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The article presents the study results of developing the optimal composition for the base of the mask-
gel for treating telogen effluvium. The effect of the preservative potassium sorbate in different con-
centrations (from 0.1% to 0.3%) on the pH and structural-mechanical properties of gels has shown
that its 0.2% content provides pH 5 to the base, and it corresponds to the skin surface acid-alkaline
physiological range; the structural viscosity and thixotropy, the mechanical stability (MS) value (1.04)
and the high K, rate (63.48) corresponding to the optimal technological and consumer properties of
the gel base have been determined. The results of the biopharmaceutical and rheological studies
have confirmed that the base with 5% glycerin has the best ability to retain moisture in the composi-
tion, possesses the insignificant osmotic effect, and is characterized with proper viscosity compared
to other hydrophilic non-aqueous solvents (HNS) such as propylene glycol, the HNS mixture in the
ratio of 1:1. Therefore, the gel base of the following composition: sodium alginate — 1.0 g; carbopol
(Ultrez 10) — 1.0 g; glycerin — 5.0; potassium sorbate — 0.2; purified water — up to 100.0 g has the
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optimal properties.

Telogen effluvium (TE) — excessive hair loss in the
telogen phase — occupies up to 8% of cases among der-
matological diseases and is the most common form of
diffuse alopecia in women of the reproductive age [3,
4]. Induced factors of TE development are insufficient
dietary intake of nutrients, pathology of the digestive
and the endocrine systems, acute and chronic infectious
diseases, stress, toxic effects of drugs, postpartum pe-
riod, etc. Despite the wide range of health and beauty
products intended to stimulate hair growth the amount
of drugs indicated for TE treatment is limited at the phar-
maceutical market [8]. Therefore, development of new
effective medicines for TE therapy is a topical problem
of the pharmaceutical science.

In order to create new medicines the method of ob-
taining the nettle juice from its fresh aerial parts was
tested previously under laboratory conditions [7]. Biolo-
gically active substances (BAS) of the nettle juice (or-
ganic and phenolcarboxylic acids, carotenoids, chloro-
phylls, flavonoids, organically bound silicon, etc.) im-
prove the blood circulation in the skin capillary system,
stimulate metabolism and trophic processes, reveal rege-
nerating and growth-stimulating properties of the hair
follicle cells [11].

To provide the proper BAS penetration and the ease
of the nettle juice application the rational dosage form is
the mask-gel. This is due to several advantages of gels
compared to fatty or emulsion bases, namely gels pro-
vide deep BAS penetration through the skin structure,
easily applied and distributed on its surface, do not smear
and do not leave oily sheen on the hair, simple to pre-
pare [1, 5].

The previous studies of the rheological properties
of combined bases with carbopol and sodium alginate

in different ratios allowed us to propose the gel base
containing carbopol (Ultrez 10) — 1.0 g, sodium algi-
nate — 1.0 g, potassium sorbate — 0.2 g, purified water —
up to 100.0 g. Potassium sorbate has functions of a pre-
servative and a thickener (carbopol neutralizer) [6]. The
studies conducted at the Microbiology, Virology and Im-
munology Department of the Ivano-Frankivsk National
Medical University confirmed the efficacy of potassium
sorbate as an antimicrobial preservative in the concen-
trations of 0.1%, 0.2% and 0.3% in the composition of
the base selected. The next important task in substantia-
tion of the optimal composition of the gel base was to
study the effect of potassium sorbate at various concen-
trations on the pH and the rheological properties of the
experimental samples.

Hydrophilic non-aqueous solvents (HNS) — glycerin,
propylene glycol, sorbitol, polyethylene glycol 400, etc.,
are the necessary excipients of gel bases. HNS solubi-
lize natural high molecular substances (sodium alginate,
gums, etc.) and significantly accelerate their swelling,
promote solubility of hydrophobic BAS (chlorophyll, ca-
rotenoids), prevent evaporation of water during the tech-
nological process and the drug application, provide the
BAS even release and their deeper penetration through
the skin structures. However, the HNS concentration in
the gel formulations should not exceed 10% since these
substances in higher amount cause formation of the un-
pleasant sticky film on the skin surface, osmotic pro-
cesses and skin dehydration [1, 5].

Considering the above mentioned it is essential to
study the effect of potassium sorbate in different con-
centrations and HNS on the physical and chemical, rhe-
ological and biopharmaceutical properties of the mask-
gel base to develop its optimal composition.



ISSN 2415-8844 (Online)

NEWS OF PHARMACY 4(88)2016

ISSN 1562-7241 (Print) 39

Materials and Methods

The first stage of the experiment was preparation of
5 bases with the different concentrations of potassium
sorbate — 0.10%, 0.15%, 0.20%, 0.25%, and 0.30%. The
rheological studies of the experimental samples (struc-
tural viscosity, degree of thixotropy, mechanical stability,
the coefficient of dynamic liquefaction) were carried out
at the temperature of 20°C on a Brookfield viscometer,
type HB DV-II PRO, SC4-21 spindle with the chamber
volume of 8.3 ml. The value of the mechanical stability
(MS) of the experimental bases was determined as the
ratio of the structure strength border value before de-
struction (t,) to the structure strength border value after
destruction (t,) [1, 9]:

MS =1,/1, (1)

To study the extrusive properties of the bases the
coefficient of dynamic liquefaction was calculated by
the formula:

K, = (M18.6 — No3.0) - 100% , @)
MN18.6

where: 1,5, — is the base viscosity at the shear rate 18.6 s;
Nyso — 18 the base viscosity at the shear rate 93.0 s [9].

The pH measuring was performed potentiometrical-
ly in 10% aqueous solution of gels using the universal
pH-meter EB-74 at 20°C (SPhU, II-nd ed., art.2.2.3) [2].

After selecting the potassium sorbate optimal con-
centration 4 batches of bases were prepared: base 1 —
without HNS; base 2 — with 5% glycerin; base 3 — with
5% propylene glycol; base 4 — with 5% the HNS mix-
ture (1:1). For these samples the pH value, the water-re-
tention capacity, the rheological properties, the osmotic
activity were studied.

The water-retention capacity of the gels was studied
using the weight express method by infrared rays dry-
ing on the hygrometer of BT-500 torsion scales [1, 2].
For this purpose 0.2 g of the sample base was weighed,
and the electric lamp below the balance was turned on.
In the process of drying due to the moisture evapora-
tion the balancer deviated from zero, so it was regularly
adjusted to the zero level again. The end of drying was
considered to be the balancer position when it remained
at the zero point regardless of the subsequent drying.
The study was conducted for 25 min. The water-reten-
tion capacity was determined by the formula:

U= (Gpo— Gay)/Grnas - 100%, 3)

where: G, — is the base weight before drying, g; G, —
is the dried base weight, g.

moist moist

The osmotic activity of the samples was studied by
the method of dialysis through the semipermeable cel-
lophane membrane. The mass of the dialyzer inner cy-
linder with the weighed quantity of the base of 10.0 g
was measured every hour. The amount of liquid absor-
bed by the sample was expressed as a percentage of the
weight of the test sample [1, 5].

Results and Discussion

The results of measurement of the structural viscos-
ity for the bases with the different potassium sorbate con-
tent, their MS, the coefficient of dynamic liquefaction
and pH are presented in Table.

As can be seen from Tab., there is a direct correla-
tion between the increase of the structural viscosity of
the bases and the increase of potassium sorbate concent-
ration. The preservative content of 0.3% thickened base
5 to the value of 10250 mPa-s, which exceeded the opti-
mum parameters for the gel viscosity —2000-10000 mPa-s
at 20 rpm [5].

All samples had MS values from 1.051 to 1.081, i.e.
they were close to optimum (1.0); for base 3 (0.20%
potassium sorbate) MS was characterized by the best
indicator — 1.04. The appropriate MS values indicate the
gel ability to withstand the mechanical stress during pre-
paration and storage. The coefficient of dynamic lique-
faction was characterized by high values for bases 3-5
and was 63.48; 63.53; 63.90, respectively. The high va-
lues of K, indicate the convenience of applying the gels,
better dilution and distribution of active ingredients in
the base while stirring.

The important drug quality parameter is pH. The hu-
man skin surface is slightly acidic with pH in the range
of 4.5-5.5. Such physiological parameters prevent the
growth of pathogenic microorganisms and maintain the
viability of the beneficial microflora on the skin surface
[5]. Thus, medicines should be characterized by pH values
within the physiological range. As can be seen from Table,
base 3 had the optimal pH value (5.0+£0.04), while bases
2 and 4 were close to optimum (4.5+0.05 and 5.6+0.06).

The results of measuring the rheological proper-
ties of the bases with the different potassium sorbate
content are presented in Fig. 1 and 2. When studying
the dependence of the structural viscosity of gels on the
shear rate gradient it was determined that the structural
viscosity of the experimental samples decreased with
the shear rate increase (Fig. 1). However, for the sample
with the preservative lowest concentration (0.10%) this
dependence was less clearly observed. Such correlation
is typical for systems with a plastic flow and characteri-
zes gels as the structured dispersed systems, in which

Table

The study results of pH and rheological properties of the bases with the different potassium sorbate content

Indicator Base 1 Base 2 Base 3 Base 4 Base 5
(0.10% conc.) (0.15% conc.) (0.20% conc.) (0.25% conc.) (0.30% conc.)
n, mPa-s (20 rpm, 20°C) 4750+40 6298+60 6907+55 8502+70 10250450
MS 1.051 1.074 1.040 1.081 1.053
Ky 58.95 62.22 63.48 63.53 63.90
pH 4.2+0.06 4.5+0.05 5.0+0.04 5.6+0.06 6.2+0.04
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Fig. 1. The dependence of the structural viscosity of the bases with
the different potassium sorbate concentration on the shear rate.
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Fig. 2. Rheograms of the gel bases containing different
concentrations of potassium sorbate.

rheological properties will be strongly retained while
adding BAS.

The study of the “shear rate — shear stress” dependen-
ce (Fig. 2) showed that all samples were characterized
by the plastic flow type with a certain thixotropy since
there were the slight hysteresis loops of the ascending
and descending curves. The increase of the rheological
parameters of the bases was observed due to the incre-
ase of the potassium sorbate concentration; base 5 was
beyond the rheological optimum.

Thus, based on the rheological tests performed and
the pH measurement it was found that base 3 with 0.20%
potassium sorbate possessed the optimal properties; the
parameters of base 4 (0.25% potassium sorbate) were
close to optimum.

The next stage of the experiment was to study the
effect of 5.0% HNS (glycerin, propylene glycol, their
mixture — 1:1) on the water-retention capacity of the bases
when drying with IR-radiation. According to the results
of the experiment (Fig. 3) when introducing HNS the
gels lost moisture slower and in a smaller amount com-
pared to base 1 (sample without HNS). The water-re-
tention capacity was the highest for base 2 (glycerin),
the lowest — in base 3 (propylene glycol), average — in
base 4 (the HNS mixture).

The substantiation of the HNS content was also per-
formed according to the results of determination of their
effect on the osmotic properties of the gel bases. When
comparing the experimental samples with the HNS con-
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Fig. 3. The study of the water-retention capacity of the bases:

base 1 — without HNS; base 2 — with glycerin; base 3 — with
propylene glycol; base 4 — with the HNS mixture (1:1).
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Fig. 4. Kinetics of water adsorption of the bases of the test samples.

tent and control (base 1 — without HNS) it was found
that gels had the low osmotic activity (Fig. 4).

The ability of the bases with HNS to adsorb water
through the semipermeable membrane was the highest
in base 3 (propylene glycol), the lowest — in base 2 (gly-
cerin), average — in base 4 (the HNS mixture). Thus, the
reference sample absorbed approximately 14% of water
for the first four hours, while sample 2 — 15.5%, sample
3 — 18%, sample 4 — 16.5%.

Thus, the results obtained in studying the water-re-
tention capacity and the osmotic action of the samples
indicate that base 2 will not significantly change its com-
position in the process of preparation and application of
a drug, and it will not overdry the skin during prolonged
mask-gel local application.

In order to determine the HNS impact on the rheo-
logical properties of the gels their viscosity parameters
were studied (Fig. 5).
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Fig. 5. The dependence of the structural viscosity of the bases on
the shear rate: base 1 — without HNS; base 2 — with glycerin;
base 3 — with propylene glycol; base 4 — with the HNS mixture (1:1).
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The introduction of HNS greatly increased the struc-
tural and mechanical properties of the test samples: the
n value (at 20°C, 20 rpm) for base 1 was 4400 mPa-s,
for base 2 — 7000 mPa-s, for base 3 — 8000 mPa-s, and
for base 4 — 7300 mPa-s. Propylene glycol thickened the
base the most intensively, glycerin and the HNS mix-
ture had the similar rheological parameters of the bases.

When measuring the pH value it was found that intro-
duction of HNS slightly altered the acid-alkaline proper-
ties of the gels. Thus, the pH value for sample 1 was
4.64+0.40; for other bases with HNS pH it was approxi-
mately the same — within 5.00+0.04.

CONCLUSIONS

1. It has been found that the content of the preserva-
tive potassium sorbate from 0.1% to 0.3% significantly
affects the pH and the rheological properties of the gel
bases. The content of 0.2% of the preservative in the
base composition provides pH 5.0, which corresponds

to the skin surface acid-alkaline physiological range.
Moreover, the structural viscosity and thixotropy, the
MS value (1.04) close to optimum and the high K rate
(63.48) characterize the gel base as a base possessing
good technological and consumer properties.

2. According to the biopharmaceutical and rheo-
logical studies it has been confirmed that the base with
5% glycerin has the best ability to retain moisture in the
composition, possesses the insignificant osmotic effect,
and is characterized with proper viscosity compared to
other HNS (propylene glycol, the HNS mixture in the
ratio of 1:1).

3. Therefore, according to the pH values, rheologi-
cal and biopharmaceutical studies the gel base of the
following composition: sodium alginate — 1.0 g; carbo-
pol (Ultrez 10) — 1.0 g; glycerin — 5.0; potassium sor-
bate — 0.2; purified water — up to 100.0 g has the opti-
mal properties.
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OMPALIIOBAHHA CKITAQY OCHOBU Ir'Ento, NPU3HAYEHOIO AnA JNIKYBAHHA

TENOrEHOBOI ANONELIN
M.l.®edopoecnka, H.I.Monoeko

Knroyoei crioea: menoeeHo8a anoneuisi; Cik Kpornueu, 2esi; 0CHO8U; KOHCep8aHMU; 2i0poirnbHi

HEeBOOHI PO34YUHHUKU

lMpedcmaesneHi pe3ynbmamu 00CiOXKeHHS 3 orpayto8aHHs onmumasibHO20 cKady OCHO8U 2eflb-
Macku Onsl fliKy8aHHS mesio2eHo8s0i anoneyii. BusHadyeHHs 8ri/iugy KoOHcepeaHmy Kariito copbamy 8
pi3HUX KoHUeHmpauisx (8i0 0,1% 0o 0,3%) Ha pH ma cmpykmypHO-MexaHi4Hi enacmueocmi eersie
rokasaro, wo tozo 0,2% emicm 3abesredyye ocHosi: pH 5, ake xapakmepHe KUCII0OMHO-11yXXHOMY
baraHcy rnosepxi WKipu, CmpykmypHy 8’si3kicms i mukcomporiito, 3Ha4eHHs1 MC — 1,04 ma rnokasHuk
K, — 63,48, wo sidnosidaroms ii onimumarbHUM MEexXHOI02i9HUM ma CrIoXu84UM 8/1acmueocmsm. 3a
pesynbmamamu bioghapmayesmuyHUX ma peorioaiyHux enacmueocmed nidmeepdxeHo, Wo 0CHo8a
3 5% eniuepuHy e nopigHsiHHI 3 iHWuUmu MHP (nponineHanikons, cymiw MHP 1:1) eonodie Halikpawioro
30amHicmioo ympumysamu 805102y 8 C80eMy cKnadi, HUHUMb HE3HaYHy ocMomuyHy Qito, xapakmepu-
3yembCsi HanexHor 8’saskicmio. Omxxe, onmumanbHUMU griacmusocmsamMmu 8oodie eefiesa 0cHosa
cknady: Hampiro anbeiHam — 1,0; kapbornon — 1,0; eniuepuH — 5,0; kanito copbam — 0,2; 8oda o4uuie-

Ha — 0o 100,0.
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PA3PABOTKA COCTABA OCHOBDbI 'ENnA, NPEAHA3HAYEHHOIO ANA NEYEHUA
TENNTOFrEHOBOWU ANOMNEUNA

M.N.dedopoeckas, H.l1.Monoeko

Knroveenble crioea: mernoceHo8asi anoneyusi; COK Kparnuebl; 2e/1U; 0CHOB8bI, KOHCEP8aHMbI;
2udpopuribHble HEBOOHbIE pacmeopumernu

lMpedcmaeneHsbl pe3ynsmamsl uccriedosaHusi o paspabomke onmumasbHO20 cocmasa 0CHO8bI
eenb-macku 01151 iedyeHusi menoz2eHosol anoneyuu. OnpedesnieHUe 8rUsIHUS KOHcepeaHma copbama
Kanus 8 pa3nu4Hbix KoHueHmpauyusix (om 0,1% 0o 0,3%) Ha pH u cmpykmypHO-MexaHuU4ecKue ceou-
cmea 2enel nokasarno, 4ymo ezo 0,2% codepxaHue obecriedusaem ocHose: pH 5, umo xapakmepHo
KUCITOMHO-Werno4HOMY 6anaHCy no8epxHOCMU KOXU, CMPYKMYpPHYH 853KOCMb U MUKCOMPOIUI,
3Ha4eHue MC — 1,04 u nokazamernb K, — 63,48, coomeemcmesyrowue ee ornmumaribHbIM MexXHOI0-
eau4yeckum u nompebumernsckumM ceolicmeam. Pe3ynbmamamu buoghapmayesmuyecKux U peosioau-
YyecKux ceolicme nodmeepx0eHo, 4mo ocHosa ¢ 5% enuuyepuHa 8 cpasHeHuUu ¢ dpyeumu THP (npo-
nuneHanukosnb, cmecb HP 1:1) obnadaem ny4qweli cmocobHOCMbIO yOepxusamb eriazy 8 Ce0em
cocmaee, umMeem He3Ha4yumesibHoe ocMomu4Yeckoe delicmeue, xapakmepu3yemcs Hadnexauwel
ssi3kocmbro. CriedogameribHO, orimumarbHbIMU ceolicmeamu obradaem zeresasi OCHog8a: Hampusi
anbauHam — 1,0; kapbornon — 1,0; anuuepuH — 5,0; kanusi copbam — 0,2; eoda oquweHHas — do 100,0.



