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PURPOSE 

 
Lipid formulations provide solutions for 
convenient delivery through improved oral 
absorption of poorly water-soluble drugs. 
Numerous excipients are available for the 
formulation of lipid-based systems. Due to 
their tendency to form peroxides in presence 
of oxygen, these excipients and by 
consequence the active compounds present in 
the formulation may be oxidized. There are 
many methods for inhibiting oxidation, 
including exclusion of oxygen, altering the 
solution pH and protection from light. 
Addition of antioxidants is the most frequently 
used method to inhibit the oxidation of drugs 
and excipients. 
The most common oxidation pathways are 
either an electron transfer between a reducing 
and an oxidizing species or an auto-oxidation 
in presence of oxygen.  
 
The purpose of this work was to evaluate 
cyclic voltammetry, an electrochemical 
method which gives information about the 
reduction/oxidation ability of a molecule in a 
system, as a predictive tool for the screening 
of antioxidants used to prevent degradation of 
the active pharmaceutical ingredient in a lipid-
based formulation and to gain a better 
understanding of the role of excipient 
impurities in lipid-based formulation. 

 
The development of a lipid-based formulation of 
a model drug is taken as an example hereafter to 
describe the methodology. 
 
METHODS 
 
Cyclic voltammetry allows to rapidly 
characterizing electro-chemical oxidation and 
reduction property of compounds. 
 
The oxidation potential (Epa) of a model drug 
substance was determined in two solvents and in 
the mixtures excipient/solvent (50/50, v/v). 
Methanol, a polar-protic solvent and DMSO 
(dimethyl sulfoxide), a polar-aprotic solvent 
were used for this study.  
 
Different excipients solubilizing the model drug 
were selected during the pre-formulation phase. 
Oxidation degradation of the model drug 
substance, which leads to the formation of a N-
oxide degradant, was observed in some of these 
excipients.  
 
Then, an antioxidant was selected thanks to an 
electro-chemical screening of different 
antioxidants and its efficiency to prevent the 
degradation of the drug substance in lipid-based 
formulation was then confirmed through a 
chemical stability study. 
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Cyclic voltammetry experiments 
 
The electrochemical experiments were 
performed in a three-electrodes cell using a 
glassy carbon electrode, a platinum wire and 
an Ag/AgCl electrode as the working, the  
counter and the reference electrode, 
respectively. 
 
Product descriptions 
 
The excipients used for this study were 
diethylene glycol monoethyl ether  
(Transcutol® HP), polyethylene glycol 
(PEG400), PEG-15 hydrostearate (Solutol® 
HS15), polyoxyl 40 hydrogenated castor oil 
(Cremophor® RH40), polyoxyl-ethylene 20  
sorbitan monolaurate (Montanox® 80PHA), 
propylene glycol, propylene glycol 
monocaprylate (Capryol® 90) and propylene 
monolaurate (Lauroglycol® 90). 
Alpha tocopherol, ascorbyl derivatives, propyl 
gallate, butylhydroxyanisol (BHA) and 
butylhydroxytoluene (BHT) were tested as 
antioxidants. 
 
Stability studies 
 
• Pre formulations with and without 

antioxidant were stored at 25°C/60%RH 
for 6 months and at 50°C for one month. 

• Assays of the drug substance and its 
degradation products were performed by 
HPLC using a validated method. 

 
 
 
 
 
 
 
 
 

RESULTS 
 
With both solvents, similar trends were 
observed for the model drug Epa values 
formulated with the different excipients tested. 
No interference due to the excipient was 
observed in the model drug voltammograms.  
 
The Figure 1 shows examples of the 
voltammograms obtained in methanol. 
 
 

 
 
       Figure 1: Cyclic voltammograms in Methanol 
 
 
The model drug Epa in excipient/DMSO (50/50, 
v/v) and the stability study results are presented 
in Figure 2. 
 
In 4 excipients (Cremophor® RH40, Solutol® 
HS15, Montanox® 80PHA and PEG 400), model 
drug Epa was lower than for the drug substance 
showing a higher sensitivity of the compound 
towards oxidation in these excipients, which was 
confirmed by the stability study.  
 
In Capryol® 90 and Transcutol® HP, model drug 
Epa was similar to the drug substance and a 
moderate degradation of the compound formulated 
in these excipients was observed.  
 
In propylene glycol and Lauroglycol® 90, a 
propylene glycol derivative, model drug Epa was 
higher than for the drug substance. These two 
formulations were stable even under accelerated 
storage conditions. 

   drug substance 
   drug substance in Solutol® HS15 
   drug substance in propylene glycol 
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Figure 2: Model drug oxidation potential in 
excipient/DMSO (50/50,v/v) and chemical stability results 
after 6 months at 25°C/60%RH and 1 month at 50°C 

 
 
A good correlation between the model drug 
oxidation potentials (Epa) in excipients and the 
corresponding chemical stability study was 
obtained (Figure 2).  

 
To improve the model drug stability in the 
excipients leading to significant oxidation, it was 
necessary to add an antioxidant to the 
formulations.  
 
The oxidation potential of different antioxidants 
was determined by cyclic voltammetry in the two 
solvents. BHA was selected as its Epa value (950 
mV in DMSO) was always lower than model drug 
Epa measured in the mixtures excipient/DMSO 
(minimum 1100 mV).  
 
The presence of BHA in the formulation 
significantly improved the model drug stability 
(Table 1). 

 

 
 

Without BHA With BHA  Cremophor®  
RH40 Start 

6 months 
25°C/60%RH 

  1 month  
  50°C 

 6 months 
25°C/60%RH 

    1 month 
    50°C 

Model drug assay (%) 100.0 83.8 58.4 98.9 97.4 
 
N-oxide degradant (%) < LOQ 13.9 29.4 0.5 0.8 

  
Total impurities (%) 

 
0.0 

 
20.5 

 
43.8 

 
0.6 

 
1.1 

 
 

CONCLUSIONS 
 
The redox properties of a model drug substance 
formulated in lipid excipients and different 
antioxidants were established.  
The use of cyclic voltammetry allowed to rapidly 
predict the excipients in which the model drug was 
shown to be more sensitive to oxidation.  
Cyclic voltammetry was also a good predictive tool 
for the selection of an antioxidant to prevent the 
oxidative degradation of the model drug 
formulation 
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