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LIPOLYSIS BY HUlVIAN SKIN SURFACE DEBRI IN ORGANIC 
SOLVENTS* 

DONALD T. DOWNING, PH.D. 

ABSTRACT 

Human skin surface debri collected from ether extracts of the calp catal) ed the 
hydrolysis of triolein, tristearin and methyl stearate, but not cholesteryl stearate or cetyl 
palmitate, when su pended in ether or hexane solutions of these lipids. The activity was 
slowly destroyed by heating at 120° C, but was not inhibited by addition of tet racycline. 

Human skin surface lipids contain free fatty 
acids, apparently liberated from esters by 
lipa es present either in the follicular epithe­
lium, the micro-flora, or in the epidermis. There 
has been much interest in the origin of the 
free acids, since the production of free fatty 
acids in the follicular canal has been postulated 
as an important factor in the pathogenesis of 
acne vulgaris (1, 2). In this connection, it 
has been shown that freshly-synthesized human 
sebum does not contain free acids ( 4), and 
Reisner et al found that the constituent tri­
glycerides can be hydrolyzed by pure cultures 
of Corynebacterium acnes (5), the principle 
organism present in the follicle. 

Human skin surface lipids collected by ex­
traction with ether normally contain 20-50% 
of triglycerides. We have observed that such 
e:;;:tracts, containing epidermal debris, may be­
come devoid of triglycerides when stored for 
long periods, even at -20° C. We now report 
that the sediment recovered from scalp ex­
tracts contains a lipase which is specific for 
triglycerides, is not readily denatured by heat, 
and i not inhibited by tetracycline. 

MATERIALS AND METHODS 

Collection of the surface debris. Extracts were 
obtained from adult males by immersion of the 
·calp in a basin of ether. Prior to the initial exlrac­
tion, the subj ects had shampooed and rinsed 
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thoroughly, and were prohibited from using hair 
dressings during the period of the collection. 

The sediment was collected on a sintered gla s 
filter, washed several times with ether, and allowed 
to dry on the filter before being collected and 
stored at -20° C. 

As essment of lipolytic activity. Since it ap­
peared that the hydrolysis of esters was occurring 
in ether suspension, this unusual medium was in­
vestigated further. The substrates included pure 
samples of triolein, tristearin, cholesterol oleate 
(from Applied Science Laboratories), and cetyl 
palmitate, chosen to represent the triglycerides, 
cholesterol esters, and wax esters which occur in 
human skin surface lipid. Substrates (5 to 10 mg) 
in 5 ml of ether were added to weighed amounts of 
skin surface debris (25 or 50 mg), and shaken at 
room temperature in test tubes with Teflon-lined 
screw-caps. The time course of the 1·eactions was 
studied by withdrawing 0.1 ml aliquots of super­
natant solution at intervals. The aliquots were 
evaporated to dryne s and the lipid residues stored 
at -20° C until analyzed. 

For analysis, the lipid samples were di solved in 
0.2 ml of hexane and 3 .u1 of the solution was 
spotted on 6 mm lanes ruled in standard 20 X 20 
em thin-layer plates coated with a 250 .u-thick layer 
of silica gel G which had been developed in ether 
to remove lipid contamination and then activated 
by heating at 120° C for 30 minutes. The plates 
were developed in three successive solvent systems 
(hexane; benzene; hexane:ether:acetic acid, 70: 
30: 1). as described previously ( G, 7). The re­
soh· 'd lipids were then charred by spraying with 
50% sulfuric acid and heating to 220° C. The 
chromatograms were quantitated by scanning with 
a pholoden. iLometer (Photovolt Corp, model 530) 
attached to a stripchart recorder (Varicord model 
42-B) . Degree of lipolysis was assessed from the 
r lative areas of the peaks of the hydrolysis prod­
ucts and starting material (5). 

To support the a sumption that tl1e reaction i 
cnz)·mic, incubation of trial in \vere performed 
without addition of surface debris, as well as after 
addition of the powder and immediate removal by 
centrifugation. Triolein, with and without d bri , 
was also incubated after flushing the tub s with 
nit rogen, aturation of the eth r with wat r, or 
heating the active powder at 100 or 120° C for 

395 



396 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 

CHOLESTEROL 

OLEATE 

TRIOLEIN "TRIOLEIN, 
HEATED 
DEBRIS 

CETYL METHYL 

PALMITATE STEARATE 

8 I I I B 
2 3 4 

:-1,3-DO 
,-J,2-DO 

F1 .. 1. App arance of charred thin-layer chromatograms of lipids ubjected to th lipo­lytic a tion of kin surface debris in ether. Across: A, cholesterol oleate; B, triolein, C trio! in with debri heated at 120° C; D, cetyl palmitate; E, methyl stereate. Numbers r fer today ofincubation.Down: FFA: free fatty acids; 1,3-DO: 1,3-diolein; 1,2-DO: 1,2-dio-1 in. 

Yaryiup; 1 np;th of Lim . The ffect of t trucycline 
ba c wn a sed in incubation in which the eth r 
m clium contain d 1 mg/ ml of th antibiotic. 

v ral in ubntion of trial in were p rform d in 
\Yhich th r wa ~ rt'pl:w d by hexane a th medium. 

RE LT 

Fi 11ur 1 how the uppearanc of a typical 
ri of chromatogram . From this i i ap­
arcnt that the lipolytic activity wa hmited to 

tri 111 ·c rid and meth~ 1 e ter . Quantita ion of 
the hromn to11ram allowed t he rat of reac-

tion to be followed. Typical rate curve for 
the hydrolysis of t riolein in ether are shown in 
Fi11ur 2a. Rather more diglyceride "as pro­
duced than free fatty acid. Figure 2b how the 
rate curve for hydroly is of triolein in hexane, 
where the concentration of diglyceride pro­
duced alway remained at a low level. In both 
of the e case , 50 mg of the epidermal debris 
wa u ed. ·when a hi11h concentration of tetra­
cycline wa included in an incubation in ether, 
the rate of hYdroly i wa'! imilar in incuba-
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tions, both with and without antibiotic, con­
taining 25 mg of epidermal debri (Fig. 3). 

The ob ervation which have been made 
re()'arding the enzymic activity under the con­
dition studied rna be summarized a fol­
low : 

i) The enzyme wa acti e when uspended 
in ether, and to a le ser extent when di -
perNed in hexane. 

ii) The activity was only ~Jowly de troyed 
when the air-dried powder was heated at 100° 
C in a sealed tube and most of the activity 
wa retained after three hours. Heating for two 
hour at 120° C completely eliminated activ­
ity. 

iii) In ether, triolein and tristearin were 
converted principally to free fatty acid and 
1 2-diglyceride , with only traces of 1 , 3 di­
O']yceride and monoglyceride. l\1ethyl tearate 
''"a slowly attacked. hol t rol stearate and 
cetyl palmitate werr unchanged. In hexane, 
the triglyceride were converted principally to 
fr e fatty acid , with only a mall proportion of 
diglycerides and trace of monoO'lycerides ac­
cumulatincr. 

FIG. 2. Rate curves for conversion of 5 mg of 
triolein to oleic acid and diolein by 50 mg of 
epidermal debris: (a), in 5 ml of ether, and (b), 
in 5 ml of hexane. 

iv) Apparently water present in the air­
dried kin surface debris or the 11anhydrous" 
ether allowed the hydrolysis to proceed. 
Under the conditions used, sufficient water for 
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Fw . 3. Rate curves for conversion of 5 mg of triolein to oleic acid and diolein by 25 mg 
of epidermal debris in 5 ml of ether, with and without addition of 5 mg of tetracycline base . 
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compl te conversion of triglycerides to free 
fatty acids and glycerol would have been pro­
vided by 3 o of water by weight in the active 
powd r or 0.03% water in the olvent. Addi­
tion of water as a saturated solution in the 
ether did not enhance the rate of reaction. 
Wat r did not appear to be the limitina- factor 
in ermination of the reaction in diglycerides, 
since in h xane, which would contain le 
water than ether, th diglycerides, which are 
partial hydroly is product , were alway much 
lower than in ether. 

v) Th reaction was not affected by addition 
of 1 mo- of tetracycline per ml of ~olvent, more 
than nou h to produce a aturated olu ion. 

vi) The reaction cataly ed by epidermal 
debri proceeded similarly under nitrogen a in 
a1r. 

vii) Fre ·hly-coll cted kin ur£ace debri be­
haved ·imilarly in all respects to that which 
had been . tared for long periods. 

viii) :\o hyclroly i · occurr d when incubations 
were carri d out in the ab. ence of epidermal 
debri . 

DISC . IOX 

The onclu ~ion that the hydroly i·· r en­
zymJ rather than merely chemical i ba cd 
on the ob rvn tion that the pre ence of the 
pid rmal debris i e ·. ntial, that its acti' ity 

can be d t royed by heatino-, and that the 
hydrol~·si~ oc ur only with . pecific e ter . 

Althourrh it may appear to be unwi e to 
draw con lu ion from ob ervations made in 
uch appar ntly unphy iological media a ether 

nnd hexane, i i cone ivabl that the hydroly-
i of triglyceride which occur ~ in the human 

pilo ebaceou follicle mny aLo be proce ding in 
a larg ly non-aqu ou environemnt. ebum ar­
rivina- at th skin surface is a clear oil rather 
than an emulsion, ven when forcibly expreN cd 
( ) , and it polarity more clo ely re~embJe~ 
h xan than ther. It may be ·: rrnifir:lllt that 
th r lntive proportion. of free fatty acid , di­
rl~ · cerides and trirrh·ceride pre ent in "ebum 
mor clo. el~· re::;cmble tho produced in hexane 
than in th th r m dium. 

It h~~~ b en pr po d that the value of tetra­
~- liu in th mann. .rr m nt of acn nllo-ari i 

du to th rrduction of fre fatty acid produc-

tion in the follicle (2), either by reduction 
of follicular microorganisms or by direct inhi­
bition of bacterial lipases. In studying thes 
po sibilitie. Shalita and Wheatley have estab­
li hed t hat high concentrations of tetracycline 
inhibit hydroly is of triglyceride by hog pan­
creatic lipa ·e (9). 

The enzymic reaction studied in the present 
investigation differ from pancreatic lipa e in 
being re i tant to tetracycline, and also in being 
unable to cataly e the hydrolysis of wax e ter~ , 
which are split by the pancreatic enzyme 
(10). It i , therefore, undenirable to use pan­
creatic lipa e as a model for investigation of 
cutaneou~ y terns. The pre ent tudy indicates 
a means of obtaining a lipa e from the skin 
urface which may be u~ed for further investi­

rration . However, there is a yet no indica­
tion whether thi enzyme i ~ of epidermal or 
bacterial origin, and it would be unwise to con­
clude that it i the onl~· lipase present in the 
kin. 
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