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DISSERTATION TITLE: Formulation of photoreactive drug substances: 

The role of excipients and type of preparation 

  

 
Fotoreaktiviteten av en legemiddelsubstans er avhengig av mange faktorer, 
deriblant formulering av legemidlet er en av de viktigste. Dette kan bli brukt 
til både å øke stabiliteten av fotolabile legemidler, så vel som å øke effekten 
av lysaktiverte legemidler. Ulike aspekter ved formulering av fotoreaktive 
legemiddelsubstanser er undersøkt i dette prosjektet. 
 

Photoreactivity of a drug substance can contribute to in vitro instability of the bulk 
material as well as the final product.  On the other hand, photoreactions initiated by the 
absorption of the radiation of appropriate wavelength by a drug can produce therapeutic 
or diagnostic effects and are utilized in certain therapeutic modalities such as 
photodynamic therapy (PDT). The preparation and formulation process can affect the 
photoreactivity of the drug substance and therefore influence both in vitro and in vivo. 
The main purpose of this project was to investigate the influence of formulation on the 
overall photoreactivity of a drug substance. 

Riboflavin was selected as the model substance for examining the influence of the 
formulation on the photostability of a solid state photoreactive drug substance. This 
substance is usually included in vitamin dietetic supplements and its photoreactivity 
poses a great challenge for the formulation of the final product. 

Photochemical reaction pathway was shown to be dependent on the crystalline state 
of the riboflavin bulk material. A pronounced discoloration after exposure to light was 
observed for one quality of riboflavin, whereas just a moderate color change occurred for 
another. Therefore, the physical state of the drug substance should be assessed after e.g., 
a modification of the production method accompanied by a photostability study of the 
bulk material/final product.  

Curcumin was studied as a model of a small, lipophilic photosensitizer (PS), applied 
in antimicrobial PDT. The photodynamic antimicrobial activity of curcumin has been 
demonstrated in vitro, however its application as PS is limited by unfavorable physico-
chemical properties of the compound. Tailor-made pharmaceutical formulations could 
overcome these obstacles and facilitate clinical use of this PS.  

Application of curcumin in the supersaturated state has been shown to enhances the 
aPDT effect The supersaturated state is thermodynamically instable and prone to 
precipitation. To be useful in clinical practice, it needs to be stabile over the relevant time 
period. Pluronics®-based solid dispersions (SD) produced by solvent evaporation and HP-
β-CD-HPMC based SDs produced by freeze drying, intended for ex tempore preparation 
of a supersaturated solution were designed to simultaneously facilitate dissolution and 



 

 

inhibit precipitation of curcumin in vitro. Both the HP-β-CD-HPMC combination and 
Pluronics® F127 and P123 provided satisfactory physical and hydrolytic stability of 
curcumin in the solution.  Pluronics® were shown to be better precipitation inhibitors, 
emphasizing the importance of hydrophobic interactions between curcumin and the 
excipient. 

Human serum albumin (HSA) was selected as a model protein for studying 
interaction between a PS (curcumin) and protein and how excipients influence the protein 
binding.The type and concentration of excipients affect curcumin binding to HSA. 
Cyclodextrins (HP-β-CD and HP-γ-CD) and Pluronics® F-127 seem to compete with HSA 
for curcumin, whereas PEG 400 appears to affect the binding by a different mechanism. 
The complexation of curcumin with plasma proteins can in turn influence the aPDT 
efficiency through e.g., changed uptake of PS by the target cells or modified 
photoreactivity of the PS. 
Formulation can, therefore influence photoreactivity of a drug substance and affect its in 
vitro stability and/or in vivo phototoxicity. By controlling the photoreactivity through the 
formulation process, photostability of photolabile drugs can be increased whereas 
efficiency of light activated drugs can be improved.  

 

 

 


