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Abstrac/. Zinc pyrithione introduced into cultures of 
rapidly proliferating NCTC 2544 human skin epithelial 
cells and normal human skin fibroblasts had a rapid 
cytotoxic effect even at very low concentrations (0.1-0.5 
µg/m)); there was no dose-dcpendent suppre�sion of cell 
proliferation and no apparent interference with mitosis. 
Sodium pyrithionc had a similar effect. Zinc oxide and 
zinc sulphate werc at least 100 times better tolernted than 
zinc pyrithione. but no stimulatory effect on cell growth 
was detected with low concentrations of either compound. 
These results suggest that zinc pyrithione·s action against 
dandruff is more likely 10 arise from a non-spccitic toxicity 
for epidermal cells than b> an anti-mitotic effcct or by 
remedying a !ocal zinc deticiency. 
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Zinc pyrithionc is the active ingredient in several 

shampoos used 10 control dandruff. There is con­

vincing evidence that such shampoos are efTective 

(6) but the mechanism of thcir action is obscure.

Two possibilitics seemed worth investigating; first,

that zinc pyrithione has a direct anti-mitotic effec1
on epidermal cells, like �elenium disulphide (13).

anothcr agen! used in antidandruff shampoos: and

�econd, that exogenous zinc applicd to the scalp

remedics a local deficiency of that trace element,

since zinc deficiency produces a range of abnor­

malities. including scaling. in various keratinizing

epithelia (3, 9, 14). We therefore added zinc pyri­

thione and two other zinc compounds to cultures

of rapidly proliferating epithelial cells and fibro­

blasts from normal human skin, so that any in­

hibitory or stimulating effects on proliferation could

be identified and Mudied further.

METHODS 

Two strains of human skin fibroblasts. HSF8 and HSF10. 
at passages 7-17. were thosc used in previou. work (18). 
NCTC 2544 human skin epithelial cells were obtained 
from Flow Laboratories. lrvine. Scotland. Zinc pyrithione 
was provided as a 48% aqucous suspension and sodium 

pyrithione as a 40-;f aqueou, solution (K & K-Greef Fine 
Chemicals Limited. Croydon. UK). Zinc sulphate scp­
tahydrate and zinc oxide were of AN ALAR grade (British 
Drug Houses, Poole, UK). 

Cells were maintained in Dulbecco-Eagle medium con­
taining 10% foetal calf �erum. 4 mM glutamine, 100 
units/ml penicillin and 100 µg/ml streptomycin (all from 
Oibco-Biocult, Paisley. Scotland). Newly seeded cul!ures 
were flushcd with 5% C01/air and incubated at 37 •c. 
Medium was replaced thrce limes per week. Cells were 
released for counting with trypsin-versene and counted 
electronically in a Coulter Counter Modet DN, with an 
error of less than I% in duplicate counts. Viability counts 
were performed in a haemocytometer using a 0.5 % sol­
ution of nigrosin. 

For each proliferation experiment up 10 32 replicate 
cultures were set up in Nunc plastic flasks (growth area 25 
cm'). using aliquots of about I x 10' cells (Day 0). Four 
flasks were used for each concentration of drug. plus two 
groups of four conlrols. On Oay I all media wcre replaced, 
and on Day 3 onc control group was used for cell counts. 
The other flasks received media containing thc approp­
riate concentration of drug. Each drug was dissolved or 
dispersed in distilled watcr and control cultures received 
distilled watcr only. On Oay 4 all media werc replaced, 
and on Oay 6 cell counts were madc on all flasks. The 
increase in total cells in cultures receiving drugs was ex­
pressed as a percentage of the mean increase in controls 
over Oays 3-6. About I .2 X 106 cells were recovered from 
control culturcs, representing a more than ten-fold in­
creasc over Day O. 

In two other experiments to te�t for growth stimulation 
by zinc sulphate, attempts were made to lower the zinc 
concentration in the standard control medium, since this 
might already satisfy the zinc requirements of the cells. As 
the main source of zinc wa� thought to be the foetal calf 
serum, this was reduced from 10% to 3%, or substituted 
by 10'.)r serum first prepared by dialysis against 2 mM 
EDTA (21 J in phosphate-buffered saline for 48 hours. Zinc 
analyses were later performed on medium stored in poly­
styrene tubes at -20-C, using a Spectrascan SM! 111 plas­
ma emission spectrometer. 

RESULTS 

The results of several experiments are superim­

posed in Fig. I. The curves show a sharp decline in 
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I Hf I Effect of zinc compound, on prollferntiun of HSF8 
ubrobla,1� (round symbols 01 cros,e,) and NCTC 2544 
epithelial cell, (,quarc ,ymbob). Grlm tb of control ..-ul­
ture, tie1-..een day, 3 and 6 1, repre,cn1ed a, 100. Minu� 

proliferation wnh 0.1--0.5 µg/ml 1111c pynthionc:: for 
both HSF8 fibroblasts and epithelial cells: an ex­

periment \\ llh HSF I O fibroblast� ga\ e a �imilar re­

,ult. The re�ponse was not the graded �uppre��ion 

of proliferation at increasing drug concentrations 

that \\ c ha\ e ,een w1th other drug� ( 16, 18). lnspec­

\1on of culLUres with phase contrast rnicro�copy 

,ugge,ted that the I. 10 and 50 µg/ml concen1ra-

1Ion� were rapidly lethal and at 0.5 µg/ml ma11y cells 

\\ere irre\er,ibl) darnaged \\ i1h111 :! hour, of adding 
the drug. Only 60'il- of the cells rernvereti on Day 6 
after lreatment w11h 0.1 µg/ml \\ere �till \ iable. 
Celb expo�ed lo ,11!1 lo\\ er com:c111ra11ons of zmc 
pyri1h1one appearcd 10 be unaffccted apart f1 om 

t,--:ca�ional \ er) small foc1 of darnaged fibrobla�h al 

0.05 µ.g/ml. which did not diminish the final cell 

Lount and \ 1abilil) \\as 93 q.. as in controls In 
tnese cuhure, m1tmi� appeared lo procced normal-
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,alue\ 111d1ca1e that fe"er cell, \�ere prcsen1 ,Il Da� 6 than 
al Day 3. Ea<:h value 1, the mclln of four cullurcs. shown 
"ith ib ,1an<l,11 J erroI ZnP}. Lmc p) rllhionc. LnO zmc 
ox1dc. l.nSO,. 11nc ,ulphate (heptah�drate) 

ly, and there "'as neuher 1nh1b111011 nor ,11mula11on 
of proliferation. Souium pyri1hio11e had 110 certai11 
effect a1 0.1 µg/ml hut \\a, 1ox1c at 0.5 µg/ml and 

higher concenlration,. 

Zinc �ulphalc and Linc o,ide �u�pens1on had no 

effecl on HSF8 fibroblash at even 10 µ.g/ml. bul 

depre��ed prolifera11011 �1gnificantly at 50 µ.g/ml. 

The grcater effec1 ot zmc O.\ide al 50 µg/ml i� mis­

leading. since zinc wlphatc ,eptahydrale was u\ed. 
and al cqui\alcnt 1111..: com:cn1rat1011s 1he inh1b11ion 
"'ould be more equal. In addition 1he Ull',tabili,ed 
,u:.pc11�ion of zinc o,ide lcnded 10 set1lc out. 111-
crea5ing the co11cen1rat1011 around the cell� 011 1he 
bottom of 1hc fla�I,.. Zi11c p; rithiunc. \\ i1h an aque­

ou� �olub1h1; of 15 ppm. \\0tild be in �olution ex­

ccpt al 50 µ.g/ml. 

In three other e,penme11b IO test tor gro\\ th 
,11mula1ion by zinc. low conce111ra11on, of zinc �ul-



phale (0 07--0. 7 µg/ml) had no percept ible effect on 

NCTC 254.J cell, groY. n m �tandard medium (zinc 

content 0.9 µ.g/mll. on fibroblast� grown in medium 
containing 10 c, dialysed ,erum (0.35 µg/ml Linc). 
"here growth \\a� only sur-; of that in ,tandard 
medium with ior-; wholc ,crum. or on fihroblast� 
gruu-n m medium containing onl> 3 q complete 
,crum (0 8 µg/ml Lmcl \\ here !HO" th wa, reduced 
to 40<:f of that in ,tandard medium. 

DISCUSS!ON 

Zinc pyrithione u-a� origmally added to dandruf
f 

�hampoo, for it\ antimicrobial propertie�. but a 
microhial aetiology for dandruff is now thought un­
likely i...ee re\'ie\," (7. 1911. Selenium di,ulphide. 
another mgredient of shampoo<; for dandrufT. sup­
pres�e<; mitosi, in the epidcrmal cells of thc scalp 
(13), and it scemed po;,,ible that Linc pyrithione 
might act in the ,ame wa> Unf'ortunatel>. dcspite 
recent advance� in keratinocyte culture (8. 20) pro­
liferation test, on scriall} cultured human epidermal 
cells are �till impracticable. Our �uh5titu1e. NCTC 
:!544, an cstabli,hcd line of aneuploid epithelial cell, 
derived from normal human skin ( t::!> gave the same 

result a, two unquestionably normal strain, of hu­
man skin fibroblast5. While fibroblasts are not di­
rectly relevant 10 dandruff aetiology. their re­
,ponsc\ lo several drugs resemble those of epider­
mal cell:,. e.g. growth of both i11 ,·itro is stimulated 
by hydrocorti,onc (15. 201 and DNA ,ynlhcsis i, 
inhibitcd by mcthotrexate (26): however. libro­
blasts can be grown and \Crially maintained withoul 
difficulty. Zinc pyrithione':, effect on both cell type, 
was one of gros� cytotoxicity. quite difTercnt from 
the do<;e-relaled &upprcs�ion of cell proliferation 

caused by sodium salicylate. for instance. in thc 
:,ame fibroblast, ( Priestlcy. unpubli,hed). and with­
out the mitotic arrest seen in human fibroblast and 
NCTC 2544 cultures treated wilh g1iseofulvin ( 16). 
The toxicity occurred at concentration, belo" 
those inhibiLing microorganisms (24). and our fail­
ure to rcproducc it with two other Linc compounds 
indicated that the pyrithione moiety wm, respon­
sible. This was confirmed when sodium pyrithionc 
had a ,imilar toxic effect. 

The \econd po,sible action of zinc pyrithione wa� 
10 corrcct a zinc deficiency in thc dandruff scalp, 
,ince .rinc deliciency can cau�c malfunctioning of 
both epithelial and me�enchymal �kin componenl\ 
(5, 9, 141. Clinical symptoms of 1inc deficiency in 
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acrodcrmatiti� cnteropathica are associatcd with a 

reduction in pla�ma zinc of about 50l'f !9l. Yet all 

threc zinc compounds failed to improve cell growth 
Even when the Linc concentrntion of thc medium 
was reduced over 50G by dialysis. supplements ol 
zinc sulphate had no effect. So far, without such 
extreme measure� as adding a chelating agent to the 
culturc medium C2 I). it has been 1mpossible to du 
plicate the skin·s undoubted zinc requirement in 

cell culture (25). However. the severity of the 

cytotoxicity produced by zinc pyrithione makes the 

correction of a hypothetical zinc deficiency seem 

far less likely in dandruff. 
From our re�ults. and if cellular reaction:, to zinc 

pyrithione in ,·itm resemble those in 1-it-o, we would 
expec1 any zinc pyrithione reaching living ,kin celh 
to be toxic. Yet in toxicological ,tudie, (I. 23> ap­
plications to normal and even abraded ,kin pro­
duced little harmful effcct. and long-term use ut 
1-2 M, zinc pyrithione ,hampo0'> has raised no
specitic problems. The explanation must be thal
expo�ure 10 shampoos is so brief. and the affinity of'

zinc pyrithione for skin �o lo" ( I '1 or les� of mate
rial applied is retained (22. 23)) that absorption b
negligible. Application of 10/'f ,u�pcnsion\ of zin�
pyrithione with dimethyl �ulphoxide to rabbil '.\km
however. cau�cd hind limb paraly<;is. lung necro�i,
and rapid death. with skin irritation at the applica­
tion ,ite (2). Some constituent of the shampoos. 01
of thc skin itsclf may block percutaneous ab5orp
tion or reduce zinc pyrithione·s cytotoxicity: sebum
reduce, its antihacterial effect ( 11 ). while mucin
saliva and traces of serum dccreased the antibac
terial action of the parent compound I-hydroxy-2
pyridinethiol ( 10). The toxicity to mammalian am'
microbial cells i11 1·i1ro and in 1-il'o appean, to comc
from the heterocyclic pyrithionc constituent: peI
cutaneous absorption of zinc from zinc o,ide tape
and dressing� is harmle<;s (4).

The result of this work. therefore. is that neither 
a specific antimitotic action of 1inc pyrithione. like 
that of colchicine. nor the more general suppression 
of cell prolifcration seen with anti-inllammatory 
drug�. nor correction of a local zinc deficienq. 
have rcceived �upport from test� on skin celb i11 
i-itm. lnstead the data show that zinc pyrithione
could act by reducing the number or mas<; of scalp
epidermal celh by a non-specitic toxicity. perhap,
relatcd to the compound's high activicy against bac

, teria and fungal cells (24). but this would only occur
if it pcnetrated through the stratum corneum. A
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different possibility, so far untested. is that zinc 
pyrithione may suppress dandruff by rcacting 
through its sulphur moiety with the keratin proteins 
of the dead epidermal squames; this reaction in 
itsclf might block further penetration into the 
epidermis and protect living cells from damagc. 
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