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Background
Delayed wound healing constitutes one of the most serious diabetes-associated complications. Diabetes can hinder the normal wound healing process by inducing longterm inflammation which can lead to delayed maturation
of granulation tissues, reduced wound parallel tension
and inhibition of angiogenesis [1]. D-limonene, one of
the major constituent in citrus essential oils is considered
to have antioxidant, hypoglycemic and anti-inflammatory
activities [2].
Materials and methods
In the present study, we investigated the effects of topical
administration of d-limonene (50mg/kg and 100mg/kg;
daily in acetone) on the key mediators of wound healing,
namely T cell subsets, glucocorticoid-induced tumour
necrosis factor receptor (GITR) expressing cells, CD4
+CD25+Foxp3+ regulatory T (Treg) cells, Th17 cells,
Th1 cytokines, and inflammatory mediator gene expression. In this study, five groups of Swiss albino mice were
used (10 mice per group): group 1, the non-diabetic (normal control; N+M); group 2, wound in non-diabetic mice
(N+W); group 3, wound in diabetic mice (D+W); group
4, Limonene 50mg/kg treated wounds in diabetic mice
(D+W+L50); group 5, Limonene 100mg/kg treated
wounds in diabetic mice. Wound size was recorded on
every third day and after 14 days of treatment, the heparinised whole blood and the wound tissue of all the groups
was collected and tested.
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Results
Limonene treated mice showed a significant decrease in
wound size, the levels of GITR-expressing cells, and Th1
cytokines as well as substantial down regulation of mRNA
expression of the inflammatory mediators compared with
the vehicle-treated and diabetic mice. Limonene also
significantly up regulated the number of Tregs or it also
induced Th17/Treg balance and modulated various
pro-inflammatory and anti-inflammatory cytokines and
the gene expression of their mediators that mediate
inflammation. This might contribute to its enhanced
wound healing. Furthermore, histopathological examination showed complete re-epithelisation, decreased inflammatory cells and presence of granulation tissue in the
limonene treated mice.
Conclusions
These characteristics suggest a beneficial role for
d-limonene in rebalancing the wound environment in
diabetes and therefore promote healing.
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