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Abstract

Emulsions are widely used as medicinal and cosnagiivery systems on account of general
observations that emulsified materials normallysess the properties being exhibited by its bulk
components. In order to widen scope of applicatbrthe conclusions drawn, o/w emulsions
covering almost all routes of administration wemnsidered for the study. These included
parenteral emulsion, oral Emulsion and topical emual Zeta potential including zeta deviation
and peak position, and effective particle sizehd emulsions including Z-average diameter,
poly dispersity index and peak position were stddising a Zeta sizer (Malvern instrument).
Employing Laser Doppler Electrophoresis and dyndigltt scattering technique, Zeta potential
and particle size distribution of the droplet afm@action of time can be determined, which was
done in this paper. Zeta potential is used to sthdychemistry involved in determining whether
or not an emulsion will remain stable in the ennireent where it will be used. Hence it is very
much essential. The stability of all diluted emaifs (1% v/v) of samples in milli-Q water was
studied. The parameters Zeta potential, partide and pH were measured at 1, 2, 3, 6, 8, 10,
12, 15, 20, 30, 45, 60, 75, 90 days after dilunbthe emulsions by mechanical mixing. On the
stability study of all these parameters it was fbuhat topical emulsion were most stable
followed by oral and parenteral.
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Introduction

The concept of emerging global trade and open niacksystem all over the world, the fittest
would service. Hence introduction of new drug dyaproduct in the market as earliest as
possible has become increasingly challenging oppiyt In case of heterodispersed system like
emulsions, apart from chemical stability of the glin the dosage form, the existence of the
dosage form at least over its shelf life claimaguired to be assessed in as much short time as
possible once the formulation development exelisismdertakefi].

A potential exists between the particle surface teddispersing liquid, which varies according
to the distance from the particle surface , thiteptal at the slipping plane is called the Zeta
potential [2-3].

In recent years it has been observed that higher getential does not necessarily lead to
emulsion stability. The rate of decrease in zetemqtel, as a matter of fact, controls emulsion
stability. Increase in the rate of decay of zetéepwal will reduce emulsion stability. This
indicates that emulsion stability is governed by thte with which desorption of emulgent from
interfacial film takes place during ageing.

The stronger is the interfacial film, lesser wobklthe zeta potential decay rate & high would be
the stability of emulsion. This reveals that enuisistability is primarily governed by the
strength of interfacial film. Thus it may be realizthat the rate of decrease in zeta potential
reflects the strength of emulsifier film [4-12].

The role of measurable properties of interfacithfsuch as thickness of emulsifier film is
thought to be of rarely any significance in inflegrg strength of interfacial film. Thus

practically at the moment cannot measure the dinesfgemulsifier film [13]. The zeta potential
of the sample will determine whether the partickethin a liquid will tend to flocculate (stick

together) or not. Therefore, knowledge of zeta pideis useful and very effective for emulsion
stability study.

To accomplish the aim of present investigationaeéd at, checking the suitability of marketed
product over shelf- life claim, identifying the dorant forces & their interplay in emulsion
stabilization, and therefore, to identify the ski&piindicating parameter that is expected to be
most appropriate in predicting the shelf life otblass of product when subjected to long term
storage.

In order to achieve the goal, perhaps no emulsifpeoducts other than those already in
commercial practice seems to be most appropriatexiend this study to diversified emulsified
products, the marketed emulsions meant for oralir@dtration, topical application & parenteral
administration were chosen.

I nstrumentation

| have used Zeta sizer [14], Nano Series (Nano M8lvern or DLS Instrument) for the
determination of zeta potential and particle sinalysis, which are based on the principle of
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Dynamic Light Scattering (DLS), also known as Pho@orrelation Spectroscopy. It measures
Brownian motion and relates this to the size of platicles. It does this by illuminating the
particles with a laser and analyzing the intenflitgtuations in the scattered light and pH was
determined by using pH meter.

Materials and M ethods

Materials

.V Emulsion: Intralipid®; manufactured by Fresenius Kabi India Pvt. L@tal Emulsions:
Cremaffin; manufactured by Abbott India Ltd and Agamanufactured by Pfizer Ltd. Topical
Emulsions: Ascabiol; manufactured by Nicholas Piramal Indial,LB. B. Application I.P
manufactured by Sisla Laboratories and Bioscab;ufie&tured by Unichem Laboratories Ltd.
Milli Q Water (Millipore, USA)

Procurement of commercial emulsions

The fresh samples of each of the parenteral, oltapical emulsion products were picked up
from the market of their respective same batch rermbhe contents of all the bottles were
brought together and shake gently. Each of the ymtsdwas then subjected to further
characterization.

To characterize the { potential and particle sizefor standard

Took all six freshly procured products, shake geatid withdrawn the 1 ml of samples in 100
ml volumetric flask and were diluted with milli Qater up to the mark. These samples were then
analyzed for particle size including size distribotvolume curves, Z-average diameter (nm),
poly dispersity index (PDI) and peak position (namd zeta potential including zeta potentials
distribution curve, zeta potential (mv), zeta d&eia (mv) and peak position (mv), using
Malvern instrument (Zeta sizer). Before the dilatiof samples with milli Q water, every time
pH of all the samples was noted with the help ofrpéter.

Accelerated stability studies using zeta (&) potential and particle size

Creation of suitable Accelerated environment

All six freshly procured products were shake geatig then stored at 3C, 47° C, 55°C, 62°C,
70°C & 04°C temperatures in airtight containers (iodine fJa3ke airtight positions of stoppers
were ensured after about half an hour of elevagedperatures & at high temperatures in
particular. Then sample were withdrawn at suitdiohe intervals of 8, 15, 30, 45, 60, 75 and 90
days were subjected to characterization for therdehation of particle size, zeta potential and
pH. The samples of each product being stored ai &zmperature were withdrawn over the
protracted storage of 3 months or till the sepanatif oily layer at the top of the sample became
conspicuous, whichever was earlier. The each saspleithdrawn was subjected to all the
analysis documented under characterization in tefrasta potential and patrticle size.

Preparation of Samplesfor stability studies

At suitable time intervals, withdrawn the 1 ml codinsples of all six products in 100 ml
volumetric flask and were diluted with milli Q watep to the mark. These samples were then
analyzed for particle size and zeta potential uditadvern instrument (Zeta sizer). Before the
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dilution of samples with milli Q water, every tinp# of all the samples was noted with the help
of pH meter.

Determination of zeta (£) potential and particle size of samples

All six freshly diluted samples were taken sepadyaite specified cuvette and put in tiesizer
instrument and got thé potential distribution curve including potential (mv)&deviation (mv)
and peak position (mv), and size distribution voducarves including Z-average diameter (nm),
poly dispersity index (PDI) and peak position (nnBach time data’s were taken after
stabilization of the instrument at room temperature

Data Presentation, Treatment

The experimental observation noted from time toetifor each product & stored at each
temperature were pooled together, duplicates plidaite were averaged. This would provide the
glance at the changes in zeta potential, partide distribution & pH that each product
experienced. Under variable storage conditiongutmtify the profile of changes being followed
graphical presentations were made involving appatprorder kinetics. From the results so
summarized finally efforts were made to establish rielationship between the changes in each
parameter with time at individual temperature arage. In case of I.V. emulsion, since the
particle size & PSD is the parameter crucial inatoding its suitability care was taken to follow

/ design the method ensuring reproducibility beyang element of doubt.

Result and Discussion

The ¢ potential and particle size for standard

The observations gathered during the periodic examnain of integral features of all commercial
products, representative of different routes of imitration. All the parameter< (potential,
particles size and pH) were recorded which arertegon table 1. Curves for ti{gpotential and
particle size of all the standard samples are tedon Fig 1-12, respectively.

{ Potential and particle size for sample

The parameters were collected during the periodiamegnation of integral features of
commercial products, representative of parenterallglly and topically administered emulsion
over an extended storage of as much as 3 monthsr wadiable temperature conditions are
recorded which are reported in Table antl Figures are reported in Fig. 13-30.

It may be pointed out that the samples of the samelsion, being stored at relative high
temperature of 78 and 62c, were characterized much frequently with smailee intervals
such that at least 4-5 readings could be obtaireddré the conspicuous oil separation were
noticed. This investigation was continued until é&mn broke or up to 90 days, which one was
earlier.

The product seems to have broken when zeta pdtevdamreduced below 30mv. Thus, a zeta
potential decrease of a few mv below the initidueaof 34-35 mv was suffered to induce oil
separation. This appears to suggest that zetat@dtplays hardly any role in the gross stability
of this emulsion product. Particle size seems teeHzeen gradually increased, Table 3. At all
storage temperatures, particle size tended toaseravhereas zeta potential appeared to exhibit
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decreasing trend. The changes in the pH of thidymounder variable temperature storage are
recorded in Table 4. It was noticed that rise inggpear to have taken place for first 15 days. In
case of the product maintained af@ponly sustained decrease in pH was observed’@\tthe

pH also seemed to remain consistently the same.

Cremaffin emulsion produced oil separation at the & about 2 months storage at remaining all
elevated temperature storage atG%2C as well as AT which exhibited as low zeta potential
as 5-8mv.

There was general tendency of decrease in pH, whioksly increased with the elevating

temperature storage conditions. This may be at&thto the description of less basic emulgent
from o/w interface and/or the breakdown of the leacomponent of emulsion present in the
aqueous phase to relatively more acidic degradatioduct.

The commercial product, Agarol has been seen teemge zeta potential varied from -26.9mv to
28.2mv with the corresponding mode values of 32.@md 28.2mv. It concluded that Agarol
emulsion for oral purpose exhibit the electricahigje corresponding to 27.55£10.50mv. Such a
widely varying zeta potential with non uniform dibtition of charges about mode perhaps
indicate the poor formulation with respect to Idegm shelf storage physical existence of the
product. Because of non-suitability of instrument the product having size-exceedingvgno
definite conclusion could be drawn about the changehe property of this product, although it
may be said that stable samples of the productsytstored at %, 37”C and 47C maintain the
particle size distribution within close range.

Agarol emulsion during early characterization hlael acidic pH of 4.76 units. The remarkable
difference in pH of this (Agarol) and previouslydted (Cremaffin) emulsions, in spite of the
fact that the both were derived from emulsificatadriight liquid paraffin, may well be attributed
to the presence of hydrated magnesium oxide.

Three topical products included are Ascabiol, Bats@nd B.B.Application. The results of
investigations on these products directed to thkysical stability aspects being carried out in
the manner analogous to those conducted on prewwaoscategories of the products were
discussed.

Homogeneity of the charge distribution on one haoudgests that the product would be
satisfactory in terms of physical stability. Butitgua broad standard deviation values ranging
from 17.6-27.0 mv with the average of 22.3mv appdarsuggest that the product is not of
exceptional quality with respect to its existentéhie form prepared.

The benzyl benzoate emulsion exhibited the avepag#cle size of 2.93um. While reported
value seen to have correctly displayed in sizeridigion, the same appears not to have an
extended particle size distribution in excess 0f 2Zm so as to prove the correctness of the auto
recorded average particle size of 2.43um. The c&wng electrical charge density existing on
droplets of benzyl benzoate in Ascabiol marketeadpct have been recorded which may be
noticed that the product sample maintained at edelveemperatures above®8) exhibited the
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breaking phenomenon while maintaining zeta potkatighe level 8-85 mv (which were all i
excess of initial value of 70.55 m\

In the last product of this ser was found that the product having poor surface g
distribution maintained the same during the stoiagependent of whether they broken or |
This does not indicate any role of zeta potentidhe stabilization of this emulsic

Tab 1. Zeta Potential, particle size and pH of standard samples.

S. | Formulation Product Zeta potential (avg) Particle size (avg) pH
No (mv) +zeta Peak Z- PDI Peak (avg)

deviation position | Avg position

(mv) dia. (nm)

(nm)
1. | L.V Emulsior Intralipid -34.45:8.115 | -34.4f 328 | 0.19¢ 351 4.4
2. | Oral emulsiol | Cremaffir -11.745.625 -11.7 420t | 0.531 178¢ 10.11
Agarol -27.55:10.5 -30.4 755C | 0.28¢ 341( 4.7¢
3. Topical Ascabio -70.55:22.3 -70.2¢ 293C | 0.69( 833.t 8.3¢
Emulsion Bioscal -42.9510.6 | -45.8] | 450C | 1.0C 470.5 4.6¢
B.B -25.812.5 -28.% 783t | 0.2¢ 357¢ 7.3¢
Applicatior

B. B. -Benzyl Benzoate

Zeta Potential Distribution
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Zeta Potential Distribution
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Fig. 7: Zeta Potential Distribution of Ascabiol.
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Tab 2: Zeta Potential (mv) of samples on ageing under variable storage conditions

Days 1 2 3 4 6 8 10 12 15 20 30 45 60 75 9(
Intra 37 | - - - - - 24.15 - - 25.65 - 28.70 - - - -
Lipid 47 | - - - - - 21.3( | - - 39.1( | - 26.5( | - - - -

at accele| 55 | - - - - - 29.6( | - 27.08 | 25.5( | 23.9% | - - - - -
rated 62 | - 27.20| - 3060 3690 21.0 37.J0 3610 27.35.0®@9 - - - - -
Temp 70 | 21.40] 2400 2120 2200 2445 28J4a0 2d4.20 - - - - - - - -
(C) 4 |- - - - - 28.00] - - 19.45 - 2490 26.00 22[70 780 32.20
Crema | 37 | - - - - - 8.01| - - 1150 - 969 842 934 999 1.7D
ffin 47 | - - - - - 856 | - - 10.40 - 1011 8.89 858 13[791.20
at accele| 55 | - - - - - 733 | - - 1250 - 967 5.66 791 17/30
rated 62 | - - - - - 9.46 | - - 9.15| - 6.23| 624 658 - -
Temp 70 | - - - - - 727 | - - 586| - 560 6.60 477 - -
(C) 4 |- - - - - 831 | - - 9.30| - 6.31] 9.4d 9.01 1085 .401
Aga 37 | - - - - - 20.35 - - 23.65 - 22.60 28.70 33/50 .188 24.50
rol at 47 | - - - - - 26.90] - - 2270 - 23.90 24.65 29[25 .7p1 26.00
accele |58 |- - - 26.8t | - 24.8( | - 29.6f | 27.65 | 27.0C | 29.0C | 33.4( | - - -
rated 62 | - 22.75| - 279§ - 2750 2980 2855 25|55 - - - - - -
Temp 70 | - 28.80| - 20.14 235p 2135 - 2050 - - - - - - |-
(C) 4 - - - - 25.70] - - 2055 - 26.20 2250 27.p5 B1822.00
Ascabiol | 37 | - - - - - 73.9C | - - 73.0C | - 84.95 | 79.9C | 74.6( | 70.5C | 80.9C
At 47 | - - - - - 65.3C | - - 76.45 | - 55.48 | 75.3C | 78.0C | 77.2¢ | 78.9C
accele |55 | - - - - - 7250 - - 65.40 - 83.25 84.28 86J10 - |-
Rated 62-| - - - - - 82.35) - - 7430 - 84.75 - - - -
Temp |70 | - - - - - 66.20] - - 67.9% - 82.05 - - - -
(c) 4 |- - - - - 68.8( | - - 70.5¢ | - 78.2C | 78.5( | 71.28 | 83.3¢ | 61.1(
Bioscab | 37 | - - -- - - 39.1F | - - 32.0F | - 34.3C | 31.3t | 36.5C | 33.9C | 32.3¢
At 47 | - - - - - 42.80] - - 43.8% - 46.00 40.60 40J401.80| 41.60
accele |55 | - - -- - - 4440 - - 475% - 4350 4350 4240 - |-
rated 62 | - - - - - 4260 - - 4110 - 40.30 - - - -
Temp 70 | - - -- - - 41300 -- - 39.20 -- - - - -

(C) 4 |- - -- - - 45.10| - - 443% - 4136 4440 42j40 580 42.80
B.Ba 37 | - - - - - 20.05 - - 24.7% - 23.80 24.00 32)602.6D | 28.85
ppl 47 | - - -- - - 21.0¢ | - - 21.0C | - 23.€ | 25.3t | 32.5¢ | 27.8( | 23.5¢
ication [ 55 | - - - - - 22.15 - - 28.65 - 2850 25.70 - 2420
ataccele| 62 | - - - - - 28.40 - - 25.65 - 27.40 27.75 - 22]50
rated 70 | - - - - - 22.95 - - 28.7% - 33.95 2340 - - -
Temp

°C) 4 |- - - - - 2495 - - 2755 - 29.46 2454 2005 - |-

Tab 3: Particles size of samples on ageing under variable storage conditions

Days 1 2 3 4 6 8 10 [12 [15 [2c [3C [45 [e6C [75 | aC
Intra 37 0.51 0.44 0.5
Lipid 47 0.37 0.3¢ 0.47
At accele 55 0.35 0.41 0.42 0.40
rated Temp| 62 0.4 0.47 ] 0.32 | 047 | 0.3z 0.4C | 0.42 | 0.47
C) 70| 0.47] 042 041 05b 048 043 0k0

4 0.45 0.49 041 031 026 032 0|36
Crema 37 7.02 4.3¢ 527 | 8.37 | 5.3¢ | 7.07 | 7.6¢
ffin 47 6.42 6.86 788 998 386 895 538
Ataccele |55 6.5¢ 7.4¢ 7.4¢ | 3.7¢ | 5.8 | 3.6¢
rated Temp| 62 9.65 5.34 6.18 8.7 256
(C) 70 5.6€ 6.65 751 7.3¢ | 6.42

4 4.7¢ 8.31 417 5.7 | 246 | 5.78 | 7.9/
Aga 37 8.40 8.82 80P 58D 579 5[73 5|12
rol 47 8.4¢ 7.37 7.32|6.82 | 6.2¢]5.97 | 5.92
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Ataccele | 55 7.03 6.87 827 790 783 653 9p5
rated Temp | 62 8.01 6.3 6.8 | 7.9t | 7.42 | 6.8
) 70 9.51 3.23 247 8.0p 6.97

4 9.0 8.82 8.9¢ | 8.6¢ | 5.6z | 551 5.0
Ascabiol | 37 4.61 3.80 6.0p 288 263 3b7 224
Ataccele |47 4.30 2.63 766 428 287 244 2|75
rated Temp| 55 4.04 4.78 32k 16 190
‘c) 62 450 4.2d 4.48

70 7.5 6.4z 5.9¢

4 2.81 4.39 2.86 33p 222 2B7 2/88
Bioscab | 37 457 6.87 4.9t | 447 | 475 | 3.3z | 3.0
Ataccele |47 4.39 4.28 535 2.7p 287 4p6 2,28
rated Temp| 55 6.5 6.47 6.20 408 3.66
‘c) 62 6.1¢ 4.5 6.1¢

70 6.56 454

4 455 .66 4.47 | 2.87 | 4.0C | 4.1C | 3.8
B.B 37 3.69 6.47 6.77 6.68 6.02 552 415
Application | 47 3.36 3.34 395 378 685 5013 4l42
At accele | 55 3.1¢€ 3.5¢ 7.47 | 6.8¢ 4.6¢
rated Temp| 62 4.29 6.34 6.44 6.2 4.84
c) 70 7.4¢ 5.47 5.11 | 6.4

4 7.02 8.34 6.70 691 6.16

Tab 4: pH of samples on ageing under variable storage conditions

Days 1 2 3 4 6 8 100 12 18 20 30 45 60 75
37 5.77 5.55 3.34
47 6.27 5.71 5.4p
Intra 55 4.04 535 3938 3.02
Lipid
At accele
rated Temp’C) | 62 3.04 290 2.86 625 269 403 6P3 396
70| 3.96| 36| 363 360 3.04 389 200
4 6.05 6.00 580 561 403 3.5
37 9.35 9.96 958 977 9.36 895
47 9.00 9.53 934 920 855 842
C][f‘ier:“a 55 9.64 9.92 930 925 8.09 8ih4a
At accele |
rated Temp’C) | 62 9.35 9.59 935 956 7.64
70 9.41 9.62 950 920 821
4 10.17 9.87 955 928 954 932
37 4.74 4.68 515 492 513 4B5
Aga
rol 47 473 4.70 458 555 565 457
At accele
rated TempC) j
55 4.38 5.13 480 460 434 408 5|73
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62 471 4.76 483 500 478 4.69
70 4.61 463 453 4.73 3.91
4 4.69 4.67 480 517 488 36 4.9
37 8.60 8.32 848 851 8718 7h2 86
47 7.80 8.44 766 820 7.69 50 85
Ascabiol 55 8.49 7.67 854 758 7.61
At accele
rated Temp’C) | 62 7.31 7.74 6.68
70 8.26 7.66 7.36
4 8.52 8.42 770 808 85%3 657 67
37 5.63 6.74 6.46 6.73 628 687 7.4
47 4.43 4.54 504 684 462 4P4 41
Bioscab 55 4.46 3.83 288 236 2.69
At accele
rated Temp’C) | 62 2.64 2.21 3.68
70 2.22 5.02
4 4.45 4.39 476 786 229 3p7 3.2
37 7.37 6.41 738 737 649 582 65
47 6.05 5.76 627 819 455 6p5 4.9
B.B Application 55 7.19 5.92 745 8.1 6.18
At accele
rated TempiC) | 62 6.5 7.19 6.6 6.5 6.88
70 6.24 6.3 6.6 6.7
4 7.33 7.14 748 7.16 5.29

Fig.13. Changes in Zeta Potential of INTRALIPIDR at different storage temperatures
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Fig. 15: Changein pH of INTRALIPIDR at different storage temperatures
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Fig. 16: Changein Zeta potential of CREMAFFIN at different storage temperatures

1=
10
—e—37 c
El a7 e
55 c
6 s 62 c
—~— —— 70
a \,/ —=—0a c
ES
o
o 20 a0 [Sle] 80 100
TIME (DAYS)

Fig. 17: Changein Particle size of CREMAFFIN at different storage temperatures
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Fig. 18: Change in pH of CREMAFFIN at different storage temperatures
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Fig. 19: Change in Zeta potential of AGAROL at different storage temperatures
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Fig. 20: Change in Particle size of AGAROL at different storage temperatures
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Fig.21: Changein pH of AGAROL at different storage temperatures
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Fig. 22: Change in Zeta Potential of Ascabiol at different storage temperatures
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Fig. 23: Change in Particle Sze of Ascabiol at different storage temperatures

- — —— 37
P —-—— a7
2 55
ez c

- 4
—se— 70 <
—e—o0a

s 4

o 2o ao SYe) s0 100
TIME (DAYS)

Fig. 24: Change in pH of Ascabiol at different storage temperatures.
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Fig. 25: Change in Zeta Potential of Bioscab at different storage temperatures
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Fig. 26: Change in Particle Sze of Bioscab at different storage temperatures
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Fig. 27: Changein pH of Bioscab at different storage temperatures
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Fig. 28: Change in Zeta Potential of B.B.APPLICATION at different storage temperatures
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Fig.29: Changein Particle Sze of B.B.APPLICATION at different storage temperatures
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Fig. 30: Changein pH of B.B.APPLICATION at different storage temperatures

Conclusion

In respect of oral emulsions containing light lidigaraffin, Cremaffin exhibited low initial zeta
potential value (-11.70+£5.63mv) whereas Agarol vaasociated with quite greater charge (-
27.55+£10.5mv). Also, Cremaffin had low particleesiabout 3-4um) than that of Agarol (about
8-13 um). However, it was much basic (pH about 10 unitgn the latter (pH 4.76 units).
Cremaffin having pH of 10.11 evinced the progressivop in pH whereas Agarol with initial
acid character having pH 4.76 hardly underwent pidnges before breaking. It is however
striking to note that in case of Cremaffin risestorage temperature led to relatively faster
decrease in pH whereas in case of Cremaffin atéomperature, the product was relatively more
stable and the initial rise in pH may be observed.

Topical emulsions on comparison for different pmee may be arranged as:
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Zeta Potential (mv): Ascabiol (70.5+22.3) > Bioscé2.95+10.6) > B. B. Application
(25.8+£12.5).

Particle size (nm): B. B. Application (7835+.260)Btoscab (4500+1.0)>Ascabiol (2930+.690)
and pH(units): Ascabiol (8-9)>B. B. Application 8j>Bioscab(4-8).
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