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ABSTRACT 

This paper reports a study undertaken using techniques of static and dynamic light 
scattering to investigate the influence of sodium salicylate and methyl salicylate on 
droplet size of oil-in-water emulsions. The rates of changes were measured by 
determining the size and distribution of the oil droplet in the material. All emul- 
sions showed a bimodal size distribution; the mean diameters and polydispersity 
were calculated from intensity. These data were analyzed with nonlinear regres- 
sions and bootstrap methodology. An amount of methyl salicylate component in- 
duced a decrease of mean diameter and standard deviation. On the contrary, 
sodium salicylate entailed the growth of all droplet populations and coalescence 
for the highest concentration. 
Key words: Bootstrap methods; Light scattering; Methyl salicylate; Oil-in-water 
emulsion; Particle size analysis; Sodium salicylate. 

INTRODUCTION of homogenization, mode of cooling, and operators. The 
best conditions found in this preliminary study with a 
ruggedness formulation method give a stable oil-in-water 
emulsion (1,2), and we studied the influence on this 
emulsion of additional drugs, two different salicylate 
compounds. Methyl salicylate and sodium salicylate are 

A preliminary work using experimental designs has 
shown the importance of formulation parameters of oil- 
in-water emulsions. Five factors were investigated: tem- 
perature of manufacture, time of phase introduction, rate 
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two of the most commonly used analgesic and anti-in- 
flammatory ingredients in commercially marketed over- 
the-counter dermatological products. They are formu- 
lated in such pharmaceutical preparations, and their 
topical application can procuce rubifacient action at the 
applied site (3,4). The purpose of this study is to deter- 
mine the component which produce the most stable 
emulsion with the system Brij 92/Brij 98-water-paraf- 
fin oil. Light scattering spectroscopy and quasi-elastic 
light scattering spectroscopy (QELSS) have been used 
successfully to study fine emulsions. 

MATERIALS AND METHODS 

Materials 

Two nonionic surfactants: oleyl ether (Brij 92@, ICI) 
and polyoxyethylene (20) oleyl ether (Brij 98@, 
ICI) 

Paraffin liquid, kinematic viscosity 40°C 70 cSt 
(Primal@, Esso) 

99% methyl salicylate and 99% sodium salicylate 
(Prolabo, Rh6ne-Poulenc) 

Distilled water for emulsion formulation 
Sterilized water (VersoP, Aguettant) for 

Methods 

Preparation of Emulsions 

The method of phase inversion was used 

dilution. 

to prepare 
oil/water (o/w) emulsions (5 ) .  The oily phase is com- 
posed of 20% paraffin and 5% surfactants mixture (Brij 
92/Brij 98, 70130, p/p). Both the aqueous and oily phase 
were warmed to a temperature of 75°C. The aqueous 
phase was then added to the oily phase in 60 sec, and 
mixed by the use of a homogenizer (Turbotest 33/300, 
Rayneri) at 400 rpm with progressive cooling corre- 
sponding to 45 min of homogenization at room tempera- 
ture (25°C). About 300 g of emulsion were prepared for 
each test. Five different emulsions are obtained: one 
without drug, corresponding to reference emulsion 
(Ref); one with 1 % methylsalicylate and 3% (MeS); and 
one with 1 % sodium salicylate and 3 % (NaS). Methyl 
salicylate is incorporated in the oily phase and sodium 
salicylate in the aqueous phase before emulsification. All 
emulsions obtained were o/w and stored at 20 f 1°C. 
No study can be completed with 3% sodium salicylate 
because in the first hours this emulsion breaks. 

Emulsion Dilution 

Previous works emphasized the requirement that 
emulsions be dilute. Emulsion are usually measured in 
a high state of dilution to ease interpretation in terms of 
independent particle scattering models (6,7). At elevated 
solute concentrations, diffusing particles interact with 
each other, modifying the diffusion coefficients (8). 
Different dilute solutions were studied, and for all ex- 
periments we used exactly 25 pl of each emulsion in 
200 ml of water (Versol). 

Dynamic Light Scattering or Quasi-Elastic 
Light Scattering 

Measurements were made using a SEMATech 
photogogniodiffusiometer (SEM-633) operating at 632.8 
nm and with a He-Ne laser as the source of incident 
light. The SEMATech instrument is combined with a 
Correlator SEM Real Time Granulometry (RTG), using 
12 channels, Log-Log, corresponding to 4096 channels. 
The cylindrical scattering cells were immersed in a 
thermostated bath (20 f l°C) of index-matching liquid 
(toluene). All data in the homodyne mode were collected 
at a scattering angle of 90", at 20 f 1"C, and analyzed 
using RTG software to obtain correlation function, 
translational diffusion coefficient, and emulsion droplet 
diameter. 

Microscopic Observations 

Emulsions were observed with a Zeiss Axiostrop 
equipped with PanNeofwar (100 x 1.3), and photomi- 
crographs were obtained in ordinary light. 

RESULTS AND DISCUSSION 

The size distribution of its droplets is a most impor- 
tant parameter in characterizing any emulsion (9). 
Quasi-elastic light scattering is used to obtain particle 
size distribution information from the time-dependent 
fluctuations of scattered light intensity caused by fluc- 
tuations of particles (Brownian motion). Intensity fluc- 
tuations of the scattered light are studied through their 
autocorrelation function. This function is exponential, 
and a typical example of experimental data is given in 
Fig. 1 (3% methyl salicylate). The diffusion coefficient 
of the scattering centers may be calculated from the 
decay of the correlation function; the hydrodynamic 
radius of the particle r, can be determined from the 
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Figure 1. Normalized intensity-time correlation function g(2) 
( 5 ) .  Log scale, emulsion MeS (3% w/w). 

diffusion coefficient D using the Stokes-Einstein rela- 
tionship: 

D = kJI6 x q rH 

where kB is the Boltzmann constant, T is the absolute 
temperature, and q is the viscosity of the solvent 
(10,ll). The four emulsions were analyzed regularly, 
after standing at 20°C for 2 months. The stability of 
emulsions was demonstrated by the lack of change on 
the diffusion coefficient over the period (70-75 days), 
and the values of D are reported in Fig. 2. Addition of 
a small quantity of methyl salicylate to emulsion results 
in an increase in the diffusion coefficient, which could 
be interpreted as a decrease in the hydrodynamic radius 

Diffusion coefficient 
cm's" x d  

of the particle. The other emulsions are very similar to 
one another. With the cumulant technique, the mean 
diameter of the population of particles and a variance of 
this population are calculated. A polydispersity param- 
eter is also given. In all cases this parameter is high and 
as a result, with polydisperse emulsions, the method of 
cumulants is not a rigorous approach. Another means of 
analysis is implanted in the RTG program [singular 
system analysis (SSA)]. It is the most powerful tech- 
nique for polydisperse samples, introduced by Bertero 
and Pike (12). The RTG software gives the intensity, 
number, and mass of diffusant particles, and it is the 
most widely method used to determine droplet size dis- 
tribution for polydisperse emulsions (13). We used the 
SSA with this type of emulsion, and the probability 
density of intensity was obtained. 

For each formulation (Ref, 1 % and 3% MeS, 1 % 
NaS) at day 7, the particle size data are given by RTG 
correlator and show a bimodal distribution. By hypoth- 
esis this bimodal distribution corresponds to two normal 
laws with p and q = (1 - p) proportions. 

PD(x) = p PD,(x) + (1 - p )  PDZ(X) 

where: 

- - + - . Reference 
+MeS 1% 
+"as 1% 
+ MeS 3% 

0.6 

0 I 

Days 
0 10 20 30 40 50 60 70 00 

Figure 2. Diffusion coefficient as a function of time, reference emulsion, emulsion with methyl salicylate ( l%, 3% w/w), and 
with sodium salicylate ( 1 %  w/w). 
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Table 1 

Characteristics of Each Emulsion 

Methyl Salicylate 
Emulsion Characteristics 1% 3% Reference Salicylate 

Probability ( p )  
Standard deviation 
Mean (nm) 
Standard deviation 
Standard deviation 
Standard deviation 

Probability (4) 
Standard deviation 
Mean (nm) 
Standard deviation 
Standard deviation 
Standard deviation 

0.45 
0.07 

233.1 
15.9 
46.7 
9.6 

0.55 
0.07 

1037 
49 

21 1 
38 

First Population 

0.61 
0.03 

276.8 
9.9 

60.9 
7.4 

Second Population 

0.39 
0.03 

1163 
68 

226 
43 

0.51 
0.06 

250.3 
24.7 
70.6 
15.9 

0.49 
0.06 

1753 
173 
469 
108 

0.52 
0.07 

288.4 
20.8 
88.3 
17.2 

0.48 
0.07 

3314 
363 
935 
239 

A nonlinear regression associated with bootstrap 
methodology (14-17) is used to estimate bimodal distri- 
bution parameters and their first and the second mo- 
ments, Table 1. The main advantages of this technique 
is that it allows an analysis with high coverage accuracy 
in small to moderately sized samples. For every series, 
a simulation study with N = 100 resampling is a rea- 
sonable estimate (18). Nonlinear regression and boot- 

strap calculations were obtained by the Mathcad pro- 
gram (19), and Fig. 3 corresponds to an example of 
experimental points and calculated curve. For purposes 
of comparison, the curves of all emulsions obtained by 
nonlinear regression are illustrated in Fig. 4. 

We can observe two populations of droplet diam- 
eters. By and large the first population of salicylate 
emulsions is roughly not different from the reference 

M11 

Figure 3. Emulsion MeS (3% wlw) experimental data and curve obtained by nonlinear regression. 
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0.002 

0.0016 

0.0012 

0.0008 

0.0004 

0 

- - - NaS 1% 
-reference 
____ MeS 1% 

MeS 3% -__-  

0 1000 2000 3000 4000 5000 6000 
nm 

Figure 4. 
3% w/w) and with sodium salicylate (1% w/w)]. 

Comparison between curves obtained by nonlinear regression of all emulsions [reference, with methyl salicylate (1 %. 

emulsion, averaging 250 nm, with a small spread of 
standard deviation. It can be noted that the standard 
deviation between 1 % MeS and 1 % NaS increases from 
46 to 88. On the contrary, the addition of salicylate 
component has an important effect on the second popu- 
lation. Both methyl salicylate concentrations entail a 
reduction of the mean particle diameter in comparison 
with the reference emulsion. Furthermore, the standard 
deviation decreases approximately by one-half. Never- 
theless, this effect is more important with 1% of MeS. 
Sodium salicylate varies in location with substantially 
higher mean droplet size, and in spread with an impor- 
tant standard deviation (twice the value of reference 
emulsion). It can be seen that the presence of 1 % con- 
centration of sodium salicylate promotes aggregation of 
oil droplets. This phenomenon is confirmed by the de- 
stabilization of 3 % NaS emulsion. The destabilizing 
effect of sodium salicylate observed at low electrolyte 
concentration is not observed in the presence of methyl 
salicylate. A microscopic observation (Fig. 5 )  illustrates 
these results. 

Stability and resistance to creaming are influenced by 
both relative size and size distribution, and these results 
predict the behavior of the products. So, MeS emulsions 
are in all cases I 1  pm, predicting the most stable emul- 
sions, and very polydispersed NaS emulsion will entail 
unstability. All emulsions stocked at 20" f 1°C were 

macroscopically controlled every month during 1 year. 
The reference emulsion was stable during 180 days, the 
NaS emulsion was less stable (90 days), and the two 
MeS emulsions were more stable (> 360 days). 

CONCLUSION 

Laser light scattering was used to monitor particle 
size and polydispersity of several oil-in-water emulsion 
formulations. The emulsions evaluated in this study 
produce a bimodal distribution, and the introduction of 
salicylate components has a dramatic effect on the mean 
particle diameters and the spread of the distribution. The 
growth of droplets is important with 1 % NaS emulsion. 
This salting effect is conducive to rapid coalescence of 
the oil droplets with 3 %J . This fast coalescence of drop- 
let was observed during the first hour after preparation. 
Accordingly, with a small amount of this electrolyte, the 
electrostatic forces are strongly diminished, and particles 
can approach closely and form agglomerates. This re- 
sult is in agreement with those reported by other authors 
(20). On the other hand, at low methyl salicylate con- 
centration the particles turned out to be smaller than the 
initial emulsion reference droplets. This work cannot 
show a significant change in particle size between the 
two concentrations (1 % and 3 %) of methyl salicylate. 
With nonionic surfactants such as Brij 92-Brij 98, only 
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Reference 

MeS 1% 
- 
0 5 1 0 n m  MeS 3% 

- 
0 5 1 0 n m  

- 
0 5 10nm 

Figure 5. Photomicrographs in ordinary light of the emulsions without drug (Reference), with NaS 1 % , and with MeS 1 % and 
3 % .  
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MeS emulsions have a droplet size I1 pm and the 
greatest stability. 
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