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Summary

Zine is an essential trace element which participates in several biochemical pathways. It is also im-
portant for skin homeostasis, as shown by the relevant changes of skin and its appendages during
the primary form of zine deficiency, named “acrodermatitis enteropathica™ (AE), Cutaneous lesions
resembling AE may also develop owing to acquired zine deficiency due to multiple causes: nutritio-
nal factors, alcoholism, malabsorption, liver cirrhosis, chronic renul diseases and other chronic debi-
litating disorders. In acute zine deficiency, the skin eruption is vesico-bullous or eczematous, whe-
reas in the chronic state parakeratotic psoriasiform lesions occur. Other signs include widespread
asteatotic eczema, cheilitis, glossitis, stomatitis, alopecia, nail anomalies, and are usually associated
with extra-cutancous manifestations. The recognition of the underlying zine deficiency is of crucial
value as zine supplementation causes regression of symptoms.

In some skin disorders, the epidermal and/or serum concentrations ol zine were found to be decrea-
sed, but the actual implications of such abnormalities are still unknown and controversial, at least
for some diseases. Some evidences seem to support the implication of zine in wound healing, pre-
vention of UVA-induced apoptosis, sebum composition and excretion. Some reports showed a po-
tential usefulness of oral zinc in skin diseases, such as acne vulgarls, recaleitrant warts, leprosy, de-
cubital ulcers, amicrobial pustulosis, erosive pustulosis of the scalp, perifolliculitis capitis absce-
dens et suffodiens and necrolytic acral erythema,

Riassunto

Lo zinco @ un oligoelemento essenziale che prencle parte a numerosi processi biochimici, Esso & an-
che di fondamentale importanza per I'omeostasi cutanea, come & dimostrato indirettamente dal coin-
volgimento della cute ¢ dei suoi annessi durante il deficit primitivo noto come “acrodermatite ente-
ropatica” (AE), Lesioni simili a quelle dell’ AE si possono osservare in caso di deficit acquisito di
7inco secondario a patologie di vario tipo: carenze nutrizionali, alcolismo, malassorbimento, cirrosi
epatica, nefropatie croniche e altre malattie debilitanti croniche. In corso di deficit acuto di zinco, le
lesioni cutanee assumono un aspetto vescico-bolloso o eczematoso, mentre durante gli stadi cronici
si notano prevalentemente manifestazioni psoriasiformi. Altri possibili segni sono cczema asteatosi-
co, cheilite, glossite, stomatite, alopecia, onicodistrofie, e vari sintomi extra-cutanei. L'individuazio-
ne del deficit di zinco & fondamentale in questi casi dal momento che la terapia con zinco orale con-
sente la regressione completa di tutti i sintomi.
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ata una riduzione delle concentrazioni epidermiche e/o sieri-

In alcuni disordini cutanei si & riscontr
2 ancora sconoseiuta, per Jo meno in alcune con-

che di zinco, ma la reale rilevanza di tale riduzione
dizioni. Si & ipotizzato un ruolo dello zinco nel processo di guarigione delle ferite, nella prevenzione
dell’apoptosi indotta dagli UVA, nella composizione ed escrezione di sebo. Aleune esperienze de-
pongono per il potenziale valore terapeutico dello zinco in talune dermopatie, come aene, verruche,
lebbra, ulcere da decubito, pustolosi amicrobica, pustolosi erosiva del cuoio capetluto, perifolliculi-
tis capitis abscedens et suffodiens ed eritema necrolitico acrale.
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INTRODUCTION

Zine is an essential trace clement, contained at
high concentrations in shellfish, legumes, nuts,
whole grain and green lealy vegetables: fruits,
wine, beer and spirits contain insignificant le-
vels (1), Zine supply depends on the protein
content of the food: protein undernourishment
and intake of foods with high amounts of phyta-
tes and fibres can lead to zine deficiency. The
daily oral dose of this element should be ol ap-
proximately 3mg in infants less than 6 months,
Smyg in infants 0.5 to 1 year old, 10mg in chil-
dren 1 to 7 years old and lomg from the 11"
yeur onwards, During pregnaney and lactation,
women should receive 20-25mg of zine daily
(2}

The normal serumv level of zine is about 70-
1251/ 100mg, equivalent to 11-19umol/l, The
mean coneentration, determined by atomic ab-
sorption spectrophotametry, is about 60pg/g in
epidermis and 40pg/g in upper dermis, with le-
vels much higher in the upper than in the lower
dermis  layers  (3).There is no  correlation
between the tissue and serum concentrations,

BIOLOGICAL FUNCTIONS
Basic functions

Zine partivipates in several biochemical and
biotogical pathways (Table 1), In particular, it is

well-known that several aspects of specific and
non-specitic immunity are regulated by zine
(4.5) development and functionality of neu-
trophils and NK cells: intracellular killing, cy-
tokine production and phagoeytosis of ma-
crophages: many functions of T lymphoceytes,
including activation, Thl eytokine production,
B ymphocytes  help;  development of B
lymphocytes  and  production  of  antibodies,
especially of IgG. The effects of zine on the im-
mune system are mostly mediated by the in-
{Tuence on cellular functions (DNA replication,
RNA transcription, cell division and activation).
Furthermore zine inhibits the production of (u-
mor necrosis factor (6). Zine is also a cofactor
for over 200 enzymes (the most important of
which are listed in Table I1) (7-9). It is a consti-

Table 1L

Principal enzymes with zine-dependent aetiviey.

Alkuline phosphatase
Alcohal dehydragenuse tand other dehydrogenises)
Carboxype ptidase

Digestive enzymes
Metalloproteinises
Thymulin

Thymupuictin

Cu-Zn superoxide dismutase
DNA and RNA polymerases
Thymidine kinase
Ribonuelease

Table 1.

Principal biological functions regulated by sine.

Tmmunity (both speeific and non-speeilic)
DNA, RNA und protein synthesiy

Cell division and activation

Action of several hormones and enzymes
Functional integrity of membranes
Girowth

Development

Neurosensory funetions

Apoplosis (inhibition)

Inflammation (inhibition)

Oxidative stress (inhibition)

tuent of some nuclear hormone receptors, such
as those for steroids, thyroid hormones, vitamin
[ and retinoids (10).

Cutaneous functions

Zine is also important for skin homeostasis: so-
me evidences support its role for specific skin-
related processes.

In human skin fibroblasts the antioxidant effects
of zine have been demonstrated; interestingly,
these effects do not appear to be mediated by
antioxidant metalloenzymes (10, It was also
found that zine can protect human cutaneous fi-
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broblasts against both UVA I-induced DNA da-
mage and early/delayed apoptosis (12).

The involvement in wound healing has been al-
s0 suggested. During the healing process, zinc
accumulates into the skin (13). Moreover, zine
supplementation leads to an higher percenlage
of Langerhans’ cells having dendrites in the epi-
dermis of patients with decubital uleers; it is
likely that the increased motility of these cells
may favour the healing process of the lesions
(14). However, the actual value of zinc in
wound therapy is still controversial (15).

Hints suggesting a potential role of zinc in skin
desquamation have been provided. In fact, a 25
kDa chymotrypsin-like proteinase possibly in-
volved in this process has been characterized in
the stratum corneum; this enzyme can be inhibi-
ted by zinc ion and also by aprotinin and chy-
mostatin (16). This finding can explain, at least
in part, the squamous nature of lesions associa-
ted with chronic zine deficiency.

ZINC DEFICIENCY

Zinc deficiency may be distinguished in pri-
mary and acquired forms (17). In turn, the pri-
mary forms can be linked to a specific defect of
absorption (acrodermatitis enteropathica) or to
insufficient nutrition (endemic nutritional zine
deficiency). The acquired zine deficiency is a
consequence of gastrointestinal tract disorders
causing diarrhoea and malabsorption or of other
diseases.

Acrodermatitis enteropathica

Acrodermatitis enteropathica (AE) is a rare di-
sease probably inherited in an autosomal reces-
sive fashion, which was identified in 1936 by
Brandt (18) and further investigated in 1942 by
Danbolt and Closs (19) who gave the name to
the disease.

The link between the disease and zinc defi-
ciency was first described by Moynahan in 1974
(20). In patients affected by AE the zinc absorp-
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tion is low (2-3¢% compared with 27-65% in
normal adults); the precise cause of this malab-
sorption is unknown. Probably, some cases of
AL can be caused by a cellufar defeet in zine
metabolism rather than by a reduced absorption
(21).

Clinical features, The onset of the disease is
usually 4-6 weeks after weaning or can oeeur
sarlier il breast milk is not given, AE is typical-
ly characterized by vesicobullous lesions on
hands, feet and periorificial areas and several
systemic symptoms: irritability, photophobia
hair loss and thinoing, diarrhoea,  stunted
growth, decreased resistunce to infections and
poor wound healing. Angular cheilitis is an im-
portant clinical feature which scems to be asso-
ciated with the risk of relapse and needs usually
mofe time o improve during treatment compi-
red with other manifestations (22),

Microscopic findings. The histological findings
related to the vesicobullous lesions consist in in-
tracpidermal vacuolization and massive balloo-
ning, with prominent epidermal necrosis and
with no acantholysis. Bullous lesions seem to
develop ex nove on unaffected areas and not on
erythematous patchy lesions (23), Light and po-
farizing microscopy of the hair can display une-
ven diameter of the shafts, atypical trichorchexis
nodosa with stretehed fractures, pseudomoni-
lethrix, frregular pattern of allernating dark and
bright bands (24,

Diagnosis and management. in AE the serum
zine level is significantly decreased. However,
serum zine values are not a good index of tissue
zine coneentrations; in the serum, zine is almost
entirely bound to transport proteins, and its tis-
sue availability may be regulated by multiple
factors. There is a good correlation between de-
pressed plasma zine levels and low alkaline
phosphatase activity (25).

Without proper management, the prognosis is
poor and in the past a lethal outcome occurred
within 4-5 years, Oral zine supplementation, at
the daily dose of 2mg/kg, induces a prompt re-
gression of symptoms within | or 2 weeks. Pro-



longed therapy at least to adult age is necessary
to  prevent recurrence  of  manifestations,
Anyway, u trend towards improvement with age
is possible. During supplementation, it is man-
datory (o0 monitor the serum levels of zine and
copper and the immune functions in order to
provide a proper dosage of vine according to
different stages. [n fuct, several evidences have
shown that excessive zine dosages induce low

copper levels with subsequent impairment of

immune function (21,26).

Endemic nutritional zinc
deficiency

This form has been deseribed in severely mul-
nourished children, presenting with dwarfism
and hypogonadism as the main symptoms (27).
The deficiency is due to the peculiar diet of peo-
ple from some underdeveloped countrics, which
consists mainly of unleavened whole grain
bread with a high fibre and phytate content; se-
condarily, concomitant concausal factors may
be represented by the habit of clay cating and
frequent hookworm infestation,

Acquired zinc deficiency

Etiology, Zinc~depletion syndrome was first re-
cognized in patients with AE-like cutaneous le-
stons aller protonged total parenteral nutrition
for bowel disturbances (28,29). The syndrome
can develop within 2-3 months in adult subjects
who receive as little as 0.2 mgfday or 1.3% of
the recommended allowanee (30); if there is a
concomitant abnormal bowel function, zine de-
pletion can oceur earlier. Premature infants are
particularly prone to develop zine deficiency,
because they have negligible zine stores, under-
go rapid growth and show an insufficient ab-
sorption compared (0 mature infants, or because
they receive mother's milk which has an insuffi-
cient zine content. However normal neonates or
growing children can also require increased zine
supplementation, Other groups at risk ave pre-

gnant women, elderly people and malnourished
subjects (5-9),

All the conditions that deerease zine absorplion
orincrease the metal loss from the gastrointesti-
nal teact, skin or urine are able o induce a zine
deficiency due to the limited availability of ra-
pidly exchangeable zine pools in the body (5-9,
20, 31-38) (Table I1D.

Table 111,
Most important pathological conelitions
with risk of zine deficieney,

Aleoholism (aleoholic liver cirthosis and panereatitis)
Mulabsorption

Attifteiul nutrition

Chronie diarrhoen

Intestinal bypass (especintly in patients with poor cating
hiabits)

Extensive burns

HIV infeetion

Chronie renal diseuses

Chronie dehititating disorders

Sickle cell anemin

Drugs: cheling  agents  (penivillamine), cimetidine,
diureties (ACE-inhibitors, thinzides, chlorthulidone) and
chemwtherapy (cisplating antileukemics)

Clinical features. The syndrome includes acute
or chronic forms (17,39-41), In acute zine defi-
cieney cutaneous symptoms resemble AE, The
skin eruption is vesico-bullous or eczematous,
located on hands, feet, anogenital area and at
periorilicial level; typical flat bullae surrounded
by red-brown erythema can develop on flexural
finger creases and palms. There can be also pa-
ronychial inflammation and angular stomatitis
with perioral lesions sparing the vermilion bor-
der. Necrotie and burn-like fesions can be seen,
as well as oozing lesions on the heels of bedrid-
den patients, Hair growth stops and there can be
a diffuse thinning of the scalp hair, possibly lea-
ding to total alopecia within few weeks,

The patients with chronic zine deficiency show
psoriasis-like  parakeratotic changes on ureas
subject to repeated pressure and trauma; the le-
sions are well-demarcated, thickened and of a
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brownish colour. Other skin changes include: li-
chenification, moderate scaling,  seborrhoeic
dermatitis-like lesions on the face, flare-up of
acne vulgaris, delayed wound healing. In cirrho-
tics a widespread ssteatotic eczema can oceur.
The hair have a poor and sparse growth and
show structural changes. White, (ransverse
bands and depressions may be observed on the
nails. In severe deficiency, deep transverse de-
pressions (Beau's lines) on the finger nails due
to temporary arrest of nail growth become visi-
ble 3-4 weeks after the start of zine supplemen-
tation,

Various degrees of systemic involvement are
possible (Table 1V) depending on the severity of

Table 1V,

Possible systemic symproms of sine deficiency.

Detuyed puberty in adolescents

Diwrhoen

Emotonal disorders

Cirowth retardation

Hyperummeonemia

Impaired reproductive development in males
thypogonadisn, oligospermiu)

Intercurrent infections

Mental lethargy

Oculur abnormalities (reduced ability to dark adapl.
photophobia, optie neuritis)

Poor uppetite

Taste abnormaulities

Weight loss

deficiency (8,9,40). Interestingly, diarrhoea is
not only a cause of zine deficiency but also a
consequence of this through still unknown me-
chanisms.

Diagnosis, The serum zine and alkaline pho-
sphatase levels are low (39); between these (wo
parameters there is a positive correlation which
:an be used diagnostically and to control the ef-
fects of treatment. It is also important to consi-
der the level of plasma albumin that binds 60-
T0% of circulating zine. The actual utility of
measuring zinc concentrations in hair and sweat
i still uncertain, Skin changes related to acute
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and chronic zine deficiency must be ditferentia-
ted with a great variety of vesico bullous und
sealy disorders, respectively, Differential dia-
gnosis also includes eczematous eruplions, pso-
riasis, stasis cezema (42), asteatotic eczema, se-
borrhoeie eczema, kwashiorkor, pellagra and
necrolytic migratory erythema (4344),
Management. Severe forms can be latal if unre-
cognized and untreated. Therapy in adult pa-
tients is based on oral zine sulphate tablets of
0.2 g biid or Lid. (about 2 mg zine/kg), similar
doses on a kilogram basis are given to children,
Parenterally, 0.2-0,3 mg zinc/kg/day can be
used in severe acute forms. During zine therapy
serum copper and immune status should be ca-
refully monitored. Long-term high zine supple-
mentation is not recommended and is indicated
anly Tor AE ().

ZINC AND SKIN DISEASES

The role of zine in the pathogenesis of some
skin diseuses has been  frequently  claimed,
although conclusive results are svailable only in
some instances. There are several reports sugge-
sting the therapeutic potential of zine for skin-
refated disorders. Some of these reports are
however anecdotical and need o be confirmed
by controlled studies.

Leprosy

In several trials the zine serum levels and the ef-
fects of oral zine as an immunomodulator in le-
prosy were studied. In all subtypes, especially in
erythema nodosum leprosum, low serum zing
levels with parallel increase of serum copper
were observed. Zine therapy restored normal
zine levels but was unable to reduce copper le-
vels (45).

In subjects with multibacillary leprosy oral zine
wis administered in combination with conven-
tional antileprosy drugs. The addition of zine in-
duced faster clinical improvement, rapid fall in
the bacterial index, greater influx of lymphocy-
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tes in the granuloma and neovascularization
(40). Morcover, the adjunctive therapy with zine
in recurrent erythema nodosum leprosum cau-
sed u marked improvement in the frequency, du-
ration, and severity of the reaction, with a signi-
fieant deerease of steroid requirement (47 48).

Allergic contact dermatitis
to nickel

In a guinea pig model, without zine sulphate in-
terventions, nickel-exposure resulted in signifi-
cantly higher stimulation indices at  the
lymphoeyte transformation test as compared to
non-exposed controls (49),

Weissmann and Menné (50) reported cases of
nickel dermatitis improving after oral admini-
stration of zine sulphate, The response to zine
sulphate has been more recently studied in 15
patients sensitized to nickel (§1). Zine improved
hoth elinfeal manifestations and pruritus, and
abolished or reduced the majority of patch test
reactions, According (o the authors of this study
(51), several mechanisms ol action of zine can
be speculated in nickel contact allergy, inclu-
ding: prevention of complete antigen formation,
removal or decreased absorption of nickel, and
reduction of reactive oxygen species.

Acne vulgaris

Rebello et al. (52) demonstrated an inibitory ef-
fect of zine on the lipase of Propionibacterium
species found in human pilosebaceous follicles.
They noted also a small, but not significant, fall
in the free fatty acid content of skin surface li-
pid in vivo in acne patients treated with zinc.
Other authors pointed oot that supplemental
zine sulphate may reduce the quantity of skin-
surface sebum (53).

An in vive study conducted in acne patients
treated with zinc gluconate suggests that this
treatment can inhibit chemotaxis of poly-
morphonuclear cells by reducing granulocyte
zinc levels (54). Recent studies support the ef-

fectiveness of zine gluconate for the treatment
of inflammatory acne {55,56),

Miscellaneous disorders

There have been some evidences suggesting a
potential usefulness of oral zinc supplement in
the prevention of diaper rash in normal infants
(57), but this topic has not been further investi-
gated.

In some skin disorders such as acne, psoriasis,
dermatitis herpetiformis and Darier’s disease,
the zine epidermal concentrations were found 1o
be decreased, in spite of normal serum zine le-
vels, but the actual implications of such abnor-
malities are still unknown and may be non-spe-
cific (58).

Low serum zine was also observed in children
with atopie eczemas it was suspected that this
tfinding could be regarded as a non-specifie con-
sequence of the dermatitis and that there was no
indication for zine therapy in patients with ato-
pic cezemat (59). This was subsequently confir-
med by a double-blind placebo-controtled trial
which demonstrated no improvement of disease
activity by zine sulphate (60).

Beneton and coworkers (61) deseribed two
young women with amierobtal pustulosis asso-
ciated with autoimmune diseases, in whom the
pustulosis healed with zine supplementation.
Oral administration of zine is also considered
effective for the treatment of erosive pustular
dermatitis of the scalp (62,63), perifolliculitis
capitis abscedens et suffodiens (64) and ne-
crolytic acral erythema (65).

A recent placebo-controlled trial (66) has highli-
ghted the efficacy and safety of oral zine
sulphate in the treatment of recaleitrant warts,
In fact, in the zinc-treated group a complete
clearance was observed in about 61% of cases
after 1 month and 87% of cases after 2 months
of treatment with 10mp/kg daily. A direct rela-
tionship between response to (reatment and se-
rum zine level was observed,

Nutritional factors have been implicated in the
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precipitation of systemic lupus erythematosus
(SLE): among the aggravating substances, some
authors include excess calories and protein, high
fat, iron, L-canavanine and zine (67). In 1979
Fjellner (68) described the case of @ woman,
treated with hydralazine and propranolol for 6
years, who developed multisystemic manifesta-
tions of a LE-like syndrome within one week
after starting oral zine therapy. The actual role
of zine as inducer of SLE is stll obscure,
although some evidences suggest (he involve-
ment of zine in both the functionality of some
autoantigens and in the activity ol enzymes ope-
rating in some autoimmune reactions (6Y,70).
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