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specialized metabolism mske it one of the impertant organs of
the body. The lipids of the skin, begsuse of their involve-
ment in the formation of the sebaceous segretion, and thelr
role in the keratinization processes of the epidermel ¢ells,
gre intimstely assceiated with the physiology of the gkin, Vet
canparetively few studies in regent yeers have been direcited
toward skin lipids, &nd our knowiedge of these consitiiuenis

t¢c the researches of a faw meb.

The early work of Unna and his co-workers (21,32) still
represents the most canprehensive investigetions of skin
lipids. Their work was particularly concerned with the choles-
terol and phospholipid distribution in humen skin and with the
changes these lipids undergo during é&in metabolisam,. More
recently Eckstein and wWile (8) have studied the lipid distri-
bution of exfolianted human skin. They reported that cholesg-
terol comstitutes 13 to 24 per cent of the total lipid derived
from such material, $0 per cent of which exists as free choles-
tercl, vhile rvhospholipld comprised cnly 2.5 %o 3.15 per cent
of the lipid obtained. The low phospholipid content of tdsir

material was undoubtedly due to the keratinous nature of the
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meterial eansiysed. Roffo (19) has ovbserved the inere&se in

the gkin cholesterol of rets subjected to ultraviolet radia-~
tion and Keweguohie (8) has performed similer experimenta with
guinee pigs end rabbits. Pachur (18) has anelysed the lipids
of the humen skin surfece. The recent pepers of Kooymen (10,1l)

e ve renorisd the ahenges whieh the epidermal iipids undexrgd

== e 4

e 3

during keratinization and the cherscter o the surface lipids

of the humen skin,

t

3
3

=3

inn’!i‘ in ai';i:;m

o35 been 4difficunls

»

offers obvious advantages, I% cen be obteined in 2 normal
state immedietely after sleughter end post mortem activity can
be reduced to the time required to prepare the material for
alcoholic dehydration. Furthemore, it 1s of such & gquantity
end thickness that it can be sersreied mechenicelly into rep-
regentative horizontal divisions. 4 study of the distribulion
and ehéracter of the lipids of these divisions yields, as will
be seen, much information concerning the general lipid meta-

bolism of the skin,

4 previous publication (12) has indicated the nature and

distribution of the various lipids of the steer skin. The

epidermsl region was Tound %o contrir fthe Prevonferxance of the
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phospholliplids =nd chole sterol, In eddition & wax compossed of
long chain, satursted, hydrexyr-acids in ester combination with
aliphatic 2lechols was iscolated in this region, The corium
conteined smrller amounts of phospholipid and cholesterol but
varving and often lerge deposits of triglycerides similar in
chemiesl nature to those conteined in the reserve lipid de-~
posits of the subcutaneous tissue. It was evident from the

data obtained that & strikinz similarity existed between the

[t

irids of human skin and those of the steer skin; pertiewdarly

e

n regerd to their neture and distribution.

Based upon some preliminsry tests correlated with histolog-

six hor izontel divisions each representing loogely defined skin
structures. The separstion is chown disgrammatically in the
figure, The analyses of lipids of the subcutanecus layer,
having been reporved meviously w28 not attempied,

The uppermost divisiozi, ccnsisting ©f the halr, needs no
descripti'on. The next division, termed the "hom” becsuse it
embreces thet portion of the epidemmal system :éesulting from
the keratinization processes, together with the aghering surface
lipia s, conteins the end products of the lipid metabc;lism of
the epidermal region. The adjecent dlvision, the "basel" di-
vision, includes the region extending from nucleated epidermal
sells to the bape of the hair roots. The mechenical separation

of this Givision is essily possible because the halyr roots al-
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ford a sharp contrast to the white background of the underlying
material. This division contains the following structures -
the hair pockets, the sebaceous and suderiferous glands, the
nucleated cells of the stratum zerminativam togeilher Wi
reponderance of the wandering cells interspersed throughout
the corium minor. The histologic strusture of ¥this division
ng woll as the chemical snalyses of its 1ipid indicate it to be
a megion of ocomparatively intense physiologic activity. The

nezt division romor od constitutes the upper poriion of the sor-

naration of epidermal structures from the

corium division. Tt 1s in this rezicn that the transition of

2 from the fine fibres of the
corium minor tc the lerge Tibre bundles of the corium ms jor oo~
cUrsSe. Furthermore, preliminary experiments indicated thet
this region contained & sphingomyelin-like livpid which is mes-
ent in some skins.

The ecr it wes seperated into two divisions, the corium
rejor snd the ccrium bsse, The corium major comprised sixty
ver cent ¢f the dry weight of the skin, It is composed,
mainly, of bundles of white connective tissue fibres, together
with smaller guantities o reticular tissue sheaths and inter-
fibrous meterisl. The solidity of this reglon and the intri-

cote manner in phich its constituent fibres are interwoven o

give the skin the physiecal toughness it pPOssesses, meke this
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the most important leather produeclng region of the skin. The
lower corium division, or corium bese, differs from the upper
corium division particulerly irn the increased concentration of

fat cells which are present.

EXPERIMENTAL PROCEDURE

The skin of a tw year old, grade steer was cbtained im-

medistely after slaughter end out into strips parallel to we

median line, Zach strip was mechenically separated with a

sharp razor into the various divisions outlined above.  Cbvious-
1y the precision of sueh & separation is limited by the variable

structure of the skin. However, with cereful technique and
gloss chservation of the strmmstursl demerestions of the wvariocus
divisions it is possible to obtain satisfactorily consistent
seperations, This was further checked by mieroscopic examina-
tion of the various divisions. This me thad is preferable o
eny chemical mesns of separabion since 1% avoids changes in the
charecter of the lipids due %o their resstivity.

The material obtained was cubed, if necessary, and plung-
ed into cold ethyi alechol, The average time elapsing between
slaughter and elechol immersion was three hours, Afier com-
plete dehydration had been obtained through several changes of
alechol the meterisl wes ground in a Wiley mili and extracted
with smecessive changes of hot alcohol until negliglble amounis

of iipids remmined, The campleteness of the extraction was
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was further tested by hydrolysing & partion with strong alkali,
gcidifying, and extracting the acidified solution with ethyl
ether, Previous publications from this laboratory (18) have
attributed the Pfailure to completely remove, by sclvent extrac-
tion, 811 the 1lipid fram the steer skin to the presence of a
lipid=-protein complex. %ith more adeguate facilities for sub-
division and extraction of hide materiel, it hes been possibdble,

with solvent extraction, Yo remove 98 per cent of the toial skin

O filtering the hot sileckaliec epidermal extracts; &

slightly socluble wax seperated from the warm aleochol. In

order to obtain a maximum sepsratiomn of this wax, the epidermal
o

e o~ P

extirscts were gooied %0 5 C

vacuum s%till end the residual lipids almost completely recover-
ed by solution in ethyl ether, Weights and icdine numbers

were then determined on alicuocts of the ether solution. The
gther soluble lipids were Turiker fractionated, afver removal

of the ethyl ether, by twice dissolving them in sbout 750 ¢o. of
hot aleohol and allowing the less soluble lipids to precipitate
cvernight at 560, By this procedure, most of the camplex
lipids, as the cholesterol and phospholipids, remained in solu-
ton in the ¢0ld alcobhol, while the triglycerides of the corium
and the remaining wexes of the epidermis were obtained as in-

soluble material, The phosrholipids were then removed from the

¢0ld alcohol soluble lipids sceording to Blcorts procedure (4},
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In this manner five fractions were obtained, diluted to volume,
and sliquots removed for anslyses. They were the waxes, the
cold elcohol insoduble lipids, the slcohol-acetone = luble
i1ipids, lecithin, sud eephalin,

The usual constents were determined on these fractions us-

n Agmaeiation of

asgricultural Chemists {2). Free cholesterol was determined
colorimetrically by & modification of the Lelberman-Burchard
reaction {13), waile cbolesierol ester wes determined by the
method of Bloor and Knudson (6). Oxycholesterol was approxi-

meted by epplicstion of the Lipschutz reaction.
FESULTS

Trom e summetion of the detailed anslyses of various frac-
tions presented in Tables 2 - 7, & compilation of the mare sig-
nificasnt variables wag preyared. These are mwesented in
Table l. These data, together with the sneliyses of t he var-
jous frections, demonstrate not only the character and distri-

bution of the verious lipid entities, but alsc indicete the

The data presented in Table 1 show thait the lipld concen-

tration ts5 greatest toward the upper and lower exitremities of
the skin, In the epidermel region this deposition of 1lipid

consists of the phospholipids, cholesterol and waxes, wiile the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 1.
The Lipid Digtribution in Fresh Steer Skin
Epidermal Region

Division Bair Horn

weight Dry Haterial {gms} $3 igs4a
Weight Lipid in Dry Material (gms) 4.28 16.¢
' Per cent Lipid in Dry Material 4,80 8.72
Per cent of Totel Skin Lipid 3.38 13.4
- Weight Cholestercl {gms) 0.682 l.96
Per cent Gholesterol in Dry Material 0.87 1.0L
Per cent Cholestgrsl of Division YLinid 34,8 1r.8
 Weign® Lipid Phosphorus {mgm) 0.0 61.0
: Per pend FPhosorhorur in Dy ¥sterisd C.C31
¥Weight Acetone Insoluble Phosrholipid [gms) 0.0 1.0
Per cent FPhosphorus precipitated as lecithin 41,3
Pez sent Thosphorus presipitated s ssphaiin 5.2
' %ssphsms*&aiesteml Radic 1-32.8
Weight Free Faliy ieid {as stearic acid){gms) 1.15 4.08
Fer ¢out Free igid in Dry Heterimi i.24 2.08
Per cent Free Acid of Division Lipid 26.8 7.7
Teight Wax Frastiem (gms) 0.e0 4.28
Per gent Wex in Dry delterisl 0,97 B8.21
Per cent Wax of Division Lipid : 21.0 25.3
Weight Alechol Insoluble Fraction {ams) 1.53
Per cani of Dry Maberial Weight 0.7¢
Per cent of Division Lipid 2.0
Weilznt Alcohol-Acetone Soluble Fraction {(gms) B3.38 9.92

Per cent of Dry Haterial Weight 3.63 5,11
Iodine Number of Ether Soluble Lipids . 50.5 49.8
‘Acetyl Value of the Total Fatty Acids 40,7 47.0
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Table 1.
The 1ipid Distridbution in Fresh Steer Skin

Epidermal Region

Codium Region

Hair Horn Bagal Pransition Corium Corium
Ms jor Basge
95 194 596 228 i=se 378
15.9 28.8 4.45 45,0 27.0
4.6 8.72 7.28 1.95 2.44 7.15
3,30 13.4 22.8 5.852 35.6 21.4
0.62 1.96 3.86 0.50 1.17 .30
terial 0.6% 1.0% .97 .22 0.083 0.079
on Lipid 142.5 11.8 1R.L 11.2 2.60 1.11
G&Q 6100 3%0@ 39.3 ?2!% 1&01
& Material 3.0%1 85.004 0,019 0.00% 0.0042
hosphoiipid {(gEs) 0.0 1.02 7.81 6.38 1.4% 0.18
Epitazm as lecithin 41.3 87.0 7.2 68.9 34.5
=ipiteted as oschalin 8.2 $.8 33.2 4.2
1-32.2  1-10.% 1-18,7 i-18.3 1-18.5
atearic acid){gms) 1.15 4.08 1.93 G.49 1.09 0.56
¥aterial 1.24 2.09 0.49 G.23 g.08 6,18
vision Lipid 26 .8 17.7 8.3 11.1 4.0 2.05
| 0,50 a.28 10,1
rial 0.97 2.21 2.55
Lipid 21.0 25.5 35.1
sction (gms) 1.58 3.8 34.% 21.3
. Weight £.79 1.00 1.88 5.85
ia 2.0 15.7 7.4 = 80.%
wble Fraction (gus} 5.38 g.92 7 .07 3.82 8.70 4.92
Weight 3,63 5.11 1.78 1.88 0.47 1.30
uble Lipids 50.5 £9.8 63.4 58.4 55.5 54.2
40.7 47.0 55.8 37.8 2.4 1.4
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inoreased lipid content of the corium base is due to the tri-
glyceride deposition. The subgutenecus fat tissues were care-
fully removed before the meoheniesl sepsretion and they are not
t0 be confused with the deposition of lipd within the corium,
Eistologic examinstion of skip sections denons trates, in a

gualisotive monner, thet suwh & distridbution of lipid exisis in

the skin,

The preponderanse of the lipids of the s iun, demonsirabdle

by histochemieal technique, ocour as cellular deposits distri-

buted among and between the gorium fibre eicments. s deposi-
+45n has been shoew {17) %o ke more pronocuneed towsrd the sub-

recorded in Table 1, show that the corium base contains 7.15%
1ipid and the corium me jor 2.44% lipid, 77-80% of which are cold
alcohol insoluble triglvcerides. The quantity of such tri-
giycerideg isolated from the corium is approximately wroportion-
al to the histolcgically demonstrable lipid in the corium,.

Both chemlical data =nd histologic evidence indicate the increes-
cd deposition of this materfal foward the subcutaneous region,
and the anelyses of these triglycerides and the 1lipid < the
subcuteneous deposits are almes t identical. Hence these lipids
Tezult from the deposition of trigliycerides in the skin as well
as in the subcutaneocus lipid reserves. The ampunt of sush

deposits varies considerably from skin to skin depending evident-

ok I A ke ke 4] im’l

nde T e

N ¥hen present in learge
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amountits, such lipids are the m jor factor in the production of
detrimen tal grease stains often found on finished leather.
The chemical charaoteristics of the corium triglycerides

ars listed in Table 2, The separstion of the fatty scids by

e &)
the lead salt-sther protedure shows that they consist of 65 per
cent 1liguid seids snd 35 per sent s01id soids: The 1licuid ssid

is olelic acid and the solid acids are mixtures consisting prin-
cipelly of pulmitic and sitesric acids, Other workers have de=
termined the constituent eoids of teilow prepared from this mat-
erial (3}. Wie heve isolated a2 saturated triglyceride which ap-
s to be tripalmitin from these corium lipids {(12).

The Thogoholivnids of the Skin
The

—

1ipid phosphorus distyibution in the skin is likewise

G

eabvie 1, The thospholipid distribution in the Iw
corium divisions is comstant, This is particulerly s.ignifi-

cant in view of the disproportionste distridution of triglycer-
ide smong these divisions, The corium phospholipid contént of
meny skins exenined in otkher phases of this work has been ot~

sexrved not to follow thé triglyeceride content of the corium but
to remnin feirly constant. It is evidently associated with the

funm, Thospholipid s appear to be & necesseary constituent of

living cells and Bloor (5) has correlated the degree of physio-

logic acticity of the cells with their Phospnolipid content,

\

The pessive activity of the corium régicn &s compared to the épi~-

dermal region might well be asgsocliated with the difference in
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Table 2.

Analyses of Cold Alcohol Insoluble Fractions

Epidermal Region Corium Major
nivisian** Horn Basal Corium Corium

Ma jor Base
Iodine Number 15.0 43.6 54.7 5l1.8
Acid Value 5.0 6.3 c.2 .2
Per Gent Fatty Aoid - 80.7 81.0 $3.8 2.4
Mean Molecular Welght 383 301.5 272.8 274.1
Icdine Nunber ' io.2 45.9 55.8 B3.8
Saponifiestion Number 187.8 189.0 20%9.& 202.4
Acetyl Value 82.6 37.8 0.0 0.0
Par pant Unsapenifinble 40.8 35.1 1.7 2.0
Iodine Rumber 25.1 40.¢ 55.1 52.0

Acetyl Value 191.5 i78.2 - -

Per cent Cholesterol 14.9 41.1 - -
Per cent Lipid Thosphorus 0.0 0.56 0.0 0.0

+* Tnig fracticn wes not isolated from the lipids of the hair
and transition divigions because of the small guentity of
$otal lipid avallable.
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their phospholipid content,

The rapidly muliiplying cells of the stratum germinativum
of the epidermal layer and the wandering cells which are found
in the region directly benecath the epidermal layer, exhibit
charseterigtie steining reastions with basle dyesg which are at-
particularly those of the epidermal layers, contain large

ia,

numbergs of mitrochondr The studies of %’ayer, Rathery and

- it g aimvO

Shaeffer {15} have showm the similsrity uewwcm thie chemiaal
end rvhysical yro?erti% of the cell mitrochondria &nd the phos-
pholiprids. The seldic nature of the phospholipids may ex-

plain, in pert, the charscteristic stain resetion of these cells

with the degree Of physiclogic ac¢tivity of the cell, a3 ean
the phespholipid eontent.

The lipid phosphorus concentration in the epiderml region
as recorded in Tmbie 1 reaches a moximum irn the bessl epider-
mal region,. This is alse the region in which the nucleated
cells of the epidermal leyers show thelir maximum development.
There is an appreciable desrease in lipid phosphorus in the
horn division 2nd mone vas identified in the 1ipid isolated
from the halr, It is evident thet the phospholipid molecule

is destroyed dquring keratinization, The snelvess of +
g ¥ses of the

phospholipid fractions in Table & record the gradusl decompo-

sition Of the pnospholipids of the epidermal cells,
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Table & .

Analyses of Thospholipid Fractions

Leoithin Cephalin
Epidemal Region
Division « Hown Basal Corium Basal
Ma Jor
Weight of Lipid (gms) 0.89 6.54 1.29 i.27
Iodine Rumbeyr 80.8 87.7 71.5 8.4
Per sent Fatty Acid 59.7 68.4 61.6 79.4
Mean Molecular Weight o98.9 360.0 347 412.5
icdine Wumber ' 66.5 77.8 83.0 $0.4
Saponificstiocn Humber lelr.s 173.7 12%.8 leg.0
Acetyl Value 74..9 52.1 1.2 45.9
Per cent Unzaponifiable 13.0 8.5 7.0 %1
Todine Number 45.4 7.1 102.3 7.2
Per cent Cholsstercl 4.4 .4 1.0 i.e
Per cent Lipﬁa ThosphoTus 2.83 3.82 3.85 2.90
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The cells of the sebaceous glands are originally derived
from the epidermis and they likewise uml ergo a degenerative
process with the resultant formation of the sebum. “he
anslyges of the besal epidemal region ipndicates that phospno-

l1ipid end free cholestercl must be the principal lipid con-

stituents of these sgtive cells., Uslng the et

vE Teadsiion

.:,

D

od
on human skin, Unna (20) found the most cholesterol was con-
tained in the embryonic cells of the epidermis, the hair
pockets, and the sebasceous glands, The Brge quantity of
1inid whish the sells of the sebazeeous glande accumulate dur-
ing degeneration is deposited within the sebacecus giand o

amYmn o Th o snslivens
L ﬁl“.\nw

P, int Bv 2 o
" A W — -~

. PR P CPPRE T
OYE Uie USBEERTid s UUI

thy

of this sebum, presented in Table 5, shows it is composed of
chole sterol esters and waxes of nydroxylated fatty acids in
ester combination with aliphatic aleochols. In this respect,
the hydroxylated nature of the phospholiipid
significant in mdica;ing thet they are the probable source |
cf the acid gonsti"&uenta of the wax described above. Evident-
1y the transformmation of the cholesterol and phospholipid of
epidermel cells,cosurring during the degenerative processes
resuliting in sebum fomation, is €ffected DY & sondc
droxylation and esterificetion of the 1lipid comstituents 1o

form the eharacteristic wexes of the sebaceous seeretion. The

manner of formation of the aliphatic alcohols resent in vhe

sebum waxes is dneceribain,
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The phospholipids represent an easily sepsrsted entity in
the verious divisions anéd the anelyses of the leocithin fract-

iong of the epidermal divisions show the changes which are ef-

ificant are the deoreases in the iodine number and the

(w7

m

-
I
~

1
Jube

£

[
1
Ly
{

recorded in Table . Sufficient lecithin was not obiginable
to permit complete analyses in all the divisions, Cerhelin
was obtained in gquantity sufficient for analysis only fram

the bassl epidermal division. The cephalin is mere unsaturat-

ed then vhe lecithin and its fatily acids ere of hizgher mole-
culey weight, The high molaslary weichti of the sgids of the

phosphoiipids, celeulsted from their alkali equivalense, in-
di

d
]

S i e A a . = i i 3 . T . YRR . Y
gaves that  poiymerizsticn or Isgtone formel

Fouts
¥
€

o

IS

o

Pﬂ
L]

Cf el

e
ok
o
Lid
o
%]
‘&3
%
ﬁ'
d‘
ﬁ'
f @'
b

e ti
hot aloohol resulted in 2n insresged alkali shsorption
these complexes are broken dowml, Oaly liguld fatty acids
are separated by application of the lead-selt ether procedurs
%0 the phospholipid fatty acids. The double precipitation

procedures emploved in the separetion of the phospholipids

5
e

o v wo an 28
LA d e VPIZL et

rrmaaiahlisa smaint &° the nan-=a2avani ®dahl
o r "-‘rcﬁ A 4 NP e W S~ - — ———— Raduadic b Sl S ki d

e et S W ek e -

materials The Freparation ef pure lipid eatities was ncoe

considered necessary in the evelustion of the general char-
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es the recent vublientions of Fekstein and Wile (8) and
Yooymen (10,11} have associated the grester proportion of the
gkir cholesterol with the epidermel region. TParticuler at-

-

which is believed to cceur during kerstinigation of the epi-

dermel cells. The presence of cholesterel in the sebum is
disputed.

The %o0tel cholestercl distribution is given in Table 1.
& more detziled examination ©F tThe véricus formes of choles-
tercl =nd their distribution wes mede upon e second skin.

These resulis sre presented in Table 4. The corium choles-

terol, like the lipid phosphorus, is uniformiy gistributed

vpotheses concerning their mutusl physiologic relation.
The uniform &istribution of cholestercl in the corium snd
the constency of its weight reletion to the ary corium weight,
es observed in severel skins, suggest thet it, like tze phos-
pholipié molecule, is assoclizted in tae cellular elements of

the coritm. The cholesterol of the corium exists in the un-

tponeition division sné re ching o maximum in the epidermel
region follows in pari the rhospholipid distrivution in the

ot

seme regions., Thus the cholestercl und phosrholipid distri-

bution, es illiustreted by the phosphorus-cholesterol ratio,

w0
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Table 4.

Cholesterol Distribution

{determined on a segond skin)

Division Hormn | Basal
Welght Cholezterel {gms) 2.48 2.588
Per sent Cholesterol in Dry iaterial 1.82 g.92
Welgn® Esterified Choleatarnl (gmsa) .81 1.04
2er gent Cholgsterol as Eater in 0.54 .34
Dry Materinl
Fer sent Choliesterol Esterified 33.1 8.8
Qxyoholesterel Test Togitive Kegative
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shows some degree of uniformity in those divisicns in which
keretinizetion processes sre ebsent. FHowever, the decresse in
phostholipid in the epidermel horn division is not socompenied
bv & concurrent decrease in cholesterol, and cholesterol but
no 1irid phosphorus wes present in the lirids of the heir divi-
net a more rspid destruetion of phospho-
l1ipid then of cholesterol occurs et the skin surface. TFooymen
} has slso observed this decresse in phospholipid during

keratinization in humen skin but he cobservec a gongcurrent 1ie

'!IJ

5

woval of cholestercl, & charccterisiic which these re-

x4
m
w3
-
=
?3

enlts do not show. The hish cholesterol convent of the skin

surface, resulting because of iis more stabie LaburTe, wusy &evi-

varigtions in the cholesterol content of the horn leyer of the

two skins ¢s expressed in Tables 1 and 4,
e

! considersble rercentege of the epidermal cholesterol

23

exists s cholestercl ester. The id

-
3

H

entificetion of only com-

e

bined@ cholesterol in the sebeceous secretion (see Table 5)
cecounts for its rresence in the epldermel divisions Since
the sebum is the predominent source of surfsace lipids, it is
probeble thet the preronderence of the cholesiercl esters on
the gurfece sorige from this source. Thether cholestercl
esters sre likewise produced during kerstinization cannot be
concluded from these experiments. The identificetion of oxy-

crolestercl in the horn division end its sbsence in the under-

e
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lying basel division suggests the menner of cholesterel destrue-
tion on the surface.
The free cholesterol wes isclated principslly from the
rr

acetene-alechel seluble frection (see Table 7}, where it may

comprise as high es 80% of the non-~saponidleble material. The

UL SO R VR, T TR Y e mammn e med? delend we Fomsmsncmwn el Y by £ ———
2% = 5§ R TR i PEG TP T T em IHAGREE I AT £ 3 b TIiCT & X~ A et v N oa B By s i 3 AU ¥ e CA F -
CHQILCE LYV TEvTl2y, LECmUST EX I L X L oDDTL B JER ) Ry & %

vresent in the cold slcohol insoluble fraction and In the wax
freetion where they represent the totel chelestercl present,
It is édifficult to remove the cholesterol completely from the

phospholivid frectious.

1

T Falrg =)
-\

mla
tits i

a4

~ “"ne “‘R 3 -~
Lo wail w&uu i-l--‘-ia

U)
*

£t previous publiicetion has reported the presence and cher-

ecter of the waxes present in the epidermsl region of Ire steer

= .
I
i

he Dresgence O3 sud xE;
LT PITUTIICT Ui SOl =

m
n
]

skin. Iinser {14} has reporie we on
the humsen skin surface =nd imeseder (1) hes isolated n-eicosancl
{arschyl sleohol! from such & scurce. Te heve isolated the

seme alcokol Tror the epidermel wexes of the steer skin., Ze-
ceuse of the sctureted neture of the wex sndé its distribution

it wes first believed to result from oxidstion processes at the

b}

epidermel surfrce, snd to constitute the waxy shesth which pro-

{imte

teote the skin zurfeee However, in th

“e v Ve

s experiment,; the horn
division contained only 30 per cent of the total wax present,
vhile the basel epidermel division conisined 635 per cent of
the tobtal wax. This definitely dermonstrated thet this wax wrs
not entirely of surfsce origin.

The procedure with 2 second skin wos sl -ghtly altered to

adetermine the resson for such s distribtution. 4After removal
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of the harn division the sebaceous glands were clearly
visible imbedded just below the surface. By rotating the
rezor so that soreping instead of cutting ection was attain-

d, it wag possible to press the olly glandulex sesretion 4o

= g

@

the surface vhere it could be cellested, Histlogic sect-
ions of the scraped skin showed thet 8 definite removal of
sebaceous 1lipid was obtained by this procedure. It is sig-

T s
AR

1

nifiecant thet 1

ipid wasg pressed from the glends only
the foroe was 2pplied in the direction of the grain, i,e.,
with the sloye of the haiyr Polligle.

The enalyses of this 1lipid, peesented in Teble 5,
&8 comp&red W ibe mealyses of the totel 1lipid of the entire
basal divieion from which it wes expressed, indicete the
nature of the unaltefed sebaceous secretion. Cbviously,
materiesl separeted in such & menner would be contsminated to
& smell extent by the lipids of the cut surfsce which night
be picked up during the removel of this frection, Fortunate~-
1y certein pronounced differences exist between the lipid re-
moved from the gland end thet of the basal division, from
which the exitent of such contemination might be juiged. Thus
the esterified nsture of the cholesterol of the sebaceous
secretion compared to the high Pree cholesterol comtent of
this division, the comperatively low free fatiy acid content
and the low 1ilpld phosphorus content of this lipid es com=
pared %o the lipid of the basel division are significant fac-

s in indiecsting the small Jdegree of contsminstion of the

tor

51}
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Table 5.

Apslysis of Sebaceous Seereiicn

{as isolated)

Icding RNumbsT 388
Acid Value 10.1
Saponificaticn Number i54.8
Per cent Fatty Aclid : 57 . &
¥ean Molecular Welght 249.1
Iodine ﬁumber 2.3
Asstyl Yalus 74.9
Per cent Unsaponifiable 42.7
Joding Number S8.4
Per cent Total Cholesterol 14.4
Per cent Esterified Cholsstercl 13.7
Per cent Lipid Fhosgphorus £.15¢9
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sebaceous 1lipid isolated. ‘The anaslyses of the secretion,

recorded in Feble 5, shows the neture of its 1lipid contents.

A direct compmrison with the satureted wax of the

b ]
g o] basal

(1]

b

epidermal division (see Teble ©), from which the chole sterol
ester has been removed, indicstes thet the sebum contains
two distinct types of wexes., <The one group conprises the
aliphetic zlcohol ~ satursted hydroxy-scid esters which sre
resent in great gquantitiss in &%

e
other group are the esters of cholesterdl and evidently nare

producing the icdlné numbers recorded for the various lipid
fractions. One recrystallization from slechol removed the
free fatty seidg and 1ipid phosphorus, ¥ ich contemineted the
lipid, elong with some of the constlituent cholesterol esters
snd left & waxy residue constituting 75% of the 1lipld ressed
from the skin. It seems certesin then thet the origin of the

' epidemal wax is the gsebaceous secretion and thet this se~
cretion is composed of the esters of fatiy acids @nd sliphe-
tic aleohols or cholesterol to yield a low melting, waxy
material.

The anslyses of the waxes isolated from the three
epidermsl divisions sre presented in Taeble 6. The choles-
terol of this frscition is cﬁmpletely—ésterified end its par-
tial separation.in this fraction is due to the insolubility
of such compounds, From such waxes we have already reported

the isolgstion of i~hydroxy-stearic acid, stesric ecid end n~
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Table 6,

Analyses of Wax Fraotions

Division - Hair Horn
Todine Rumber 2.3 4.9
Saponification Numbey 149.5 156.0
Agid Yalue 1.2 .8
Per cent Fatty Acid 5.4 5¢e.2
ean Moleeuiar Weilght 381.0 261.0
Io8ine Number - 3.9
Acetyl Value 91.1 85.4
Per cent Unsanonifisble 26.9 44,1
Todine Fumbex - 8.2
Acetyl Value : i is2.2
Per cent Cholesterol 7.2 6.2
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.éicoé&nol {(arachyl aloohe})(l2). The anclyses o ¢the non-

saimnifi&ble materisl suggests 'tb.;ev presence of lower cheain al-
cohols other than the Cpq sloohol isclated. The fetty seids
heve been subjeeted to fractionsl distillsation end the results.

»

yet incomple e, indiscate that shorter chain ecids 0f the sat-

g

urated series, probebly lauric &nd myristic, =re & lso present.
It iz not pos sidble to conclude from these experiments
whether the disintegration of the epidermsl cells represents

an sdditional source of wuxes, 4 glipght difference exists

o

2 e o

stween the charcater nof the woves of the bsss! and horn divi-
sions which might bte ascecunted fo

. =

tion of wax form=tlion iz 3I-

}
M
Lol
Jalo
i
a
i

wexes on the surfece of several skins has beer found to vary
in the same relation as-the surface cholesiercl, with vhich i¥
is associated. The wax coneentration of the bassl division
depends upon the sebageousy activiiy of the animsil,
The Tree Fatty Acids of the Skin

The ﬁigh freé fatity acid content of the lipids of the
human skin surfece has been rerorted by Xooymesn (11}, who at-
trivuted it %o the lipolytic setion of bacteria znd enzymes
end to atmospheric oxidation &% the skin surfzce, G?ne data
in Teble 1 show the progressive im rezge in free fatty scid
toward the:surface of the skin, In &n a‘ateznpt' to asscciste
the insreege in free goid with the congurrent degrease: in'phosﬂ
pﬁolipid, the free fatty aclds were lscleted, The enslyses

of the horn division were similsr to those of

P Ehom g e
L il W b [ A -

£u
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alechol=-acetone scluble fraction except thaet the free seids had
g slightly higher escetyl value. Ko conelusion could be

mede as to the origin of the scids, but that smme hydroxyla-
tion occurred cfter hydrolysis seemed evident. The free

P 1
T, S5
L RN

3
&
o)
1w
b
Join
o)
]
¢
i
w
!

2

-
-

a
£Y

ioh.
that of the combined acid of the acetone soludle fraction
end 34,8 for the phospholipid fatty acids. The mean mole~

culsr weight of 311 of the free faitty acids comperes with s

waxes snd it is posgsible thet these scids o

sion are it ermedictes of the was meltabolism

] o
(4]
a
v
e
v
H
[}
fu
A
i
o}

the sebeceous glands.
The Composite Todine and Asety]l VYalues

After sepsration of the insoluble waxes, ail the al-
eohol used for extraction vwas evaporsted and toe 1ipid taken
up in ethyl ether. The iodine numbers of these ether soluble

lipids were determined and they are recorded in Table 1, The

{5

ey mrvetn e AP 2he asawn o
CaE e wa wide wwa it

e

+
those ¢f the cor ium triglycerides which represent the repon-
derance of the caium lipids, The increase in icdine number

in the trensition end besel divisions reflects, ss does the
phosoholipid dlstribution, the state of ing reased activity ex~

isting eround the sebaceous glanis, The decrsased icdine
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number of the lipids of the horn division is the result of
oxidetion occourring during kerstinization.

The hydroxylstion of the fatiy acids of the various
givisions is presented. Since the faily acids of the corium

triglycerides sre not hydroxylated the acetyl value of the

—

1

-
AN

t
[+
U

8 o b

£
a

e m  Evoam e em  am wm
UT VW WS ava

[+

S

et

agcids of ithe corium 1ipids
lipid and eslecohol-acetone soluble fractions, There ig a de-
cided increase in the scetyl values of the transition =nd basal
division acids. The composite value varies with the sctivity
of the sebeceous glands and with the amount of sebum fommed.
However the scetyl vaiue of ithe wax Iree ether soluble lipids
is slsc 2 maxizum in the basal divisio Such hyérazvﬁatiea
is certeinly associated with the sebum formstion in yielding
the wexes which comprise this secretion. ‘he phospholipids
represent & definite skin entity whose evolution to the sur-
fage can be treced., A comparison of the values in Table 3
indicates that concurrent hyWd roxylation znd &n incressed sat-
uration occurs in the phospholipid fatty aclds during kera~-
tinigzation. It is impossible to meke such a8 comperison with
the lirids of other frections or from the composite values
regorded in Table 1 beczuse of the varied disdvribution and
solubility of the sebum waxes,

The Analysis of the Cojd Alcohol Inscluble Tivids

Tke melyses of the lipids precipitated in cold alco-

nol solution iz mresented in Table 2. The triglycerides of

evarsted in this meuner, have already been dls-

‘Jhe W s R
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cussed, The epidermsl lipids of this fraction consist of the
more soluble wexes, cholesterol esters, and small emounts of
pnospholipids and triglycerides, The waxy nature of the

fraoction from the hoarn division is pertioulsriy evident, “ne

alcohols of these waxes, Judging by the acetyl value of the

=4

8

128

non-saponifiable material, must be ﬁléﬁ Cyg alcohols, w
probably accounts for their feilure to precipitete with the
less soluble wex fraction already discussed, The chole ster-
ol of this frasction is 80 -~ 100 per cent esterirfied, The
fatty seids from the horn division present in this fraction

whe

]
]
4
«f

are similar %o those of the wax {raction while thos

The Anslysis of the aplcohol-Acetone Soluble Lipids

This fraction comprises the balasnce of the skin
lipids. In it are found the free fatty acids, the free chol-
esterpl, some cholesierol esters, an apbreciable perceniage
of ecetone soluble phosphorus containing lipids, and the al-
cchol soluble trigi.yzerides. An application of Channon's
procedure (7) for the isolation of phosphatidic acid salis
from three grams of this 1ipid resulted in the islation of
%3 mg. of lend phosphetide, indicating thet the aceione
soluble phospharus cznnot be due to the presence of chos phat-
idic mecid, From the hair end transition divisions, the
lipi@s of ¢his frection constitute the Yotal ether soludble

iipids of the division,

»
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Table 7.

Analyses of Alschol -~ joetone Soluble Frectioas

Eniderenl Besion

Division : Hai Hem Bassl Sransitise

Todine Humber £3.4 51.8 85.0 59.8
ASid Vaiue §6.5 TH.& 25.8 E8.7
Per gent Fatty scid 66.2 87.5 £5.6 8l.2
Mesn Falseniar Weight 871.5 2703 228 .8 202.0
igdine Number ﬁ.@‘ 498.5 85.1 &0.58
Saponification Rumber 218.1 218.8 23i3.5 186.0
Aoetyl Value 22.8 | 21.% 45.2 7.2
Pey gent Ungeponifisdle 38.1 3.7 £43.5 24.5
Jodine Numbex : 56,31 63.5 68.1 65.0
Seetyl Veliue 152.8 187.0 145.5 157.8
Per cent Cholesterol 44,0 48,8 79.1 47.8
Pgr gent Total Cholesterol 16.8 - 16.7 34.5 il.8
Per cent 1Lipid Thosphiorus ¢.08 0.30 0.82 0.77
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Table 7.

inalysss of Aleohol -~ Acetone Soluble Frmctions

Bpidexmsi Region _Corivm Region
Hailr Hormn basal Tranmition ggrg,ga garim

R o Dase

438.4 51.8 65.0 59.8 85.3 65.9

3 88.2 57.5 45.6 81.2 &1.5 78.5
21 ghi% 271.5  270.3 288.0 509.0 250.2 277.0
4.2 £8.5 £5.2 506 59.1 87.4

mber 215.1 218.8 213.8 185.8 207.4 | 207.5
22.8 231.5 IR 5.8 5.7 s.4

able 38.1 53.7 43.8 24.5 25.1 13.4
56.1 63.5 88.1 §5.0 73.8 80.1

159.5 167.0 145.5 157.8 156.9 145.1

ol 24.0 49.8 7.1 a7. 485.6 4i.4
esterol 16.8 16.7 4.5 ' 11.8 12.5 5.55
phorus 0.05 0.30 0.82 0.77 D.22 0.21
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The Analyses of the Transition Division ILivids
The trengition diviszion wes isoclsted $c insure a com-

LA T
vailvd

£

rlete seperstion of epidermal asnd ¢orium meterial. F
more, it was thought that this division, comprising 7 per cent
of the dry weight of the skin, might contein 2 sphingomyelin-
like lipid fraetion which has been isoleted from some skins
and which apgars to exist in this region, Its absence in

this skin, &n irreguwiarity which nhas beéen previdusgiy obser

7ed ¢!

bf’

with other skins, lesves this point undeitermined. The alyses

the 1ipid of this fragetion 1s interestin % indicates

)
=
("l’
o
4
0
I’-k

by its character & transition from sorium to epldermal 1ipid.
Particulerly significent is the increase in lipid phosphorus
end cholesterol ss lipid constituents and the higher icdine
number and scetyl value &s compered to the lipid of the cor-
ium meterial. %nether this is characteristic of this
region or the result of insufficlent sepsration of epldemmal
meterial is not clear,

The Anelysis of the Iipid of the Hair
The lipid meterial adhering to the hair is similar to

that of the ha'n division from which it is undoubtedly de-
rived, Such differences as do exis? between these two
aivisioﬁs conslist in the total disappearance of lipid phos-
Thorue end the continued ingcrease in the free fatty acids as
a constituent of the lipid of the hair, Ythe presence of
cholesterol suggesis its stebility as compared to the phos-
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tholipid molecule. The chole sterol ester content of the
heir wes not detefmined.
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the steer. The work hes been directed toward examining the
general nature snd distribution of the lipid constituents of
the skin. This hes been fecilitated by & mechsnical separa-
tion of six approximate horizontal layers of the skin. The

g
er
a
fo
bt
:
L

rollowing eonciusica

as me
The lipids of the corium may be slessified into two

. W .—.-

groups, one composed of the complex lipids and sterols, the

other comprising the $rigiycerides, The former &re assc-
cleted in the skin as sctive constituents of the protoplasm
and they ars indimately involved in the physicleglic setivity
of the tissue, The uniform distribution of tk= phospho-
lipids end cholesterol in the corium region, in spite of lerge
variations in the triglyceride distribution, is in sccord
with such an interpretation. The triglycerides of the cor-

(o Do)
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WO AR Wiidsw it W
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de o~ P e
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o

ium aT ed in
in the region near the subcubtaneous tissues, Their quantity
varies considerably with the individual skin and is evidently
influenced by the diet of the animel.

Theress the triglyceride content of the corium is

charscteris tio of thet region, the wax deposition is equally
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characteristis of the epidermal region. In addition, the
complex phospholipids and chclesterol constitute a high pe -~
centage of the lipids of this region. The sebacecus glands
and the nueclested epidermal ecells represgent the two majer
scurces of lipid in this region, The lipids from these two
sources collect upon the epidermel surface ghere they serve as

a protective agency for the skin,

The thesalt epidermal divisio

ssbum resulis from e dsgemeration of the nucleated sells
which line the sebaceous glands snd the phosphelipids and

cnoolesterol of these cellis are transformed into the waxes and
cholesterol esters of the sebunm. The sebum is exuded upon
the skin surface. During keratinization of the epidemal
cells the lipid s of these cells undergo & concurrent degenera-
tion, the suggestied nature of which eppesrs similer %o thet
occurring in the sebaceocus glands (20). A differentiation
between two such processes involving degeneration of epider-
mal cells is not possible from this experiment but the remlts
do indicate the 1ipid degeneration in ithe norn division. Thus
we heve shown the destruction of the phespholipids, the accum~
ulation and gradual oxidation of cholesterol, and a slight
change in the chersgter of the waxes of this *thorn® division.
Increased saturation, hydroxy-acid formmetion, and the.libﬁraw
tion of Tree fatty ecid &% the skin surface have been demon-

svrated. Cxy-cholestersl is present in the epidemmesl horn
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division but not in the underlying basal division,
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