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SUMMARY  In humans, as in all mammals and most chordates, three 
forms of superoxide dismutase (SOD) are present: SOD1 is located in 
the cytoplasm, SOD2 in the mitochondria, and SOD3 is  extracellular. 
SOD is used in cosmetic products to reduce free radical damage to the 
skin, for example, to reduce fibrosis following radiation for breast cancer. 
Pruritus is one of the most common symptoms of skin diseases, but 
can also be a major symptom of systemic diseases (e.g., malignancy, 
infection or metabolic disorders). There are various antihistaminics 
used as antipruritogenic substances. In the genesis of pruritus there are 
many pruritogens involved, not only histamine and leukotrienes such 
as acetylcholine, cytokines, kallikreins, proteases, kinins, opioids, etc., 
which are described. On many occasions, we observed that topical SOD 
seemed to possess strong antipruritic activity, even in anti-histamine-
resistant pruritus. We analyzed literature data on the effect of SOD as 
an anti-pruritogen on NK-1 receptors and proinflammatory cytokines, 
its regulatory role in calcitonin gene-related peptide production and 
expression, down-regulation of TNF-α and numerous cytokines, and 
suppression of nitric oxide production.
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INTRodUCTIoN
 Despite its common use, the word pruritus is 
not easy to define. A simple description is that pru-
ritus is an unpleasant cutaneous sensation that 
provokes a desire to scratch (1). However, despite 
a century of research and investigations on pru-
ritus (2), there is no generally accepted therapy 
for the treatment of itch, and many mysteries and 
controversies still haunt this niche in the life sci-
ences (3).

 This simple attempt to define pruritus is cer-
tainly not perfect, as Savin in 1998 noticed that 
“the word unpleasant means different things to dif-
ferent people”, and patients suffering from itch do 
not always desire to scratch (4). Pruritus can be a 
physiological sensation if the consecutive scratch-
ing removes the potential agent, or pathological 
if associated with skin and/or internal diseases 
and mental disorders, or caused by some food 
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or drugs (1). We will use the terms pruritus and 
itch as synonyms, but some authors use the term 
itch when skin lesions are present and pruritus if 
there are no primary skin alterations (5). Pruritus 
can be experienced only in the skin because of the 
unique neural mechanisms it involves, but this is 
in fact an extracutaneous event, a pure product of 
the central nervous system (CNS) activities.
 Pruritus has to be distinguished from pain, al-
though there is close relation between itch and 
pain (3). In the same manner, the sensation of itch 
and nociception (touch) are distinct entities. Pruri-
tus by itself is a symptom, but not a disease. It can 
affect equally patients of all ages and both sexes. 
Its intensity can be mild, moderate, severe and 
even distressing with sleep disturbances, loss of 
weight, discomfort, increased irritability, problems 
in daily activities and even stress (1). It can be 
acute or chronic, sometimes long lasting, and may 
affect any part of the body. Pruritus is not limited to 
humans, but can affect nearly all mammals. It may 
present a diagnostic challenge to the clinician, be 
it a dermatologist, family doctor, internist, pediatri-
cian or psychiatrist. Although it may seem a minor 
symptom compared to the severity of some dis-
eases, pruritus must be taken in consideration by 
the physician because most often it can affect very 
seriously the patient quality of life.

THe CAUSATIve fACToRS  
of pRURITUS

 Pruritus may be provoked by both exogenous 
agents and endogenous causes or stimuli. It ap-

pears that the chorus of itch-inducing agents con-
tains many more protagonists than the usual and 
historical suspect, histamine (3). The excellent re-
view by Paus et al. (3) gives a summary of major 
pruritogens, with the receptors interacting in the 
genesis of pruritus (Table 1). As it can be observed, 
apart from histamine, the list includes several 
pruritogens, not yet commonly viewed as pruritic 
agents known for a long time, such as proteases, 
leukotrienes or cytokines. It seems pretty sure that 
in the future, many more biological agents will be 
added to the list. The role of histamine, in contrast, 
was long overestimated (3); small doses of his-
tamine can fail to produce itch, while being suffi-
cient to cause edema and erythema upon intracu-
taneous injection, and no sedative antagonists of 
the histamine receptors H1 and/or H2 have often 
been proven to be of low or no efficacy as antipru-
ritic drugs (3). Besides the army of chemicals and 
various substances susceptible of exogenously 
induce pruritus, a number of pathologic processes 
can lead to itch, e.g., inflammation, hypersensitiv-
ity, degenerative changes, malignant tumors and 
even mental abnormalities (1).

THe pATHogeNeSIS of pRURITUS
 The neuroanatomic basis of pruritus is relative-
ly well known. Itch originates in free nerve end-
ings, near the dermoepidermal junction, and is 
conducted centripetally by afferent nerves enter-
ing the spinal  cord via dorsal roots. The sensitive 
nerves for pruritus are small, non-myelinated C 
fibers with a slow conduction rate. The cell bodies 

Table 1. Main pruritogens modified from Paus et al. (3)
Pruritogen Receptors
Acetylcholine
CGRP
CRH and POMC
Cytokines
Endocannabinoids
ETs
Endovanilloids
Histamine
Kallikreins, Proteases
Kinins
Leukotriene B4
NKA and SP
NKA, BDNF, NTs
Opioids

Nicotinergic (nAChR) and muscarinergic (mAChR) receptors
CGRP receptors 
CRH-R1 and CRH-R2 
Cytokine receptors (IL-1, IL-31,…)
CBs (CB1, CB2)
ET receptors 
Activation of TRPV1 and sensitization of TRPV1 via activation of specific receptors
Histamine receptors (H1R-H4R)
Partly by PARs
Bradykinin receptors (B1R, B2R)
Leukotriene receptors
Tachykinin receptors
Specific receptors: TrkA (NGF), TrkB, (NT-4, BDNF), TrkC (NT-3)
Opioid receptors

CB – cannabinoid receptor; CRGP – calcitonin gene-related peptide; CRH – corticotropin-releasing hormone; POMC 
– pro-opiomelanocortin; ET – endothelin; NKA – neurokinin A; SP – substance P; PAR – proteinase-activated recep-
tors; BDNF – brain-derived neurotrophic factor; NT – neutrophin; TRPV-1 – transient receptor potential vanilloid-type 
1; TrK – tyrosine kinases: A, B, C; NGF – nerve growth factor; NT-3 – neurotrophin-3; NT-4 – neurotrophin-4
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of these nociceptive primary neurons are located 
in the dorsal root ganglion. After entering the spi-
nal cord, the primary neurons synapse secondary 
neurons whose axons cross to the opposite side, 
and then by the tractus spinothalamicus reach the 
laminar nuclei of the thalamus. Finally, these nu-
clei relay to the cerebral cortex, i.e. the sensory 
area in post central gyrus. Here we note the loca-
tion, the nature, the intensity and other qualities of 
this sensation (1).
 For a long time, itch was considered as a weak 
pain, but recently the existence of specific C fibers 
for pruritus has been suggested (5). Interestingly, 
recent works suggest that the epidermis itself, 
especially the keratinocytes that form the bulk of 
the epidermis, constitute the itch receptor (6). Ke-
ratinocytes express a range of neuropeptide me-
diators and receptors that appear to be involved 
in pruritus, including opioids, nerve growth factor 
(NGF), substance P (SP) and receptors including 
vanilloid receptors and protease activated recep-
tors type 2 (PAR-2). Thus, the epidermis and its 
associated ramifications of fine intraepidermal C-
neuron filaments can be looked upon as the “itch 
receptor” (7). Crosstalk between C neuron termi-
nals and the spatially closely related dermal mast 
cells is increasingly recognized as being important 
in the pathophysiology of itch (7).

THe MedIAToRS of pRURITUS
 Pruritus is caused by the release of mediators 
acting peripherally on receptors, cells or nerves. 
Some of these substances can act directly on the 
free nerve ending, whereas others act indirectly 
through mastocytes or other cells, in particular 
keratinocytes. The traditional histamine, an imid-
azolethylamine, was the first and most important 
recognized pruritogenic substance, but it does not 
account for all types of pruritus. It is released from 
the metachromatic granules of mast cells and then 
acts on the receptors eliciting itch (8,9). Applied 
intraepidermally or at the basal membrane level, it 
causes itch, while released in the dermis it causes 
pain and edema. It acts on the neurons by increas-
ing the levels of cAMP. Recently, a new class of 
histamine receptor, H4, operating as a transducer 
of itch, has been identified in mice (10). Histamine 
does not seem to be involved in pruritus accom-
panying psoriasis, insofar as there was no cor-
relation observed between pruritus intensity and 
histamine plasma levels in psoriasis or in hista-
mine plasma levels between pruritic and non-pru-
ritic patients with psoriasis (11). Most of psoriasis 
patients claim that antihistamines are not effective 

in reducing pruritus and not even in preventing it 
(12,13). 

 Serotonin (5-hydroxytryptamine-5-HT), inject-
ed intradermally can also cause pain and pruritus 
(13). PGE2 does not elicit itch itself, but lowers 
the threshold and potentiates the itch provoked by 
histamine (14). Mast cells can produce two pro-
teases, chymase and tryptase. Tryptase has re-
cently been shown to activate PAR-2 expressed 
on afferent C neuron terminals (15), stimulating 
the sensation of itch and also triggering the re-
lease of SP. This is in accordance with the fact that 
substances such as papain, trypsin, chymotrypsin 
or kallikrein are known for a long time as causing 
pruritus when injected in the skin (16). SP is a pro-
inflammatory neuropeptide consisting of eleven 
amino acids, produced in the dorsal ganglia and 
then transported to the periphery by nociceptive 
nerves A and C (17). SP-reactive fibers are local-
ized close to mast cells (18) and hence release 
of SP from sensory afferents can stimulate mast 
cell secretion in vivo (19).  SP degranulates mast 
cells and therefore can release histamine from 
them, provoking itch (20). Hence, it is commonly 
used to induce experimental scratching (21,22). 

When compared with psoriatic patients free from 
pruritus, lesional skin from patients with pruritus 
showed an increase in SP-containing nerve fibers 
in perivascular areas (23), and keratinocytes in the 
psoriatic plaques of patients with pruritus showed 
consistently increased expression of SP-recep-
tor compared to non-pruritic patients (24). On the 
other hand, it could be observed that serum levels 
of SP correlated with the clinical score and quality 
of life score in patients with atopic dermatitis (25). 
The involvement of SP in the stress response of 
the skin has been also acknowledged (26) and the 
SP action may be mediated at least partly by cuta-
neous NK1 receptors (27).
 In the skin, SP can also cause erythema, 
edema, and neurogenic inflammation releasing 
IL-1, prostaglandin and lysosomal enzymes (28-
30). The proinflammatory activity of SP was also 
demonstrated in neurogenic bladder, in which its 
ability to stimulate reactive oxygen species (ROS) 
generation was enhanced (31). In human neutro-
phils (32), SP primes two distinct pathways with 
respect to the induction of ROS: the production of 
superoxide anion and hydrogen peroxide by the 
calmodulin-dependent NADPH oxidase, and the 
generation of nitric oxide (NO) by constitutive NO 
synthase. SP was also shown to induce superox-
ide anion production in monocytes from patients 
with rheumatoid arthritis (33), but also with intersti-
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tial lung disease (34), the latter in a dose-depen-
dent manner.
 Induction of NO production by SP was demon-
strated in the neutrophils and cardiac endothelium 
of Mg-deficient rats (35).
 Intradermal SP injection was shown to increase 
cutaneous NO (36,37), enhancing SP-induced 
itch-associated responses. This SP action may be 
mediated at least partly by cutaneous NK1 recep-
tors, which could be involved in mediating scratch-
ing (38).
 On the other hand, SP was found to increase 
tumor necrosis factor alpha (TNF-α) secretion from 
human peripheral blood mononuclear cells (39), 
to cause significant increase in TNF-α production 
by HSV-infected mouse peritoneal macrophages 
(40), in the whole blood cells of rheumatoid arthri-
tis and osteoarthritis patients (41) and to induce 
TNF-α mRNA expression in human monocytes of 
patients with rheumatoid arthritis (33). In cases of 
whole blood cells from patients with rheumatoid 
arthritis (41) and human peripheral blood mono-
nuclear cells (39), SP was also responsible for a 
significant increase of interleukin-6 (IL-6) produc-
tion. Interleukin-1 (IL-1) production was also found 
to be increased in the same studies (39-41). Be-
sides, in murine keratinocyte PAM 212, SP aug-
mented the expression of IL-1α mRNA and the 
secretion of bioactive IL-1 in a dose-dependent 
manner (42). 

 Another neuropeptide deserving attention in 
the pathogenesis of pruritus is probably calcito-
nin gene-related peptide (CGRP). A significantly 
elevated plasma level of CGRP was clearly docu-
mented in pruritic psoriasis compared with healthy 
individuals (43). Such a difference was not ob-
served when non-pruritic subjects were compared 
with the control group. Significantly higher CGRP 
concentration was also observed in atopic derma-
titis patients suffering from severe pruritus (44). 
Staining for CGRP showed a large increase of 
immunoreactive nerves in lesional skin of nodu-
lar prurigo patients (45). Skin-scratching behavior 
is a common response observed in patients with 
pruritus, and was shown to dramatically induce 
the sprouting of cutaneous nerve fibers; at the 
same time, nerve fibers containing SP and CGRP 
increased significantly (46). The bad thing is that 
each neuropeptide (SP and CGRP), alone or in 
coordination with the other, can cause significant 
increase in IL-1b and TNF-α production, as dem-
onstrated in HSV-infected mouse peritoneal mac-
rophages (40).

 Neurotrophins, the key prototype of which is the 
nerve growth factor (NGF), are also key molecu-
lar players in the pathogenesis of itch (6). Basal 
epidermal keratinocytes in humans express NGF 
(47), but also fibroblasts in vitro, stimulating fibro-
blast migration (48).
 Normal human keratinocytes synthesize and 
secrete biologically active NGF (47), while NGF 
is released in increasing amounts by proliferating 
keratinocytes, whereas secretion ends in more 
differentiated cells (49). Hence, NGF is copiously 
produced by the skin epithelium in order to direct 
and control sensory skin innervation (50). The in-
volvement of NGF in the stress response has re-
cently been acknowledged (51), in which it is now 
recognized as an important parameter (19). NGF 
directly stimulates activation of mast cells via func-
tional neurotrophin receptors, degranulation of the 
same and release of cytokines, thereby promot-
ing and/or aggravating neurogenic inflammation 
(52,53). During inflammation NGF stimulates tis-
sue nociceptors and enhances inflammatory pain 
(54). On the other hand, NGF can promote out-
growth of SP-positive nerve fibers, for example 
towards mast cells, thereby building up a network 
that allows for increased neurogenic inflammatory 
responses upon stress (55). NGF regulates the 
nociceptive properties of a subset of small diam-
eter sensory neurons by increasing the expres-
sion of the heat-sensing transient receptor poten-
tial (TRP) channel, TRPV1 (56). Treatment of rat 
dorsal root ganglion neurons with NGF increased 
TRPV1 protein expression but not mRNA, and this 
increase was mimicked by H2O2 and attenuated 
by catalase (56). NGF is thought to be involved in 
the pathogenesis of prototypic pruritic dermatoses 
such as prurigo nodularis and atopic dermatitis 
(57,58). Therapeutic administration of NGF has 
been found to be pruritogenic (59). NGF expres-
sion was shown to be increased on nerve fibers, 
Schwann cells, mast cells, eosinophils and kerati-
nocytes in the skin affected by allergic contact der-
matitis, prurigo and atopic dermatitis, and in the 
serum of patients with atopic dermatitis (60,61). 
Expression of NGF in affected skin is significantly 
increased in conventional NC/Nga Tnd mice with 
mild to severe atopic dermatitis compared to NGF 
contents in mice with no dermatitis, suggesting the 
possible involvement of NGF not only in inflam-
matory process but also in extension of sensory 
nerve fibers. NGF produced from proliferating ke-
ratinocytes and fibroblasts in atopic skin may in-
vite sensory nerves closely to the epidermis, and 
may cause itch indirectly (58). Furthermore, NGF 
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may contribute to constitution of skin hypersensi-
tivity. As regards psoriasis, when compared with 
psoriatic patients free from pruritus, lesional skin 
from patients with pruritus showed strong immu-
noreactivity for NGF throughout the epidermis and 
an increased NGF content in lesional skin, as well 
as an increase in the expression of high-affinity re-
ceptors for NGF (TrkA) in basal keratinocytes and 
in dermal nerves (23). NGF can influence many 
pathologic processes such as proliferation of kera-
tinocytes, angiogenesis, T-cell activation, expres-
sion of adhesion molecules, increase of cutaneous 
innervation and up-regulation of neuropeptides, all 
known to take place in psoriasis (62). Moreover, 
preliminary recent data from the murine system 
suggest that, vice versa, potent proinflammatory 
cytokines like TNF-α, IL-1 and interferon-g (IFN-g) 
can up-regulate the cutaneous expression of NGF, 
and may thus contribute to the vicious cycle of pro-
inflammatory events maintaining and promoting 
inflammatory skin diseases, besides pruritus (63). 
In the same way, NGF expression could be under 
the influence of ROS, as it was demonstrated that 
a single exposure to peroxynitrite specifically in-
duced NGF expression and secretion in astrocytes 
(64). Cytokines are also key molecular players in 
the occurrence and maintenance of pruritus. It was 
demonstrated (65) that TNF-α was able to induce 
SP in sympathetic ganglia through the sequential 
induction of IL-1. In the same way, HIV patients 
experiencing pruritus were found to have signifi-
cantly higher TNF-α levels in their epidermis than 
pruritus-free HIV patients (66). A high significant 
elevation of serum TNF-α was also observed in 
scabies patients compared with controls (67). In-
fliximab, a human-murine monoclonal anti-TNF-α 
antibody, used in psoriasis, yields good responses 
in patients with associated pruritus (68,69). Inter-
estingly, there are three recent publications detail-
ing the ability for suppressing scratching behaviors 
in mice of three vegetal compounds: glucoman-
nan (70) schizandrin (71) and magnolol/honokiol 
(72). All three were suppressing concomitantly the 
overproduction of TNF-α, but also of IL-4 and IL-
10.
 Interleukins constitute another interesting fam-
ily, some members of which seem to be deeply 
involved in the mechanism of pruritus. They inter-
act in the secretion of various neuropeptides or 
neurotrophins directly or indirectly responsible for 
pruritus. IL-1 stimulates the production of PGE2 
fibroblasts through Cox-2 expression (73,74). IL-
1 also up-regulates the expression of NGF (54). 
As regards the interactions between IL-1 and SP, 

there is a bulk of literature available. The stimula-
tion of SP expression by IL-1b was demonstrated 
in rat brain endothelial cells (75), excitatory motor 
neurons (76), primary cultured rat dorsal root gan-
glion (77), tracheal neurons (78), myenteric nerves 
of rat intestine (79), and elevated levels of SPm-
RNA were found after IL-1 treatment of explanted 
ganglia (80). Intrathecal injection of IL-1α in mice 
induced behaviors involving scratching and biting 
(81). These IL-1 induced behaviors were similar 
to the nociceptive responses induced in mice by 
intrathecal injection of SP. IL-1 might play a role by 
acting as a factor augmenting pruritus transmis-
sion by either directly or indirectly releasing SP.
 All experiments in dorsal or cervical root gan-
glia conclude on an increase in SP synthesis 
(77,82,83) by IL-1, by enhancing the expression 
of preprotachykinin (PPT) mRNA encoding for SP 
and other tachykinins. In human astroglioma cells 
and primary rat astrocytes, IL-1b up-regulates the 
expression of neurokinin-1 receptor (NK-1R), the 
primary receptor for SP in both cell types, at both 
mRNA and protein levels (84). IL-1b induces SP 
release from primary afferent neurons through the 
COX-2 system (85), as it does for PGE 2 (73,74). A 
recent paper (86) discloses that human mesenchy-
mal stem cells-derived neuronal cells express the 
neurotransmitter gene Tac1, but do not synthesize 
the gene’s encoded peptide, the neurotransmitter 
SP, unless stimulated with the inflammatory me-
diator, enhancing the key role of the latter in pruri-
tus. In a similar way, toxin B of Clostridium difficile 
increases SP in human VIP submucosal neurons 
in part via an IL-1b dependent pathway (87). Inter-
estingly, it seems to be a vice versa mechanism, 
as the release of IL-1α and TNF-α was evidenced 
upon the addition of SP onto the skin fragments 
in culture (88). Interleukin-2 (IL-2) given intrader-
mally or i.v. causes itch, even in healthy subjects 
(89). The effect of IL-2 was investigated on C-fiber 
nociceptors on rat saphenous nerves (90). There 
was strong activation of the same by intradermal 
injection of IL-2, which was dose dependent (91). 
It was obvious evidence that IL-2 was a potent 
activator of a discrete population of cutaneous C-
polymodal nociceptors, which are chemosensitive 
to endogenous inflammatory mediators. 
 In a patient developing intractable pruritus 
3 years after beginning hemodialysis, a high in-
crease of serum IL-2 levels was also observed 
(92). As regards psoriasis, there was an increased 
number of IL-2 immunoreactive cells in pruritus vs. 
non pruritic lesions of psoriasis (23). As IL-2 has 
been shown to induce itch, it has also been shown 
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that there is a nocturnal increase in the secre-
tion of IL-2 in healthy volunteers, possibly making 
more susceptible individuals prone to itch (93). IL-
6 is another player in the mechanism of pruritus. 
Serum IL-6 levels were shown to be significantly 
higher in hemodialysis patients with uremic pruri-
tus than in hemodialysis patients without pruritus 
(94). On the other hand, a recent paper shows 
that there could be an important relationship be-
tween scratching, sleep quality and IL-6 levels in 
atopic dermatitis patients (95). Recently, a novel 
cytokine, interleukin-31 (IL-31), has been discov-
ered that may have a major role in the pruritus 
process. It was shown (96) that transgenic mice 
overexpressing IL-31 developed severe pruritus 
along with alopecia skin lesions. The expression 
of IL-31 mRNA in the skin of NC/Nga mice with 
scratching behavior was found to be significantly 
higher that in NC/Nga mice without scratching be-
havior (97), IL-31 being responsible for this itch-
associated scratching behavior (98). IL-31 was 
also significantly overexpressed in pruritic atopic 
compared with non-pruritic psoriatic skin inflam-
mation (99). Highest IL-31 levels were detected in 
prurigo nodularis, one of the most pruritic forms of 
chronic skin inflammation.
 It is strongly supposed that IL-31 expression 
is associated with CLA (+) T cells and might con-
tribute to the development of atopic dermatitis-in-
duced skin inflammation and pruritus (100). Other 
recent studies (101,102) lend strong support to an 
important role of IL-31 in the pathogenesis of non-
atopic eczema, suggesting that altered regulation 
of IL-31 gene expression is the disease-causing 
factor. Besides an important role in the etiology of 
pruritus, IL-31 was found to be responsible for in-
ducing cytokine and chemokine production from 
human bronchial epithelial cells (EGF, VEGF, IL-6 
and IL-8) and plays the role of a mediator for in-
flammation (103,104).
 Vessels and adhesion molecules appear to 
play a role in the occurrence and development of 
pruritus, at least in certain dermatologic disorders. 
E-selectin levels showed a statistically signifi-
cant correlation with the SCORAD score in atopic 
dermatitis (105), whereas in psoriasis strong ex-
pression of E-selectin was detected on vascular 
endothelial cells (10), correlating with the sever-
ity of pruritus. In addition, an increased serum 
concentration of soluble vascular adhesion pro-
tein (VAP)-1 was found in psoriasis subjects with 
pruritus compared to patients free from this symp-
tom (106). Unfortunately, there are currently only 
scarce data as regards the possible role of ves-

sels and adhesion molecules, and this direction of 
investigation deserves interest in the future.

 free radicals (RoS)
 Reactive oxygen species (ROS) could also con-
stitute a valuable field for further exploration as re-
gards mediation of pruritus. The role of free radicals 
in modulating the neurogenic vascular response 
and thermal hyperalgesia in rats with chronic con-
strictive nerve injury (CCI) was demonstrated (107) 
and free radicals, via interaction with NO to form 
peroxynitrite, have been implicated in the mainte-
nance of thermal hyperalgesia in these rats. Fur-
ther, CCI rats had a significantly higher xanthine 
oxidase activity in the injured sciatic nerve. It was 
widely demonstrated (36,37) that intradermal SP 
increased NO in the skin, and that NO enhanced 
SP-induced itch-associated responses. In mice, it 
was observed that NO production was markedly 
increased in mainly scratched areas compared to 
non-scratched regions (108). Further, the itch as-
sociated response was significantly suppressed 
by i.v. injection of NO synthase (NOS) inhibitor. 
As regards the possible mechanism of action, it 
seems that NO synergistically potentiates IL-1ß-
induced increase of COX-2 mRNA levels, resulting 
in the facilitation of SP release from primary affer-
ent neurons (109). Inducible NOS (iNOS) expres-
sion is not found in most resting cells (110). Ex-
posure to proinflammatory cytokines such as IL-1,  
TNF-α or IFN-g induces the expression of iNOS 
gene in various inflammatory and tissue cells. 
Many mouse cells readily express iNOS in re-
sponse to a single cytokine, whereas human cells 
usually require a combination of different cytokines 
for detectable iNOS expression and NO synthe-
sis. For instance, IFN-g is an important cytokine 
for iNOS expression in human cells as in murine 
cells (110). Hence, in an intent to elucidate how ul-
traviolet B rays (UVBR) regulate iNOS expression 
in skin under inflammation conditions in cultured 
murine keratinocyte Pam 212 cells (111) it was ob-
served that low doses of UVBR significantly sup-
pressed IFN-g or TNF-α-induced NO production 
and iNOS expression at both the mRNA level and 
the protein level.

 other mediators
 Pruritus may be elucidated by the opioid sys-
tem as well. It is believed that activation of μ-opi-
oid receptors induces while activation of k-opioid 
receptors alleviates pruritus (112). Studies have 
demonstrated that epidermal opioid systems are 
associated with the modulation of pruritus in atop-
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ic dermatitis (113) but also in human hypertrophic 
scars (114). It was shown that both naloxone and 
naltrexone, the potent μ-opioid receptor antago-
nists, reduced histamine-induced pruritus in atopic 
dermatitis subjects to a greater extent than anti-
histaminic drugs (115,116) and on the other hand, 
k-opioid receptor agonists like nalfurafine or butor-
phanol led to significant reduction of itching both in 
humans (117) and in primates (118).

How CoUld TopICAl SUpeRoxIde 
dISMUTASe (Sod) AllevIATe 
pRURITUS?

 In humans, as in all mammals and most chor-
dates, three forms of SOD are present, i.e. SOD1 
is located in the cytoplasm, SOD2 in the mito-
chondria and SOD3 is extracellular.  The first is 
a dimer (consisting of two units), while the others 
are tetramers (4 subunits). SOD1 and SOD con-
tain copper and zinc, while SOD2 has manganese 
in its reactive center. The enzyme SOD catalyzes 
dismutation of superoxide into oxygen and hydro-
gen peroxide. SOD outcompetes damaging reac-
tions of superoxide, thus protecting the cell from 
superoxide toxicity. SOD is used in cosmetic prod-
ucts to reduce free radical damage to the skin, for 
example to reduce fibrosis following radiation for 
breast cancer. SOD is known to reverse fibrosis 
perhaps through reversion of myofibroblasts back 
to fibroblasts. 
 In our daily practice, on many occasions we 
were able to observe that topical SOD seemed to 
possess a strong antipruritic activity, even in anti-
histaminic-resistant pruritus. Then we decided to 
investigate the levels at which SOD could act, in 
order to explain this antipruritic activity observed. 
There are no literature data permitting to suspect 
any activity or interference of SOD with H1- or H4-
receptors, or with PAR-2, or with any other recep-
tors involved in pruritus.
 On the contrary, a lot of possible interferences 
of SOD with numerous mediators of pruritus can 
be detected from the published data. Interestingly, 
in neurogenic plasma exudation enhanced by SP 
in guinea pig lungs, SOD was found to significant-
ly inhibit this neurogenic plasma leakage, suspect-
ing a possible antagonist effect of SOD on NK-1 
receptors (36). In rats with chronic constriction 
nerve injury, the neurogenic vascular response 
was significantly improved in a similar manner by 
the treatment with SOD (107). It is of great rel-
evance to note that SOD was shown to clearly 
decrease the CGRP mRNA expression in a rat 

model of ischemic facial paralysis (119), strongly 
suggesting a regulatory role of SOD on CGRP.  
 As regards neurotrophins, there are no data on 
a direct influence of SOD on NGF, but it is obvious 
and we shall later review it, that the levels of NGF 
being up-regulated by various proinflammatory cy-
tokines (63) and ROS, will be indirectly down-regu-
lated by the effect of SOD on these factors; the 
down-regulating effect of SOD on a great number 
of cytokines is now well-known; let us focus on the 
major cytokines involved in pruritus.
 The first key player is TNF-α, and there is a lot 
of evidence that SOD is also capable of reducing 
the levels of TNF-α in lung macrophages (45,120), 
spleen cells (121), whole blood (122) or endothe-
lial cells (123,124). As regards interleukins, we 
have pointed out the major role played by IL-1 in 
the pathogenesis of pruritus. Meanwhile, there is 
a bulk of literature assessing the down-regulation 
of IL-1 induction by SOD, in vascular smooth mus-
cle cells (125), lung tissue (124,126) or microglial 
cells (126). IL-2 is another interleukin involved in 
the mechanism of pruritus. In vivo administration 
of SOD was found to reduce IL-2 production, to 
suppress IL-2 receptor expression and to depress 
IL-2 mediated lymphocyte proliferation response 
after trauma (127). A similar down-regulating ac-
tivity of SOD was shown on IL-2 expression in 
Jurkat T cells (128). Another player, IL-6, is also 
under influence of SOD. The release of IL-6 is sig-
nificantly decreased in lung tissue in the presence 
of SOD (122,124), but also in myocytes (129), mi-
croglial cells (126) or skin cells (130). As regards 
IL-31, there are currently no data in the literature, 
probably due to the recent discovery of this new 
cytokine. Vessels and adhesion molecules have 
also been implicated in the pathogenesis of pruri-
tus, in particular E-selectin. There is a great body 
of evidence that SOD reduces the levels of E-se-
lectin in both lung tissue (131) and endothelial 
cells (132-134). The interaction between SOD and 
ROS is a well-documented issue, especially with 
NO. NO production and iNOS mRNA expression 
in response to IL-1 stimulation, was significantly 
down-regulated in chondrocytes by pretreatment 
with tat-SOD fusion proteins (135). In vascular 
wall, augmented iNOS expression was reduced 
by EC-SOD treatment (136).  In gastric and ileal 
mucosa, treatment with PEG-SOD or PEG-CAT 
was able to diminish the presence of nitrotyrosine, 
and reduce the LPS-induced increase of iNOS 
positive residential macrophages (137).
 It was also demonstrated that iNOS express-
ing brain tumor cells protected themselves against 
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NO toxicity by over-inducing SOD (138). In embryo 
chorioallantoic membrane SOD was also found to 
down-regulate iNOS expression and NO produc-
tion in a dose-dependent manner (139). 
 In the lung, four hours after LPS administration, 
mRNA expression of iNOS, IL-1b and MnSOD was 
significantly enhanced, while SOD, CAT and SOD 
+ CAT reduced the quantity of exhaled NO and 
plasma nitrate concentration, attenuating LPS-in-
duced oxygen radical release (140). Transgenic 
CuZn-SOD also inhibited NO synthase induction 
in experimental subarachnoid hemorrhage (141). 
In hepatocytes, NO release and nitrotyrosine ex-
pression induced by activated macrophages was 
successfully attenuated by SOD (142).
 Treatment of astrocyte cultures for 18 h with 
LPS and IFN-g produced a dose-dependent in-
crease of iNOS and this effect was significantly 
decreased by the addition of SOD/CAT in the me-
dium (143). It seems that antioxidant enzymes 
suppress NO production through the inhibition of 
NF-kappa B activation (144). A nitric oxide-releas-
ing agent, S-nitroso-N-acetylpenicillamine, was 
shown to enhance the expression of  SODmRNA 
in the murine macrophage cell line RAW264-7, 
suggesting that when producing NO, RAW 264-7 
cells express SOD that might protect them from 
NO toxicity (72). 
 All these data taken together strongly demon-
strate that there is an unquestionable efficacy of 
SOD in reducing or even suppressing NO produc-
tion and diminishing iNOS expression in various 
cell types and under various circumstances.
 To summarize all these data regarding the anti-
pruritic activity of SOD, it can be stated that:
• there is an possible antagonist effect of SOD 

on NK-1 receptors (36);
• the levels of NGF can be indirectly down-reg-

ulated by SOD through its activity on various 
proinflammatory cytokines (63,92);

• there is clearly a regulatory role of SOD on 
CGRP production and expression (119);

• although not acting directly on SP, SOD is con-
siderably attenuating its effects by down-regu-
lating TNF-α, IL-1, IL-6 and NO, whose secre-
tion is stimulated by SP;

• SOD is obviously recognized as being capable 
of reducing the emission and expression of nu-
merous cytokines, many of them (TNF-α, IL-1, 
IL-2, IL-6, E-selectin) having a definitely proven 
role in the pathogenesis of pruritus; and

• there is an obvious efficacy of SOD in reducing 

or even suppressing NO production and dimin-
ishing iNOS expression, being established that 
NO has a key role in the occurrence and main-
tenance of pruritus.

CoNClUSIoN
 This brief review of recent frontiers in the 
knowledge of pruritus reveals that we still lack a 
single, unique, universally effective and accepted 
pharmacological tool to combat itch and pruritus, 
and due to the inherent neurophysiologic and neu-
roimmunologic complexity of itch pathophysiology, 
it would be naive to expect future advent of such a 
miraculous drug.
 Hence, any new opportunity in the armamen-
tarium to combat pruritus is welcome, and it seems 
that the previous (unpublished) encouraging re-
sults obtained with topical SOD could have some 
scientific basis to explain its alleged efficacy.
 Nevertheless, there is still a long way to go, and 
there is an obvious need for more investigations, 
more precisely focused on the own interference of 
SOD in the mechanisms of pruritus.

References

1.   Peharda V, Gruber F, Kaštelan M, Brajac I, 
Čabrijan L. Pruritus – an important symptom 
of internal diseases. Acta Dermatovenerolo-
gica Alpina, Pannonica et Adriatica 2000;9 
(3); available at: http://www1.mf.uni-lj.si/acta-
apa/acta-apa-00-3/Peharda.html 

2.   Graham DT, Goodell H, Wolff HG. Neural 
mechanisms involved in itch, itchy skin, and 
tickle sensations. J Clin Invest 1951;30:37-
49. 

3.   Paus R, Schmelz M, Bíró T, Steinhoff M. 
Frontiers in pruritus research: scratching the 
brain for more effective itch therapy. J Clin 
Invest 2006;116:1174-86. 

4.   Savin JA. How should we define itching? J 
Am Acad Dermatol 1998;38:268-9.

5.   Inoue K, Koizumi S, Fuzuwara S, Denda 
S, Denda M. Functional vanilloid receptors 
in cultured normal human epidermal kera-
tinocytes. Biochem Biophys Res Commun 
2002;291:124-9.

6.   Han SJ, Bae EA, Trinh HT, Yang JH, Youn 
UJ, Bae KH, et al. Magnolol and honokiol: 
inhibitors against mouse passive cutaneous 
anaphylaxis reaction and scratching behavi-
ors. Biol Pharm Bull 2007;30:2201-3.

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39

ACTA DERMATOVENEROLOGICA CROATICA



33

7.   Greaves MW. Recent advances in pathophy-
siology and current management of itch. Ann 
Acad Med 2007;36:788-92.

8.   Greaves MW, Davies MG. The current sta-
tus of histamine receptors in human skin: 
indirect evidence. Br J Dermatol 1982;23 
(Suppl):101-5.

9.   Davies MG, Greaves MW. Sensory respon-
ses of human skin to synthetic histamine 
analogues and histamine. Br J Clin Pharma-
col 1980;9:461-5. 

10. Bell JK, McQueen DS, Rees JL. Involvement 
of histamine H4 and H1 receptors in scrat-
ching induced by histamine receptor agonists 
in Balb C mice. Br J Pharmacol 2004;142:374-
80.

11.  Wiśnicka B, Szepietowski JC, Reich A, Orda 
A. Histamine, substance P and calcitonin 
gene-related peptide plasma concentration 
and pruritus in patients suffering from psoria-
sis. Dermatol Psychosom 2004;5:73-8.

12. Dawn A, Yosipovitch G. Treating itch in pso-
riasis. Dermatol Nursing 2006;18:227-33. 

13. Hagermark O. Peripheral and central medi-
ators of itch. Skin Pharmacol 1992;5:1-8. 

14. Greaves MW, Mc Donald Gibson W. Itch: the 
role of prostaglandins. BMJ 1973;ii:608-9.  

15. Steinhoff M, Vergnolle NM, Young SH, Tog-
netto M, Amadesi S, Ennes HS. Agonists of 
proteinase-activated receptor 2 induce in-
flammation by a neurogenic mechanism. Nat 
Med 2000;6:151-8.

16. Haegemark O. Studies on experimental itch 
induced by kallikrein and bradykinin. Acta 
Derm Venereol 1974;54:397-400.

17. Krause JE, Takeda Y, Hershey AD. Structure, 
functions and mechanisms of substance P re-
ceptor action. J Invest Dermatol 1992;98:2s-
7s. 

18. Arck PC, Handjiski B, Peters EM, Peter AS, 
Hagen E, Fischer A, et al. Stress inhibits hair 
growth in mice by induction of premature ca-
tagen development and deleterious perifol-
licular inflammatory events via neuropeptide 
substance P-dependent pathways. Am J Pat-
hol 2003;162:803-14.

19. Arck PC, Slominski A, Theoharides TC, Pe-
ters EMJ, Paus R. Neuroimmunology of 
stress: skin takes center stage. J Invest Der-
matol 2006;126:1697-704.

20. Reich A, Orda A, Wiśnicka B, Szepietowski 

JC. Plasma concentration of selected neuro-
peptides in patients suffering from psoriasis. 
Exp Dermatol 2007;16:421-8. 

21. Andoh T, Al-Akeel A, Tsujii K, Nojima H, Ku-
raishi Y. Repeated treatment with the traditio-
nal medicine Unsei-in inhibits substance P-
induced itch-associated responses through 
downregulation of the expression of nitric 
oxide synthase 1 in mice. J Pharmacol Sci 
2004;94:207-10. 

22. Andoh T, Honma Y, Kawaharada S, Al-Akeel 
A, Nojima H, Kuraishi Y. Inhibitory effect of 
the repeated treatment with Unsei-in on sub-
stance P-induced itch-associated responses 
through the downregulation of the expressi-
on of NK(1) tachykinin receptor in mice. Biol 
Pharm Bull 2003;26:896-8. 

23. Nakamura M, Toyoda M, Morohashi M. Pruri-
togenic mediators in psoriasis vulgaris: com-
parative evaluation of itch-associated cuta-
neous factors. Br J Dermatol 2003;149:718-
30. 

24. Chang SE, Han SS, Jung HJ, Choi JH. Neu-
ropeptides and their receptors in psoriatic 
skin in relation to pruritus. Br J Dermatol 
2007;156:1272-7. 

25. Hon KL, Lam MC, Wong KY, Leung TF, Ng 
PC. Pathophysiology of nocturnal scratching 
in childhood atopic dermatitis: the role of 
brain-derived neurotrophic factor and sub-
stance P. Br J Dermatol 2007;157:922-5.

26. Paus R, Heinzelmann T, Schultz KD, Fur-
kert J, Fechner K, Czarnetzki BM. Hair 
growth induction by substance P. Lab Invest 
1994;71:134-40.

27. Andoh T, Nagasawa T, Satoh M, Kuraishi Y. 
Substance P induction of itch-associated re-
sponse mediated by cutaneous NK1 tachyki-
nin receptors in mice. J Pharmacol Exp Ther 
1998;286:1140-5. 

28. Lieb K, Fiebich BL, Busse-Grawitz M, Hüll 
M, Berger M, Bauer J. Effects of substance 
P and selected other neuropeptides on the 
synthesis of interleukin-1 beta and interleu-
kin-6 in human monocytes: a re-examination. 
J Neuroimmunol 1996;67:77-81.

29. Ansel JC, Armstrong CA, Song I, Quinlan KL, 
Olerud JE, Caughman SW, et al. Interactions 
of the skin and nervous system. J Invest Der-
matol Symp Proc 1997;2:23-6. 

30. Hagermark O, Hokfelt T, Pernow B. Flare and 

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39

ACTA DERMATOVENEROLOGICA CROATICA



34 ACTA DERMATOVENEROLOGICA CROATICA

itch induced by substance P in human skin. J 
Invest Dermatol 1978;71:233-5. 

31. Chien CT, Yu HJ, Lin TB, Lai MK, Hsu SM. 
Substance P via NK1 receptor facilitates 
hyperactive bladder afferent signaling via 
action of ROS. Am J Physiol Renal Physiol 
2003;284:F840-51.

32. Sterner-Kock A, Braun RK, van der Vliet A, 
Schrenzel MD, McDonald RJ, Kabbur MB, 
et al. Substance P primes the formation of 
hydrogen peroxide and nitric oxide in human 
neutrophils. J Leukoc Biol 1999;65:834-40. 

33. Lavagno L, Bordin G, Colangelo D, Viano I, 
Brunelleschi S. Tachykinin activation of hu-
man monocytes from patients with rheuma-
toid arthritis: in vitro and ex vivo effects of 
cyclosporin A. Neuropeptides 2001;35:92-9.

34. Brunelleschi S, Nicali R, Lavagno L, Viano 
I, Pozzi E, Gagliardi L, et al. Tachykinin ac-
tivation of human monocytes from patients 
with interstitial lung disease, healthy smo-
kers or healthy volunteers. Neuropeptides 
2000;34:45-50.

35. Mak IT, Kramer JH, Weglicki WB. Suppres-
sion of neutrophil and endothelial activation 
by substance P receptor blockade in the Mg-
deficient rat. Magnes Res 2003;16:91-7.

36. Lin SM, Hwang KH, Lin HC, Wang CH, Yu 
CT, Kuo HP. Endotoxemia augments neuro-
genic plasma exudation in guinea pig lungs. 
Chang Gung Med J 2000;23:14-21.

37. Andoh T, Kuraishi Y. Nitric oxide enhances 
substance P-induced itch-associated respon-
ses in mice. Br J Pharmacol 2003;138:202-
8.

38. Costa SK, Starr A, Hyslop S, Gilmore D, 
Brain SD. How important are NK1 receptors 
for influencing microvascular inflammation 
and itch in the skin? Studies using Phoneu-
tria nigriventer venom. Vascul Pharmacol 
2006;45:209-14.

39. Cuesta MC, Quintero L, Pons H, Suarez-
Roca H. Substance P and calcitonin gene-
related peptide increase IL-1 beta, IL-6 and 
TNF alpha secretion from human periphe-
ral blood mononuclear cells. Neurochem Int 
2002;40:301-6.

40. Yaraee R, Ebtekar M, Ahmadiani A, Sabahi F. 
Neuropeptides (SP and CGRP) augment pro-
inflammatory cytokine production in HSV-in-
fected macrophages. Int Immunopharmacol 
2003;3:1883-7.

41. Hernanz A, Medina S, de Miguel E, Martín-
Mola E. Effect of calcitonin gene-related 
peptide, neuropeptide Y, substance P, and 
vasoactive intestinal peptide on interleu-
kin-1beta, interleukin-6 and tumor necrosis 
factor-alpha production by peripheral whole 
blood cells from rheumatoid arthritis and os-
teoarthritis patients. Regul Pept 2003;115:19-
24.

42. Song IS, Bunnett NW, Olerud JE, Harten B, 
Steinhoff M, Brown JR, et al. Substance P 
induction of murine keratinocyte PAM 212 
interleukin 1 production is mediated by the 
neurokinin 2 receptor (NK-2R). Exp Dermatol 
2000;9:42-52.

43. Szepietowski JP, Reich A, Wisnicka B. Pruritus 
and psoriasis. Br J Dermatol 2004;151:1272-
88.

44. Salomon J, Baran E. The role of selected 
neuropeptides in pathogenesis of atopic 
dermatitis. J Eur Acad Dermatol Venereol 
2008;22:223-8.

45. Abadía Molina F, Burrows NP, Jones RR, 
Terenghi G, Polak JM. Increased sensory 
neuropeptides in nodular prurigo: a quantita-
tive immunohistochemical analysis. Br J Der-
matol 1992;127:344-51.

46. Yamaoka J, Di ZH, Sun W, Kawana S. Erra-
tum to „Changes in cutaneous sensory nerve 
fibers induced by skin-scratching in mice”. J 
Dermatol Sci 2007;47:172-82.

47. Di Marco E, Marchisio PC, Bondanza S, 
Franzi AT, Cancedda R, De Luca M.  Growth 
regulated synthesis and secretion of biolo-
gically active nerve growth factor by human 
keratinocytes. J Biol Chem 1991;266:21718-
22.

48. Yaar M. Neurotrophins in skin. In: Neurotrop-
hins and the Neural Crest (Sieber-Blum M, 
ed.), Boston-London: CRC Press, 1999; pp. 
117-40.

49. Pincelli C, Sevignani C, Manfredini R, Grande 
A, Fantini F, Bracci Laudiero L, et al. Expres-
sion and function of nerve growth factor and 
nerve growth factor receptor on cultured ke-
ratinocytes. J Invest Dermatol 1994;103:13-
8.

50. Palkina TN, Sharov AA, Sharov TY, Botch-
karev VA. Nurotrophins in autoimmune 
diseases: possible implications for alope-
cia areata. J Investig Dermatol Symp Proc 
2005;10:282.

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39



35ACTA DERMATOVENEROLOGICA CROATICA

51. Aloe L, Alleva E, Fiore M. Stress and ner-
ve growth factor: findings in animal models 
and humans. Pharmacol Biochem Behav 
2002;73:159-66.

52. Legat FJ, Armstrong CA, Ansel JC. The cuta-
neous neurosensory system in skin disease. 
Adv Dermatol 2002;18:91-109.

53. Marshall JS, Gomi K, Blennerhassett MG, 
Bienenstock J. Nerve growth factor modifies 
the expression of inflammatory cytokines by 
mast cells via a prostanoid dependent me-
chanism. J Immunol 1999;162:4271-6.

54. Botchkarev VA, Yaar M, Peters EMJ, Ray-
chaudhury SP, Botchekareva NV, Marconi 
A, et al. Neurotrophins in skin biology and 
pathology. J Invest Dermatol 2006;126:1719-
27.

55. Peters EM, Handjiski B, Kuhlmei A, Hagen E, 
Bielas H, Braun A, et al. Neurogenic inflam-
mation in stress-induced termination of muri-
ne hair growth is promoted by nerve growth 
factor. Am J Pathol 2004;165:259-71.

56. Puntambekar P, Mukherjea D, Jajoo S, 
Ramkumar V. Essential role of Rac1/NAD-
PH oxidase in nerve growth factor induc-
tion of TRPV1 expression. J Neurochem 
2005;95:1689-703.

57. Lee MR, Shumack S. Prurigo nodularis: a 
review. Australas J Dermatol 2005;46:211-8; 
quiz 219-20.

58. Tanaka A, Matsuda H. Expression of nerve 
growth factor in itchy skins of atopic NC/
NgaTnd mice. J Vet Med Sci 2005;67:915-9.

59. Aloe L, Levi-Montalcini R. The discovery of 
nerve growth factor and modern neurobio-
logy. Trends Cell Biol 2004;14:395-9. 

60. Groneberg DA, Serowka F, Peckenschnei-
der N, Artuc M, Grutzkau A, Fischer A, et 
al. Gene expression and regulation of nerve 
growth factor in atopic dermatitis mast cells 
and the human mast cell line-1. J Neuroim-
munol 2005;161:87-92.

61. Raap U, Kapp A. Neuroimmunological fin-
dings in allergic skin diseases. Curr Opin Al-
lergy Clin Immunol 2005;5:419-24.

62. Raychaudhuri SP, Raychaudhuri SK. Role 
of NGF and neurogenic inflammation in the 
pathogenesis of psoriasis. Progr Brain Res 
2004;146:433-7.

63. Bläsing H, Hendrix S, Paus R  Proinflamma-
tory cytokines upregulate the skin immuno-
reactivity for NGF, NT-3, NT-4 and their re-

ceptor, p75NTR, in vivo. A preliminary report. 
Arch Dermatol Res 2005;96:580-4.

64. Vargas MR, Pehar M, Cassina P, Estevez 
AG, Beckman JS, Berbeito L. Stimulation of 
nerve growth factor expression in astrocytes 
by peroxynitrite. In Vivo 2004;18:269-74.

65. Ding M, Hart RP, Jonakait JM. Tumor necro-
sis factor-alpha induces substance P in sym-
pathetic ganglia through sequential induction 
of interleukin-1 and leukemia inhibitory factor. 
J Neurobiol 1995;28:445-54.

66. Breuer-McHam JN, Ledbetter LS, Sarris AH, 
Duvic M. Cytokine expression patterns dis-
tinguish HIV associated skin diseases. Exp 
Dermatol 2000;9:341-50. 

67. Morsy TA, el Alfy MS, Arafa MA, Salama MM, 
Habib KS. Serum levels of tumour necrosis 
factor alpha (TNF-alpha) versus immunoglo-
bulins (IgG, IgM, and IgE) in Egyptian sca-
bietic children. J Egypt Soc Parasitol 1995 
;25:773-86.

68. Schopf RE, Aust H, Knop J. Treatment of 
psoriasis with the chimeric monoclonal anti-
body against tumor necrosis factor alpha, 
infliximab. J Am Acad Dermatol 2002;46:886-
91.

69. Valdés A Mdel P, Schroeder HF, Roizen GV, 
Honeyman MJ, Sánchez ML. Efficacy of in-
fliximab in patients with moderate and severe 
psoriasis treated with infliximab (Remicade). 
Rev Med Chil 2006;134(3):326-31.

70. Onishi N, Kawamoto S, Suzuki H, Santo H, 
Aki T, Shigeta S, et al. Dietary pulverized 
konjac glucomannan suppresses scratching 
behavior and skin inflammatory immune re-
sponses in NC/Nga mice. Int Arch Allergy Im-
munol 2007;144:95-104.

71. Lee B, Bae EA, Trinh HT, Shin YW, Phuong 
TT, Bae KH, et al. Inhibitory effect of schizan-
drin on passive cutaneous anaphylaxis reac-
tion and scratching behaviors in mice. Biol 
Pharm Bull 2007;30:1153-6.

72. Han YJ, Kwon YG, Chung HT, Lee SK, Sim-
mons RL, Billiar TR, et al. Antioxidant enzy-
mes suppress nitric oxide production through 
the inhibition of NF-kappa B activation: role 
of H(2)O(2) and nitric oxide in inducible nitric 
oxide synthase expression in macrophages. 
Nitric Oxide 2001;5:504-13.

73. Ogata S, Kubota Y, Yamashiro T, Takeuchi H, 
Ninomiya T, Suyama Y, et al. Signaling pat-
hways regulating IL-1alpha-induced COX-2 

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39



36

expression. J Dent Res 2007;86:186-91.
74. Dukovich M, Severin JM, White SJ, Yama-

zaki S, Mizel SB. Stimulation of fibroblast 
proliferation and prostaglandin production 
by purified recombinant murine interleukin 1. 
Clin Immunol Immunopathol 1986;38:381-9.

75. Cioni C, Renzi D, Calabrò A, Annunziata P. 
Enhanced secretion of substance P by cyto-
kine-stimulated rat brain endothelium cultu-
res. J Neuroimmunol 1998;1;84:76-85.

76. Grider JR. Interleukin-1 beta selectively in-
creases substance P release and augments 
the ascending phase of the peristaltic reflex. 
Neurogastroenterol Motil 2003;15:607-15.

77. Morioka N, Takeda K, Kumagai K, Hanada 
T, Ikoma K, Hide I, et al. Interleukin-1beta-
induced substance P release from rat cul-
tured primary afferent neurons driven by 
two phospholipase A2 enzymes: secretory 
type IIA and cytosolic type IV. J Neurochem 
2002;80:989-97.

78. Wu ZX, Satterfield BE, Fedan JS, Dey RD. In-
terleukin-1beta-induced airway hyperrespon-
siveness enhances substance P in intrinsic 
neurons of ferret airway. Am J Physiol Lung 
Cell Mol Physiol 2002;283:L909-17.

79. Hurst SM, Stanisz AM, Sharkey KA, Collins 
SM. Interleukin 1 beta-induced increase in 
substance P in rat myenteric plexus. Gastro-
enterology 1993;105:1754-60.

80. Ludlam WH, Chandross KJ, Kessler JA. LIF-
and IL-1 beta-mediated increases in sub-
stance P receptor mRNA in axotomized, ex-
planted or dissociated sympathetic ganglia. 
Brain Res 1995;685:12-20.

81. Tadano T, Namioka M, Nakagawasai O, Tan-
No K, Matsushima K, Endo Y, et al. Induc-
tion of nociceptive responses by intrathecal 
injection of interleukin-1 in mice. Life Sci 
1999;65:255-61.

82. Igwe OJ. c-Src kinase activation regulates 
preprotachykinin gene expression and sub-
stance P secretion in rat sensory ganglia. Eur 
J Neurosci 2003;18:1719-30.

83. Shadiack AM, Carlson CD, Ding M, Hart RP, 
Jonakait GM. Lipopolysaccharide induces 
substance P in sympathetic ganglia via gang-
lionic interleukin-1 production. J Neuroimmu-
nol 1994;49:51-8.

84. Guo CJ, Douglas SD, Gao Z, Wolf BA, Grin-
span J, Lai JP, et al. Interleukin-1beta upre-
gulates functional expression of neurokinin-1 

receptor (NK-1R) via NF-kappaB in astrocy-
tes. Glia 2004;48:259-66.

85. Inoue A, Ikoma K, Morioka N, Kumagai K, 
Hashimoto T, Hide I, et al. Interleukin-1beta 
induces substance P release from primary af-
ferent neurons through the cyclooxygenase-
2 system. J Neurochem 1999;73:2206-13.

86. Greco SJ, Rameshwar P. MicroRNAs regu-
late synthesis of the neurotransmitter sub-
stance P in human mesenchymal stem cell-
derived neuronal cells. Proc Natl Acad Sci U 
S A 2007;104:15484-9.

87. Neunlist M, Barouk J, Michel K, Just I, Oresh-
kova T, Schemann M, et al. Toxin B of Clostri-
dium difficile activates human VIP submuco-
sal neurons, in part via an IL-1β-dependent 
pathway. Am J Physiol Gastrointest Liver 
Physiol 2003;285:G1049-G1055. 

88. Branchet-Gumila MC, Boisnic S, Le Charpen-
tier Y, Nonotte I, Montastier C, Breton L. Neu-
rogenic modifications induced by substance 
P in an organ culture of human skin. Skin 
Pharmacol Appl Skin Physiol 1999;12:211-
20.

89. Wahlgren CF, Tengval L, Linder H, Hager-
mark O, Scheynius A. Itch and inflammation 
induced by intradermally injected interleukin-
2 in atopic dermatitis patients and healthy 
subjects. Arch Dermatol Res 1995;287:572-
80.

90. Darsow U, Scharein E, Bromm B, Ring J. Skin 
testing of the pruritogenic activity of histami-
ne and cytokines (interleukin-2 and tumour 
necrosis factor-alpha) at the dermal-epider-
mal junction. Br J Dermatol 1997;137:415-7.

91. Martin HA, Murphy PR. Interleukin-2 activa-
tes a sub-population of cutaneous C-fibre po-
lymodal nociceptors in the rat hairy skin. Arch 
Physiol Biochem 1995;103:136-48.

92. Miyoshi M, Ubara Y, Tagami T, Sawa N, Son 
D, Hoshino J, et al. Mycosis fungoides in a 
hemodialysis patient with intractable pruritus. 
Ther Apher Dial 2006;10:296-300.

93. Lissoni P, Rovelli F, Brivio F, Brivio O, Fuma-
galli L. Circadian secretions of IL-2, IL-12, IL-
6 and IL-10 in relation to the light dark rhythm 
of the pineal hormone melatonin in healthy 
humans. Nat Immun 1998;16:1-5.

94. Kimmel M, Alscher DM, Dunst R, Braun N, 
Machleidt C, Kiefer T, et al. The role of micro-
inflammation in the pathogenesis of uraemic 
pruritus in haemodialysis patients. Nephrol 

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39

ACTA DERMATOVENEROLOGICA CROATICA



37

Dial Transplant 2006;21:749-55.
95. Bender BG, Ballard R, Canono B, Murphy JR, 

Leung DY. Disease severity, scratching, and 
sleep quality in patients with atopic dermati-
tis. J Am Acad Dermatol 2008;58:415-20.

96. Dillon SR, Sprecher C, Hammond A, Bilsbo-
rough J, Rosenfeld-Franklin M, Presnell SR, 
et al. Interleukin 31, a cytokine produced by 
activated T cells, induces dermatitis in mice. 
Nat Immunol 2004;5:752-60.

97. Takaoka A, Arai I, Sugimoto M, Yamaguchi 
A, Tanaka M, Nakaike S. Expression of IL-31 
gene transcripts in NC/Nga mice with atopic 
dermatitis. Eur J Pharmacol 2005;516:180-
1.

98. Takaoka A, Arai I, Sugimoto M, Honma Y, 
Futaki N, Nakamura A, et al. Involvement of 
IL-31 on scratching behavior in NC/Nga mice 
with atopic-like dermatitis. Exp Dermatol 
2006;15:161-7.

99. Sonkoly E, Muller A, Lauerma AI, Pivarcsi A, 
Soto H, Kemeny L, et al. IL-31: a new link 
between T cells and pruritus in atopic skin 
inflammation. J Allergy Clin Immunol 2006 
117:411-7.

100. Bilsborough J, Leung DY, Maurer M, Howell 
M, Boguniewicz M, Yao L, et al. IL-31 is as-
sociated with cutaneous lymphocyte anti-
gen-positive skin homing T cells in patients 
with atopic dermatitis. J Allergy Clin Immunol 
2006;117:418-25.

101. Neis MM, Peters B, Dreuw A, Wenzel J, Bie-
ber T, Mauch C, et al. Enhanced expression 
levels of IL-31 correlate with IL-4 and IL-13 
in atopic and allergic contact dermatitis. J Al-
lergy Clin Immunol 2006;118:930-7.

102. Schulz F, Marenholz I, Fölster-Holst R, 
Chen C, Sternjak A, Baumgrass R, et al. A 
common haplotype of the IL-31 gene influ-
encing gene expression is associated with 
nonatopic eczema. J Allergy Clin Immunol 
2007;120(5):1097-102.

103. Yagi Y, Andoh A, Nishida A, Shioya M, Nis-
himura T, Hashimoto T, et al. Interleukin-31 
stimulates production of inflammatory medi-
ators from human colonic subepithelial myo-
fibroblasts. Int J Mol Med 2007;19:941-6.

104. Ip WK, Wong CK, Li ML, Li PW, Cheung PF, 
Lam CW. Interleukin-31 induces cytokine and 
chemokine production from human bronchial 
epithelial cells through activation of mitogen-
activated protein kinase signalling pathways: 

implications for the allergic response. Immu-
nology 2007;122:532-41.

105. Gutgesell C, Heise S, Seubert A, Stichtenoth 
DO, Frölich JC, Neumann C. Comparison of 
different activity parameters in atopic derma-
titis: correlation with clinical scores. Br J Der-
matol 2002;147:914-9.

106. Madej A. Reich A, Orda A, Szepietowski 
JC. Vascular adhesion protein-1 (VAP-1) is 
overexpressed in psoriatic patients. J Eur 
Acad Dermatol Venereol 2007;21:72-8. 

107. Khalil Z, Liu T, Helme RD. Free radicals con-
tribute to the reduction in peripheral vascular 
responses and the maintenance of thermal 
hyperalgesia in rats with chronic constriction 
injury. Pain 1999;79:31-7.

108. Tsukumo Y, Andoh T, Yamaguchi T, Nojima H, 
Kuraishi Y. Involvement of nitric oxide in itch-
scratch response of NC mice. Nippon Yakuri-
gaku Zasshi 1999;114 (Suppl 1):17P-21P.

109. Morioka N, Inoue A, Hanada T, Kumagai K, 
Takeda K, Ikoma K,  et al. Nitric oxide syner-
gistically potentiates interleukin-1 beta-in-
duced increase of cyclooxygenase-2 mRNA 
levels, resulting in the facilitation of substan-
ce P release from primary afferent neurons: 
involvement of cGMP-independent mecha-
nisms. Neuropharmacology 2002;43:868-76.

110. Korhonen R, Lahti A, Kankaanranta H, Moi-
lanen E. Nitric oxide production and signaling 
in inflammation. Curr Drug Targets Inflamm 
Allergy 2005;4:471-9.

111. Yamaoka J, Sasaki M, Miyachi Y. Ultraviolet 
B radiation downregulates inducible nitric 
oxide synthase expression induced by inter-
feron-gamma or tumor necrosis factor-alpha 
in murine keratinocyte Pam 212 cells. Arch 
Dermatol Res 2000;292:312-9.

112. Reich A, Szepietowski JC. Mediators of 
pruritus in psoriasis. Mediators Inflamm 
2007;2007:64727.

113. Tominaga M, Ogawa H, Takamori K. Possible 
roles of epidermal opioid systems in pruri-
tus of atopic dermatitis. J Invest Dermatol 
2007;127:2228-35.

114. Cheng B, Liu HW, Fu XB, Sheng ZY, Li JF. 
Coexistence and upregulation of three types 
of opioid receptors, mu, delta and kappa, in 
human hypertrophic scars. Br J Dermatol 
2008;158:713-20.

115. Heyer G, Dotzer M, Diepgen TL, Handwerker 
HO. Opiate and H1 antagonist effects on his-

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39

ACTA DERMATOVENEROLOGICA CROATICA



38 ACTA DERMATOVENEROLOGICA CROATICA

tamine induced pruritus and allokinesis. Pain 
1997;73:239-43.

116. Heyer G, Groene D, Martus P. Efficacy of nal-
trexone on acetylcholine-induced allokinesis 
in atopic eczema. Exp Dermatol 2002;11:448-
55. 

117. Takamori K, Kumagai H, Ebata T, Muramatsu 
T, Nakamoto H, Suzuki H. Confirmatory study 
of Trk-820, kappa opioid agonist, against pru-
ritus resistant to the currently available tre-
atment in hemodialysis patients. Acta Derm 
Venereol 2007;87:465.

118. Lee H, Naughton NN, Woods JH, Ko MC. 
Effects of butorphanol on morphine-induced 
itch and analgesia in primates. Anesthesio-
logy 2007;107:478-85.

119. Mohri D, Satomi F, Kondo E, Fukuoka T, 
Sakagami M, Noguchi K. Change in gene 
expression in facial nerve nuclei and the 
effect of superoxide dismutase in a rat mo-
del of ischemic facial paralysis. Brain Res 
2001;893:227-36.

120. Fakhrzadeh L, Laskin JD, Gardner CR, 
Laskin DL, Superoxide dismutase-overex-
pressing mice are resistant to ozone-induced 
tissue injury and increases in nitric oxide and 
tumor necrosis factor. Am J Respir Cell Mol 
Biol 2004;30:280-7.

121. Ross AD, Banda NK, Muggli M, Arend WP. 
Enhancement of collagen induced arthritis 
in mice genetically deficient in extracellu-
lar superoxide dismutase. Arthritis Rheum 
2004;50:3702-11.

122. Shibuya-Fujiwara N, Hirayama F, Ogata Y, 
Matsuda A, Sekiguchi S, Ikeda H, et al. Li-
posome-encapsulated superoxide dismutase 
suppresses liposome-mediated augmenta-
tion of TNF-alpha production from peripheral 
blood leucocytes. Life Sci 2001;69:2007-15.

123. Lin SJ, Shyue SK, Hung YY, Chen YH, Ku 
HH, Chen JW, et al. Superoxide dismutase 
inhibits the expression of vascular cell ad-
hesion molecule-1 and intracellular cell ad-
hesion molecule-1 induced by tumor necro-
sis factor-alpha in human endothelial cells 
through the JNK/p38 pathways. Arterioscler 
Thromb Vasc Biol 2005;25:334-40.

124. Salvemini D, Mazzon E, Dugo L, Riley DP, 
Serraino I, Caputi AP, et al. Pharmacological 
manipulation of the inflammatory cascade by 
the superoxide dismutase mimetic, M40403, 
Br J Pharmacol 2001;132:815-27.

125. Gurjar MV, Deleon J, Sharma RV, Bhalla RC. 
Role of reactive oxygen species in IL-1beta-
stimulated sustained ERK activation and 
MMP-9 induction. Am J Physiol Heart Circ 
Physiol 2001;281:2568-74.

126. Chang SC, Kao MC, Fu MT, Lin CT. Modu-
lation of NO and cytokines in microglial cells 
by Cu/Zn superoxide dismutase. Free Radic 
Biol Med 2001;31:1084-9.

127. Luo Y, Liang H, Wang Z, Geng B, Xu X. Ef-
fect of superoxide dismutase on membrane 
fluidity and functions of lymphocytes in trau-
matized mice. Zhongguo Ying Yong Sheng Li 
Xue Za Zhi 1997;13:309-11.

128. Luongo D, Bergamo P, Rossi M. Effects of 
conjugated linoleic acid on growth and cy-
tokine expression in Jurkat T cells. Immunol 
Lett 2003;90:195-201.

129. Kosmidou I, Vassilakopoulos T, Xagorari A, 
Zakynthinos S, Papapetropoulos A, Rous-
sos C. Production of interleukin-6 by skeletal 
myotubes. Role of reactive oxygen species. 
Am J Respir Cell Mol Biol 2002;26:587-93.

130. Lange RW, Germolic DR, Foley JF, Luster MI. 
Antioxidants attenuate anthralin induced skin 
inflammation in BALB/c mice: role of speci-
fic proinflammatory cytokines. J Leukoc Biol 
1998;64:170-6.

131. Bowler RP, Nicks M, Tran K, Tanner G, Chang 
LY, Young SK, Worthen GS. Extracellular su-
peroxide dismutase attenuates lipopolysac-
charide-induced neutrophilic inflammation. 
Am J Respir Cell Mol Biol 2004;31:432-9.

132. Sultana C, Shen Y, Rattan V, Johnson C, 
Kalra VK. Interaction of sickle erythrocytes 
with endothelial cells in the presence of 
endothelial cell conditioned medium in-
duces oxidant stress leading to transen-
dothelial migration of monocytes. Blood 
1998;92:3924-35.

133. Koo DD, Welsh KI, West NE, Channon KM, 
Penington AJ, Roake JA, et al. Endothelial 
cell protection against ischemia/reperfusion 
injury by lecithinized superoxide dismutase. 
Kidney Int 2001;60:786-96.

134. Cayatte AJ, Rupin A, Oliver-Krasinski J, Mait-
land K, Sansilvestri-Morel P, Boussard MF, 
et al. S17834, a new inhibitor of cell adhe-
sion and atherosclerosis that targets NAD-
PH oxidase. Arterioscler Thromb Vasc Biol 
2001;10:1577-84.

135. Kim HA, Kim DW, Park J, Choi SY. Transduc-

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39



39ACTA DERMATOVENEROLOGICA CROATICA

tion of Cu, Zn-superoxide dismutase medi-
ated by an HIV-1 Tat protein basic domain 
into human chondrocytes. Arthritis Res Ther 
2006;8:R96.

136. Ozumi K, Tasaki H, Takatsu H, Nakata S, 
Morishita T, Koide S, et al. Extracellular su-
peroxide dismutase overexpression reduces 
cuff-induced arterial neointimal formation. 
Atherosclerosis 2005;181:55-62.

137. de Winter BY, van Nassauw L, de Man JG, 
de Jonge F, Bredenoord AJ, Seerden TC, 
Herman AG, Timmermans JP, Pelckmans 
PA. Role of oxidative stress in the pathoge-
nesis of septic ileus in mice. Neurogastroen-
terol Motil 2005;17:251-61.

138. Kato S, Esumi H, Hirano A, Kato M, Asayama 
K, Ohama E. Immunohistochemical expressi-
on of inducible nitric oxide synthase (iNOS) in 
human brain tumors: relationships of iNOS to 
superoxide dismutase (SOD) proteins (SOD1 
and SOD2), Ki-67 antigen (MIB-1) and p53 
protein. Acta Neuropathol 2003;105:333-40.

139. Polytarchou C, Papadimitriou E. Antioxidants 
inhibit angiogenesis in vivo through down-re-
gulation of nitric oxide synthase expression 
and activity. Free Radic Res 2004;38:501-8.

140. Feng NH, Chu SJ, Wang D, Hsu K, Lin CH, 
Lin HI. Effects of various antioxidants on 
endotoxin-induced lung injury and gene ex-
pression: mRNA expressions of MnSOD, 
interleukin-1beta and iNOS. Chin J Physiol 
2004;30;47:111-20.

141. Saito A, Kamii H, Kato I, Takasawa S, Kondo 
T, Chan PH, et al. Transgenic CuZn-superox-
ide dismutase inhibits NO synthase induction 
in experimental subarachnoid hemorrhage. 
Stroke 2001;32:1652-7. 

142. Watanabe N, Miura S, Zeki S, Ishii H. He-
patocellular oxidative DNA injury induced by 
macrophage-derived nitric oxide. Free Radic 
Biol Med 2001;30:1019-28.

143. Calabrese V, Copani A, Testa D, Ravagna A, 
Spadaro F, Tendi E, Nicoletti VG, Giuffrida 
Stella AM. Nitric oxide synthase induction in 
astroglial cell cultures: effect on heat shock 
protein 70 synthesis and oxidant/antioxidant 
balance. J Neurosci Res 2000;60:613-22.

144. Sano H, Hirai M, Saito H, Nakashima I, Isobe 
KI. A nitric oxide-releasing reagent, S-nitro-
so-N-acetylpenicillamine, enhances the ex-
pression of superoxide dismutase mRNA in 
the murine macrophage cell line RAW264-7. 
Immunology 1997;92:118-22.

 

Diehl et al.     Acta Dermatovenerol Croat
Topical superoxide dismutase        2009;17(1):25-39

Violette cream - for “facial rejuvenation” in 3 days; year 1929.
(From the collection of Mr. Zlatko Puntijar)


