
Introduction
Adelmidrol is the International Nonproprietary Name (INN) of a
synthetic derivate of azelaic acid, a naturally occurring saturat-
ed dicarboxylic acid, that is found in some whole grains and in
trace amounts in the human body [1], its plasma levels normal-
ly ranging from 20 to 80 ng/ml. Chemically, ademidrol is the
N,N�-bis (2-hydroxyethyl) non anediamide and it is an
amphiphilic or amphipathic compound, possessing both hydro -
philic and hydrophobic properties, that favour its solubility   both
in aqueous and organic media. The physicochemical properties
of the compound make it particularly  suitable for topical appli-

cation and an adelmidrol (2%) emulsion has recently shown
some benefit in a pilot study on mild atopic dermatitis [2]. The
effect of adelmidrol has been shown to depend, at least in part,
on the control of mast cell activation. Densitometric and mor-
phometric analyses of skin biopsies from experimental skin
wounds showed that treatment with adelmidrol led to an
increase in the mast cell granular density, thereby suggesting a
decrease in their degranulation [3, 4]. According to chemical
structure and cellular mechanism of action, adelmidrol hence
belongs to the family of ALIAmides (Autacoid Local Injury
Antagonist Amides), i.e. fatty acid amides, whose purported
mechanism of action is the down-modulation of mast cell
degranulation [5–7]. Palmitoylethanolamide (PEA) is consid-
ered to be the parent molecule of ALIAmides. PEA is naturally
present both in animal and vegetable tissues [8, 9] and is able
to enhance both the cannabinoid and vanilloid signalling sys-
tems [10], down-regulating the degradation pathways of endo-
cannabinoid and endovanilloid compounds [11, 12]. The exact
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mechanism of action of PEA is not yet well known although PEA
may interact with peroxisome proliferator-activated receptor-�,
which seems to be involved in some of its anti-inflammatory
effects [13] and with the orphan G-protein-coupled receptor,
GPR55 [14]. The anti-inflammatory and analgesic effects of
PEA have been repeatedly reported [15–19] and are thought to
be due, at least in part, to its ability to down-modulate mast cell
activation and mast cell mediator release both in vitro [5, 20,
21] and in vivo [22, 23]. Mast cells are highly specialized
immune effector cells that, according with their granule con-
tent, may be divided into two subpopulations: mucosal mast
cells mainly present in the mucosa of respiratory and intestin-
al tracts, and connective mast cells placed preferentially in skin
[24]. Following either classical immunological IgE-dependent
activation or in response to a variety of stimuli [25], mast cells
release their stored and newly synthesized mediators, includ-
ing cytokines (TNF-�), histamine and pro-inflammatory and
pro-angiogenic mediators such as chymase, collagenase, nitric
oxide, IL-1 and IL-6 (for a review see [26]). Mast cells are now
considered a master player in the promotion and perpetuation
of chronic skin inflammation [27] and have recently been
defined as a ‘central cellular switchboard of pruritogenic skin
inflammation’ [28]. We have shown that mast cell mediators,
released at early stage of the inflammatory process, play a piv-
otal role in a classical model of chronic inflammation, i.e. the
�-carrageenin-induced granuloma formation [29]. In fact, dur-
ing granuloma, mast cell-derived vasoactive mediators trigger
the angiogenic process essential for the maintenance of tissue
perfusion and for sustaining cellular traffic [30]. Both these
events are strictly required for the development of the cuta-
neous granulomatous tissue [31]. On all these assumptions,
the aim of the present study is to evaluate the effect of
adelmidrol, which for its chemical structure is prearranged to
control dermatological pathologies, in a model of chronic cuta-
neous inflammation sustained by mast cells, i.e. granuloma
induced by �-carrageenin-soaked sponge implantats.

Materials and methods

Sponge implantation

Male Wistar rats (Harlan, Italy), weighing 200–220 g, were used in all
experiments. Animals were provided with food and water ad libitum. The
light cycle was automatically controlled (on 07 hrs 00 min.; off 19 hrs 00
min.) and the room temperature thermostatically regulated to 22 ± 1°C
with 60 ± 5% humidity. Prior to the experiments, animals were housed in
these conditions for 3–4 days to become acclimatized. Sponges were
implanted as previously described by De Filippis et al. [31]. Briefly, two
polyether sponges (0.5 � 1.5 � 2.0 cm) weighing 0.035 ± 0.002 g were
implanted subcutaneously on the back of rats (n = 12–18 for each group)
under general anaesthesia with pentobarbital (60 mg/kg). Sponges and
surgery tools were sterilized by autoclaving for 20 min. at 120°C. �-car-

rageenin (1% w/v) (Sigma) was dissolved in pyrogen-free saline and
injected into each sponge  in presence or absence of 100 �l of different
adelmidrol solution (15, 30, 70 mg/ml) in final volume of 0.5 ml/sponge;
saline (0.5 ml/sponge) was used as control. In some experiments
GW6471 (5 mg/ml), a well-known antagonist of PPAR-alpha receptor
was added in the pre sence of the highest concentration of Adelmidrol.
Ninety-six hours after sponge implant, rats were killed in atmosphere of
CO2. The granulomatous tissue around the sponge was dissected by
using a surgical blade, weighted, quickly frozen in liquid nitrogen, and
stored at �80°C. Animal care as well as all experiments were in accor-
dance with European Community Council Directive 86/609/EEC and
efforts were made to minimize animal suffering and to reduce the num-
ber of animals used.

Evaluation of angiogenesis

Angiogenesis was evaluated by both haemoglobin content measurement
and histological investigations. 

Haemoglobin content measurement
The granulomatous tissue, i.e. the new formation tissue encapsulating the
sponge, was collected and measured with a balance weighting min 0.02 to
max 300 g (KERN EG300-EM) always by the same person who was blind-
ed for the treatments. In some experiments, the granulomatous tissue was
homogenized on ice with the Polytron PT300 tissue homogenizer in
1 � PBS (4 ml each g of wet weight). Briefly, after centrifugation at
2500 � g for 20 min. at 4°C, the supernatants were further centrifuged at
5000 � g for 30 min. and haemoglobin concentration in the supernatant
was determined spectrophotometrically at 450 nm performed with the
haemoglobin assay kit (Sigma Diagnostic). The haemoglobin content was
expressed as mg haemoglobin/g of wet weight.

Histological investigation
After 96 hrs from sponge implants, the granulomatous tissue around the
sponge was removed and fixed in 10% formalin. Paraffin-wax sections
were cut at 4–6 �m and stained with haematoxylin and eosin for the eval-
uation of blood vessels. 

Mast cell counting
Thin (0.5 �m) paraffined section were prepared and stained with toluidine
blue according to Iuvone et al. [25] and then processed for light
microscopy examination. MC counting was performed on five randomly
selected sections using a x100 objective lens.

MPO activity

Myeloperoxidase (MPO) activity, an indicator of polymorphonuclear (PMN)
accumulation, was determined. Granulomatous tissues were homogenized
in a solution containing 0.5% (w/v) hexadecyl-trimethyl-ammonium bro-
mide dissolved in 10-mm potassium phosphate buffer (pH 7) and cen-
trifuged for 30 min. at 20,000 g at 4°C. An aliquot of the supernatant was
then allowed to react with a solution of tetra-methyl-benzidine (1.6 mm)
and 0.1 mm H2O2. The rate of change in absorbance was measured 
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spectrophotometrically at 650 nm. MPO activity was defined as the quan-
tity of enzyme degrading 1 mmol of hydrogen peroxide/min at 37°C and
was expressed in units per gram weight of wet tissue.

Nitrite assay

Nitrite production, as the stable metabolites of nitric oxide, was measured
in 24-hrs-cultured granulomatous tissues supernatants. Briefly, the 
granulomatous tissues were weighted and plated in a 6 multi-wells plate
according to Iuvone et al. [32]. After 24 hrs, the medium of cultured gran-
ulomatous tissue (0.1 ml) was added to an equal amount of Griess reagent
(1% sulphanilamide, 0.1% naphtylendiammine, 2.5% H3PO4) and allowed
at room temperature for 10 min. The absorbance of constituted chro-
mophore was determined using a UV/visible spectrophotometer at 550 nm.
Nitrite levels were determined using a sodium nitrite standard curve and
expressed as �mol/l. 

Nitrite and nitrate assay

Nitrite and nitrate production were evaluated in granulomatous tis-
sues. Briefly, tissues were cooled in ice-cold distilled saline and
homogenized. The crude homogenate was  centrifuged at 21.000 g for
20 min. at 4°C, and aliquots of the supernatant were used to calculate
NOx levels. Nitrite present in the samples was determined by reducing
nitrate enzymatically performed with the enzyme nitrate reductase
(Sigma-Aldrich, Dorset, UK) and Nicotinamide-Adenine Dinucleotide
Phosphate (NADPH) at room temperature (RT) for 3 hrs. The amount
of NOx was measured following the Griess reaction Iuvone et al. [25].

Western blot analysis

Granulomatous tissues were weighted and rapidly homoge nized in 60 �l
of ice-cold hypotonic lysis buffer (10 mm HEPES, 1.5 mm MgCl2, 10 mm
KCl, 0.5 mm phenylmethylsulfonyl fluoride, 1.5 �g/ml soybean trypsin
inhibitor, pepstatin A 7 �g/ml, leupeptin 5 �g/ml, 0.1 mm benzamidine,
0.5 mm dithiothreitol [DTT]) and incubated in ice for 45 min. After this
time, the cytoplasmic fractions were then obtained by centrifugation at
13,000 g for 1 min. and protein concentration in the samples was deter-
mined with Bio-Rad assay kit (Bio-Rad Laboratories, Hercules, CA, USA)
according to the manufacturer’s instructions. Immun oblotting analysis of
inducible nitric oxide synthase (iNOS), tumour necrosis factor-� (TNF-�)
Chymase and MMP-9, CD-31, Tubulin were performed on a cytosolic
fraction of cultured specimens. Cytosolic fraction proteins were mixed
with gel loading buffer (50 mm Tris, 10% SDS, 10% glycerol 2-mercap-
toethanol, 2 mg bromophenol/ml) in a ratio of 1:1 v/v, boiled for 5 min.
and centrifuged at 10,000 g for 10 min. Protein concentration was deter-
mined and equivalent amounts (50 �g) of each sample were separated
under reducing conditions in 12% SDS-polyacrylamide minigel. The pro-
teins were transferred onto nitrocellulose membrane according to the
manufacturer’s instructions (Bio-Rad Laboratories). Depending upon the
experiments, the membranes were blocked by incubation at 4°C
overnight in high salt buffer (50 mm Trizma base, 500 mm NaCl, 0.05%
Tween-20) containing 5% bovine serum albumin; they were then incubat-
ed for 1 hr with anti-iNOS (1:2000 v/v) (BD Biosciences, Pharmingen,
Italy), anti-TNF-� (1:250 v/v) (Sigma Aldrich), anti-Chymase (1:500 v/v)

(NeoMarkers, Fremont, CA, USA), anti-MMP-9 (1:100 v/v) (NeoMarkers),
anti-CD-31 (1:1000v/v) (Diaclone, France) and anti-beta Tubulin (1:1000)
(Sigma Aldrich) for 2 hrs at room temperature, followed by incubation
with specific horseradish peroxidase (HRP)-conjugate secondary anti-
body (Dako, Glostrup, Denmark). The immune complexes were devel-
oped performed with enhanced chemiluminescence detection reagents
(Amersham, Italy), according to the manufacturer’s instructions and
exposed to Kodak X-Omat film. The protein bands of proteins on X-ray
film were scanned and densitometrically analysed with a GS-700 imag-
ing densitometer (Bio-Rad Laboratories). 

Statistics

Results were expressed as the mean ± S.E.M. of n animals where each
value is the average of responses in duplicate sites. Statistical comparisons
were made by one-way ANOVA followed by Bonferroni’s test for multiple
comparisons. P < 0.05 was considered to be significant.

In all set of experiments, analysis of linear regression was performed
to evaluate a concentration-dependent relationship. 

Results

Effect of adelmidrol on granuloma formation

The implant of �-carrageenin-soaked sponges on the back of rats
caused a significant increase of granulomatous tissue formation
around the sponge at 96 hrs, evaluated as the wet weight of tissue
around the sponge (1.67 ± 0.079 g versus saline 0.61 ± 0.042 g; 
P < 0.001). Single administration, at time 0 (i.e. the implantation
time), of adelmidrol  (15, 30, 70 mg/ml) resulted in a significant
and concentration-dependent decrease in granuloma formation
(by 15, 28, 44% respectively; P < 0.001). The ademidrol effect, 
on granulomatous tissue formation, was not reversed by the
usage of GW6471, a potent and selective antagonist of PPAR-
alpha receptor (Fig. 1A).

Effect of adelmidrol on leucocyte infiltration

Adelmidrol (15, 30, 70 mg/ml) decreased in a significant and con-
centration-dependent way the leucocyte infiltration in the granulo-
matous tissue, at 96 hrs, evaluated as myeloperoxidase activity
(21, 44, 72% inhibition, respectively; P < 0.001) as compared to
�-carrageenin alone (1.8 ± 0.54 mU/100 mg wet tissue; P < 0.001
versus saline) (Fig. 1B).

Effect of adelmidrol on pro-inflammatory markers

The effect of adelmidrol on two of the most studied pro-
inflammatory markers was evaluated. Adelmidrol (15, 30, 70 mg/ml)
showed a significant and concentration-dependent inhibition 
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of TNF-� protein levels (29, 61, 76% inhibition, respectively; 
P < 0.001) as compared to carrageenin alone (1.8 ± 0.30
OD = mm2; P < 0.001 versus saline) and iNOS (21, 43, 63%
inhibition respectively P < 0.001) as compared to carrageenin

alone (12.45 ± 1.41 OD = mm2; P < 0.001 versus saline) 
into the granulomatous tissue at 96 hrs, evaluated by Western
blot and densitometric analysis (OD = mm2) of relative bands
(Fig. 2A and B).

Fig. 1 (A) Effect of adelmidrol on �-carrageenin-induced granulomatous tissue formation. Adelmidrol was administrated at the time of implantation 
(t 0). The administration of GW6471, a PPAR-alpha antagonist, did not reverse the effect of adelmidrol. Granulomatous tissue formation was evaluated
96 hrs after implantation as wet weight of tissue around the sponge. (B) Effect of adelmidrol on �-carrageenin-induced leucocytes infiltration evaluated
as myeloperoxidase activity. Data are expressed as mean ± S.E.M. of n = 3 separate experiments;  *P < 0.05, **P < 0.01, ***P < 0.001 versus saline;
°°P < 0.01; °°°P < 0.001 versus �-carrageenin alone. 

Fig. 2 Effect of adelmidrol on �-carrageenin-induced TNF-�, iNOS expression in granulomatous tissue at 96 hrs. Representative Western blot 
analysis and relative densitometric analysis of (A) TNF-� and (B) iNOS. Tubulin expression is shown as control. Data are representative of 3 separate
experiments. Results are expressed as mean ± S.E.M. of 3 experiments;  *P < 0.05, **P < 0.01, ***P < 0.001 versus saline; °P < 0.05, °°P < 0.01,
°°°P < 0.001 versus �-carrageenin alone.



1090 © 2009 The Authors
Journal compilation © 2009 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

Effect of adelmidrol on nitrite production

Adelmidrol strongly reduced nitrite and nitrate, stable metabolites 
of nitric oxide, evaluated both in homogenates from granulomatous
tissue at the explant time (26, 40, 73% inhibition versus carrageenin
alone 37 ± 0.600 �moli/tissue; P < 0.001) and released from tissue
cultured in plates for further 24 hrs (23, 46, 69% inhibition versus
carrageenin alone 33 ± 0.4 �mol/tissue; P < 0.001) (Fig. 3A and B).

Effect of adelmidrol on mast cells

Fig. 4A shows the toluidine blue stained granulomatous tissue
sections. Treatment with �-carrageenin (b) induced a significant
mast cell degranulation (light blue stained cells, i.e. degranulated
cells, in compa r ison to the deep blue stained cells, i.e. non-
degranulated mast cells); moreover, histological analyses showed
that mast cells are predominantly located in close proximity to
blood vessels. Adelmidrol (c) was able to reduce mast cell degran-
ulation. Moreover, histological analysis of granulomatous tissue
showed that adelmidrol (70 mg/ml), locally administered at time
0, reduced the number of mast cells by 52% (P < 0.001) in com-
parison to carrageenin alone (104.66 ± 1.67 number of mast cells
P < 0.001 versus saline) (Fig. 4B).

The results are paralleled to the Western blot analysis for both
chymase (Fig. 4C) and MMP-9 (Fig. 4D) protein expression that
were found to be significantly and concentration-dependently
reduced by adelmidrol (15, 30, 70 mg/ml), respectively by 24, 39,
57% (P < 0.001 in comparison to carrageenin alone 9.6 ± 0.85 OD
= mm2, P < 0.001 versus saline) and by 21, 39, 60% (P < 0.001 in
comparison to  carrageenin alone 5.33 ± 0.19 OD = mm2, P <
0.001 versus saline), respectively.

Effect of adelmidrol on angiogenesis

We studied the effect of adelmidrol on vessel formation, evaluated
both as haemoglobin (Hb) content and expression of CD31 pro-
tein, a marker of endothelial cells. As shown in Fig. 5A, adelmidrol
(15, 30, 70 mg/ml) significantly and concentration-dependently
reduced Hb content in granulomatous tissue by 23, 42, 60% (P <
0.001) in comparison to carrageenin alone (53.4 ± 1.72 mg Hb/g
tissue; P < 0.001 versus saline). Immunoblotting analysis of CD31
is illustrated in Fig. 5B and shows that adelmidrol significantly and
concentration-depen dently inhibited �-carrageenin-induced CD31
protein expression in granulomatous tissue by 24, 43, 60% in
comparison to carrageenin alone (8.45 ± 0.78 OD = mm2). The
results were confirmed by histological analysis of granulomatous
tissue stained with haematoxylin/eosin showing a deeply decrease
of vessel number after adelmidrol treatment (Fig. 5C).

Discussion
In the present study, we investigated the potential protective effect
of adelmidrol, an analogue of PEA, in a model of chronic inflam-
mation, i.e. the �-carrageenin-induced granuloma in rats.
Although PEA is the most thoroughly researched ALIAmide, sev-
eral previous studies have pointed to the use of PEA analogues
and homologues, trying to exploit their different physical and
chemical properties and the relative effects [33–35]. In line with
this idea, in the present study we have chosen to evaluate the
effect of the PEA analogue adelmidrol, whose  physicochemical
properties favour its use in skin disorders. In fact, adelmidrol has
good solubility both in aqueous and organic media, which pro-
vides good transepidermal absorption. 

Fig. 3 Effect of adelmidrol on �-carrageenin-induced nitric oxide production. Nitric oxide production was determined by measuring the accumulation of
(A) nitrite and nitrate in granulomatous tissues and (B) in supernatant of 24-hrs-cultured granulomatous tissues. Data are expressed as mean ± S.E.M. of
3 experiments;  *P < 0.05, **P < 0.01, ***P < 0.001 versus saline; °P < 0.05, °°P < 0.01, °°°P < 0.001 versus �-carrageenin alone.
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We demonstrated, for the first time, that adelmidrol exerts
an anti-inflammatory effect in the studied model of chronic
inflammation and that this effect may be due to the modulation
of mast cell activation and mediator release. We showed that
local administration of adelmidrol into the sponge at time 0, i.e.
at implantation time, significantly and concentration-depend-
ently reduced granulomatous tissue formation and leucocyte
infiltration (evaluated as MPO content), both of which have been
shown to significantly increase after carrageenin-soaked
sponge implant [36, 37]. Furthermore, adelmidrol significantly
reduced levels of pro-inflammatory markers (i.e. iNOS, TNF-�
and nitric oxide) in a concentration-dependent manner.
Interestingly, we have previously shown, although in different
inflammatory models both in vitro and in vivo, that endogenous
and synthetic cannabinoids are able to inhibit several inflamma-
tory markers, such as iNOS protein expression and nitric oxide
production, as well as TNF-�,  COX-2, IL-1beta, VEGF [31, 32,
38–42]. The involvement of TNF-� and nitric oxide in inflamma-
tion is not limited to certain aspects but encompasses the 

overall inflammatory process, including angiogenesis [43, 44],
which is required to allow cellular traffic and tissue perfusion
and to sustain chronicity [30]. In our study, adelmidrol showed
also an antiangiogenic effect as it was evidenced by histological
analysis of blood vessels, Western blot analyses of an endothe-
lial cell marker (i.e. CD31) and haemoglobin content into the
granulomatous tissue. Finally, histological analysis of toluidine
blue stained granulomatous  tissue sections, evidenced that
local administration of adelmidrol down-modulates mast cells
degranulation, in agreement with previous studies [3, 4], and
also prevents the �-carrageenin-induced increase of mast cell
number. It is well recognized the relevant role played by mast
cells in orchestrating inflammation [27, 45, 46] since, by the
release of their granule content along the whole process these
cells contribute to trigger the inflammation and, afterwards,
bring it into the chronicity. We administered, therefore,
adelmidrol at the starting of the inflammatory process concomi-
tantly to carrageenin insult more than when the inflammatory
process was already started. The down-modulation of mast cell

Fig. 4 Effect of adelmidrol on �-carrageenin-induced mast cell activation. (A) Mast cell degranulation was evaluated on microscopically visible con-
nective mast cells stained with 0.05% (w/v) toluidine blue and counterstained with 0.1% (w/v) nuclear fast red (magnification 100x). A differentiation
between not degranulated (deep blue) and degranulated  (light blue) mast cell was valuable. In (B) is shown the counting of mast cell number.
Representative Western blot analysis and relative densitometric analysis of (C) Chymase and (D) MMP-9. Tubulin expression is shown as control. Data
are representative of 3 separate experiments. Results are expressed as mean ± S.E.M. of 3 experiments;  *P < 0.05, **P < 0.01, ***P < 0.001 versus
saline; °P < 0.05, °°P < 0.01, °°°P < 0.001 versus �-carrageenin alone.
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activation  justified also the anti-angiogenic effect of adelmidrol,
since mast cell density within skin tissues correlates with the
density of blood vessels [47] and activation of mast cells can be
associated with the degradation of connective tissue, therefore
suggesting the active participation of these cells in angiogene-
sis-dependent diseases occurring in the skin. The importance of
mast cells is confirmed here, in agreement with the literature,
by the observation that these cells are present in granulomatous
tissue in close proximity to blood vessels, thus suggesting their
role in directing the new vessel sprouting by the release of
selected mediators. 

In the present study, the adelmidrol-mediated modulation 
of mast cells was further established by the reduction in the 
�-carrageenin-induced chymase expression. Chymases are pepti-
dases with chymotrypsin-like activity, fairly selectively expressed
by mast cells [48]. Not only chymases contribute directly to
matrix destruction by cleaving proteins (e.g. fibronectin and 

collagens), but they also cooperate indirectly at activating matrix
metalloproteases (MMPs) [49]. MMPs are a family of enzymes
involved in matrix degradation [50] that are now considered
important mediators in the advancement of the vessels into the
tissue [51], as it happens in several inflammatory diseases, such
as granuloma and other dermatological conditions including
atopic dermatitis [52]. In our study, adelmidrol was shown to
specifically reduce MMP-9, a member of the MMP family, which
is suggested to play a crucial role in skin inflammation [53] and
to be produced by mast cells under inflammatory conditions
contributing to local tissue damage [54]. Moreover, MMP-9 not
only part icipates in the degradation of elastic tissue but also is
associated with neoangiogenesis [55]. Depending on their chy-
mase content, mast cells, unlike other MMP-9-secreting cells,
provide a complete tissue injuring package: they secrete, activate
and disinhibit MMP-9 and can thus immediately start degrading
matrix, without the help from other cellular sources reviewed in

Fig. 5 Effect of adelmidrol on �-carrageenin-induced angiogenesis. New vessel formation was evaluated as (A) haemoglobin content (Hb); (B) CD31
protein expression, a marker of endothelial cells. Results are expressed as mean ± S.E.M. of 3 experiments.  *P < 0.05, **P < 0.01, ***P < 0.001 ver-
sus saline; °P < 0.05, °°P < 0.01, °°°P < 0.001 versus �-carrageenin alone. (C) Representative histological analysis of granulomatous tissue stained
with haematoxylin and eosin. Fields are representative of 3 separate experiments. Original magnification, 100x.
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[49]. Although the present study corroborates previous evi-
dences showing that mast cell is a cellular target of adelmidrol
[3, 4], the exact mechanism of action of the compound is not yet
fully elucidated. However, we have ruled out a PPAR-� receptor
involvement in the anti-inflammatory and antiangiogenetic
effects of adelmidrol in our model. In conclusion, although fur-
ther studies are needed to address the molecular mechanisms
and pathways underlying the effects of adelmidrol, we demons -
trated that local application of the compound reduces �-car-
rageenin-induced chronic inflammation, likely through down-
modulating the number and the extent of degranulation of mast
cells. These findings shed new light on the understanding of the
favourable outcomes of previous human and veterinary trials

evaluating adelmidrol in patients with skin inflammation [2, 56],
which are known to be strictly dependent upon mast cells, such
as wound healing [57, 58] and atopic dermatitis [59]. By provid-
ing new data on the mechanisms underlying the anti-inflamma-
tory effect of adelmidrol, our results may pave the way for the
development of a new disease-oriented approach to a variety of
chronic inflammatory diseases.

Acknowledgement

This work was partially supported by Innovet Italia s.r.l.

References

1. Bonner MW, Benson P, James W. Topical
antibiotics in dermatology. In: Freedberg
IM, Elsen AZ, Wolf FK, Austin KF,
Goldsmith LA, Katz ST, editors.
Dermatology in general medicine. 5th ed.
New York: McGraw-Hill; 1999. pp. 2733–4.

2. Pulvirenti N, Nasca MR, Micali G.
Topical adelmidrol 2% emulsion, a novel
aliamide, in the treatment of mild atopic
dermatitis in pediatric subjects: a pilot
study. Acta Dermatovenerol Croat. 2007;
15: 80–3.

3. Abramo F, Salluzzi D, Leotta R, Noli C,
Auxilia S, Mantis P, Lloyd D. Mast cell
morphometry of cutaneous wounds treat-
ed with an autacoid gel: a placebo-
 controlled study. Vet Dermatol. 2004; 15:
39–39.

4. Miolo A, Re G, Barbero R, Giorgi M,
Leotta R, Auxilia S, Noli C, Abramo F.
Aliamides modulate skin mast cell degran-
ulation in dogs and cats. J Vet Pharmacol
Ther. 2006; 29: 204–5.

5. Aloe L, Leon A, Levi-Montalcini R. A 
proposed autacoid mechanism controlling
mastocyte behaviour. Agents Actions.
1993; 39: 146–9.

6. Levi-Montalcini R, Skaper SD, Dal Toso
R, Leon A. Nerve growth factor: from neu-
rotrophin to neurokine. Trends Neurosci.
1996; 19: 514–20.

7. Jack DB. Aliamides: a new approach to the
treatment of inflammation. Drug News
Perspect. 1996; 9: 93–8.

8. Schmid HH, Schmid PC, Natarajan V. 
N-acylated glycerophospholipids and their
derivatives. Prog Lipid Res. 1990; 29:
1–43.

9. Schmid HH, Berdyshev EV. Cannabinoid
receptor-inactive N-acylethanolamines and

other fatty acid amides: metabolism and
function. Prostaglandins Leukot Essent
Fatty Acids. 2002; 66: 363–76.

10. De Petrocellis L, Bisogno T, Ligresti A,
Bifulco M, Melck D, Di Marzo V. Effect on
cancer cell proliferation of palmi-
toylethanolamide, a fatty acid amide inter-
acting with both the cannabinoid and vanil-
loid signalling systems. Fundam Clin
Pharmacol. 2002; 16: 297–302.

11. Lambert DM, Di Marzo V. The palmi-
toylethanolamide and oleamide enigmas:
are these two fatty acid amides
cannabimimetic? Curr Med Chem. 1999; 6:
757–73.

12. Smart D, Jonsson KO, Vandevoorde S,
Lambert DM, Fowler CJ. “Entourage”
effects of N-acyl ethanolamines at human
vanilloid receptors. Comparison of effects
upon anandamide-induced vanilloid recep-
tor activation and upon anandamide
metabolism. Br J Pharmacol. 2002; 3:
452–8.

13. Lo Verme J, Fu J, Astarita G, La Rana G,
Russo R, Calignano A, Pomelli D. The
nuclear receptor peroxisome proliferator-
activated receptor-alpha mediates the 
anti-inflammatory actions of palmi-
toylethanolamide. Mol Pharmacol. 2005;
67: 15–9.

14. Ryberg E, Larsson N, Sjogren S, Hjorth S,
Hermansson NO, Leonova J, Elebring T,
Nilsson K, Drmota T, Greasley PJ. The
orphan receptor GPR55 is a novel cannabi-
noid receptor. Br J Pharmacol. 2007; 152:
1092–101.

15. Calignano A, La Rana G, Giuffrida A,
Piomelli D. Control of pain initiation by
endogenous cannabinoids. Nature. 1998;
394: 277–81.

16. Conti S, Costa B, Colleoni M, Parolaro D,
Giagnoni G. Antiinflammatory action of
endocannabi noid palmitoylethanolamide
and the synthetic cannabinoid nabilone in
a model of acute inflammation in the rat.
Br J Pharmacol. 2002; 135: 181–7.

17. Di Marzo V, Melck D, De Petrocellis L,
Bisogno T. Cannabimimetic fatty acid
derivatives in cancer and inflammation.
Prostaglandins Other Lipid Mediat. 2000;
61: 43–61.

18. Lo Verme J, Fu J, Astarita G, La Rana G,
Russo R, Calignano A, Piomelli D. The
nuclear receptor peroxisome proliferator-
activated receptor-alpha mediates the
anti-inflammatory actions of palmi-
toylethanolamide. Mol Pharmacol. 2005;
67: 15–9.

19. Wise LE, Cannavacciulo R, Cravatt BF,
Marun BF, Lichtman AH. Evaluation 
of fatty acid amides in the car-
rageenan-induced paw edema model.
Neuropharmacology. 2008; 54: 181–8.

20. Facci L, Dal Toso R, Romanello S,
Buriani A, Skaper SD, Leon A. Mast cells
express a peripheral cannabinoid receptor
with differential sensitivity to anandamide
and palmitoylethanolamide. Proc Natl
Acad Sci USA. 1995; 92: 3376–80.

21. Granberg M, Fowler CJ, Jacobsson SO.
Effects of the cannabimimetic fatty acid
derivatives 2-arachidonoylglycerol, anan-
damide, palmitoylethanolamide and
methanandamide upon IgE-dependent anti-
gen-induced beta-hexosaminidase, serotonin
and TNF release from rat RBL-2H3 basophilic
leukaemia cells. Naunyn Schmiedebergs
Arch Pharmacol. 2001; 364: 66–73.

22. Mazzari S, Canella R, Petrelli L,
Marcolongo G, Leon A. N-(2-hydroxyethyl)



1094 © 2009 The Authors
Journal compilation © 2009 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

hexadecanamide is orally active in reduc-
ing edema formation and inflammatory
hyperalgesia by down-modulating mast
cell activation. Eur J Pharmacol. 1996;
300: 227–36.

23. Scarampella F, Abramo F, Noli C. Clinical
and histological evaluation of an analogue
of palmitoylethanolamide, PLR 120 (comi-
cronized Palmidrol INN) in cats with
eosinophilic granuloma and eosinophilic
plaque: a pilot study. Vet Dermatol. 2001;
12: 29–39.

24. Irani AA, Schechter NM, Craig SS,
DeBlois G, Schwartz LB. Two types of
human mast cells that have distinct neutral
protease compositions. Proc Natl Acad Sci
USA. 1986; 83: 4464–8.

25. Iuvone T, Den Bossche RV, D’Acquisto F,
Carnuccio R, Herman AG. Evidence that
mast cell degranulation, histamine and
tumour necrosis factor alpha release occur
in LPS-induced plasma leakage in rat skin.
Br J Pharmacol. 1999; 128: 700–4.

26. Crivellato E, Ribatti D. Involvement of
mast cells in angiogenesis and chronic
inflammation. Curr Drug Targets Inflamm
Allergy. 2005; 4: 9–11.

27. Metz M, Grimbaldeston MA, Nakae S,
Piliponsky AM, Tsai M, Galli SJ. Mast
cells in the promotion and limitation of
chronic inflammation. Immunol Rev. 2007;
217: 304–28.

28. Arck P, Paus R. From the brain-skin 
connection: the neuroendocrine-immune
misalliance of stress and itch.
Neuroimmunomodulation. 2006; 13:
347–56.

29. Russo A, Russo G, Peticca M,
Pietropaolo C, Di Rosa M, Iuvone T.
Inhibition of granuloma-associated angio-
genesis by controlling mast cell mediator
release: role of mast cell protease-5. Br J
Pharmacol. 2005; 145: 24–33.

30. Colville-Nash PR, Alam CA, Appleton I,
Brown JR, Seed MP, Willoughby DA. The
pharmacological modulation of angiogene-
sis in chronic granulomatous inflamma-
tion. J Pharmacol Exp Ther. 1995; 274:
1463–72.

31. De Filippis D, Russo A, De Stefano D,
Maiuri MC, Esposito G, Cinelli MP,
Pietropaolo C, carniccio R, Russo G,
Iuvone T. Local administration of WIN
55,212-2 reduces chronic granuloma-
associated angiogenesis in rat by inhibiting
NF-kappaB activation. J Mol Med. 2007;
85: 635–45.

32. Iuvone T, De Filippis D, Di Spiezio Sardo
A, D’Amico A, Simonetti S, Sparice S,
Esposito G, Bifulco G, In sabato L, Nappi

C, Guida M. Selective CB2 up-regulation in
women affected by endometrial inflamma-
tion. J Cell Mol Med. 2008; 12: 661–70.

33. Lambert DM, DiPaolo FG, Sonveaux P,
Kanyonyo M, Govaerts SJ, Hermans E,
Bueb J, Delzenne NM, Tschirhart EJ.
Analogues and homologues of N-palmi-
toylethanolamide, a putative endogenous
CB(2) cannabinoid, as potential ligands for
the cannabinoid receptors. Biochim
Biophys Acta. 1999; 1440: 266–74. 

34. Jonsson KO, Vandevoorde S, Lambert
DM, Tiger G, Fowler CJ. Effects of homo-
logues and analogues of palmi-
toylethanolamide upon the inactivation of
the endocannabinoid anandamide. Br J
Pharmacol. 2001; 133: 1263–75. 

35. Vandevoorde S, Lambert DM, Smart D,
Jonsson KO, Fowler CJ. N-Morpholino- 
and N-diethyl-analogues of palmi-
toylethanolamide increase the sensitivity of
transfected human vanilloid receptors to
activation by anandamide without affecting
fatty acid amidohydrolase activity. Bioorg
Med Chem. 2003; 11: 817–25. 

36. Iuvone T, Van Osselaer N, D’Acquisto F,
Carnuccio R, Herman AG. Differential
effect of L-NAME and S-methyl-isothiourea
on leukocyte emigration in carrageenin-
soaked sponge implants in rat. Br J
Pharmacol. 1997; 121: 1637–44.

37. Maiuri MC, Tajana G, Iuvone T, De
Stefano D, Mele G, Ribecco MT, Cinelli
MP, Romano MF, Turco MC, Carniccio R.
Nuclear factor-kappaB regulates inflamma-
tory cell apoptosis and phagocytosis in rat
carrageenin-sponge implant model. Am J
Pathol. 2004; 165: 115–26.

38. Esposito G, Ligresti A, Izzo AA, Bisogno
T, Ruvo M, Di Rosa M, Di Marzo V, Iuvone
T. The endocannabinoid system protects
rat glioma cells against HIV-1 Tat protein-
induced cytotoxicity. Mechanism and regu-
lation. J Biol Chem. 2002; 277: 50348–54. 

39. Esposito G, De Filippis D, Steardo L,
Scuderi C, Savani C, Cuomo V, Iuvone T.
CB1 receptor selective activation inhibits
beta-amyloid-induced iNOS protein
expression in C6 cells and subsequently
blunts tau protein hyperphosphorylation in
co-cultured neurons. Neurosci Lett. 2006;
404: 342–6.

40. Esposito G, De Filippis D, Maiuri MC, De
Stefano D, Carnuccio R, Iuvone T.
Cannabidiol inhibits inducible nitric oxide
synthase protein expression and nitric
oxide production in beta-amyloid stimulat-
ed PC12 neurons through p38 MAP kinase
and NF-kappaB involvement. Neurosci
Lett. 2006; 399: 91–5.

41. Esposito G, Scuderi C, Savani C, Steardo
L Jr, De Filippis D, Cottone P, Iuvone T,
Cuomo V, Steardo L. Cannabidiol in vivo
blunts beta-amyloid-induced neuroinflam-
mation by suppressing IL-1beta and iNOS
expression. Br J Pharmacol. 2007; 151:
1272–9.

42. van der Stelt M, Mazzola C, Esposito G,
Matias I, Petrosino S, De Filippis D,
Micale V, Steardo L, Grago F, Iuvone T, Di
Marzo V. Endocannabinoids and beta-
amyloid-induced neurotoxicity in vivo:
effect of pharmacological elevation of
endocannabinoid levels. Cell Mol Life Sci.
2006; 63: 1410–24.

43. Colakogullari M, Ulukaya E, Yilmaztepe
A, Ocakoglu G, Yilmaz M, Karadag M,
Tokullugil A. Higher serum nitrate levels
are associated with poor survival in lung
cancer patients. Clin Biochem. 2006; 39:
898–903.

44. Vila V, Martinez-Sales V, Almenar L,
Lazaro IS, Villa P, Reganon E.
Inflammation, endothelial dysfunction and
angiogenesis markers in chronic heart 
failure patients. Int J Cardiol. 2008; 130:
276–7.

45. Kinet JP. The essential role of mast cells in
orchestrating inflammation. Immunol Rev.
2007; 217: 5–7.

46. Theoharides TC, Kempuraj D, Tagen M,
Conti P, Kalogeromitros D. Differential
release of mast cell mediators and the
pathogenesis of inflammation. Immunol
Rev. 2007; 217: 65–78.

47. Eady RA, Cowen T, Marshall TF, Plummer
V, Greaves MW. Mast cell population den-
sity, blood vessel density and histamine
content in normal human skin. Br J
Dermatol. 1979; 100: 623–33.

48. Welle M. Development, significance, and
heterogeneity of mast cells with particular
regard to the mast cell-specific proteases
chymase and tryptase. J Leukoc Biol.
1997; 61: 233–45.

49. Caughey GH. Mast cell tryptases and chy-
mases in inflammation and host defense.
Immunol Rev. 2007; 217: 141–54.

50. Paquet P, Nusgens BV, Pierard GE,
Lapiere CM. Gelatinases in drug-induced
toxic epidermal necrolysis. Eur J Clin Invest.
1998; 28: 528–32.

51. Jackson CJ, Nguyen M. Human microvas-
cular endothelial cells differ from
macrovascular endothelial cells in their
expression of matrix metalloproteinases.
Int J Biochem Cell Biol. 1997; 29: 1167–77.

52. Groneberg DA, Bester C, Grutzkau A,
Serowka F, Fischer A, Henz BM, Welker
P. Mast cells and vasculature in atopic 



J. Cell. Mol. Med. Vol 13, No 6, 2009

1095© 2009 The Authors
Journal compilation © 2009 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

dermatitis – potential stimulus of neoan-
giogenesis. Allergy. 2005; 60: 90–7.

53. Purwar R, Kraus M, Werfel T, Wittmann
M. Modulation of keratinocyte-derived
MMP-9 by IL-13: a possible role for the
pathogenesis of epidermal inflammation. J
Invest Dermatol. 2008; 128: 59–66.

54. Di Girolamo N, Indoh I, Jackson N,
Wakefield D, McNeil HP, Yan W, Geczy C,
Arm JP, Tedla N. Human mast cell-derived
gelatinase B (matrix metalloproteinase-9) is
regulated by inflammatory cytokines: role in
cell migration. J Immunol. 2006; 177:
2638–50.

55. Rodriguez-Pla A, Bosch-Gil JA, Rossello-
Urgell J, Huguet-Redecilla P, Stone JH,
Vilardell-Tarres M. Metalloproteinase-2
and -9 in giant cell arteritis: involvement in
vascular remodeling. Circulation. 2005;
112: 264–9.

56. Mantis P, Lloyd DH, Pfeiffer D, Stevens
K, Auxilia S, Noli C, Abramo F, Miolo
A. Assessment of the effect of an
aliamide-containing topical gel by evalu-
ation of the reduction of wound volume
measured by high resolution ultrasound
biomicroscopy. Wounds. 2007; 19:
113–9.

57. Martin P, Leibovich SJ. Inflammatory
cells during wound repair: the good, the
bad and the ugly. Trends Cell Biol. 2005;
15: 599–607.

58. Weller K, Foitzik K, Paus R, Syska W,
Maurer M. Mast cells are required for nor-
mal wound healing of skin wound in mice.
FASEB J. 2006; 20: 2366–8.

59. de Mora F, Puigdemont A, Torres R. The
role of mast cells in atopy: what can we
learn from canine models? A thorough
review of the biology of mast cells in
canine and human systems. Br J Dermatol.
2006; 155: 1109–23.


