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ABSTRACT

The effects of active components (a-lipoic acid, urea and essential tea tree oil) on the structural mechanical
(apparent viscosity, shear stress, type of flow) and physicochemical (colloid and thermal stability, pH) properties of
the emulsion vehicle were studied in order to substantiate the optimal composition of cream. Analysis of the
structural and mechanical properties of the developed samples was carried out on a rotary viscometer
BROOKFIELD DV-II + PRO (USA) with a spindle SC4-21. By results of the research ascending and descending
curves of the hysteresis loops (rheograms) were constructed and apparent viscosity - shear rate dependence was
defined. Using the modern rotational viscometer «Rheolab QC», Anton Paar (Germany) with coaxial cylinders C-
CC27/SS we determined the hysteresis areas of experimental emulsions that allowed choosing finally complex of
emulsifiers. The influences of the components on the colloidal and thermal stability were studied. Attention was
drawn that the addition of a-lipoic acid significantly affects the pH value, namely shifts the indicator to the acidic
side. Under the investigations conducted optimum emulsion vehicle composition was selected for cream under
develop for use in diabetic foot syndrome.
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INTRODUCTION

Progressive diabetic neuropathy in diabetes leadsréversible changes of neural structures, thatike the
reduction of different kinds of sensitivity, pooutrition of tissues, sebum secretion and sweatiygjuhction, etc.

[1]

Feet skin of patients with diabetes assumes theactaaistics, such as excessive dryness, hypedsisatsiolation

of hydro-lipid balance and skin barrier [2]. Thenef, in the process of developing of topical meditiand

parapharmaceutical products for use in diabetit $godrome attention should be paid to the speemlirements
that specify not only to the active substancesalsd to the drug vehicle. To achieve emollienicacand to restore
the hydro-lipid mantle o/w emulsion was choserhasdosage form.

Previously by organoleptic, physicochemical andictiral mechanical studies samples of the emulsahicles

have been developed with different emulsifiers @n&ir concentration [3]. Two types of emulsifiersr@ used: one
of hydrophilic nature (1st kind) with HLB 8-13, atite other - of lipophilic nature (2nd kind) withLB 3-6. Such

system provides the greatest stability, high disiper and necessary viscoplastic properties of donds As

emulsifiers of the L kind were used “Emulsifieke 17, stearate PEG - 400, “Olivem 1000” with high Bilalues as
well as low irritation potential. Glycerol Stearawide-spread in the pharmaceutical industry ilsion drugs

development was used as the emulsifier of thekivi[3, 4].
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As the oily phase olive oil and shea butter wdresen for cream. Olive oil is recommended for day care, it
promotes its moisturizing and improving elasticigxhibits antioxidant properties [5]. Shea buttewalued for its
softening and regenerating properties, particulavhen applied to chapped lips, hands and feet [6Also,

scientific research found anti-inflammatory actvitf olive oil and shea butter [5, 8, 9].

Four compositions of cream vehicle with satisfagtealues of the studied parameters (appearancecqldjdal

stability and thermal stability as well as the stumal and mechanical properties) were selectedterfurther
investigations. It is known that the active compuseare substantially affect the rheological patenseas well as
other parameters (pH, stability), that should basatered in soft dosage form developing [10 - Btudying of
structural and mechanical parameters is an impostep towards the creation of a soft dosage farit gives the
opportunity to predict the behavior of a cream ngrthe manufacturing operations, extrusion from c¢betainer
(tube), application to the surface of the skin, & - 17]. In this study, we elucidated the ef$ecf a-lipoic acid,

urea and tea tree oil on the rheological paramefettse developed cream bases.

EXPERIMENTAL SECTION

Objects of study were the o/w emulsion drug veBidelected in previous studies with the followirgnposition
(Table-1).

According to Table-1 oily phase consists of naterabllients: olive oil (RHLB 8) (Xian Jiatian Biath Co., Ltd.,
China) and shea butter (RHLB 7) (Athena (Guangzh@a@smetics Manufacturer Co., Ltd., China). The
concentration of the oil phase was 30 % as accgrttiniterature data recommended for emulsionsvéay dry,
calloused skin care. [4]

As the 1st kind emulsifiers were used "Emulsifierl” with HLB 10 (sodium salts of sulfuric acid estef high
alcohols and free higher alcohols of the same dactin the ratio 3:7, OOO SPE “Electrogasokhim”, &lke),
Stearate PEG-400 with HLB 13,4 (OOO SPE “Electroghsn”, Ukraine), “Olivem 1000” with HLB 12 (Cetegdr
Olivate and Sorbitan Olivate, HallStar Italia Sthly), as an emulsifier of the 2nd kind - Glyceftearate with
HLB 3,6-4 (OOO SPE “Electrogasokhim”, Ukraine) [3)].

The selection of the emulsifier system was basetherHLB concept, where the required HLB of themikture is
equivalent to the HLB of the emulsifiers [18]. Sngi-lipoic acid (Chengde Miracle Pharmaceutical Cad,Lt
China), urea (“Kharkovreakhim” Ltd., Ukraine) arghttree oil elaleuca alternifolia Maid, Cassegrain Tea Tree
Oil Pty Ltd, Australia) were incorporated to eadht® experimental emulsions.

Table-1 The composition of the test emulsion vehicles

Concentration of the component, % wiw
Olive oil and Shea butter Up to 30,0
Stearate PEG-400 and Glycerol Stearpte10,0 - - -
"Olivem 1000" and Glycerol Stearate - 10, - -
"Emulsifier Ne1" and Glycerol Stearate - - 8,0 10,0
Purified water Up to 100,0

The samples were prepared using an electronic datrgr scales CERTUS Balance CBA-300-0, 005 (Taiveary)

the homogenizer POLYTRON PT 2500 E-kinematica (Savland). The pH of the samples was determined by
potentiometric method with pH ionometer MI-150 "lemptelnaya technica" (Russian Federation), theoitsl
stability with a laboratory centrifuge MPW-210 coamy "Mechanika precyzyjna" (Poland), a mercury
thermometer, as well as a stopwatch, and a wateriBbaKW-D-4 (China).

Rheological parameters (apparent viscosity, shieasss etc.) were measured using a viscometer BREELKD
DV-Il + PRO (USA), spindle SC 4-21. The followingchnique was used: about 8.0 - 8.5 g of sampleeainc was
placed in the chamber, after spindle was immensddea cream and was driven in rotational movem2oy 80, 35,
40, 50, 60, 80 and 100 r/min) from small deformatiates and then in reverse order. At the same pismameters
(shear rate (Dr, c-1: 18.6, 27.9, 32.5, 37.2, 4658, 74.4, 93), shear stressRa), apparent viscosityj,(mPa-s))
were fixed on the viscometer display.

For a more detailed study of emulsions we carrigidanlditional research of rheological parametemsgusmodern
rotational viscometer «Rheolab QC», Anton Paar if@@ery) with coaxial cylinders C-CC27/SS. Accordinyg t
computed hysteresis area the mechanical stabflisyroctured systems can be understood: the lavwetthe greater
the mechanical stability of the system is [19-24]e technique consists of the following: samplesB50 (+0,5) g
was placed in external fixed cylinder containemperature of the experiment (20 °C) was set. Erpanmtal
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conditions (shear rate of the inner cylinder (@ B50 &), the amount of experiment points at the flow euof the
sample (35) and the duration of the measuremesdct point of the curve (1 s)) were set by usimgsiiftware the
device equipped with as well as hysteresis areas gadculated (Pa/s).

RESULTS AND DISCUSSION

The first step was to prepare model samples. Assaltrof previous biological studies optimal cortcation of a-
lipoic acid and urea (2 % w/w and 10 % w/w respetyi) have been determined. By microbiological stigations
was proved the optimal concentration of tea trde(®i% w/w). In these concentrations the substaneese
incorporated into the investigated bases. Totalhtlie study 12 samples were prepared:

1 - emulsion base ¢-lipoic acid (samplede 1.1, 2.1, 3.1, 4.1);
2 - emulsion base + urea (samphesl.2, 2.2, 3.2, 4.2);
3 - emulsion base + tea tree oil (sampe4.3, 2.3, 3.3, 4.3).

Before the study rheological parameters of the $asnprere tested for colloidal and thermal stabikiyd pH
measurements 10 % aqueous solution of the samplesacarried out (Table-2).

As Table-2 shows addition of the active componeluss not affect the stability of emulsions. It was phase
separation observed after centrifugation (600080@D rpm) and the effects of temperature (42,% 2 and (6 0
* 2,0) °C (recommended temperature modes accotditige SPhU) of all the samples [19].

Addition of active substances affected pH levels@lied that the inclusion oflipoic acid shifts the pH value of
the emulsions to the acid side (with 7.24 - 8.04.@ - 4.33). Addition of tea tree oil decreasespH value close
to neutral (6.81 - 6.98), and the inclusion of uaffacts the pH slightly, except sampNe 1.2: with the addition of
urea to the emulsion based on emulsifier Stearae 400 pH changed from (8,07 + 0,05) to (6,61,Q2).

Table-2 Physicochemical and structural mechanical progrties of model emulsions (n=3)

pH (10% aqueous| 4,05 | 4,16 | 4,19 | 427 | 661 | 816 | 737 | 7,25 6,3 6,83 6,86 | 6,91
solution) +0,04 | +0,05 | +0,03 | +0,06 | 0,02 | +0,05 | 0,04 | 0,06 | +0,05 | 0,02 | 0,05 | 0,07
Colloidal stability at
6000 rpm + + + + + + + + + + + +
Colloidal stability at
8000 rpm + + + + + + + + + + + +
Thermal stability + + + + + + + + + + + +
Apparentviscosity | - 554 | q19500| 110000 80000 12500 15000 10600 13000 11004000 | 11000 12800
at 20 rpm (mPa)
Hys“?;,eas/':) Area, | 34839 | 82245 54134 910844 779712 73006 474967927 61355| 101553 5836 8753

"+" = stable system
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Fig-1 Rheograms of investigated emulsions: 1 ream baseNe 1 based on Stearate PEG-400; 2 - sample of crea1.1; 3 — sample of
creamNe 1.2; 4 - sample of creani\e 1.3
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Fig-2 Rheograms of investigated emulsions: kream baseNe 2 based on “Olivem 1000”; 2 - sample of creaNe 2.1; 3 - sample of
creamNe 2.2; 4 - sample of creani\e 2.3
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Fig-3 Rheograms of investigated emulsions: 1 - @e baseNe 3 based on “EmulsifierNel” with the total concentration of emulsifiers
8%; 2 - sample of creamNe 3.1; 3 - sample of creane 3.2; 4 - sample of creanie 3.3
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Fig-4 Rheograms of investigated emulsions: 1 - creabaseNe 4 based on “EmulsifierNel” at a total concentration of 10% of emulsifiers;
2 - sample of creamNe 4.1; 3 - sample of creanie 4.2; 4 - sample of creani\e 4.3
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During the structural and mechanical studies soranges were revealed in rheological parameterg afte
incorporation of active components to the studiedilsions. Rheograms (Fig 1 - 4) show that the stliegimulsions
are non-Newtonian fluids with plastic type flow.i$t noted that the addition of active components it change
the type of model emulsions flow.
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Fig-5 Apparent viscosity - shear rate diagram: 1 eream baseNe 1 based on emulsifier Stearate PEG-400; 2 - sampmécreamNe 1.1; 3 -
sample of creamNe 1.2; 4 - sample of creanie 1.3
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Fig-6 Apparent viscosity - shear rate diagram: 1 eream baseNe 2 based on “Olivem 1000”; 2 - sample of creatNe 2.1; 3 - sample of
creamNe 2.2; 4 - sample of creaniNe 2.3

Rheograms of the test samples (from Fig-1 to Figigd demonstrate the presence of thixotropic ptigsebecause
of hysteresis loops. At the moment of shear stredsction restoration of the structure retards,chs typical for
emulsions, the structure of which requires moresttmrestore after physical impact. Hysteresissacfa@mulsions
NeNe 1, 2, 3, 4 were 3657.2; 9869.2; 2695.3; 5484.0s|Paspectively. Hysteresis area increase aftesduction
of active substances to the test bases, which wssreed in all the samples exceft1.1, 2.2, 4.2, indicates a
thixotropy enhancement (Table-2). However, a sigaift increase in thixotropy (samplashe 1.2, 1.3, 4.1, 4.3)
can undermine the rheological properties of credumsg storage.

Addition of a-lipoic acid, urea and tea tree oil is also showadmpact on the rheological parameters (apparent
viscosity and lower yield stress). Before the is@n of active substances viscosity of the creasedavas 7000 -
9300 mPs& at 20 rpm. Incorporation of urea and tea treeiroihll cases led to an increase in the rheological
parameters values (Table-2), which is associatéutive strengthening of dispersion coagulationcstme.
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Effect of a-lipoic acid on rheological parameters of emulsiehicles was not identic. With the inclusionoslipoic
acid values of the lower yield stress and apparisobsity increased in the samphs2.1 and\e 3.1 (Fig-2, Fig-3),
but decreased in the samphesl.1 andNe 4.1 (Fig-1, Fig-4, Fig-5, Fig-8). A significant ckease in viscosity of the
sampleNe 1.1 (Fig-5) may indicate changes in the emulsifisrarate PEG-400 properties in acidic media.

The data obtained were plotted as viscosity veshear rate (from Fig-5 to Fig-8).
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Fig-7 Apparent viscosity - shear rate diagram: 1 eream baseNe 3 based on “EmulsifierNel” with the total concentration of emulsifiers
8%; 2 - sample of creamNe 3.1; 3 - sample of creariNe 3.2; 4 - sample of creanie 3.3
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Fig-8 Apparent viscosity - shear rate diagram: 1 eream baseNe 4 based on “EmulsifierNel” at a total concentration of 10% of
emulsifiers; 2 - sample of creanNe 4.1; 3 - sample of creaniNe 4.2; 4 - sample of creaniNe 4.3

Investigation of the apparent viscosity versus shate dependence for the model emulsions showat ttie
viscosity of the samples gradually decreases withass rate increase. Especially intensive apparestosity
decreases in a larger deformation range from 2mtg" in the samples based on the emulsifiers SteafaG 400
and “Olivem 1000” (Fig-5, Fig-6) and from 20 to §8in the samples based on the “Emulsifiet” (Fig-7, Fig-8).
Further apparent viscosity does not change so lsapiod at a strain rate over 60 & described by the linear
dependence. This is due to the fact that ther&ustaral destruction at high strain rates, whigvertheless does
not extend fully because of a certain amount oheations capable of reversibly recovering everigit bpeeds.

Established apparent viscosity versus shear rgtengdkences indicate more effortless distributionneestigated
emulsions based on stearate PEG-400 and “Oliver@”100 the skin during application. Incorporation axtive
ingredients resulted in an increase of the apparisnbsity but slightly affected the character afcosity - shear
rate reducing (the form of curves).
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CONCLUSION

Thus, investigations have shown that the seleatdeacomponents of the cream for use in diabett §yndrome
can significantly affect the main characteristidstlte emulsion bases. The type of flow of emulsibias not
changed aftea-lipoic acid, urea and tea tree oil were includElde test emulsions are non-Newtonian fluids with a
plastic type of flow. However, there was an inceeés values of rheological parameters (apparertogity, the
lower yield point). Also, most of the samples haikatropic properties enhancement (the hysteresia growth).

It was revealed that the inclusion @fipoic acid shifts the pH of the emulsions to #edic side. This is reflected
adversely on the properties of the emulsifier StEaPEG-400. There was decrease of rheologicahpzters after
a-lipoic acid inclusion into the emulsion based ded8ate PEG-400.

Due to the physicochemical, structural and meclamsitidies conducted emulsion vehidie 2 with the complex
of emulsifiers “Olivem 1000” and Glycerol Stearates chosen for possessing the most optimal featime
developed cream for use in diabetic foot syndrome.
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