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developm ent and function 01mammals It is an ess ential elernent 01more m an 200 

metalloenzymes. inc luding the an tioxidant enzyrne, superoxide dismutase , and affe cts their 

conlorm ily, sta bility, and ac tivily. Zinc also is imp ortant lor the proper lunctioning 01the immune 

syste m, and for glandular, reproduct ive and ce ll he aith . 

Abundant evide nce dern onstr ates the antioxidant ro le of zinc . Topic al zinc, in the form of 

divalent zinc ions. has been re po rted to provide antiox idant photoproteclion tor skin .Two 

antioxidant rnechanisms have been proposed tor zinc : zin c ions may repla ce redo x active 

mole cules, such as iron and coppe r, at critical sites in ce ll rnem branes and proteins : 

al ternat ive ly, zinc io ns may induce the syn thesis of metalloth ione in, sullhydry l-rich protein s that 

protect aga inst free radicals . No ma tter how they wor k , topical z inc ions may provide an 

important and helplul antioxidant defense lor sk in. 

Introduction 
addir ion, zinc decreascs rhc relat ive risk of canccr arid cardi­
ovascular diseasc' a nd prorcct s against ulrravio lcr radiari on.' 

In rhis arricle we review rhe ro le of zinc in rhc body, mani fes­ Z inc wa s no t considc rcd an essential huma n nurricnr unril 
ration s of severe and mild zinc deficien cy, rhe role of zinc as r974 w hcn rhe Nationa l Resea rch Co unci l ser a reco rn­
an an tiox idanr, rhc porcntial mcchani sms of thi s a nt ioxida nr rncndcd daily al lowancc for Ot:J 1 inta kc o f T 5 m illi grar ns." 

fun crio n, and evidence t har it protccts skin. intercsrin glv, 4 0 yca rs carl icr zinc was repon ed ro bc requi rcd 
for nor mal gr owrh arid devc lopmen r in rar s." 

Zinc and the body 
In hurnan s, zinc is abso rbed in rhe jejunum and ilcurn . Body 

co ntro l mechau isrns make ir d ifficu lr ro ingesr wo much zinc.' 
Zin c is prcsenr in all organs, tissues, and tluid s of rhe body. Howcver, neg a tiv e zinc ba lauces are po ssi b lc, a nd in ruts onl y 
The skin arid ap pendages are rich in zinc: containing ap pro x­ a fcw day s o f a zinc-dcficicnr d ier are needed bcforc a rapid 
imarcly 1.0 % of rhe bodys tot al. ' .' Zi nc bind s ro a nu rnbcr of red ucr ion in J)!\'A syn rhesis occu rs." App roxirnarcly 99 % of 
biologic molecules and influence s their co nformarion, sta bil­ rhc total bod y's zinc is inrraccllul.ir. In plasma , zinc is almosr 
iry and acriviry. Zinc serves as a ca talysr for enzymes rcspo n­ co rnplerely prorein bound ." Cood food so urces of zinc include 
sible für DNA rep licar ion, gene tr an scription, ami RNA and sea food , beet', iJ mh. eg gs, who le grain s, n urs and yogurt .' o 
pror ein synrhesis. At rhe ce llular level, zine is critica l fo r cell To maxi lllil.e a hsoql rioll, or al supplements should conrain 
sur viva l and affects signal rransd uct ion, tran seriptio n :lI1 d zine wirh mcthionein, an amin o acid rhar is casily absorbcd ; 
rep lica rion.' ·' Z inc is impo rra nr for scvcra l human funerion s. vira min 1\ (pyrido xine) a lso hel ps wirh zi ne a ssim ilarion . 
including gro wrh and developmcn t, bo ne met<l bolislTI, neu- C l lcium can re ra rd zin e absorp rio n, so c.llc ium ,lnd zinc 

606 rop sychiarric and immune funcri on s, <l nd woun d hcaling.' In sLl pplemenrs shau ld be rak en ar di fferent tim es of rhe da~' . 
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Severe zinc deficiency: acrodermatitis 
enteropathica 

Acroder rnarir is cnreroparhica is a rare inherit ed disordcr 
cau sed by an inab ility ro absor b suf ficicn r zinc fro m diet. 

Before irs d iscov ery in 19 7 5 by M o ynaha n a nd ßar nes, 
acroderrnatitis cntcro par hica was rypi ca lly fat al in infan cy or 

early childho od; su bsequenrlv, dierary supplerncnra rion with 
zinc salr s we re used to a llevia re syrnpr o ms wit h d ra matic 
and rapid improv eme nt. Acrod errna ritis enreroparh ica is rhc 
model of severe zinc deficiency an d has helped in rhe reeo gni­
tion of scvc rc zine de fieieney in orhcr clin ica l sit ll::ttions."·" 

The c lin iea l m an ife s ta rio n s of zin c defi c ienc y a ffee t 

m ultiple o rg::t n sysre rns. Symp to ms a rc no nsp eci fie , arid 
offen go unrecogn ized , Th e presence of rhe classic terrad of 
ne urops ychia tr ie ab no rrna lit ies, circ umo rifi cia l and acra l 
derrnatiti s, a lopecia a nd dia rrhea sho uld a lert t he cliu ician tu 

zinc defieiene)'." 
O ne of t he ear liest fea rures o f sevcre zinc de ficicncy is 

an orexia. Smell and taste dysfuncrion, moo d ehanges , and 
co gnirive im pa irrn en r a re su bsequenr neu ropsych ia tr ic 
mani fest ar io ns of ac ure zinc 10ss!''4 Indeed so rnc ad u lrs 
w ith acroder rnati tis enteroparh ica have been misdiag nosed 
w ith psyc hia tr ie illn esses deserib ed a s " schi zo id " a nd 
"depressive" . ' 5·'" Likewise, zine-det iciem infant s ar e irritable 
and diffieult co eonsole. 

Growth im p:lirm ent o r b ilure to rhr ive is a eo mmo n 
feature of child rcll with aero dcrm :ltit is cntcropa thic:l." 
Impaired gro wth is also a nora ble fea ture in ot her C:luses of 
zine deficieney, an d aeeelcr:lt ion in grow th rate is o bserved 
after zine rep lacement therapy.' ,.,(.-,' 

T hc derm:ltologie fea tures of zine deficieney are c haracte r­
istie and a llow ea rly diagnosis o f the eo ndition. Th e ear liest 

cutaneo us cha nge is erythcm3 :lnd sea ling in t he na so l:lbial 

an d retro-aur icular folds . Later , the neck, ingu inal, axilla ry 
:lnd perineal skin become involved. At th e sam e time , angular 

eheilitis, sro matitis and glossitis mal' be present. Areas inci lld­
ing the knees, elbows, heets a nu occipital scalp, wh ich ar c' 
prone co fr ierion and trauma, a re frequentl y involved .' : Cha r­

acteristi eally, the rash is symme trie an d con sists of o r:lngc­
bro wn, erosive and cru sred, well-de ma re:lted pa tehes or 
plaques . With time, th ese plaques m ay be hyperker 'lt ot ic and 
resemble psoriasi s.'! '· Vesieula r ur bullolJSlesion s mal' oeeur 
on the finger tips and palms. Na il changes mal' he oh served 

with brown diseoloration and parollyehia eo mmonl y 
repo rted.' " Beau 's lines, tran sverse depressions acr oss rhe na il 
plates , have been reported in :lero derma titis entero pa thica 
and may oec ur with wh ite transverse bands. ' 9 

Oc ular a bnormalities also have been rcp or ted in scvcre zille 
dcficiency and include conjunc tivitis, xerosis :lnd kcr:ltoma ­

laeia , bleph ar iti s a nd eo rnea l ede ma Icadin g to cl ou d ing 
an d opa eities.' ; G:lstroimestin:l] symptoms of bu lky, fro thv, 
wa tery sto ols are seen less often rod ay beeau se of ea rl ier 
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diagn osis 01' zinr deii eicllcy.' ; Re lief of bo wcl sy rnp to rns 

cn su es wit h I.ine supple rnc n ta t ion .' '. ' 1 

Immunologie defieits havc been do curncn red in zine defi­

cicncics. In borh animals and hurna ns, zinc de fieieney has 
becn assoc iared wi rh J dccrcascd nurnber of T lvmph ocyrcs. 
decreased T-celJ mirogcn respon se, a nd diminished T helper 
arid N K-ecll cytotox ic tunction. ln both an im als and hurnans 
with z inc def iciency, depression of delayed -rvpe hyperscn ­
sirivity has bccn ob scrved , and impr overnen r norcd with zinc 
supplemen ra tion.'0." 

Mild zinc deficiency 

T he e x is rcnc c a nd defin ition o f "mild " zin e dcf ieien ey is 

co nrrove rsial." Isolarcd zinc def ieicney has becn docurnenrcd 
du ring periods o f ra pid gro wth such as infa ncy, childho od, 
and acloleseence.' ;' '< I)ur ing prcg naric y. thcrc is a significant 

grad ua l dec rca se in p lnsm a zinc rhat is not exp la incd by rhe 

physiologic alrcrarions of th e pregnant state." " Severa l st ud­
ies have dem ons rra rcd associations bcrwccn low plasrna zinc 

and co mp licarion s of pregn :lney or a bnorm al feta l dcvelop ­
rnenr.'< Ho wever, rhese srudics lack consistency , ofren involve 

p opula t io ns at high risk fo r zine d cfic iency and obsre rric 
cornpl ications (e.g. low inco rnc, ado lescenr populations), and 

ar e no t double blind. 
Elderly patient s typie ally ha ve low bocly sto res of zine. In ,1 

ran do mized eo ntro lled trial, the impa ct of slippiemenra l zlne 
on il11 IT1uni tv in a n elderly popu l'lt io ll wascva luated.'" F. lderl)' 

pati ents wh o reccived daily zine sup plemenwtion (2.0 mg/day) 
demons tr:lted imp rovcd humor :ll responses after vJceina tion." 

Mild zine defi cicncy ha s al so been re por ted in var io us 
d isea se sra tes, ine lud ing those tha t invo lve ' a bsor ption 

:lhnorlllal it ies, such as eyst ie fihro sis a nd infla l11m atory howel 
d iscasc;' eo nd it io ns of excessivc zin e los s vja uri ne a nd 

hemolvsis, sllcl1 as a lcoho lism , insuJin-depende nr diabetes 
:lnd sickle cell :lnem i:l;; inereased zine relJlliremems, such as 

growth hor mone rep laecm el1t therapy." ·" 

Unlikc severe I.inc deficicllcy, epi thelial tl SSUCS are no t 
:lffcetcd pro minentl y in stutes of mild dE'ficiency, It is import ­

ant co note, howe\'er, thar the epidermis con ta ins five co six 
t imes more zine th:ln the c1e rl11a l layer.- Nonetheless, xe roric 

o r ro ughened ski n and impa ired wOllnd hea ling have been 
reponed in :lssoeiation wirh mild zine uet ieiency. il11pl icatin g 
ehanges in sk in." 

Antioxidant role of zinc: systemic effects 

Multi ple s t uches in hum:lns sllggest th a t zi ne may hav e a 
pro tective effect aga ins t free rad ie:lIgen era tion and oxidative 
st ress. Zi ne level s influ e ncC' many co ndition s med ia ted by 
ox ida tive da m:lge, includ ing cut:lneOliS a nd rheumatologie 
inflamm atory discases, ak o ho lisl11 :lnu liver eirrhos is, an d 
eard io vaseula r diseases. 
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Reac rive oxygen species <Ire a rnajor ca use of rissue in jury in 
inflammarory con di tions, Evidence supporrs rhe benefirs of 
zine in cerrain inflam rnator y disorders including rhcurnaro id 
ar thri ris, acne, ac ne rosacea, a nd di ssecring cc lluiitis o f the 

sca lp. Decreas ed plasma zine levels have been repo rred in 
rheu maroid arr hriris par ienrs when co rnpared w irh normal 
co ntr o ls. '('.' - Numerous st ud ics havc shown rhe bencfits of 

eirher to pica l or oral zinc in the trca trnc nt of acne, possib ly 
rhrough anri-inflamrn arory effecrs.' H igh doses of or al zinc 
thera py ha ve been repo r ted ro co rnplcrcly reso lve dis secring 
celluliris of rhe scalp in a t least on e paricn r.:" 

Frcc rad ical injury has heen pr op oscd as a eaus e of liver 
darnage and eirr hosis, with decrea scd zinc levcls and 

iner eased oxidized lipid levels o bservcd in ma ny cirr ho tic 
patienrs." 0T hese find ings funher sup porr rhe hyporh esis rhar 
zinc deficiency is associare d with ox idarive da rn age. In ra rs, 

zinc has been shown tu proteer aga inst ea rbon rerra ch lori de­

indueed liver da rnagc, wh ich is med iared via a free radical 

parh wav." AJcohol incr cases lipid perox idarion , and zinc ha s 

becn sho wn to red uce alcohol -ind uced liver da rnage in micc ." 

In anirnal studies, the anriox ida nr funcrion of zinc has :t150 
been shown tu pre venr tu xie iry to lung anel n;na l rissue, as 

well as ro pla telets, er r throey res and leuko cytes.;; In rar s, the 
carei no genie effee ts of sub euraneous injeeted cad mium in rat 
testes were redueed (50 % ) wi rh suheLitaneous zinc adminis­
tra tion and almosr elimina ted (92 % ) wirh ora l zine trear­
ment. '" In mice, who le bo dy radi a tion induecs a sys te mi e 
pro -oxidanr eHeet , the to xieiry of which ma y oe pre vent ed hy 
rhe administration of zinc.-; ' Z ine may exert this pro recrivc 
antioxida m effect by sta bilizing lipid membranes and p re­
vent ing lipid peroxida rion by free r:tdieals . 

Free rad iea l injury also plays a ma jor rol l' in the devclo p­
ment o t a rterioscle msis, ea rd iovase ula r disease, and can cer. 
In hu mans, severa l srudies suggest zine h3Sa roIe in proteering 

agai nst oxidative da mage . C:ompared with hea lthy co ntro]s, 
parienrs with eor on ar y arte ry disease exhibired signifieant ly 
lower p lasma zine levels.'0". In :t stu dy of [ 7R clde rly Iral ian 

pati ent s, rhos e who reeeived zine sup plements (2 5 mg) had 
decreased serum lipid perox ides. ,- In a large eo hor t of J 0 ,5.3 2­

Duteh patient s who were fo llowed for 6-9 }'ears , a deCl'Case 
in the relarive risk far ean cer an d ea td iovascula r diseasc w as 
not ed in tho se patie nrs w hose seru m zine was in rhe highe st 
quint ile. ; Ano rher stuel}' e1emunsrrareJ an inverse assoeiarion 

bct\Vcen zinc int ak e an d eo ro na rv :trte ry disease in rur:tl a nd 

ur ba n popu la rion s in Ind ia . Th e study sh ow ed a positi ve 
eorrela tion between lower intake of dierary zine, lowe r serum 
zine levels and rhe prev alenee of eoronary artery dise:tse and 
diabetes.i ' 

Re:teti vc oxygen spceies have been sho wil to have a sign if­
ieanr ro ll' in UV rad iar ion-induced injur}'. In eu lrured skin 

fibr oblasts exposed to UVA and UVB, zine wa s proteLtive 
again sr eyrotOxieity and lip id perox idation." -"OWh en zine 

was ad ded ro an immor u lized hu man kera rinoeyte eell iine, it 
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decrca scd bo rh rhc a mo unr 01" L> :\' A da rnage following UVL\ 

cx pos ure and also rhc nu mbcr o f nuc leoso rnes o bse rved, a 

ma rker of ap oprosis or cell dcath . Apoprosis, as dcrecrcd by 
increased nuclcosorncs, incrcascd wirh the ad dirion of a cell­

diHusible zinc chclaror .: " 
In a mou sc moclel o f UV imrn unos uppression, oral zinc 

sup p lc rn c nts rcd uccd the irnrn uno supp rcssio n ro co nra ct hy­
perscnsitivity causcd by rhree minima l eryrhe rna doses of UVB 
light. lmmunohisrologic srudics of skin revealed incrcased 
epiderma l mct a llo thio ncin in zinc -sup plern enr cd a n ima ls. 
When simi lar srudies we re co nd ucrcd in rra nsgcn ic mice wirh 
null mutat io ns in mcral lorhioncin-I .ind metall orhio nein-!1 

gen es, significanriy morc UV irnrnunosu pprcssion was dem on­
srra ted, and rhis etfecr was not a ltered OV zinc supplemenrs. 
Th ese stu dies were com pariblc wi th rhe hyporhesis rha r zinc 
induction of mcrall ot hionein in sk in is prorccrive aga insr UV 
irnm uno suppression .' ,4' 

Antioxidant role of zinc: topical effects 

To pical zinc ion s traverse sk in .1I1 d can be fou nd in der m is and 
blood .4 i 4 4 A reccnr srudy demo nstr'lted zin.e eoneenrr:trions • 

in sk in co uld oe incr eased eigh tfold by top ieal app liearion of 

ZnS(\. A coneen tr ario n o f .>')lu w:ts o ptima l. T opiClI zine 
sulfa te indueecl mR N A for mera llorhion cin:' -' Z ine oxide is 
extrcmely inso luble a nd wo uld not oe expecred to be similar ly 
acr ive. Topiea l :tpp liea tio n of 1 % Zn Cl, has been shown ro 
protecr mo use sk in ag:t insr UVA- and UVB-indueed sunb urn 
cel l form atio n."; l'ercutaneous a bsorp tion of zine sa lt was 

dcmo nstra tcd by inereased zine eo neenrra tions in skin. Topi­
eal appl iear iün o f zine ions has been shown ro ind uec meral­
lorhionci n, which may aeeOll nr fo r irs phoroprotecrivc 
dfccl."- Ind uerio l1 of met<1 llorhio nein oy su hcutaneous injec­

tio n of CdCl" an ind uce r o f mcrallorhionein simil:tr tu zine 
ion, protected skin fro m UVB-indueed in jurv, meJsu red by 

sun burn eells."' 

Mechanism of action theories 

T he meehanislll o f :tetion for zine's annoxidant effeets is 

lln known . H owever, rwo oprions ar e suggesred: rcdox stab le 
Zn " ma y re p laee red ox re"erive mer" ls sueh as iron a nd 
co pper a t eririenl cellular or ex traed lular sites, and/ur Z n" 
m;"! )' indu ec mer:tllothin nein synrhesis, torm ing a I.ine-thiolate 

moiery th :H funcr ions as a pr eferr ed sae rificial site fo r o xidant 
a traeks, preser ving skm an d its co mpo ncnrs . Figu re [ o urlines 
rhese rwo oprions . 

In rhc firs t rheorizecl mech'1I1ism, zinc dcmon srrare s site­
spec ifie ant inx idam dfecrs wh en hinding [0 eell memhra nes 
an d so me pro teins by eo mpe ring with an d disp laeing redox­

aerive meta ls. sueh as i ron an d eopp er." Iron and copper MC 

ah le ro transfer elccrrons an d pro d uce reac rive oxygen ,;peeies 
includ ing HO · amI O~ . Z ine, on thc ot her hand, has a single 
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.\ 1echanism I: 

Rep laccmen t cf red oa rea ctive meta ls Fr· · and Cu ' bv redo x nc n ree crive Z n" 

t:umplt' Is givt'n Ie r-Fe·' but :o; imilar reß (' tion~ e ccu r wi th C o' , AJthouJ:hIr ee F('~ ' 

lind Cu ' are unusca ! in .."iVQ (i.e.• they a rc bo un d s1rong ly by bi ndi n~ pr oteins ). l h('y can be 

prc sen t in liaa nd bindina 10 01\ ,\ or cetl membre nes. In thc pn: ~cn« ' of t1 ~() , [whic h ca n be 

prcduced direcl ly by caid ases or tbrougf rhe d ismutarion o f sup crcx idc g('neratl...d bj ­

ult rnviol et rn di at icn e r inflarnrnnrin n), tbe highly destructi ve hydro.\yl rad ical HO- rnav br­

pr od uced rcs u ll i n ~ in st rv ct ure l damege or DNA mut ati on. " 

w hen I.n" re places F('~ In rhe üg an d. the dcst ruc uv e rcac tio n ls prcr tc dcd, 

öt oreover . fhe resuu am Irce Fe" can then be cap tu rcd by p rot cct ive bin di ng p r oteios 

f('rrili n in the inl r :a cd lullir spa ce aed trand errin in t bc l.'l lu ('cllulu com pa rt rne m . 

Pe' ". lii:And + r.«: - Zn "- li~and +-Fe" 

Fc" + fc rrllln . lransf('rrin -- Fc-ff:rril in. -Iranderrin 

Zn'" ind c ces t be w ntbesis of mctallctbicnein. a suHhydryl rieh Ia mil y of pr otcin s 

T hC" xinc -rhiolate moit"r y n:~ u ll i ng Irom Ihe bindin ~ of zi nc to mela llothio ncin 

Bppt"aß 10 bc a pre fere nrial ta rgc t of cxidant i n j ury . ·~· ~' Zinc-melallothionl.' in m a ~' fun ction 

:'Ili a p r l" f("r r~' d ~l\C" ri lidal 5 u h~ t rRh' for oxidanl 3I1 a c k.~ pro\'idin1:prolcC" l ion for nlb IWU 

~u r rou ll d i n g ti5~UC~ . 

Figure 1 Propo sc::d meehan ism of action rheories for thc 
antioxidant role of zine 

ioni z;nion sta te a t physio logie pH and is redox srablc. <o Zi ne 

eompetes wi rh iw n a nd cop per for bindin g ligands an el rhus 
mav dcercasc free ra diea l produetion at the liga nd -binding 

sire." Jro n an d eopper are ina etivared by bind ing specifie 
proteins w hen disp laced from ligand binding; iron is bound 
by ferririn or rr::l nsfer rin , and eo pper is bound by eo ppcr 
eha peron e prorei n or ceruloplasminH 

In rhe orher theor ized mccha nism, rhe prot ect ivc effcet of 

zine in pho ro-ox ida rive stress may be reJat ed to zinc 's induc ­
t ion of a nd bin d ing to merallor hion ein . Mera llo t hione in is 
a fami l)' of ar leaSt 16 10w mo leCLdar weigh r proteins (6000 ­
ro.ooo Da ) wirh high cysreine conrenr (ap proxima te ly 1/3)." 
Heavy meta ls, IL- r , I::GF, interferon , g luco corrico id , ami 
ionizing r::ldiation ind uce its expression.<" " ',<.' M etallothionein 

has a demon srrated role in heav y meral deroxification, zinc 
a nd eopper homeosras is, an d as a free radica l sca venger.q 

Ult rav iolet B radiation has been shown ro ind uee mcr'll ­
lot hionei n synrhesis in eplJermis , a ppar enr ll' as a proteetive 
mcchanism agai nst fun hcr free rad ical attacks." 

Conclusion 

Z ine is essent ia l for human develo pmel1t and funcrion. Jt 
provides co nfo rmario nal stahiliry ro numcrou s Illct3l!oen ­

zym es. Z ine deficiencl' is associa ted w irh oxi da tivc dama ge 
in n umerous diseases, inclu din g can(er, eirr hos is. co ronary 
arrery disea se, diabe tes and some sk in disorders . Srudics of 
zine de ficieney have elucidared broad ( Iinica l ra mific a tions. 
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Zine protecrs ::l p inst UV ra di.ir ion, e nha nces wo un d he::l ling, 
co ntri bures ro immu ne and neur op sychiarri c funcrions, and 

decrca scs rhe relati ve risk of ca ncer a nd ca rd iovascular d isea sc. 

Ab unda nt evidcncc dcrn o nsrra res rhc anriox ida nr ro le for 

zinc. T o pical zinc, in rhe form of di valen r zinc ion s, has been 

rep o rrcd ro provide a nrio xida nt phoroprorecrion for sk in. 

T wo anrioxida n t rn cch an ism s havc heen p ro poscd tor zi nc. 

Zinc may replacc redo x acrive rnolecules, such as iron and 

co pp er , a t cr itica l sites in ccll mem br anes a rid p ro reins , Alter­

nat ivcly, zinc mal' ind ucc rhe synrhcsis of merallor hionein. 
sulf hydryl-rich pro reins tha r proteer agai nsr frec radica!s. No 
matter how rhcy wor k, t o prea l zine ion s rnay prov ide an 
irnp orra nr an d help fu l a nrioxidan r dcfcn se fo r skin. 
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