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STUDY OF THE HYALURONIC ACID SOLUBILITY FOR
DEVELOPMENT OF THE VAGINAL GEL COMPOSITION

Topicality. Hyaluronic acid is widely used in cosmetic and medical products as a moisturizing, anti-inflammatory
and reparative component. Currently, the urgent issue is the expansion of the assortment of medicines of native produc-
tion, which include hyaluronic acid.

Aim. The research is devoted to the choice of the optimal solvent for the insertion of hyaluronic acid into a composi-
tion of vaginal gel.

Materials and methods. The object of the study was low molecular weight hyaluronic acid with a molecular weight
0f 0.09 x 10”6 Da. Microscopic analysis using a Microscope Konus Academi has been carried out to study the dissolution
of the hyaluronic acid powder in water, peach oil, the most common hydrophilic non-aqueous solvents and mixtures
thereof.

Results and discussion. In the course of the study, the shape and size of the hyaluronic acid particles in various
solvents and their mixtures were determined.

Conclusions. It has been established that the hyaluronic acid is unlimitedly swells in water at a temperature of 20 °C.
Addition of PEO-400 and propylene glycol improves its wetting and distribution of particles in solvent volume. The addi-
tion of tween-80 to purified water has allowed increasing the speed and completeness of the hyaluronic acid dissolution.
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T. I. ApHux, O. I. IBaHIOK

BuB4YeHHs pO3YMHHOCTI KMCJIOTHU riaJlypOHOBOI /i pO3PO6KH CKJIaAy reJiio BariHaJIbHOTo

AKTyanbHicTh. Kuciora riajlypoHoBa € pe40BHHOIO, 1[0 LIMPOKO 3aCTOCOBYETLCA y CKJIaJi KOCMETHYHMX Ta Jii-
KapCbKHUX IpenapaTiB K 3BOJIOXKYIOUHH, TPOTHU3aNaJbHUN Ta penapaTUBHUNA KOMIOHeHT. Ha TemepimHiii yac akTy-
aJIbHUM UTAHHSM € PO3IIHPEHHs] aCOPTUMEHTY JlikapChKHUX NIpenapaTiB BITYN3HAHOT0 BUPOOHHUILITBA, 10 CKJIAJy IKUX
BXOJIUTb KMCJIOTA Tia/lypoHOBa.

MeTa po6oTu. JlocaipkeHHSI IPUCBSIYeHO BU3HAYEHHIO ONTHMA/IbHOTO PO3YMHHUKA /1Sl BBeJJleHHSI KUCJIOTH Tia-
JIypOHOBOI [0 CKJIaJly T'eJI10 BariHaJbHOTO.

MaTepianu Ta MmeToau. O6’€KTOM AOCIi/KeHHA Oy/1a HU3bKOMOJIEKY/IIPHA KUC/IOTa IiaJlypoHOBA 3 MOJIEKYJIAP-
Hoto Macow 0,09 x 1076 /la. BusHa4eHHS pO3YMHHOCTI MPOBOJIMJIM 3a JJOIOMOT00 MiKPOCKOMIYHOTO METOAY, AKUHI
J103BOJISIE A0CAIANTH 3MiHY GOPMU Ta pO3Mipy YacTOK yNpoAoBK yacy. MikpockoniuHU# aHas1i3 MpoBOAUBCA 3a JL0MO-
Morolo labopaTtopHoro Mikpockony Konus Academi Bupo6HunTBa ITaMl. Y AKOCTI pO3YMHHUKIB OyJIM BUKOPUCTAHI:
BOJla O4MIeHa, [JIillepUH, nponiseHraikob, [IE0-400, o1is mepcukoBa, CIUPT eTU/I0BUH, TBiH-80 Ta Ix cyMiri.

Pe3ysbTaTH Ta ix 06roBopeHHs:. B xo1i focipkeHHs 6ys10 BU3Ha4eHO GopMy Ta PO3Mip YaCTOK KUCJIOTH riay-
POHOBOI B PiI3HUX PO3UMHHHUKAX Ta IX CyMilIax.

BucHOBKU. BcTaHOBJIEHO, 1110 KUCJIOTA TallypoHOBa Heo6MexeHo Habyxae y BoAi npu TeMmnepatypi 20 °C. JlofaBaHHsA
[TEO-400 Ta nponizieHIiKoJt0 NOKpauye ii 3Mo4yBaHHS Ta PO3MOJiJ YACTUHOK B 06'€eMi po34MHHUKA. [lofaBaHHS 10
BO/IM O4MILeHOI TBiHYy-80 03BOJIMJIO NiIBUIMTH IUBU/KICTb Ta IOBHOTY PO3YMHEHHs KMCJIOTH TiaJlypOHOBOI.

Karowuoesi cnosa: kucioma 2ianypoHosa; 2eab 8a2iHAAbHULL pO3HUHHICMb

T. I. ApHsIx, E. . UBaHIOK
H3y4yeHue pacCTBOPUMOCTH KUCJIOThI TMaJIyPOHOBOM AJ1 pa3paGOTKHU COCTaBa reJs

BaruHaJ/JibHOIo

AKTyanbHOCTb. Kucsi0Ta ruaaypoHoBast IIUPOKO IPUMEHSIETCS B COCTaBe KOCMETHYECKHX U JIEKAPCTBEHHBIX Tpe-
[apaToB KaK yBJIQXKHSIOIIMH, TPOTHBOBOCNAIUTE/NbHbIHM U pellapaTUBHBIM KOMIIOHEHT. B HacTosiIee BpeMsi aKTyaslb-
HBIM BOIIPOCOM $IBJIIETCSA PacIlIMpeHre aCCOPTUMEHTA JIeKapCTBEHHBIX ITPernapaToB 0TeYeCTBEHHOI0 MPOU3BO/ICTBA, B
COCTaB KOTOPBIX BXOJAUT KUCJIOTA THAJYPOHOBAas.

Iles1 pa6oThl. McciiejoBaHMe NOCBSIIEHO ONPe/e/IEHUI0 ONITUMaIbHOTO PAaCTBOPUTEJIS /ISl BBOJA KMCJIOThI I'Ma-
JIYPOHOBOH B COCTaB TeJisl BATMHAJIBHOTO.

MaTepuasbl ¥ MeToAblL. OGHEKTOM HCC/IeJ0BaHHUs 6blIa HU3KOMOJIEKYJISIpHAs KUC/I0TA FTMaIypPOHOBAst C MOJIEKYJISAP-
Ho# Macco#t 0,09 x 1076 [la. OnpeziesieHMe pacCTBOPUMOCTH NMPOBOJAUJIH C TOMOIIbI MUKPOCKOIIMYECKOT0 MEeTO/1a, KO-
TOPBIH MI03BOJIAET HCC/Iel0BAaTh M3MeHeHHe pOPMBbI M pa3Mepa YacTHI] Ha MPOTSKeHUH BpeMeHH. MUKPOCKONMYeCKUH
aHaJIM3 NMPOBOJHUJICS C IOMOLIbIO JJabopaTopHOro MUKpockona Konus Academi npousBozacTa Utanuu. B kauecTBe
pacTBopHTeJsIel ObIM MCIIO/Ib30BAHbI: BOJA O4MIIEHHAs, VIMLEPUH, TPONUJIEHIVINKOIb, [190-400, MacJio nepcuKoBoe,
CIUPT 3TUJIOBBIH, TBUH-80 U UX CMecH.

Pe3ynbTaThl U UX 06CYKAeHUeE. B xoze ncciefoBanus 6bUIH onpefieseHbl GopMa U pa3Mep YacTHL, KUCTOThI
IMaJIypOHOBOH B Pa3/IMUHBIX PACTBOPUTEJISIX U X CMECSX.

BBIBOABI. YCTaHOBJIEHO, UTO KMCJIOTA FMAlypOHOBAsl HEOrpaHUYEeHO HabyxaeT B Boje npu Temnepartype 20 °C.
Jlo6aBsenue [150-400 1 NpONU/IEHIIMKOJIA YIy4llaeT ee CMaulBaHHUe U pacipe/iesleHre YacTHUll B 06'beMe pPacTBOPH-
TeJisl. Jlo6aByieHUe K BOJie O4MIEHHOW TBUHA-80 MO3BOJIMJIO NOBBICUTh CKOPOCTb U MOJHOTY PAaCTBOPEHUS] KUC/IOThI
rUaJlypoOHOBOM.

Knrouesvle caoea: kucioma 2uanypoHoeast; 2eab 8a2UHANbHDIL; paCMeopuMocms
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INTRODUCTION

Hyaluronic acid is a multifunctional component in the
treatment of various diseases. Depending on the length
of the polysaccharide chain, the hyaluronic acid is clas-
sified into low, medium and high molecular weight, each
of which differs by action and is used to treat various di-
seases [1-4]. Low molecular weight hyaluronic acid shows
a moisturizing, reparative and anti-inflammatory effect,
penetrating into the deep layers of the epidermis, may
exhibit the functions of active transport and be the car-
rier of various active ingredients [5, 6]. We are develo-
ping a gel formulation for the treatment of urogenital
symptoms in climacteric, infectious diseases of female
genital organs and during gestation. These conditions are
accompanied by the appearance of such unpleasant symp-
toms as dryness, itching, irritation and pain when uri-
nating [2, 5]. Low molecular weight hyaluronic acid is the
active ingredient in the gel’s composition, as it is able to
show a moisturizing, anti-inflammatory and regenera-
tive effect on the mucous membranes of female genital
organs [7, 8]. Therefore, the purpose of our work was
to determine the rational method for introducing hyalu-
ronic acid into the composition of the vaginal gel.

MATERIALS AND METHODS

The object of the study was low molecular weighted
hyaluronic acid with a molecular weight of 0.09 x 10 * 6 Da.
Determination of solubility was carried out using a micro-
scopic method, which allows investigating the change in
the shape and size of particles over time. Microscopic ana-
lysis was performed with the help of a laboratory micro-
scope Konus Academi produced in Italy. For powder par-
ticles observed in the microscope field, the correct geo-
metric shape was selected and measured for its length and
width, considering the magnification [9].To characterize
the degree of powder particles isometricity, the form
factor was calculated according to the formula:

K=W/L,

where: W - average width of particles, pum; L - average
length of particles, pm.

As solvents were used: purified water, glycerol, pro-
pylene glycol, PEO-400, peach oil, ethyl alcohol, tween-80

Fig. 1. Photomicrograph of dry hyaluronic acid powder

and mixtures thereof. The determination was carried out
within 5 minutes after the contact of the substance and
the solvent [10].The ratio of the substance and solvent
wasas1:2.

RESULTS AND DISCUSSION
In the first stage of the study, the shape and size of
the hyaluronic acid particles were determined (Fig. 1).
The results shown in Fig. 1 indicate that the powder
is capable of agglomeration. Clusters of particles have the
form of polyhedra with a non-uniform rough surface, with
a form factor of about 0.8 and a size of 0.7 to 1.2 mic-
rons. The obtained data allow concluding that agglome-
rates of hyaluronic acid have a large specific surface in
comparison with individual particles, which, in turn, al-
lows predicting unsatisfactory wetting of the substance.
With the help of microscopic analysis, the solubility
of hyaluronic acid in the solvent media, which are most
often used in the technology of soft dosage forms, has
been studied (Fig. 2-8). The analysis of data shown in Fig. 2
indicates that in the mixture of hyaluronic acid with gly-
cerol there is a change in the shape of particles throughout
the surface, in the field of view there are both agglomerates
and individual particles with a linear size of 0.01 to 0.5 pm.
With the addition of propylene glycol (Fig. 3), an incre-
ase in solid phase volume was observed, indicating a long-
term swelling with formation of an unsolvated dispersion.
Addition of PEO-400 (Fig. 4) facilitates the beginning
of the edge wetting process with subsequent change in
shape and linear dimensions. In the field of view, both
swollen particles and agglomerates are observed. Linear
sizes range from 0.01 to 0.5 pm. The results obtained in-
dicate a long-term dissolution process with limited swelling.
Adding peach oil to hyaluronic acid (Fig. 5) contri-
buted to the formation of dense agglomerates with the inclu-
sion of air bubbles. Wetting was observed only in separate
particles. The obtained results testify to the inappropriate-
ness of the use of oil in the composition of dosage forms with
hyaluronic acid due to moderate solubility and poor wetting.
The addition of ethanol to the hyaluronic acid (Fig. 6)
did not lead to a change in the linear size and shape, but the
distribution of particles in the volume of solvent was observed.
A change in the picture of dissolution was observed
when purified water was added (Fig. 7). In the field of
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Fig. 2. Photomicrography of hyaluronic acid in glycerol
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Fig. 3. Photomicrography of hyaluronic acid
in propylene glycol

Fig. 4. Photomicrography of hyaluronic acid in PEO-400

view, individual particles were observed with the simul-
taneous swelling of the formed agglomerates. The parti-
cles were transparent, bulky, with fragments on a smooth
surface. Linear size of particles was 0.5 pm with a form
factor of 0.7. To improve the solubility, it was decided to
conduct the study at a temperature of 60 °C. As can be seen
from Fig. 8, there was observed a decrease in the linear
sizes from 0.01 to 0.03 um, redistribution of particles in
the volume of solvent without the process of gel formation.

Thus, according to the results of previous studies, it
can be concluded that the most uniform distribution of
particles with a change in the linear dimensions and shape
is observed in ethanol 96 %, water purified 60 °C, but the

Fig. 7. Photomicrography of hyaluronic acid
in water purified at 20 °C

Fig. 5. photomicrography of hyaluronic
acid in peach oil

r b,

Fig. 6. Photomicrography of hyaluronic acid in ethanol

swelling process is better when added to the purified water
of 20 °C, PEO-400, propylene glycol and glycerol.

For further determination of the rational conditions
for the preparation of hyaluronic acid solution, studies
were carried out in mixtures of purified water with gly-
cerin, propylene glycol, ethanol and PEO-400 at a tem-
perature of 20 °C in a ratio of 10 : 1, taking into account
the possible content of hydrophilic non-aqueous solvents
in the composition of dosage form (Fig. 9).

As can be seen, the mixture of water with PEO-400
and propylene glycol significantly improved the solubility
and wetting of hyaluronic acid (Fig. 9a, 9¢). In the field
of vision, the distribution of particles throughout the vo-

Fig. 8. Photomicrography of hyaluronic acid
in purified water at 60 °C
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Fig. 9. Photomicrography of hyaluronic acid in a mixture of purified water and:
a) PEO-400, b) glycerol, c) propylene glycol, d) ethanol

lume of solvent and the beginning of the swelling pro-
cess was observed. Also noted was the disappearance of
large amounts of air in the system of hyaluronic acid -
solvent. The glycerin mixture did not contribute to in-
creased solubility, but significantly increased wetting of
hyaluronic acid particles (Fig. 9b). In the sample, there
was the formation of air bubbles observed. The linear
particle size fluctuated within 0.5 microns. In the etha-
nol-water mixture (1 : 1) there was observed a swelling
process, but with the redistribution of particles in the
volume of the solvent there was a change in its shape and
linear dimensions without formation of a homogeneous
system (Fig. 9d).

Thus, studies conducted have shown that the addi-
tion of the mixture of said solvents to hyaluronic acid does
not result in the uniform distribution of particles throug-
hout the medium, followed by swelling and complete
dissolution. Therefore, at the next stage of the study, we
were tasked with investigating the influence of surface-
active substances on the indices of hyaluronic acid solubility.
For the study, we had selected tween-80, which has a liquid
consistency, does not require a temperature increase that
will have a good effect on the conditions of swelling and solu-
bility of the substance. For the study that was carried out
immediately after preparation and after 5 minutes (Fig. 10),
3 % solution of tween-80 in water was used.

b

Fig. 10. Photomicrography of hyaluronic acid in a mixture of water with tween-80:
a) immediately after the preparation of the solution, b) 5 minutes after the preparation of the solution
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As can be seen from Fig. 10 with the addition of hya-

luronic acid to a mixture of purified water and tween-80
in the field of view, a complete change in the appearance
of solid particles was observed, with the formation of dis-
persion. Thus, at interaction of the solvent system with
the hyaluronic acid, the formation of a dispersion with
the simultaneous swelling process took place. After a pe-
riod of time, a homogeneous system is formed, as evi-
denced by the data shown in Fig. 10b.

of hyaluronic acid particles in solvent volume, which
may contribute to solubility in this medium.

The addition of glycerin contributes to reducing the li-
near size and shape of the powder; its wetting, but un-
satisfactorily affects the dissolution process. The use of
peach oil and ethyl alcohol is not feasible when creating
dosage forms of hyaluronic acid due to practical insolu-
bility and poor wetting. The results of determining the
solubility of hyaluronic acid in mixtures of water purified
with hydrophilic non-aqueous solvents indicate an une-

CONCLUSIONS ven distribution of its particles throughout the volume.
1. According to the results of microscopic studies, it was The addition of tween-80 to purified water signifi-
found that mixture of hyaluronic acid and purified cantly increases the dissolution rate and promotes
water has the best indicator of solubility. The obtai- the formation of a homogeneous system: hyaluronic
ned results allow to concluding of unlimited swelling acid - water purified.
of the hyaluronic acid in an aqueous medium at a tem- It has been found that hyaluronic acid should be ad-
perature of 20 °C with the formation of a homogeneous ministered to the composition of the dosage form as
system over a certain period of time. a solution in purified water and tween-80.
2. The use of such solvents as PE0-400 and propylene Conflict of Interests: authors have no conflict of in-

glycol, leads to moderate wetting and redistribution  terests to declare.
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