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The study of o/w emulsions using the rotating viscometer
method and the method of spin probes

The rheological properties of o/w emulsions used as vehicles for semi-solid preparations (SSP) depend on the
composition of o/w and w/o emulsifiers to a large extent, and it is related to the structure of their aggregates in emul-
sions. In order to control the rheological parameters of emulsions it is necessary to know the regularities of the influ-
ence of the composition and properties of emulsifiers on these parameters, as well as the mechanism of emulsion
stabilization, which depends on the structure of the aggregates formed by emulsifiers.

Aim. To study the relationship between the structure of the aggregates formed by emulsifiers and the rheological
properties of o/w emulsions.

Materials and methods. The objects of the study were o/w emulsions stabilized with macrogol-40 stearate (M40S),
glyceryl monostearate 40-55 (type IlI) (GMS) and cetostearyl alcohol (CSA). The rheological studies were performed by
the rotational viscometer method. The structure of aggregates of emulsifiers was studied by the spin probes method.
Probes simulating o/w and w/o emulsifiers with different localization of the radical were used.

Results and discussion. The apparent viscosity of emulsions stabilized with the o/w emulsifier (M40S) and a
mixture of w/o emulsifiers (GMS and CSA) is maximal at a certain ratio between o/w and w/o emulsifiers. The increase
in the rheological parameters correlates with the increase in the packing density of emulsifier molecules in the polar
part of their aggregates; it in this case practically does not change at the level of the 5 and 16 carbon atoms of alkyl
chains. This indicates formation of non-spherical aggregates which form a coagulation structure in the emulsion.

Conclusions. The change in the ratio between o/w and w/o emulsifiers results in the change in the structure of
their aggregates, and it affects the rheological properties of o/w emulsions. Based on the results of the studies it is
possible to reasonably control the rheological parameters of preparations with emulsions as a vehicle.
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A. M. JlanyHoBa, O. IN. beayrna, O. M. JlanyHoB
HDocnigxeHHs emynbcin M/B MeToaaMu poTauinHOI BiCKO3MMeTpii Ta CniHOBUX 30HAIB

PeonoriyHi BnacT1BOCTi eMynbCili M/B, LLIO 3aCTOCOBYHOTLCS IK OCHOBW A51st M'sIKMX Mikapcbkux 3aco6is (MJ13), 6ara-
TO B YOMY 3anexarb Bif Cknagy emynbratopis M/B Ta B/M, LLO NOB’A3aHO 3i CTPYKTYpPOIO iX arperartis B emynbcisx. oo
ynpaenaT1 peonapaMmeTpaMm eMyrnbCii HEOOXiAHO 3HaTV 3aKOHOMIPHOCTI BNMBY Ha HUX CKNagy Ta BNacTUBOCTEN emyrbra-
TOpIB, @ TAaKOX MexaHi3M cTabinizauii eMynbCii, KM 3aneXxuTb BiA CTPYKTYpU arperartiB, yTBOPEHUX EMYbratopamu.

MeTa po6oTu. [locnignTti 3B’s130K Midk CTPYKTYPOI arperaTiB, yTBOPEHMX eMyibratopamu, i peonoriyHummn Brnac-
TMBOCTSIMW €MynbCin M/B.

Martepianu Ta metogu. O6’ekTn gocnigxeHb — emynbcii M/B, cTabinisoBaHi Makporon-40 cteapatom (M40C), rni-
uepunmoHocTteapaTtom 40-55 (tuny Il) (TMC) i uetocteapunosum cnuptom (LICC). PeonorivHi gocnigpkeHHs npoBoau-
N1 MeToAOM poTaLinHOT Bicko3umeTpii. CTPyKTypy arperaTtiB emynbratopis 4OCAiAXyBanu MeTogoM CniHOBMX 30HAIB.
BukopurcToByBanu 3oHAM, LLO MOOEMIOITL eMynbratopu M/B Ta B/M, 3 pi3HOL Nokanisadieto pagukany.

Pe3ynbrati Ta ix o6roBopeHHs. CTpykTypHa B'sI3KICTb eMynbCill, cTabinizoBaHnx emynbratopom m/B M40C i
cymiwwwio emyneratopis B/m (TMC i LICC), makcumanbHa npu NeBHOMY CRiBBIAHOLLEHHI MK emyrnbratopamu M/B Ta
B/M. 30inbLUeHHs1 peonapaMeTpiB KOPENoe 3 MiABULLEHHSAM LUINBHOCTI YNaKoBKM MOSEKYN eMynbraTtopiB y NonsipHin
YacTuHI ix arperarTiB, sika NPy LLbOMY He 3MIHIOETLCSA Ha piBHI 5 i 16 aTomiB ByrneLto ankinbHUX naHutoris. Lle ceigunTb
Npo YyTBOPEHHAM arperariB HecepuyHoi popmu, 3 SK1X B eMynbCii PopMyeTbCA KoarynsuinHa CTpykTypa.

BucHoBku. 3miHa cniBBIOHOLEHHS MiXX eMynbratopamu m/B Ta B/M 3MiHIOE CTPYKTYpY iX arperaris, LLO BNnvBae
Ha peororiyHi BMacTMBOCTI eMynbCii M/B. 3a pesynsrataMy AOCNiMpKeHb MOXHA 0Or'pyHTOBAHO yNpaBnsiTU Peororiy-
HYMUW NapameTpamu npenapaTiB Ha OCHOBI eMYIbCild.

Knrodoei cnoea: emyrnbcis; emMynb2amop; ysi8Ha 8’sa3kicmb, criiHoguli 30HO; criekmp ETIP; yac kopensauii
obepmarbHoi duaby3it
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UccnegoBaHue aMmynbcui M/B MeTogaMu poTaLuMOHHON BUCKO3UMETPUM U CITIUHOBbIX
30HO0B

Peonornyeckne ceovicTBa aMynbCuii M/B, NPYMEHSIEMbIX B Ka4€CTBE OCHOB A1 MATKMX NeKapCTBEHHbIX CPeaCTB
(MIC), BO MHOrOM 3aBUCHAT OT COCTaBa aMyNbratopoB M/B U B/M, YTO CBA3aHO CO CTPYKTYPOW MUX arperatos B aMyflb-
cusx. Utobbl ynpaBnsaTe peonapameTrpaMu amynbCcuin, Heo6xoaMMOo 3HaTb 3aKOHOMEPHOCTM BIMSHUSI HA HUX COCTaBa
1 CBOWCTB 3MYMbraTopoB, a Takke MexaHW3m cTabunusaumm aMynbCcuii, 3aBUCALLMIA OT CTPYKTYpbl arperaTtos, obpa-
30BaHHbIX 3Mynbratopamu.

Uenb. NccnegoBatb CBA3b MeXAy CTPYKTYPOW arperatoB, 06pa3oBaHHbIX 3Mysibratopamu, 1 peoriormyecknmn
CBOVICTBaMU 3MYNbCUIA M/B.

Martepuanbi n metogbl. O6bEKTbl UCCNEAOBaHUI — 3MYNbCUMN M/B, CTabunmanpoBaHHble Makporon-40 cTteapa-
Tom (M40C), rmuuepunmoHocTeapaTtom 40-55 (tuna Il) (TMC) n uetocteapunosbim cnvptom (LUCC). Peonornyeckme
nccnegoBaHysa NPoBOANIY METOAOM POTaLMOHHONM BUCKO3MMETpun. CTPYKTYpy arperatoB aMynbraTopoB UCCrefoBa-
1 METOAOM CMUHOBbLIX 30HA0B. VICnonb3oBanu 30HAbI, MOAENMPYIOLLME AMYNbraTopbl M/B 1 B/M, C pa3HOW nokanuaa-
unen pagukana.

Pe3ynbraTthl M nx o6cyxaeHne. CTpykTypHasi BA3KOCTb OMYIbCUIA, CTabnNM3npoBaHHbIX dmynbratopom m/B M40C
1 cmecbto amynbratopos B/mM (TMC n LICC), makcumansHa npy onpeaenéHHoM COOTHOLLEHUN MexXay aMyrbratopamu
M/B 1 B/M. YBenuyeHne peonapameTpoB KOPPENMpPYeT C MOBbILLIEHWEM MIOTHOCTM YNakoBKW MOMEKYS 3Myrnbratopos
B MOMSAPHON YacTn UX arperaTtos, KOTOpas Npu 3TOM He M3MEeHsIeTCcs Ha ypoBHe 5 1 16 aTOMOB yrnepoaa ankunbHbIX
Lenen. 3To cBnaeTenbCcTByeT 06 06pa3oBaHMK arperatoB Hecdepnyeckon PopMbl, N3 KOTOPbIX B 3MYMbCUK hOpMU-

pyeTcs KoarynsiuMoHHas CTpyKkTypa.

BbiBoabl. Vl3ameHeHre COOTHOLEHMS MexXay amynbratopamv M/B 1 B/M U3MEHSIET CTPYKTYpY UX arperaTtoB, 4YTO
BMUSIET Ha PEornornyeckne CBONCTBa aMynbCcuii M/B. Ha OCHOBaHUM pesynsTaToB UccnegoBaHMin MOXXHO 06OCHOBAHHO
ynpaBnsTe PeonorM4eckumy napaMmeTpamm npenapaToB Ha OCHOBE AMYIbCUIA.

Knroyesbie cnoea: amyrnbCusi; aMyrbeamop; Kaxyujasics 83Kocmb,; criuHo8bIl 30HO; criekmp Ol1P; epems

Koppensyuu epawamesibHol Oughgy3suu

O/w emulsions are used as a vehicle for drugs in va-
rious dosage forms, in particular for semi-solid prepara-
tions (SSPs) [1]. It is necessary that emulsions have the ap-
propriate rheological properties taking into account the
requirements for the medicinal product under develop-
ment. Various emulsifiers are usually used to stabilize
emulsions as disperse systems [2]. It is known that the
structure of the mixed aggregates of o/w and w/o emul-
sifiers depends on their ratio, the molecular structure of
emulsifiers and temperature. In the mixed aggregates of
o/w emulsifiers and fatty alcohols as w/o emulsifiers the
lateral phase separation takes place in a certain tempe-
rature range when along with the liquid regions of a hydro-
philic surfactant two-dimensionally solid and one-dimen-
sionally liquid sites of fatty alcohols are formed [3]. This
is due to a very large difference in the hydrophilic-lipo-
philic balance (HLB) values of the o/w emulsifier and
fatty alcohols (HLB < 1) [4]. Due to these properties of
surfactants/fatty alcohol aggregates the coagulation struc-
tures determining a high apparent viscosity and stabili-
zation of emulsions are formed [5].

The systematic studies of emulsions stabilized by
surfactants and the w/o emulsifier with a higher HLB
value of 3-6 or by a mixture of fatty alcohols and the w/o
emulsifier with high HLB values are relevant for the
technology of semi-solid preparations. Glyceryl mono-
stearate (GMS) with HLB of 3.8 can be used as such
emulsifier [2].

Materials and methods

The o/w emulsions containing the well-known ex-
cipients [2, 6] were studied. The oil phase of the emul-
sion consisted of isopropyl myristate (7 %), octyldode-

canol (7 %), hexyldecyl stearate (7 %) and dimethicone
100 (1 %), and the dispersion medium was composed
of propylene glycol (6 %) and purified water (up to
100 %). An antimicrobial preservative phenoxyethanol
(1%) was included to the o/w emulsion formulations.
M40S (HLB = 16.9 [2]) was used as an o/w emulsifier
and a mixture of GMS and CSA in the ratio of 10 : 1 was
used as a w/o emulsifier. The HLB value of CSA cal-
culated by the Davies method [4] was 0.825; therefore,
the total HLB value of the mixture of w/o emulsifiers
was 3.53. The ratio between M40S and the GMS/CSA
mixture (10:1) varied. The total content of emulsifiers
was 14 %. Emulsions were made according to the me-
thod described in the literature [6].

The partial replacement of GMS on CSA is due to
a significant increase in the rheological parameters of
emulsions, which makes it possible to reduce the content
of emulsifiers in the drug composition. Thus, the apparent
viscosity of the emulsion was 9.4 Pa‘s (at Dr = 14.55 s")
if GMS alone was used as a w/o emulsifier in the con-
centration of 13.0 %, and the apparent viscosity of the
emulsion was 28.8 Pa's when the GMS/CSA mixture
(10 : 1) was used in the same concentration 13.0 %. There-
fore, the apparent viscosity increased by 3.06 times and
was maximal with the M40S content of 1.0 % when the
GMS/CSA ratio was exactly 10 : 1.

The rheograms representing the relationship between
the shear stress (t,, Pa) and the shear rate (Dr, s™) were ob-
tained at the temperature of 25 °C using a “Rheolab QC”
coaxial double-cylinder viscometer (“Anton Paar”). The
flow type, the presence and extent of the thixotropic pro-
perties and the yield stress were determined from the



ISSN 2415-8844 (Online) VISNIK FARMACIT 4 (92) 2017 ISSN 1562-7241 (Print) 31
T40 Table 1
+35 . )

%0 Parameters of the EPR-spectra of spin probe 1 in
L 1 emulsions with the different content (C) M40S
\ 125
AN . 1 ©
\ T & |cm40s,| A, | AH,, | AR, | AH,, 100 s| s eTCk;fum

\ T % | mT | mT | mT | mr |GrO0e] s
\\ L1 orm
\, n 5 0.5 1.59 | 0.66 | 0.41 | 0.86 394 triplet

- 1

U Sl ittt inlsirituts Sieirtnteb 3 1.5 1.56 | 0.56 | 0.38 | 0.80 25.5 triplet

C, % .
Fig. 1. The dependence of the apparent viscosity (n) 4.0 1.54] 035 | 0.32 | 0.59 19.5 triplet
(at D, = 14.55 s™") of emulsions and the rotational correlation time 6.0 1571 034 | 033 | 0.60 182 triplet

(t,4) of spin probe 1 in these emulsions on the M40S content (C)

rheograms; the apparent viscosity (n, Pa-s) was calcu-
lated by the formula:

n=r1/D, (1

The following spin probes were used in the experiments:
 spin probe 1: 4-(N,N-dimethyl-N-hexadecyl)ammo-
nio)-2,2,6,6-tetramethylpiperidine-1-oxyl iodide

(Mr 551,65; CAS 114199-16-5);

* spin probe 2: 4-palmitamido-2,2,6,6-tetramethylpi-

peridine-1-oxyl (Mr 409,67; CAS 22977-65-7);

+ spin probe 3: 5-doxyl-stearic acid (Mr 384,57; CAS

29545-48-0);

* spin probe 4: 16-doxyl-stearic acid (Mr 384,57;

CAS 53034-38-1).

Spin probe 1 simulates the o/w emulsifier, while spin
probes 2, 3 and 4 are w/o emulsifier models.

The spin probes were incorporated into the emul-
sion in the concentration of 10-* mol/l. The spectra of the
electron paramagnetic resonance (EPR spectra) were ob-
tained at the temperature of 25 °C using an EPR spectro-
meter “ESR Spectrometer CMS8400” (“Adani”). The
isotropic constant (A,) characterizing the polarity of the
radical surroundings, the component intensity, as well
as the width of the component at low-field (AH,,), the
central component (AH,) and the component at high-
field (AH_,) were determined by the EPR spectra; the
rotational correlation time of the probes (t.,) was calcu-
lated by the formula [7

(J:—) AH,, 6.6510" ()

where: h,, and h, are intensities of the components at
low-field and at high-field of the EPR spectrum, and
AH,, — is the width of the component at low-field.

According to the Stokes-Einstein equation the rota-
tional correlation time (t) is directly proportional to the
effective radius of the molecule and the microviscosity
of its local surroundings and is inversely proportional
to the absolute temperature [7].

In the course of experiments the temperature of the
emulsion samples were thermostated using a F12-ED
refrigerated/heating circulator (“Julabo’’) with an accu-
racy of £ 0.1 °C.

Results and discussion

Fig. 1 shows the dependence of the apparent visco-
sity (n) of emulsions on the M40S content, i.e. the de-
pendence of the apparent viscosity (1) on the ratio be-
tween the M40S content and the content of the GMS/CSA
mixture provided that their total content is 14 %.

As it follows from Fig. 1, the apparent viscosity of
emulsions increases from 4.7 Pa-s to 28.8 Pa-s (appro-
ximately 6 times) if the M40S content decreases from
3 % to 1 %; the apparent viscosity curve has the maximum.
The increase in the apparent viscosity with the decrease
in the M40S content from 2.5% to 1.0% correlates with
the increase of 1., for spin probe 1. The nitroxyl radical
of spin probe 1 is localized in the polar part of aggre-
gates of the emulsifiers as evidenced by the rather large
values of the isotropic constant (Ay) of the EPR spectra
of this probe (Tab. 1). Therefore, if the content of the

25mT
1 A
2/‘/\/%
3,/\/\[\/
g\/\k
5

Fig. 2. The EPR spectra of probe 1 in emulsions with the different
content of M40S: 1 —0.5%;2—-1.5%; 3-2.5%;4-4.0%;5-6.0%
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Fig. 3. Rheograms of emulsions with the different content of M40S:
1-1.0%and2-6.0%

hydrophilic surfactant decreases, the microviscosity of
the polar part of the aggregates formed from the mo-
lecules of the emulsifiers increases.

As it follows from Fig. 2 and Tab. 1, with a decrease
in the concentration of the o/w emulsifier (M40S) from
2.5 % to 0.5 % there is a significant increase in the width
of the components of the EPR spectra and an increase
in the rotational correlation time of spin probe 1. Howe-
ver, at the same time the EPR spectra remain as triplets,
it indicates a uniform distribution of the emulsifier mole-
cules in the plane of aggregates.

It is evident from Fig. 3, with the reduced content
of the hydrophilic surfactant from 6 % to 1 %, in addi-

25mT

i
=
T3

Table 2

Some parameters of the EPR spectra of various spin
probes in emulsions (see Fig. 4)

. The
p?cr))l:)r:as comggi % Ay mT T,,-10'%s spfectrum

orm
1 1.0 1.55 449 triplet
1 6.0 1.57 14.9 triplet
2 1.0 1.58 53 triplet
2 6.0 1.58 42 triplet
3 1.0 1.41 13.5 triplet
3 6.0 1.42 12.9 triplet
4 1.0 1.45 3.9 triplet
4 6.0 1.45 43 triplet

tion to the increase of the apparent viscosity and the
yield stress there is a change in the emulsion flow type
and the extent of the thixotropic properties. It was in-
teresting to study the structure of the emulsifier aggregates
in emulsions differing significantly in their rheological
properties. Fig. 4 shows the EPR spectra of four probes
with different localization of radicals in their molecules
incorporated into the emulsions studied. Some parame-
ters of these spectra are presented in Tab. 2.

As it follows from Fig. 4 and data presented in Tab. 2,
all EPR-spectra are triplets, but not superpositions of
signals. It indicates that there is no lateral phase separa-
tion in contrast to emulsions stabilized by a colloidal

25mT

=

Fig. 4. The EPR spectra of spin probes 1, 2, 3 and 4 in emulsions with the M40S content of 1 % (A) and 6 % (B) and the w/o emulsifier

content of 13 % and 8 %, respectively
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surfactant and CSA [3]. Different ratios between the o/w
emulsifier content and the content of w/o emulsifier mix-
ture in these two emulsions (Fig. 3) led to different values
of t,, differing 3.0 times and 1.3 times for probes 1 and
2, respectively.

Nitroxyl radicals of spin probes 1 and 2 are localized in
the hydrophilic parts of the emulsifier aggregates or at the
boundary between the hydrophilic and lipophilic parts. The
rotational correlation times of both spin probes 3 and 4 are
almost identical in these two emulsions (Tab. 2). In the case
of spin probe 4, the value of 7., in the most viscous emul-
sion even decreased by 10 %. The A, and 1., values indi-
cate that the most lipophilic medium surrounds the radical
at the level of the 5 carbon atom of the alkyl chains, which
packing density at this level is rather significant (Tab. 2).
The radical surrounding at the level of the 16 carbon
atom of the alkyl chains is also lipophilic, but the micro-
viscosity of its surrounding is lower approximately 3 ti-
mes. [t can be assumed that at this level the alkyl chains
are dissolved in the oil phase.

According to the results of the research it is obvi-
ous that with the decrease of the total HLB value of the
emulsifiers the packing of their molecules in the aggre-
gates at the level of the 1-5 carbon atoms of the alkyl
chains changes. The aggregates of emulsifiers can have
a spherical shape with a wedge-shaped packing, as well
as various nonspherical forms. Moreover, hydrophilicity
of the emulsifier aggregates also decreases. The maxi-

mum value of the apparent viscosity (Fig. 1) indicates
the achievement of the optimal conditions for forma-
tion of a coagulation structure from aggregates of emul-
sifiers [5]. High HLB values of the w/o emulsifier are
not an obstacle to formation of coagulation structures
in emulsions.

CONCLUSIONS

1. When stabilizing o/w emulsions by a hydrophilic
surfactant and the w/o emulsifier with a high HLB value
no lateral phase separation in the aggregates of emulsi-
fiers has been detected by the method of spin probes in
contrast to emulsions stabilized by the o/w emulsifier
and fatty alcohols.

2. It has been shown that at certain ratios between a
hydrophilic surfactant and a w/o emulsifier with a high
HLB value the rheological properties of emulsions chan-
ge, and the apparent viscosity curve passes through the
maximum due to formation of coagulation structures from
the aggregates of emulsifiers.

3. The variation of the ratio between the hydrophilic
surfactant and the w/o emulsifier with a high HLB value
causes the change in the structure of their aggregates in
the polar part and at the level of the 1-5 carbon atoms of
the alkyl chains. This structure affects the rheological
properties of emulsions, based on this it is possible to
reasonably control their rheological parameters.
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