic balance (HLB) of surfactants is crucial for the
stabilization of emulsions and the optimal choice of emulsifier. If a
mixture of surfactants is used for stabilization, the number of HLB is
equal to their arithmetic value. The stability of emulsions also
depends on such factors as the nature of the dispersion medium and
the dispersed phase, the magnitude of the surface tension, and the
viscosity of the system [11, 12].

Most emulsifiers, which are surfactants, can cause side effects,
including allergic reactions [13]. Therefore, promising, in this case, is
the study of new excipients that would be safe for humans.

The Department of Drug Technology and Biopharmaceutics of
Danylo Halytsky Lviv National Medical University is conducting
studies of the biocomplex PS as a new auxiliary component, in
particular as a preservative and emulsifier.

The biocomplex PS is a biosurfactant synthesized by Pseudomonas
sp. PS-17. The composition of the biocomplex PS includes mono-and
dirhamnolipids, alginate, and water. The advantages of this form of
the product are its concentrated form, the possibility of long-term
storage, ease of transportation, and use. This biosurfactant has low
values of surface (27.9-29.8 mN/m) and interfacial tension (0.01-0.5
mN/m), high emulsifying and suspending activity (emulsification
index-65-85%) [9].

The biocomplex PS can also be used to produce rhamnolipids by
extraction, which are highly effective surfactants and can be used in
medicine and cosmetics as independent components. According to
the literature, the HLB of monorhamnolipid is 13, and
dirhamnolipid-21 [6]. This indicates that they can form stable
emulsions of the o/w type, thus can be used as an emulsifier.

At the first stage of our study, an empirical approach to the choice of
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biocomplex PS concentration has been applied, in particular, several
compositions of o/w emulsions with 30% of oil phase have been
investigated, in which biocomplex PS has been used as an
independent emulsifier, and emulsions in which biocomplex PS has
been used as a co-emulsifier in combination with emulsifiers of the II
type-lanolin and glycerol monostearate.

Since the studied emulsifier is similar to polysorbates in HLB
indicator, for selection of the concentration of biocomplex PS needed
to obtain stable emulsions, studies of the emulsifying properties of
biocomplex PS in comparison with polysorbate-80 have been
performed. Nonionic surfactants, especially polysorbate-20 and
polysorbate-80, are most commonly used to introduce hydrophobic
particles into aqueous solutions and to make oil-in-water emulsions.
Existing studies of polysorbates in the drug delivery system show
polysorbates as more biocompatible, minimally toxic, less hemolytic,
and with low levels of cell surface irritation that can maintain
physiological pH in solutions [14-16]. It is known that for
stabilization of emulsions polysorbate-80 is used in the amount of
1.0-2.0 g per 10.0 g of oil [6], so in the studied emulsions
biocomplex, PS as an independent emulsifier is used in a
concentration from 4 to 10%. Taking into account the well-known
approaches to the use in o/w emulsions 70% emulsifier of the II
type and 30% emulsifier of the I type, in emulsions in which the
biocomplex PS is used as a co-emulsifier, a complex emulsifiers
lanolin anhydrous: biocomplex PS or glycerol monostearate:
biocomplex PS is used in a ratio 70:30 with a total content of
emulsifiers from 4 to 10%.

The manufacture of emulsions involved the application of
technological rules and techniques used in the manufacture of semi-
solid preparations [17]. The compositions of the studied emulsions
are shown in table 1.

Table 1: Emulsions stabilized with biocomplex PS

Name of components Compositions
Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7 Ne 8 Ne 9
Grape seed oil 30.0
Biocomplex PS 4.0 7.0 10.0
Complex emulsifier (lanolin anhydrous: 4.0 7.0 10.0
biocomplex PS 70:30)
Complex emulsifier (glycerol 4.0 7.0 10.0

monostearate: biocomplex PS 70:30)

Aquae purificatae till 100.0

As a result of studying the stability of emulsions, it was found that
emulsions stabilized only with biocomplex PS in the studied
concentrations are not stable for a long time, they separate rapidly
and require high concentrations of biocomplex PS, more than 10%,
which is impractical and economically unreasonable. The
separation time of the emulsions depends on the concentration of
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the biocomplex PS, the emulsions with 10% of biocomplex PS
remained stable for the longest time. Stirring the samples for 5
min using an ultrasonic dispersant UZDN-A650T (Akademprylad,
Ukraine) did not significantly improve the stability of the
emulsions. Fig. 1 shows the microstructure of experimental
samples Ne 1-6.

50pum

Fig. 1: Microphotos of the studied samples of emulsions Ne 1-6 (magnification 40x)

316



P.B.LR.etal

After 12 mo of storage of emulsions N2 1-2, their separation and
formation of dark inclusions have been observed, which indicates
microbiological contamination and the need to introduce additional
preservatives (fig. 1-1, red arrows). Such results confirm the results
obtained earlier about the unsuitability of biocomplex PS use as the
only preservative in o/w emulsions, but only as a part of complex
preservative [18].
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The combination of the biocomplex PS with other surfactants, in
the ratio 30% of the I type emulsifiers (biocomplex PS) and 70%
of the II type emulsifiers, allows obtaining more stable
emulsions, the stability of which is additionally confirmed by
microscopic studies. Fig. 2 shows the microstructure of
experimental samples N2 7-9 and the dimensional distribution of
their particles.

Size distribution of particles

el

Linear size, ym
—

-

ANOVA p<0.0001

8
Sample

Fig. 2: Microphotos of emulsion samples N2 7-9 and dimensional distribution of their particles (magnification 40x)

According to the results of the study of organoleptic and microscopic
characteristics of emulsions samples with a complex emulsifier
(lanolin  anhydrous: biocomplex PS 70:30), the optimal
concentration of the complex emulsifier is 10% (composition Ne 6);
the used concentration of complex emulsifier in the amount 4% did
not ensure the formation of stable emulsion (composition N¢ 4)-the
emulsion separated, was characterized by low viscosity; the use of
7% complex emulsifier contributed to the formation of an emulsion
with a large particle size of the dispersed phase (composition Ne 5).

The use of a complex emulsifier (glycerol monostearate: biocomplex
PS 70:30) in all studied concentrations provided the formation of
stable emulsions (compositions N¢ 7-9), but the use of 10%
emulsifier contributes to excessive thickening of the emulsion
(composition Ne 9). The optimal concentration of this complex
emulsifier was 7% (composition N2 8). The average particle size in
the emulsions was 1.665+1.032 um (mean+standard deviation) for
sample Ne 7 with a median size 1.37 um, n = 1123, for sampleNe 8
the average particle size was 1.024+0.670 um with a median size
distribution 0.85 pm, n = 6869, and for samf?9 the average
particle size was 1.123 um#0.653 um with a median size distribution
0.992 pm, n = 2154. SamplesNe 7 -9 significantly differed in particle
size distribution in emulsions (fig. 2) determined by the ANOVA
method, p<0.0001).

Thus, the creation of stable o/w emulsions requires the use of high
concentrations of biocomplex PS as an emulsifier, more than 10%,
which is impractical and economically unreasonable. The use of
biocomplex PS as a co-emulsifier with emulsifiers of the II type
allows obtaining stable emulsions o/w at a total concentration of
complex emulsifier 7-10%.

FUNDING

No financial support to declare.
AUTHORS CONTRIBUTIONS

All the authors have contributed equally.
CONFLICT OF INTERESTS

The authors declare that they have no conflicts of interest regarding
the publication of this paper.

REFERENCES

1.  Darzuli NP, Hroshovyi TA. Suchasni pidkhody do zastosuvannia
emulhatoriv ta konservantiv u skladi dermatolohichnykh
likarskykh zasobiv. Farmatsevtychnyi Chasopys. 2018;4(3):45-
51.doi: 10.11603/2312-0967.2018.3.9377.

317


https://doi.org/10.11603/2312-0967.2018.3.9377�

10.

11.

P.B.LR.etal

Yadav SK, Mishra MK, Tiwari A, Shukla A. Emulgel: a new
approach for enhanced topical drug delivery. Int ] Curr Pharm
Sci. 2017;9(1):15-9. doi: 10.22159/ijcpr.2017v9i1.16628.

Sah SK, Badola A, Mukhopadhyay S. Development and
evaluation of tioconazole loaded emulgel. Int ] Appl Pharm.
2017;9(5):83-90. doi: 10.22159/ijap.2017v9i5.20046.
Yefimova VG, Pilipenko TM, Khrokalo LA, Lyshuk OV, Fedorchuk
SV. Reception of optimal basis of emulsion cosmetic products with
surface types of dispersion systems. Herald Knu. 2019;269(1):114-
7.doi: 10.31891/2307-5732-2019-269-1-114-117.

Singh A, Van Hamme ]JD, Ward OP. Surfactants in microbiology
and biotechnology: Part 2. Application aspects. Biotechnol Adv.
2007;25(1):99-121. doi: 10.1016/j.biotechadv.2006.10.004.
PMID 17156965.

Banat IM, Franzetti A, Gandolfi I, Bestetti G, Martinotti MG,
Fracchia L, Smyth T], Marchant R. Microbial biosurfactants
production, applications and future potential. Appl Microbiol
Biotechnol. 2010;87(2):427-44. doi: 10.1007/s00253-010-
2589-0, PMID 20424836.

Al-Hulu SM. Antibacterial activity for biosurfactant produced by
Streptomyces SPP. isolated from soil samples. Asian ] Pharm Clin
Res. 2020;13(7):109-10. doi: 10.22159/ajpcr.2020. v13i737472.
Chitra B, Vijayakumar ABS. Assessment on antimicrobial
properties of surfactin from bacillus subtilis on protoplasts and
spheroplasts of pathogenic bacteria. Int J Curr Pharm Sci
2017;9(1). doi: 10.22159/ijcpr.2017v9i1.16612.

Karpenko OV, Martyniuk NV, Shulha OM, Pokynbroda TI,
Vildanova RI, Shchehlova NS. Patent Ukrainy 71792 A, 15. MPK;
2004.

Ruban OA, Pertsev IM, Kutseko SA, Maslii YS. Dopomizhni
rechovyny u vyrobnytstvi likiv: navch. posib. dlia studentiv
vyshch. farmats. navch. zakl. Kharkiv: Zoloti storinky. In
Ukrainian; 2016.

lefimova V, Pylypenko T, Nikora O, Nevpriaha P. Rozrobka
retseptury emulsiinoho kosmetychnoho produktu na osnovi

12.

13.

14.

15.

16.

17.

18.

Int ] App Pharm, Vol 14, Issue 2, 2022, 315-318

koloidnykh  zakonomirnostei.  Tekhnichni  Nauky Ta
Tekhnolohii. 2018;1(11):178-87. doi: 10.25140/2411-5363-
2018-1(1)-178-187.

Lupak M, Khokhla M, Hachkova G, Shulga O, Sheglova N,
Vildanova R, Zyn A, Sybirna N. Application of biogenic
surfactants for stabilization on alkaloid-free fraction isolated
from Galega officinalis extract. Biol Stud. 2015;9(1):25-36. doi:
10.30970/sbi.0901.397.

Voronov SA, Stetsyshyn YB, Panchenko YV, Vasyliev VP.
Toksykolohichna  khimiia  kharchovykh  produktiv ta
kosmetychnykh  zasobiv. Lviv: Vydavnytstvo Lvivskoi
politekhniky. In Ukrainian; 2010.

Ebenazer A, Franklyne ]S, Mukherjee A, Chandrasekaran N.
Development of azithromycin loaded lemongrass oil based
microemulsion and determination of antibacterial potential. Int
] Appl Pharm. 2018;10(6):72-81. doi:
10.22159/ijap.2018v10i6.25417.

Surini S, Mellani T. Formulation and physical evaluation of
microemulsion and w/o/w multiple emulsions dosage forms
with alpha arbutin, lactic acid, and niacinamide as skin-
whitening cosmetics. Int ] Appl Pharm. 2017;9(1):67-70. doi:
10.22159/ijap.2017.v9s1.39_45. v9s1.39_45.

Surini S, Negoro NM. Development of microemulsion and
water/oil/water multiple emulsion containing beta-arbutin,
lactic acid, and sodium ascorbyl phosphate. Int ] Appl Pharm.
2020;12(1):212-20. doi: 10.22159/ijap.2020.v12s1.FF048.
v12s1. FF048.

Chuieshov VI, Hladukh YV, Saiko IV. Tekhnolohiia likiv
promyslovoho vyrobnytstva: pidruchn. 2013. In Ukrainian; 2-e
vyd., pererob. i dopovn.-Kharkiv: NFaU, Oryhinal; 2013.

Pelekh I, Dilai N, Bilous S, Vildanova R, Shulha O. The study of
PS biocomplex as a promising antimicrobial preservative in
compositions of medicinal and cosmetic products. Science Rise:
Pharmaceutical Science 2017;3(7):11-4. doi: 10.15587/2519-
4852.2017.103442.

318


https://doi.org/10.22159/ijcpr.2017v9i1.16628�
https://doi.org/10.22159/ijap.2017v9i5.20046�
https://doi.org/10.31891/2307-5732-2019-269-1-114-117�
https://doi.org/10.1016/j.biotechadv.2006.10.004�
https://www.ncbi.nlm.nih.gov/pubmed/17156965�
https://doi.org/10.1007/s00253-010-2589-0�
https://doi.org/10.1007/s00253-010-2589-0�
https://www.ncbi.nlm.nih.gov/pubmed/20424836�
https://doi.org/10.22159/ajpcr.2020�
https://doi.org/10.22159/ijcpr.2017v9i1.16612�
https://doi.org/10.25140/2411-5363-2018-1(1)-178-187�
https://doi.org/10.25140/2411-5363-2018-1(1)-178-187�
https://doi.org/10.30970/sbi.0901.397�
https://doi.org/10.22159/ijap.2018v10i6.25417�
https://doi.org/10.22159/ijap.2017.v9s1.39_45�
https://doi.org/10.22159/ijap.2020.v12s1.FF048�
https://doi.org/10.15587/2519-4852.2017.103442�
https://doi.org/10.15587/2519-4852.2017.103442�

