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1. Introduction

Nowadays, the carboxylic esters of 4-hydroxyben-
zoic acid, known as the parabens, are the most 
common preservatives in liquid, orally adminis-
tered pharmaceutical dosage forms. They are also 
common in pharmaceutical ointments, different 
cosmetics, liquid dietary supplements. As odor-
less, chemically stable compounds, with wide an-
timicrobial spectrum their popularity increased 
in recent decades. Yet, latest studies show that 
parabens have oestrogen agonist activity which 
may lead to menstrual cycle problems or induce 
malignant cell proliferation. Multiple esters are 
applied in industrial scale, from the shortest me-
thyl, to heptyl and some sodium salts are common 
as well.  In scientific literature it is reported that 
the biological effect, both the hormonal and anti-
microbial, is increased by the length of the alkyl 
chain. In order to investigate whether different ex-
cipients can modify the relative toxicity and in-
hibitory action of parabens, we formulated two 
complex co-solvent systems. Cytotoxicity and an-
timicrobial action were assessed with MTT-assay 
and microdilution method.  

2. Materials and methods

The formulations of the investigated systems con-
tained a co-solvent and a surface-active agent. The 
first formulation (S1) consisted of 30% (v/v) glycerol 
and 0.002% (v/v) Polysorbate 20. The surfactant of 
the second formulation (S2) was 0.5% (v/v) Gatte-
fossé Capryol PGMC™ and the parabens in the 
form of their 10 (w/w) % solutions, dissolved in 70% 
(v/v) ethanol. Cytotoxicity experiments were car-
ried out on Caco-2 human epithelial colorectal ad-

enocarcinoma cells seeded on 96-well microplates. 
The formulated systems were tested in different 
concentrations in order to simulate dilution in the 
gastrointestinal tract. Antimicrobial tests were 
carried out on 96-well microplates, the involved 
microbes were S. aureus as a Gram-positive facul-
tative anaerobe, and P. aeruginosa as a Gram-nega-
tive aerobe and C. parapsilosis as the top opportun-
istic pathogenic Candida species different from C. 
albicans.  Methyl and butyl parabens were dis-
solved in the complex co-solvent systems and 
their ethanolic solutions were used in antimicro-
bial tests, as controls. 

3. Results

Cytotoxicity experiments revealed that the rela-
tive cell damage, caused by parabens depended 
on the other excipients in the given test solution. 
Methyl paraben was the most toxic compound in 
the second formulated system, but in the first for-
mulated system, it was the least toxic, meanwhile 
butyl paraben was the opposite. 
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Figure 1 Cytotoxicity of methyl and butyl paraben in the 
different formulated systems
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Antimicrobial results showed, that despite the 
equal concentration of parabens, the different ex-
cipients could significantly modify the inhibitory 
potential of the different tested compounds. There 
was no direct correlation between the two formu-
lated systems as their results varied greatly. 

4. Conclusions

We were able to formulate two complex co-solvent 
systems, in which, the cytotoxicity and antimicro-

bial effect of methyl paraben and butyl paraben 
were investigated. We found that, both parame-
ters can be modified by other excipients present in 
the given liquid product. Inhibitory potential can 
be enhanced with synergetic application of excipi-
ents, thus the required concentration of parabens 
can be lowered.
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Figure 2 Antimicrobial effect of parabens in the formulated 
systems against P. aeruginosa


