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Abstract : 
The work presented in this thesis aims to improve the possibilities for diagnosing contact allergy to 
oxidized limonene and linalool and to, in patients, study contact allergy from structurally closely 
related hydroperoxides with regard to their specificity, potency and cross-reactivity. The fragrance 
terpenes limonene (from citrus oil) and linalool (from lavender oil) are widely used in household and 
industrial products. For both limonene and linalool, exposure to air at normal handling results in 
autoxidation and thus formation of allergenic oxidation products among which the primary oxidation 
products, the hydroperoxides, are the most potent allergens. Concomitant positive patch test reactions 
to oxidation mixtures where the main allergens are hydroperoxides are recorded in specific patch test 
studies. However today, oxidized terpenes are not included in routine patch testing for contact allergy.  
 
An irritation study was performed for non-oxidized and oxidized limonene and linalool, showing that 
air oxidation increased irritation of both limonene and linalool and that oxidized limonene was more 
irritating than oxidized linalool at similar concentrations. Based on these results, a dose-response study 
was conducted in 3418 consecutive dermatitis patients investigating four patch test concentrations of 
oxidized linalool 2.0-11.0% in petrolatum (pet.). 5-7% of the patients showed positive patch test 
reactions to oxidized linalool. Oxidized linalool at 6.0% pet. concentration is suggested for future 
screening. 
 
Concomitant positive patch test reactions and cross-reactivity of hydroperoxides were investigated in 
clinical studies and experimental procedures. No evidence for general cross-reactivity or formation of 
non-specific antigens upon administration of the investigated hydroperoxides was found. Cross-
reactivity was only seen between hydroperoxides with great similarity in structure. Furthermore, three 
limonene hydroperoxide analogues were investigated as to allergenic potential in a modified murine 
local lymph node assay (LLNA) calculating on lymph nodes from individual mice. A statistically 
significant difference between sensitizing capacities of the investigated limonene hydroperoxides was 
established. Two of the limonene hydroperoxide analogues were assessed in individuals allergic to 
oxidized limonene. The analogue with the highest sensitizing capacity in the modified LLNA 
(limonene-1-hydroperoxide) gave more reactions in the tested individuals.  
 
In conclusion, this thesis shows that it is important to study the contact allergenic potential of 
chemicals to which we are exposed. Seemingly harmless products may cause or worsen ACD. Such 
risks can only be detected by testing of relevant allergenic compounds in appropriate concentrations. 
The frequency of positive patch test reactions to autoxidized linalool observed among the dermatitis 
patients, places this material among the most common contact allergens tested today. In addition, a 
new main allergen in the oxidation mixture of limonene, limonene-1-hydroperoxide, is proposed. The 
thesis confirms the effect of air oxidation on the allergenicity of common fragrance terpenes. 
Furthermore, the studies show the great specificity of the contact allergens in vivo. Finally, the impact 
on the allergenic potency by the primary oxidations products, the hydroperoxides is re-established in 
humans.  
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