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Abstract 

Our study aims to assess the rheological parameters and toxic effects for some applications of semisolid 
formulations that include in their composition surfactants: Sodium lauryl sulphate, Tween 20, Sucrose 
laureate. In laboratory the determinations were performed using a rheometer in standard conditions 
provided by regulations and on the other hand the clinically toxic side effects were investigated with aid of 
three groups of healthy volunteers aged 20-30 years using the patch-test application. Sodium lauryl sulfate 
represents the surfactant determining the best rheological properties (flow viscosity) compared with the 
other two but laureate sucrose can lead to qualitative rheological formulations. 

Keywords: rheological analysis, surfactants, semisolid formulation 
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1. Introduction 

The oil/water (o/w) creams are widely used in 
pharmacy and cosmetics for their therapeutic 
properties and as vehicles to deliver drugs and 
cosmetic agents to the skin. The formulator must 
design a dermatological product which has good 
physical and chemical stability, an attractive 
appearance and also provides an appropriate 
carrier system for the active agent. The system 
must be non-irritant to the skin, easily applied and 
removed from the skin. Thus, many formulations 
are complex, multi-component preparations 
containing a number of emulsifiers, polymers and 
other additives. The most important and at the 
same time the most contradictory group of 
additives are the surfactants. An understanding of 
the surfactants, the effect elicited by them and the 
microstructure of such systems are essential in 
order to optimize the formulation and manufacture 
of existing products and in the design of new 
dermatological delivery systems [1]. 

 

 
The o/w type creams stabilized with mixed emulsifier 
are at least four-phase systems which phases are the 
following: a) crystalline /hydrophilic gel phase, 
composed of bilayers of surfactant and fatty 
amphiphile [2]; water molecules are inserted between 
the bilayers, thus forming interlamellar water layer; 
b) bulk water layer; water molecules bound as bulk 
water are in equilibrium with the interlamellarly 
fixed water in the gel phase. Both phases form the 
continuous (external) phase of the system. It is 
assumed that interlamellarly fixed water molecules 
exhibit different physicochemical and 
biopharmaceutical properties than those of the bulk 
water phase [2]; c) lipophilic gel phase. The excess of 
the fatty amphiphile, which is not part of the 
hydrophilic gel phase, builds up a matrix with 
lipophilic character; d) dispersed oil phase. This inner 
phase is mainly immobilized mechanically from the 
lipophilic gel phase [3]. 
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Human skin is the largest and important target 
organ of the body for many application of drugs 
[4,5]. It represents the natural barrier that prevents 
systemic exposure to environmental chemical [6], 
biological [7], and physical attacks [8]. Skin 
consists of three layers: epidermis, dermis, and 
hypodermis. The stratum corneum (SC) layer is 
considered as the most external layer of the dermis 
in the skin and it is characterized as being strong, 
highly flexible, and self repairing. It is the rate 
limiting layer for the penetration or diffusion of 
topically applied substances through the skin [6,7, 
9,10,11]. Therefore, this restriction should be 
overcome in order to reach a therapeutic 
concentration [5]. It has a thickness of 10–25 µm 
with about 4–15 layer of corneocyte [9]. 

It has been recognized that the vehicle in which the 
permeant is applied to the skin has a distinctive 
effect on the dermal and transdermal delivery of 
active ingredients. Despite the fact that studies 
have been performed to investigate the vehicle 
effect on skin penetration, it is still not fully 
understood, especially for more complex 
formulations such as emulsions. In addition, the 
task of formulating a topical formulation not only 
includes the optimization for delivery of the active 
ingredient but also the fulfillment of the 
requirements for chemical and physical stability, 
non-toxicity and aesthetic acceptability [12]. 

According to the complexity of the vehicle effect 
on skin penetration, some general guidelines are 
recognized for enhancing the flux of active 
ingredients across the skin. It is well known that 
the flux can be optimized by: maximum 
thermodynamic activity of the permeant in the 
vehicle; supersaturation and incorporation of 
penetration enhancers which can increase the 
solubility of the permeant in the skin or enhance 
the diffusivity across the skin [13]. 

Surfactants are used in formulations as emulsifiers, 
wetting agents and solubilizers and have the 
potential to irritate the skin. The application of 
surfactants may lead to inflammation induced by 
the direct interaction of the surfactants with 
epidermal keratinocytes, which results in the 
release of cytokines [14]. Moreover, protein 
denaturation [15] and swelling of the stratum 
corneum may also result from the interaction of 
surfactants with keratin [16]. In addition to their 
irritant potential, surfactants may also deplete 
intercellular lipids from the stratum corneum 

resulting in the dehydration of the stratum corneum 
[17] and the different effects of surfactants on the 
skin (inflammation, direct cytotoxic effects, lipid 
extraction) can impair the skin barrier function [18]. 

Emulsion systems used in dermopharmacy as drug 
carriers have to fulfill a number of requirements, e.g. 
acceptable physical stability, chemical inertness, 
satisfactory safety profile and drug delivery efficacy 
[19,20] reaching at the same time optimal sensory 
attributes (cohesiveness, spreadability) [21]. The 
European Pharmacopoeia 6.0 recognizes only two 
mixed emulsifiers, both of them of anionic type: 
cetostearyl alcohol (type A), emulsifying and 
cetostearyl alcohol (type B), emulsifying, the first 
one containing minimum 7% (w/w) of sodium 
cetostearyl sulphate (SCS), and the second one 
minimum 7% (w/w) of sodium lauryl sulphate (SLS). 
The latter surfactant is well established as cytotoxic 
marker chemical [22] and in vivo proved skin irritant 
[23]. While vehicles based on these mixed 
emulsifiers meet general requirements for 
pharmaceutical bases, their use is definitely 
accompanied by adverse skin reactions [24], or 
associated with unpleasing appearance and 
unacceptable skin feeling during application [25]. 
Consequently, overcoming the above problems is an 
important formulation task, which may be 
accomplished by adequate selection of an emulsifier 
system [24, 26, 19, 27, 28]. 

2. Materials and Method 

Rheological readings were made with Rheometer 
RV-MLV at 25 ° C. Saponification index was 
calculated as FRX, followed by a statistical 
validation of values [29, 30, 31, 32]. 

The formulations of semisolid product which 
   of surfactants % were  

     [33].  
       

   oily ) at  
     .   

  .     
    . 

has 
been used for testing 2 taken
and adapted from a cosmetic form The process
of semisolid formulations was by heating the two
phases (aqueous and oily- phase a temperature 
of about 70 Co and mixing them The surfactant is
soluble in the aqueous phase The two phases are
mixed until cooling and solidification

To determine the tensioning capacity we have used 
the same three formulas according to the table. 
Tensioning capacity was determined using 
extensometer Pozo Ojeda and Sune Arbusa. It takes 
into account the diameter of the circle occupied by 1 
g ointment following pressing with a glass plate 
(diameter 11 cm) which weighs 54.5 g (G0). .

 

http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
http://www.google.ro/dictionary?source=translation&hl=ro&q=&langpair=en|ro
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At 1 minute intervals we place on the top plate of 
extensometer the increasing weights in order: 50 g 
(G1), 100 g (G2), 150 g (G3) and 200 g (G4).Then it 
reads the diameter of the circle formed by 
spreading ointment. We calculate the area (π.r2) 
which is noted by S0, S1, S2, S3 and S4. Based on 
these types of results are plotted extensometric 
curves. 

The noxious effect of the formulations with the 
higher concentration of surfactant was 2%. These 
were tested on 3 groups of 4 volunteers. These 
were female with ages between 25-30 years. The 
studies were developed under the ethical principles 
of the Declaration of Helsinki concerning testing 
on human subjects, including confidentiality on all 
records and papers. The rights, safety and comfort 
of tested human subjects are above all other 
scientific or social interests.   Before getting 
involved in such a study, each and every human 
subject has freely consented, knowing in detail 
every aspect of the testing. Inclusion criteria were: 
human volunteers, who have been informed of the 
particularities of the tests and have freely 
consented to it, clinically healthy, Caucasians. 
Exclusion criteria were: dermatological diseases 
which can interfere with the final evaluation, 
pregnancy, participation in other simultaneous 
studies or in a short period of time, tattoos, 
sunburns, scars in the tested areas [32, 33, 34].   
To test the flow curves using the formula:

ατ ⋅= z   

where τ is the tangential pressure (Pa) 
z is the constant cylinder and  
α is the value read on the dial (the force that the 
semisolid opposes to the  rotation). 
For assessing the viscosity is used the formula:  

D
τη =  where 

η is dynamic viscosity (Pa. s) 
τ is the tangential pressure (Pa) and 
D is the gradient of speed (1 / s or s-1) 

Flow curves and rheogrammes take account into 
these parameters 

Three groups, each of five healthy female 
volunteers aged 20-30 years participated in patch-
test application.  

 

After that the chambers were filled with the 
preparations and put on the ventral forearm of the 
subjects. The skin was occluded for 24 hours with 
this chamber.  

After the occlusion time, the patches were removed 
and the hydration level and the TEWL were 
measured 30 minutes later. 
Table  1. Cosmetic formulations analyzed – for 100 g 
basis. 
  Ingredient Formula 1 Formula 2 Formula 3 
Sodium lauryl 
sulphate 

- - 0,5;1;1,5;2 

Tween 20 - 0,5;1;1,5;2 - 
Sucrose laurate 
D1216 

0,5;1;1,5;2 - - 

Cetyl alcohol 8 8 8 
Cocoa Butter 7 7 7 
Vaseline 20 20 20 
Preservative solution 65 65 65 

3. Results and Discussion 

Rheological analyses of formulas studied have 
revealed the following issues presented in Figures 1, 
2,3,4,5,6,7,8. 
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Figure 1. Rheogramme and flow curves for the three 

formulations at a concentration of 0.5% surfactant 
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Figure 2. Rheogramme and flow curves for the three 

formulations at a concentration of 1% surfactant 
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Figure 3. Rheogramme and flow curves for the three 

formulations at a concentration of 1.5% surfactant 
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Figure 4. Rheogramme and flow curve for the three 

formulations at a concentration of 2% surfactant 
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Figure 5. Extensometric curves for creams with 0.5% 

surfactant 
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Figure 6. Extensometric curves for creams with 1% 

surfactant 
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Figure 7. Extensometric curves for creams with 

1.5% surfactant 
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Figure  8. Extensometric curves for creams with 

2% surfactant 

The aspect of the skin to 3 groups of volunteers 
after patch application with the formulations for 
analysis and maximum surfactant concentration of 
2% for 24 hours is figurate in the followings 
figures: Formula 1, 2, and 3.  

 
(A) 

 
(B) 

Formula  1.  (A). Before and  (B) After 24 h 

 
(A) 

 
(B) 

Formula 2  Tween 20   (A) Before (B)  After 24 H 

 
(A) 

 
(B) 

Formula  3. (A) Before  (B) After 12 H 

Many pharmaceutical and cosmetic processes such as 
new ingredient selections, formulation preparations, 
material packaging, and shelf storage are associated 
with a complex flow of materials. The application 
and acceptance of pharmaceuticals and cosmetics are 
also dependent on the flow properties of the final 
product. Therefore, rheological measurements, an 
important route to revealing the flow and 
deformation behaviors of materials, cannot only 
improve efficiency in processing but can also help 
formulators and end users find pharmaceutical and 
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cosmetic products that are optimal for their needs. 
In general, rheological measurements on 
pharmaceutical and cosmetic materials are 
performed for the following reasons: to understand 
the fundamental nature of a system; for quality 
control of raw materials, final products, and 
manufacturing processes such as mixing, pumping, 
packaging, and filling; and to study the effect of 
different parameters such as formulation, storage 
time, and temperature on the quality and 
acceptance of a final product [35]. 

Pharmaceutical and cosmetic materials range in 
consistency from fluid to solid. Semisolid products 
are the most difficult materials to characterize 
rheologically because they combine both liquid 
and solid properties within the same material. Few 
rheological publications have addressed the 
dominant viscoelastic nature of a semisolid 
material in a detailed sense [35]. 

Semisolid preparations include ointments, pastes, 
cream emulsions, gels, and rigid foams. Their 
common property is the ability to cling to the 
application surface for a reasonable period of time 
before they are washed off or worn off. They 
usually serve as vehicles for topically applied 
drugs, as emollients, or as protective or occlusive 
dressings, or they may be applied to the skin and 
membranes [36].These preparations are widely 
used as a means of altering the hydration state of 
the substrate (i.e., the skin or the mucous 
membrane) and for delivering the drugs (topical or 
systemic) by means of the topical route. 

One of the serious problems associated with the 
formulation and manufacture of topical–mucosal 
preparations is the establishment of reliable 
techniques for their characterization, mainly 
because of the complexity of their physical 
structure [37]. Consumer preference for such 
products depends on various properties of the 
preparation, collectively known as the textural 
profile, which includes appearance, odor, 
extrudability (when applicable), initial sensations 
upon contact with the skin, spreading properties, 
tackiness, and residual greasiness after application 
[38]. Ultimate acceptability and clinical efficacy of 
such preparations require them to possess optimal 
mechanical properties (ease of removal from the 
container, spreadability on the substrate), 
rheological properties (viscosity, elasticity, 
thixotropy, flowability), and other desired 

properties such as bioadhesion, desired drug release, 
and absorption [39]. 

The efficacy of topical therapy depends on the patient 
spreading the formulation in an even layer to deliver 
a standard dose. The optimum consistency of such a 
formulation helps ensure that a suitable dose is 
applied or delivered to the target site. This is 
particularly important with formulations of potent 
drugs and of cosmetic active substances. A reduced 
dose would not deliver the desired effect, and an 
excessive dose may lead to undesirable side effects. 
The delivery of the correct dose of the drug depends 
highly on the spreadability of the formulation [40]. 

On the other hand the surfactants, or surface-active 
agents, are amphiphilic compounds that form 
oriented monolayers at interfaces and exhibit higher 
equilibrium concentrations at interfaces than do those 
in a bulk solution. They exhibit several 
characteristics, including detergency, foaming, 
wetting, emulsifying, solubilizing, and dispersing. 
These agents are an integral part of the formulation 
of disperse systems for drugs and cosmetics and 
impart the desired physical characteristics and 
physical stability to these systems. Overall, they are 
responsible for the rheological properties of a 
formulation [41, 42]. 

The rheological characterizations for pharmaceutical 
and cosmetic semisolids provide important 
information to facilitate their production and 
processing for their products. Today, most 
formulators also count on rheological results to 
develop customer-favored products. Therefore, a 
reliable rheometer and understanding the rheology 
are becoming necessary for pharmaceutics and 
cosmetics manu-facturers. 

The results obtained indicate that this semi-solid 
formulation offers potential advantages as a vehicle 
for dermopharma-ceutical and cosmetic preparations 
development and certainly merits further 
investigations. 

4. Conclusion 

Sodium lauryl sulfate represents a surfactant 
determining the best rheological properties and flow 
viscosity compared with the other two but laureate 
sucrose can lead to qualitative rheological 
formulations. In exchange, sodium lauryl sulfate will 
cause a very severe noxious reaction compared with 
other surfactants. 
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