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An t•lt•c·trlln rn inn,.l'npic ... tuch hm. hcl'n rlon<' ron normnl humnn .. kin l'X[lt•st'd ('itht'r !lOnr 

911 minute~ llo two lipul ""'"ent-- taretont: and kt·ro,tml l'1111111lnnl\ t·rwnunterl'd in 

nl'l'll pat11•na I ,.., t u.11 "''"'· 
Ahl'r topiral .tppli ('a tinn ol 'tlt'lrllw illld kero,.ent•, t•ellu lar chtllUll-:1' wa~ nh,..l'r\Cd marnl\ tn 

tlw stnHurn <'Ortl('lltn and "trutum :-;pmnsum 1\t•ratinlll'd n•ll,., kt•ratnhyulin l't•ll~. spinuu" 

t•elb. and lherr nudear and n·ll emelnpc" \H•n· allt'rlt·cl in !ootnl'\\hat dillt•n•nt Wil\'" h\' th1 

l wu ,..nh ('IJh. .\I arkt•d i nt ntn•llnlar t·d l'mn o t kt•nll in iz!'CI n I J,.. and '.wu"la II• •n "' "Jltnnu,. 
rl'lls \INl' :-;el.'n alt!.'r expusurt· to uc·t•ltllll'. whtlt· largt• ln r unae nnd di~lp[ll'nrutll'l' of tlu 
keratin pattern m kerutinlll'Cil'dl~ and endem·t•ol t•vtnh·~t ... nl ~Jllll"ll"' l'l'll s wc•r(' fnund unh 
altl'r kl·rn~em• t>xpn-.nrl'. ·1 h(',.C rytoplustntl and nurlt•nr dt·gtrwntiH• chan~:t·" Wt're nmrl.' 
pronourHed alll.'r 90 mrnutl's ' than alttor lll mtrnatt< t•xpo!oltr£· .\Lwv r£'11 numhranp,., were· 
ruptun•rl nnd ruth<·nium red loralwllton :-bowed that d!!:-;IIHJStliiWs and other .JUnt·tion,tl 

t·umplexes wl.'rl! 11lten di..,rupll•d 
· e\l'nt v two hours aft c·r clt-.ront inuat inn nl the ,oh ent a ppl it'atlon a hil(h degrl'e nt 

restnraunn nl lhl' nurmal uhrastrut·tural patlttrn was oh ... l•nrd in ... upt•rlil' iu l layer,, while 
resicluul £'\' tdl.'tH't' ol l'l'll degl!tH'nllton nnd l.'\ iclt•nc·l.' uf l'arlv rcnl'ttw l'hnngcs \\'('fl.' fnund 111 

the 'mhle port ion-. of the eptdermis. 

l'ht' efft'l'l:-nl \arHms c·hemtcal agents on human 
epidermis have heen s tudied 111 ou r la boratory li1r 
the· past thrt·t· year-. Thhe ><tucltes uri.' hetn~ done 
fur two reason s lal w analyze thl' intamate :-lrUl' 

tural change,. procluct'cl h\ different tllJUrtnu,; 
a~enb in human epidermis. teo t·om pa rP their 
ellet·h. and In nhtatn dntn regarding thl.'rr art rem: 
lhl tu prn\'ldt: a bt.'ltl.'r undr~tandin~ ol thl.' 
mt.'l'hanism ot pnmar~· irritant t·untact dt•rmatiti,; 
which b tn•quent ly ohsen I'd in tndu"t rv 11" ''ell as 
m the hume \\'llh th(' elenron mtt·rns<'OP<' we t·an 
detect earlwr ~trut·turul chan~:e.., than has been 
pustirble heretofore b~ li~:ht mirroscup\' and \\t' can 
follow the ('hn nges ~equent ia lly . ln a pre\·iou" 
paper. the ultrasrrurtuml alteraltons alter toptcal 
application of a strung alkali l I'\ "odium h\drox­
idel and a ::.tr!>nJit acrd I I'\ hydruchlonc acrdl ''ere 
deM' ribed [lj. A compnmti,·e swdv between a soap 
and a hou!'ehnld detergent wa~ reccntlvcarned out 

l\l nnul'cnpl rt'r~ived Ma\ I~. 1!17:.!; in re' ihNl lurm 
Augu~t 11, l!li:!. acct'pted for puhticuu on September 
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u ... ing ('lt'drnn lllli' TOh('O[l~ one! htstot·ht>mislr\ t 
Other workers ha\1• in,estllo(HtNI the ('tlet•t of n 
pmteoh I It' l'n/\·nw t .. uht ili,.m 1:! II anclnf merruril' 
('h lu ridl' I'll 

Ln thl· prest•nt ..,1\tch the ultrn ... tnaturnl rhnn~te"' 
,tf ter tuptcnl ndmini1.1 ratwn ulthe lipid ,.,oh·en t!i 
(acetone a nd kero!-.l'nt'l un humnn !>kin ure pre 
sen ted 

MA rFI!I \1 .:0. '"n \II-, 11100" 

Tupicul upphcallun ul .1cetune and keru-,ene wa' dnnl' 
nn health' 'kin of th£> vnlar "urtac-e uf lnrl·a rm~ nf "'" 
male volunteer" (two Caucasum" and four Kegru~l Two 
Hmoll glass tube~ (i) mm cliam) l'Ot1t111ning llppnt~lmatl'h 
l ml nrl'lone were npplied In twn srtl'!> un the riJ:hl 
fnrearm and mainwinl'd in ' 'ertl(al pusitinn by adhe .. l\'l' 
tape lor t:rther :m m•nute, or 90 mrnute:.. Kero-ene wn ... 
applied in thl' same manner lor :!0 nr 90 n11nutl's lU tht· 
left forearm . The tuhe~ were thl'n rcmn\ed ~n cleansinJ( 
ul the ll"'l site' waN done either before nr after the 
procedure t nder ~· hdncainc hl\111 an~the~ra. 4-mrn 
punch brupsi~ wen• taken immt'diatcl~ frum nne of the 
test sit('!; nn each nrm. The other lllll's were ob~ened fnr 
i2 hours and hiups\' ~pec·irnens obtained ot that timt'. 
Contrul bJWCimens \\ere taken lrnrn each bUhJE:l'l befurt 
pxpo:.ure lmmedrat 1.'1~ after remm·al, !>kin sp!:•·imen .. 
were cut rntu small pieces, fixed in 3<r. sodtum carodyl 
aLe-butfered glutaraldehyde (pH 7.:3: osmolarity :lOO :l:m 
millio~moh;l fur 2 hours. and pthtfixed m I ; osmium 
tetmx1de rn phosphate huffer for 2 :l hou rl> [-1 ). Somt­
specimenR "ere fixed rn .. glutaraldehyde tn .,.hich O.!l 
mg per ml ruthemum red wn~ added [!'i I fur l hom, 

t Predetennu C' The effect nf ~nup and detergents on 
human ep1dermis An electron microscopiC study ! ln 
preparation) 
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washed for 1 hour in buffer containin~: 0.5 mg ruthemum 
red per ml. and finally fixed in 1% osmium tetroxide in 
phosphate buffer for 2 hours. Ha lf of the spectmens were 
dehydrated through graded concentrations of ethanol 
and embedded in Epon·812; the remaining specimens 
were dehydrated through progressi\·e series of ac-etone. 
then embedded in Vestopai-W or Araldite-502. Thick 
sections were stained with 1 "i toluidine blue for light 
microscopy. Thin sections were cut using LKB and 
Porter- Blum ultramicrotomes equipped with glass or 
diamond kn ives. Sections were stained \\>ith uranyl 
acetate and lead citrate, then examined under Hitachi 
HS-8 or RCA EMU-3G electron microscopeg at 
5,600- IS,OOOX. 

RE!'t I.T~ 

Early Changes 
Clin ically, only mild edema and hyperemia were 

observed following 90 minutes' exposure to ace-

tone. Somewhat more intense hyperemia followed 
exposure to kerosene. Light microscopic study 
showed a reduction and disorganization of horny 
layers with intercellular edema following acetone 
exposure; dislocation and disruption of stratum 
corneum were more evident after kerosene ap­
plication. 

Electron microscopic observations revealed ul­
trastructural features which were quite specific 
for acetone or kerosene. 

Acetone. Following acetone administ ration. 
marked changes were ohserved in the stratum 
corneum, as compared to the compact keratin 
pattern of control skin (Fig. 1) . Intracellular edema 
with large and oval spaces containing a fine 
granular material (Fig. 21 were evident . The sur­
rounding keratin layers were disrupted and ede-

Ftc. L. Control human stratum corneum and granulosum. K-keratin layers: KH-keratohyalin granule. " 16,700. 



matou~ Fihrib ancl lilamPnh 11 £>n ranltNI and 
disruplC·d. and de~m"""llll',. ht't 11 £>1.'11 horn\ ceii:­
WL·rE' hrokL•n Rutht·niunt rpd drpu,tts 111 thl lorm 
nl llnL· grain;. 11 l.'rP inrr£>a~l'd and -.pl'nl kalh 

• lurali1l'<l tu thr nult•r nwmbrane ... nl rortwnn ll'' 
t Fi!! lh, !b t'lllnJ>;.Ir('(ltu t·nntrulti.., ... m·. Fi:: :\al . In 
tht· granular htH·r thl kerotmon tl.' ... mnt<Hnc·d 
mtmc•rcllt;. lnrgt' kc•rntnll\alin granule•;. and small 
elt•tt run d<'tb<' hndit•;.. 

In tht· -.Jratum -..pmo-..ttm. an intt•n•;.tinJ! ,·uruo 
Ia r 1 ran~lorrnat um nl tlw spinou-. l't•ll' nt-ru rrNl 
w11 h tlw lormat inn ol p.tranud~ar l'!-..1 t'rn<w 1 Fig. 
II. lJ..,ualh· tht• ,·aruult·, runtHm£>d nwrnhranou ... 
-.trut·turto-. ur ,t littt' material in tht•ir lumina . 
Dt·l;(l'rtf.'ntlhl.' mitndtntHlrwl dwn~o:t•-. 1\l'rl' .tlsn 
... rl'n lind tonuttlamt•nt;. \lere durnpt>cl Enclnpla-..· 
mil- n•t ll'ttlum wa-. Wl'll dl:'l'l'lnpt'd '\ udt·ar duo· 
mat in 111t... al-..n clumJll'd .tnd Jll'rtJliH'ralh lomtl'd. 

:15 

a-. t·nmpan·d tot•ontrolti,,.ur I Fig .• -,, . Thl' uutlitw 
nf thto nudl•ar em·c·lnpe 1\,J~ 'l'r\ trre~'ltlar. gi\·ing a 
dc•ntntrd pattemnt tht•mtl'lc•u-.. '\udt•tlardnmage 
nnl\' otTa-.wnnlh wa-. -.trn lnterl'dlular "(XH'e~ 
liNe tnlargt:d and dl' ... lllthnme .. di ... mptc•d '\o 
ultm ... truciJir,tlt·h.mgc· ... \\t·n· t•h,..t·nNI in tht h;t;..al 
l.t\ er. l.lllgl'rhan ... rl'lb. ur mt:l;m11t ~ tt·-.. 

1\emwrlf'. Follm1 tng l'"<(lll;.urt• to kt•ro"l'lll', th<' 
ult rast ruct urul than~!.'., 1\l'rt' ... ignifiruntl\ diffN­
t•nl. Tim... tlw horm l.t\'l'~ 1\E:'r£' n·dut·f.'d in 
nurnhtr nncltht• kt•ratin JMllt•rn wa, di.,organized . 
l~trJ!t> 1,11·unar turmutiotb 1\l'rl' pre~rnl f Fig-. Ill : 
tht•\" l'lllllltitH·cl tlhrtl' 111 tht·tr lumina. Othrr horn\' 
n·li-.. 1\l'rl' cli.,ruptt·d nnd dbtntl'gntiNI ; pJa..,ma 
nll'mhr.uw-.. nppt"art:d thil'k Sum(• ktorntitH>t'Yte-. 
\H'rE' ..,t·\t•rc·h· clnntaJ.!l'd. nudt>t 111'n• pvknutk. cl'll 
mrmhnnl'!- thick .tnd di..,ntJllccl. ancl tonuliiH · 
mc·nt.. l'iuinprcl tol!l'tlwr. ,\ <h.tnrecl n•ll dnmagl' 

Fu. :.! . I lumnn "'nit um l'umeum lultulllllJ: lll t'lnm• .ulnuni't mt inn t!lll minui<·,J . .\lurl..t·d in I nil rllul.~r l'lkmn 1 El. 
kt•nllan l<IVI'r- !Kl an• dt~NJllt:d. , 2;!.tKitl. 
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FtG. :J. a ) Contml-ruthenium red bli~htl\ stam~ the outer membranes of kenlltn lK) ~heets. · 37.200. b) 

Ruthemum red statns speritkally th<' outer membranes of the keraun sheets ( Kl. Acetone admmistration (90 
minutes!. :17.100. 

was e' adent in the stnHum spinosum; se,eral 
sptnou!:' cells were w1der~oin~ rvtolv:.i:-. the 
~reater poruon of the C\ wplasm appeared as a 
hnmoJ:[eneous. strut·tureles:- material Wiji!. 71 . )iu. 
clei were shrunken and indented with peripheral 
rhromatin \1 hagher mug:nificataun. the c~wlyttt· 
proce:;;s wa~ more e\ ident. se,·ere mitochondrial 
chan~e!' were seen an the remaining cytopla!'m 
The cytoplasm was larg-ely replaced by a fine 
~ranular material. the nucleus was elonJ!aled and 
pnor in chroma! in. A J!ranular-Jdohular structure 
was found within the nucleus. 

Lnie Change~; 

At 7:2 hour.; following 90-mtnut£' t'Xposure tn 
acetone or kerosene. re:.wration towards a normal 
pattern was seen Thu!'.. 1he ultrastrul·tural patwm 
of keratin Wi1!-. dose to that nl the nmtrols: des 
mtl5omes and membrane-coating granule>. Cker 
antinosomesl were pre:.ent. platoma membranes 
were thirk. and between keratin la\'t'TS a homo 
~eneow, material wa" rt•lt'a,.ed from the mem 
hrane-rnattnJ! ~ranule!. tFi!(. l. In the stratum 
~ranulu~um. ll re~enentti\ c reaction wus obsen·ed . 

Lar~e keratohyalin granules. pol\'ribosome~. and 
numerous membrane·roat in~ g:ranulrs appeared. 
Tonolilnments and desmosomel> were present !Fi~. 
9) . orne of the damaged spinous cells were 
degraded and partially re!;orbed. whereas others 
showed stg:ns of regeneration : the:. had a well ­
developed Golgi t·omplex. many dense hodtes. 
myelin figures or lamellar whorl structures. The 
mt ercellular spa{'eli were enlarJ::ed. appeartnl{ 
cyst-like. Cytoplasmit- projertions and desmo­
somes al:;o were ohser"ed. hut still some cvto­
lytic areas remained . The ultrastructural pattern 
of Lan!(erhans cells was well presen·ed t Fi~. 101. 
)io mitoses were seen in toluidme blue·slamed 
sections by light microscopy nr tn thin sections 
under the electron microscope. Some spinous cells 
had 3 I nucleoli ( fil{. II l. 

Chan~e-' After Short J::xpn!iure 

After a shorter exposure (:10 minutes) to acetone 
or kero,ene. there was much les!'. endenre of rell 
do mage. few celb underwent n tolysis and \'acuo­
lation Int ercellular ~paces were enlarged and 
desmosomes were disrupted (Fig. 12). The alters-



tion~ 1n tht• '-lflltum corneum rt.>'-l'mblt·d tho~e 
aftl'r 91.1 minutr-.' l'XJ)(• ... u re, hut \\l'rc- lb" pro­
nounn•d. 

()(-.('1 ... ~to:-. 

In thb -.tud\ , l'l('Ctron micro ... t·optc• ex.1mtnation 
rc-' Mll•d "e' erul t' pc:; ul '(•II damaJ.!l'. huth ut the 
lt·H•I nl the ... tratum rorneum and the ~~ rottum 
~pinu,.um llltrustnlrtural t•han~cs \\ere dilll•rent 
lor aretont und kt•rn-.t•ne. Thus, ,tltl'r topkal 
aretunl.' nJlJIItt·atiun. t lw relf.>, am t·han~c, '' er£': 
intr;H·ellulnr t•denm \\lth dhlol'atu>n nl ker;llin 
lo~N-.. on tntens<· \ac·unlnunn \\llhin tht• c·yto­
plu,.m ul sptnou' tt'll.. dt•tn•m•mt i' t• mitndwmlrial 
rh.mgl',.. and l•nlnrt::ccl tntcn:t•llular ... pan·' in tht· 
"'rat um "Jltnusu m Kt•rm.ene expu,.urc.• lndut·cd 
lurgt> lut·unat· Ill thl' horrl\ lun·r, and udvatH:t>d 
c 'tuh ... 1 ... .u1d lraj!mt•ntat 1nn ul tonoltlamt•nt., in 
the -.ptnmh cl'll .. B"th Fonhl.'nh tnduccd marked 
nut lt·ar t hnngl'"• tulltm in I! ~HlntlllUt e" • adm111istm · 
tinn .\ t 7:.! hour,. a lt-ndt•JH'\ lnr rbtoratu•n of tht· 
uhr·~Stntt·tural pattl'rn 1<1\\ard normal \\d., oh -
l'T\l'd . 

Stnrt' ac·t•tonc and kt•r•N:'lll' ,lrt•lipirl.,uht·nt>-. it 
i-. likeh thnt tht·ir inturiuu .. intlm•nu•on cp1dcrmal 
n•ll' n· ... uh" mainh lwm n:mmltl ot lipid c ompu­
m·nb pr~£-111 in the .. tr.llum rurnl'um . It ,,. well 
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kno\\11 that lipid ('XIrul"tion .,l'vereh ufft•tl). the 
hwph,..,ical pmpl'rtlt:" nf the hom\ Ia\ cr 16 1. 
Kl'ro,..ene, hm'e' l'r dill en. I rum acetunt· not onlv 
111 1ts phv..,icuchemlt'O lt·horat· terist ic,. n-. a ~ulvent. 
hut in it" !(renter h1ulnl(k nt•tidt~ as a :-kin irritant . 
It I". thl.'rl:lore. tntl'rl'..,llnl! to .. ee that thbe ''"• 
t:hPmil·ab haH'\ diltl'rl'nt t-ffl.'ct-. un the ultr .• ,.trur­
ture not nnh of the th·ad ,.,tratum ~:ornt·um hut al,u 
un the ll\1111! rclls nf the o,trntum -.pinn,.,um 
Keru,..ene < uu,..ed n tu(v,..ls. v.h1lc acl'tnn<· lt·d nnh 
to n pl'Cullllr t\pt• col 'aru11limtion. llw lattl'r 
dutnl(l' uppcan. w hl' -.irmlnr '''that de-.uihed h\ 
Hraun ·Fuku 171 in ~tuirwa PI!: l'ptderm~>o alll'r tapt· 
stnppin~: and h\ '\1>. I 111 hum.ln -.kin altl'r 
uhravtnlt•t expo-.un It mav thll" repre-.t·nt a Jes.., 
!o> JH'Ciflt· 1~ pt• of t•c•ll dnmu~e 

lntNrl'llu lur cdemu unci disruptum ul tnnufiln 
nwnh .1 rc. or cour.;t· -.('t'll 111 marn t \ pe,.. ul 
CJudermol dama~o:t•. but the• di,ruptwn ot tht 
kcmttn patt~:m nlll\ hl' a mnn: 'P"'t·i ltt• l'llctt. It 
"a" nut .,et'n Ill JHt'\ wu,.. cxpt:rimtnt, in thi ... 
l.thnmtun \\hen hvdrol·hlorit• udd und ... .,d1un1 
hnlroxul~ \\ere ""l'tl . ' lopu-ul applit.lltnn nt l:'o: 
'-ltdrum h\ clruxidl' indutl'd a hnmu~em·ou-. app~:ar­
IIIH'l' unclt•\t'ntunl d1o,snlutiun ul thP n·ll rnntent .... 
\\hile I:\ hvdnl{'hluril' 1u·id l'.lll"l'd n poruu .. .,trut · 
turt- o l the• .,tratum t·orneum J! J. Altrrauun,.. ,.£'en 

Fu; I. lnt n t '"''\lnlllttnn tn rht tnllum JHIIO•um /l ilt r m·etnm .rdmina,.trallon (!Ill rnrnute 1. l..UI!< s~mmudenr 
\llr1111lt s ( \ ' r tnnt.JIIIIII J! uu·mhr.utllll• blnJtlurt·• rn tht'tr lumina :"\ - nudt'r \\llh nhl.'rPcl und lrrl?}.''lllar t·n,t>fusws: 
C: t-\.1111!1 l'lllllplt•:o. , ll-dt·~JliiJ•UIIIt'S. IO, till 
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FtG. 5. Control human stratum spinosum. :-.!-nucleus; D-desmosome; Tf-tonofilament. 10,416. 

by us in the present experiments also a re different 
from those produced by a prot eo lytic enz~ me [21. 
It is possible that the changes produced bv acetone 
and kerosene resul~ from the disruption of lipopro­
teins in the stratum corneum. 

Of considerable interest a re the observaltons 
regarding the ultrastructural nuclear changes 
developed in the stratum spinosum. followinl! 
application of both solvents. Nucleolar damage 
occurred only occasionally in our imestigat1ons. 
Interesti ng nuclear and nucleolar changes were 
recently described in human epidermis after expo­
sure to ultraviolet light [9[ and in baboon kidne\ 
cells following Actinomycin 0 administration 
[10]. However, the present fmdings are different 
from those described in these previou~:> studies. 

No significant ultrastructural change:- of mela­
nocytes and Langerhans cells were ob:-erYed in 
spite of considerable cytolysis in neighboring kero­
tinocytes. Electron microscopic and histochemical 
studies of human epidermis afte r topical applica­
tion of mercuric chloride [31 !'bowed clegenerati\'e 
changes not only in the kerntinocytes. but also in 
Langerhans cells and melanocytes. 

The origin and function of the vacuole!:< in the 
stratum spmosum is unknown. It is possible that 
they are formed by im·aginatrons of the plasma 
membranes which engulf material from the distn· 
tegrated cytoplasm. The prominent cytolysis 

which occurred in our experiments suggests pro­
tein degradation following kerosene application. 
The cellular degenerative changes become more 
pronounced the long-er the exposure to acetone and 
kerosene. 

As to the fa te of se\'erely damaged cells in the 
stratum spinosum. it is possible that some of them 
are engulfed by phagocyLOtic activity of their less 
se\'erely damaged neighbors. There was no evi­
dence of massive elimination of damaged cells 
through exfoliation . 

It is notable that regenera tive activity ol' the 
epidermis at 72 hours is much less vigorous after 
damage by lipid :.olvents than it 1s after tape 
stripping. Mechanical removal ol the stratum 
corneu m, which is followed by dehydration dam­
age to superficial layers of the living epidermis. 
produces a mitotic burst within 48 hours and leads 
to elimination of damaged cells and restoration of 
the keratOhyalin layer within 72 hours. Even 
partia l removal of the stratum corneum without 
obvious light-microscopic damage to li\'ing strata 
is followed by a proportional increase of mitosis 
[1 I 1. The application of acetone or ke rosene does 
remove part of the horny layer, and causes damage 
to superficial spinous cells. However. in our 72-
hour specimens no mitotic n~res were obser\ed. 
and only the presence of :l 4 large nucleoli in some 
cells suggested ea rly stages of the process leading 
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Fa;, 6. lfumun ~tnllum l'orneum und granulo~um folltl\\ int: kero,l.'m· udm11u~trntinn Hill mmutesl. Lar~:e lacunuc 
11.1 und di~ur~:amzollnn nf kt•rnlln (1\1. KH - kerntnh\'alm grunuh•, :!:.!.!l(Kl. 
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F1c; 7. Advnnn·d ntulvsis 111 strntum sptnnsum lolhmtng k~ru~~:tw ndmtm~tration 190 mtmllrsl '\-nud<'t. 
D- d!'smosomcs, Tf- tunolilomcnh: \11 -mitnchondrwn 10,000. 
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Ftc •. H. llumnn ~ lrutum curnt>um 7:! hours ultt>r ac·t•tun!' admuu~lrnlton \\l'll dehn!'d keratin putwrn ! Kl, 
D- de>-mo,om(•s, .\!['(; membrnnl' coatinK granules '1:1,0110 
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FJG. 9. Regenerative reaction in stratum corneum and granulosum 72 hours after acetone administration. 
KH- keratohyalin granule; MCG-several membrane coating granules; K-keratin layers: D-desmosomes. x 
16,700. 
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F1c. 10. Langerbans cell after acetone administration (72 holliS). No significant changes occur. G-characteristic 
granule: M-mitochondrion; N-nucleus. · 33,000. 
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1"11;. II. I Iuman sLralum spmosum following keru~ene udminint rat inn (7:l hours) Cell!< having 2 :1 nucleoli l '-It) 
are frequendv been. N-nucleus. , 16.100 
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Frc. 12. Human ~tratum "prnosum alter a shorter 1:30 mmutesl acetone exposure Large mrerc-ellular space;, tiS) 
with di!->rupted desmrn;nme;, IDJ. few ,·acuulc,.. tYJ. :-J-nudPus. 11\.700. 

to mitosis. The rem.um; and mechanr!>m~< for these 
strikrng difference~ in re~eneraLiun atth' IIV re­
main to be investi~aterl rn future :,tudie, which 
combine ultrastructural rnvestigatinn \\llh bto­
chemicnl and automdiugruphic procedure,. 

Our ultrastructural findrnl!"· when t•umpared 
with those of other authors and thn,e made in our 
own laboratory usrng otht>r substanre;;. begin in 
reveal the spect rum of Ul'tion or ditlcrt'tH rhemical 
agents nn the epidermis. the characlC'ristrl' pattern 
of damage exerted by :..penfit agents on the ;.everal 
components of eprderrnis. and the detatls ol t·ell 
movement in the injured human epiclermi~. 

ThE' ~>kil lfulrec·hnu:al wurk of Mr . . Joel Mutt hew!'. H.S. 
and Mn> .. Jadvyga Milktntas. H.S. is gratefully acknowl ­

' edged. 
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