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Several previous studies have established 
that human skin is active in synthesizing 
lipids (1-4). I n  a recent study from our 
laboratory (4), the lipids synthesized from 
acetate-1J4C by human skin in vitro were 
examined by chromatographic separation into 
various classes, and 14C was found incorpo- 
rated into all lipid classes examined, i.e., hy- 
drocarbons, sterol esters and waxes, trigly- 
cerides, sterols, diglycerides, monoglycerides, 
free fatty acids, and polar lipids. Thus from 
both quantitative and qualitative consider- 
ations, the lipids synthesized in human skin 
appear to merit further investigation. The 
present study is an extension of our previous 
observations, in an attempt to assess the rela- 
tive contributions to lipid synthesis from the 
components of skin. We have taken advan- 
tage of the fact that the epidermis excised 
from the top of suction blisters (5 ,  6) is free 
of epidermal appendages while the epidermis 
separated after soaking skin in salt solutions 
contains attaching pilosebaceous apparatus 
(7,  8). Synthetic activities of the different 
tissue preparations were compared, and our 
results demonstrated that the epidermis is a 
particularly active site of lipid synthesis. In  
further experiments, an increase in the syn- 
thetic activity was observed in the blister 
epidermis obtained after the donor ingested 
100 g of glucose. The results suggest that 
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lipid synthesis in the epidermis is under met- 
abolic regulation. 

Materials and Methods. Sodium acetate- 
l-14C (sp act 40 mCi/mmole) was pur- 
chased from Nuclear Chicago. Sephadex (G- 
2 5 coarse) was purchased from Pharmacia 
Fine Chemicals ; Unisil, from Clarkson 
Chemical Co.; Florisil, from Floridin Co. Re- 
agents were of analytical grade and solvents 
were redistilled before use. Reference lipids 
were products of Pierce Biochemicals, and 
reference 14C-labeled lipids were purchased 
from New England Nuclear. 

Tissue specimens. Five male volunteers, 
ages 23 to 28, participated in the initial ex- 
periments. Skin specimens were taken by two 
methods after an overnight fast: 

Whole skin. Specimens were obtained from 
the lower abdomen under local anesthesia 
(Xylocaine) with an 8-mm punch. They were 
immediately blotted free of blood and 
trimmed of subcutaneous fat, weighed, and 
incubated with acetate-1-l4C as described un- 
der incubation. 

Suction blister epidermis and dermis. 
A suction device for the production of blisters 
was fashioned after Kiistala and Mustakallio 
( 5 )  with a suction cup of 15 mm in diame- 
ter, and was applied to the lower abdomen of 
the volunteers. Blisters were produced be- 
tween 1 and 1.5 hr under suction (pressure, 
250-300 mm Hg).  The tops of the blisters 
were carefully excised, blotted gently be- 
tween filter papers, weighed and immediately 
incubated as described under incubation. 
The denuded dermis was biopsied with an 
8-mm punch and incubated in the same man- 
ner. 

In  experiments for the study of the effect 
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of glucose loading, specimens of blister epi- 
dermis were obtained from male volunteers 
after an overnight fast. Each volunteer was 
then given 100 g of glucose orally, and 1 hr 
later the blistering device was again applied 
to an area 2-10 cm from the first blister, and 
the epidermis was removed for incubation. 

Incubation. Each specimen of whole skin, 
epidermis, or dermis was incubated in 2 ml of 
Krebs-Ringer phosphate buffer (pH 7.4) 
containing 2 pCi of sodium acetate-l-I*C, 200 
pg of streptomycin, 200 units of penicillin, 
and 200 pg of gentamicin sulfate, for 6 hr at  
37' in a shaking incubator. Details of this 
procedure were described previously ( 3 , 4 ) .  

Separation of epidermis from dermis after 
soaking in 2 M NaI. In  experiments with 
whole skin, the specimen was picked out from 
the incubation medium at the end of the 
incubation, and rinsed with distilled water. I t  
was then soaked in 2 M NaI  solution at 37" 
for 30 min following the method of Ham- 
brick and Blank (7) .  The epidermal layer, 
with sebaceous glands attached (7,  8)  was 
then readily peeled off under a dissecting 
microscope. 

Extraction and chromatography of lipids. 
The dermal and epidermal layers, after sepa- 
ration with NaI. were blotted gently between 
filter papers and weighed. Each was homog- 
genized in 50 ml of chlloroform-methanol 
[2:1] with a Virtis 45 homogenizer. The tis- 
sue debris was removed by filtration on a 
sintered glass funnel and the residue was 
washed 3 times with 10 ml of chloroform- 
methanol 12 : 11. After the incubation of dermis 
or epidermis obtained from suction blisters, 
the tissue was picked out from the incubation 
medium, washed, homogenized, and extract- 
ed in the same manner. The filtrate and 
washings were combined and evaporated to 
dryness in a rotary evaporator under vac- 
uum. 

The methods for separation of lipids were 
described previously (4). In  brief, the res- 
idue obtained after evaporation of chloroform 
and methanol was dissolved in chloro- 
form-methanol-water 19: 1 :0.1, and passed 
through a Sephadex (G-25 coarse) column as 
described by Siakotos and Rouser (9) ,  to 

remove unincorporated acetate-l-14C. After 
evaporation of the solvents, the recovered lip- 
id mixture was dissolved in chloroform and 
percolated onto a column containing 5 g of 
Unisil ( 100-200 mesh) suspended in chloro- 
form. Neutral lipids were eluted with 100 ml 
of chloroform and polar lipids with 100 ml of 
methyl alcohol. 

The neutral lipids were further chromato- 
graphed on 5 g of Florisil hydrated with 7% 
water according to the procedure described 
by Carroll ( 10). Lipids were successively 
eluted from the column by the following 
solvents: (A) 15 ml of hexane; (B)  20 ml of 
5% ether in hexane; (C) 30 ml of 15% 
ether in hexane; (D) 30 ml of 25% ether in 
hexane; (E) 20 ml of SOY, ether in hexane; 
(F) 20 ml of 270 methanol in ether; and 
( G )  2 5  ml of 4 y  acetic acid in ether. 
Reference compounds, unlabeled and 14C- 
labeled, were chromatographed in the same 
system, and showed effective separation. 
Squalene was eluted by (L4), sterol esters 
and waxes by (B) ,  tripalmitin by (C),  
cholesterol by (D)  , dipalmitin and didein by 
( E ) ,  monopalmitin and monolein by (F),  
and palmitic acid and stearic acid by ( G ) .  
The effectiveness of separation of lipids was 
cross-examined by thin-layer chromatography 
in several solvent systems. Details of the 
standardization of the chromatographic meth- 
ods and their effectiveness have been report- 
ed previously (4) .  

Aliquots from the lipid fractions were as- 
sayed for radioactivity in a Packard Tri-Carb 
liquid scintillation spectrometer Model 2002, 
with 85% efficiency. 

Results. Previous studies by Hambrick and 
Blank ( 7 )  and by Kellum (8) have shown 
the attachment of pilosebaceous structures to 
the epidermis after epidermal-dermal sepa- 
ration affected by soaking skin in salt solu- 
tions. After some practice in our experiments 
with NaI solution, we were able to obtain 
epidermis specimens with most of the se- 
baceous glands attached. This was verified by 
observations with a dissecting microscope 
and histologic examinations. Similar examina- 
tions of the epidermis and dermis of suction 
blisters revealed that the sebaceous glands 
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TABLE 1. Weights of Epidermis" and Dermis in Specimens of Abdominal Skin Separated 
After Soaking in 2 N NaI. 

Skin specimen Dermis Epidermis W t  ratio 
Subject ( n x >  (mi%> (1% ) (dermis /epidermis) 

1 98.9 91.6 8.0 11.5 
2 69.7 59.4 7.7 7.7 
3 75.2 70.0 6.4 10.9 
4 104.7 91.7 8.5 10.8 
5 100.3 88.0 8.6 10.2 

Mean c SEM 10.2 0.5 

a With attached sebaceous glands. 

were retained in the dermis. 
The data in Table I show that in skin of 

the lower abdomen, the radio sf the weights 
of dermis to epidermis was approximately 
1 O : l .  This ratio varied within a narrow range 
in the specimens from the 5 volunteers 
studied. The relative amounts of 14C incorpo- 
rated into lipids in these two compartments 
were compared (dpm of 14C incorporated/mg 
of tissue) (Table 11). The difference in the 
synthetic activity on the basis of tissue 
weight was striking, i.e., from 3 up to 11 (av 
5.7) times as much was incorporated 
into lipids per milligram of epidermis as per 
milligram of dermis. 

The lipids were further separated by chro- 
matography on Unisil into neutral and polar 
lipid fractions. The amounts of 14C in these 
fractions in dermis and epidermis separated 
by the two methods are cornpared in TabIe 
111. More I4C was found in neutral lipids 
than in polar lipids of all specimens, and the 
relative amounts of 14C in polar lipids were 
higher in the epidermis than in dermis. There 

TABLE 11. l'C-Incorporated into Lipids in Der- 
mis and Epidermis Separated After Soaking in 

2 M NaI. 

(dpm/mg of tissue) 

Subject Dermis Epidermis" 

1 90 558 
2 137 1175 
3 172 526 

5 395 1760 
4 83 935 

With attached sebaceous glands. 

is in general, good agreement in the data 
from specimens of each individual, but the 
values were higher in experiments with the 
separated components of suction blisters, par- 
ticularly in the neutral lipid fraction. 

The neutral lipids were further separated 
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FIG. 1. Distribution of ''C in neutral lipids of the 
dermis and epidermis separated after soaking in NaI. 
Specimens of human skin from the lower ab- 
domen were incubated with acetate-1-14C, and then 
soaked in 2 M NaI. The epidermis with attached 
sebaceous glands was peeled off from the dermis. 
The lipids in the two separated skin oomponents 
were extracted and fractionated. The neutral lipids 
were separated by chromatography on Florisil. The 
heights of bars represent the amounts of I4C incorpo- 
rated into lipid fractions per milligram of dermis or 
epidermis. The sebaceous glands were attached t o  the 
epidermis. The results were from skin specimens 
of five male volunteers (ages 23-28). The abbrevia- 
tions are: HC, hydrocavbons; STEST, slterol esters 
and waxes; TG, triglycerides; ST, sterols; DG, di- 
glycerides; MG, monoglycerides; and FA, fatty ac- 
ids. 
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into 7 lipid classes on Florisil columns. Fig- 
ure 1 shows the results obtained from experi- 
ments in which the epidermis and dermis 
were separated after soaking in NaI, and Fig. 
2 shows the results from suction blisters. I t  
can be seen that 14C was incorporated into 
all the lipid classes. A distinct difference in 
the distribution of the in these lipid classes 
is found in the hydrocarbon and trigly- 
ceride fractions. More 14C is found in these 
two fractions in the dermis than the epider- 
mis as shown in Fig. 2, while the reverse is 
true in Fig. 1. In  Figs. 1 and 2, the sterol 
fraction of the epidermis contains the largest 
amount of I4C. 

Since the above experiments indicated that 
the epidermis is an active site of lipid syn- 
thesis, and specimens of blister epidermis 
can be obtained with relative ease, we tested 
in further experiments the response of lipid 
synthesis in this tissue to glucose loading, 
Eight male volunteers (age 2 5-49) partici- 
pated in this study and fasted overnight. Spec- 
imens of blister epidermis 

3m[u DERMIS 

EPIDERMIS 

S. E.M. 

were obtained 

.I. 

HC STEST TG ST DG t& FA 

FIG. 2 .  Distribution of ’‘C in neutral lipids from 
dermis and epidermis of suction blisters. Suction 
blister epidermis and the underlying dermis were 
separately incubated with acetate-1-l“. The neutral 
lipids were separated by Florisil column chromato- 
graphy. The heights of bars represent the amounts 
of 14C incorporated into lipid fractions per milligram 
of dermis or epidermis. The sebaceous glands re- 
mained in  the dermis. The blisters were obtained 
from the same five volunteers who participated in 
the study shown in Fig. 1. The abbreviations are the 
same as jn Fig. 1. 
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FIG. 3 .  The effect of glucose loading on the incor- 
poration of '*C from acetate-1-92 intlo various lipid 
classes by blister epidermis. Specimens of blister 
apidermis were obtained from eight male volunlteers 
(ages 25-49), before and after the ingestion of 100 g 
of glucose. After the incubation with acetate- 
l-"C, the lipids recovered from the specimens were 
separated by UnisiI in,to neutral lipids and polar 
lipids. The former were further separated into seven 
classes by Florisil column chromatography. PL de- 
notes polar lipids. Other abbreviations are the same as 
in Fig. 1. 

from the lower abdomen before and after the 
ingestion of 100 g of glucose. After these 
specimens were incubated with acetate-l-14C, 
the amounts of 14C incorporated into the lipid 
fractions were determined (Fig. 3 ) .  The re- 
sults indicated increases in the 14C incorpo- 
rated into lipids after the ingestion of glu- 
cose. 

The effect of glucose loading was further 
observed in another 11 male volunteers (age 
17-77). The amounts of 14C incorporated in- 
to total lipids by blister epidermis before and 
after the ingestion of 100 g glucose are com- 
pared in Fig. 4. An increase in 14C incorpora- 
tion was observable after glucose ingestion in 

each case. Although there seems to be a 
tendency of increasing I4C incorporation with 
age, the limited number of observations did 
not allow statistical evaluation. 

To further investigate the effect of glucose 
loading, three volunteers donated blister epi- 
dermis on two occasions separated by a 
2-week period. It was found that the amounts 
of 14C incorporated into total lipids by blis- 
ter epidermis from the same individual varied 
within a reasonable range in the 2-week 
period, and the rise in I4C incorporation into 
lipids after glucose loading was apparent on 
both occasions. The results are shown in Ta- 
ble IV. 

Discussion. This study has examined lipid 
synthesis in human epidermis, dermis, and 
sebaceous glands and revealed certain differ- 
ences. The data in Table I1 show that on the 
average, greater amounts of 14C were incorpo- 
rated into lipids from acetate-lJ4C by the 
epidermis than dermis of a given skin speci- 
men and Tables I1 and I11 sh-ow that on per 
milligram basis, the epidermis was several 
times more active than dermis. 

The activities of the sebaceous glands be- 
come apparent when the results in the dermis 
compartment obtained by the two methods 
of preparation were compared. Greater 
amounts of 14C were found in the neutral 
lipids of blister dermis which retained the 
sebaceous glands, than in that from NaI 
preparations (Table 111). This difference 

TARLE IV. The Effect of Glucose Loading on 
Tipid Syri thesis by Blister Epidermis, and Varia- 

tion i n  a 2-Week Period." 

14C incorporated into total lipids 
(dpm/mg of epidermis) 

- 

After  ingestion of 
Fasting 100, g of glucose 

Volunteer Nov. 21 Dee. 5 Nov. 21 Dee. 5 

JEF 1622 1193 2461 2890 
SLH 2057 2025 2267 2985 
D I.?' 1315 1013 2230 1405 

a Specimens of blister epidermis were obtained 
on two occasioiis separated by a, 2-week period. The 
conditions f o r  the experiment are explained in the  
text. 
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FIG. 4. The effect of glucose loading on I4C incorporation from acetate-1-"C into total lipids by 

blister epidermis. Male volunteers of various ages donated the specimens of blister epidermis before 
and after each volunteer ingested 100 g of glucose. Two of the volunteers (indicated by *>, were 
on a low lcarbohydrate diet, Each value is the average of two incubations. 

varied from specimen to specimen, possibly amounts of 14C recovered in the hydrocarbon 
reflecting the uneven distribution and varia- and triglyceride fractions of the epidermis 
tions in size of the sebaceous glands in the from NaI preparations were too low to ac- 
abdominal skin. Further evidence of se- count for the activity of the attached se- 
baceous activity was found by comparing baceous glands. 
Figs. 1 and 2. In  Fig. 1 ,  higher amounts of A noticeable feature of epidermal activity 
14C were found incorporated into all lipid as indicated by Figs. 1 and 2 is the large 
fractions of epidermis than in the correspond- amount of I4C incorporated into sterols by 
ing fractions of dermis, but in Fig. 2, higher epidermis. Another point of interest is found 
amounts of 14C were found in the hydrocar- in Table 111. The amount of 14C in the polar 
bon and triglyceride fractions of the dermis. lipid fraction of the epidermis was in consid- 
These differences could be attributed to the erably greater proportion than in dermis. 
synthesis of squalene and triglycerides by Since epidermis is the site of cell prolifer- 
sebaceous glands which were attached to the ation, it is reasonable to expect that the 
epidermis of NaI  preparations (Fig, l ) ,  but formation of new cellular membranes needs 
retained in the dermis of blisters (Fig. 2 ) .  active synthesis of sterols and phospholipids. 
This interpretation is in accord with previous These studies indicated that epidermis is 
findings by Nicolaides and Wells (1) , that particularly active in lipid synthesis and that 
sebaceous glands produce as major corn- blister epidermis can be used as an experi- 
ponents squalene, wax esters, and trigly- 
cerides. A study by Nicolaides and Rothman 
( 1  1 )  has given evidence for the synthesis of 
squalene by sebaceous glands and of sterols 
by epidermis. 

From the data in Table 111, it can be 
calculated that the total amounts of 14C in 
neutral plus polar lipids recovered from NaI 
preparations were less than those from blister 
components. This may indicate a leakage of 
14C-labeled lipids from the tissue, particular- 
ly from sebaceous glands, during soaking in 
the NaI solution or during the separation of 
the epidermis from the dermis. This leakage 
is reflected by data in Fig. 1, where the 

mentaI tissue. The results from experiments 
with blister epidermis presented in Figs. 3 
and 4 and in Table I V  are interesting as they 
indicated increases of lipid synthesis after 
the ingestion of glucose. Although these ex- 
periments are exploratory and the results pre- 
liminary, they are noteworthy and suggest 
that more elaborate experiments attempting 
to elucidate the regulatory mechanisms of 
lipid synthesis in the skin, and to evaluate 
the effects of age, diet and other factors, 
would be worthwhile. 

Because tracer amounts of acetate-1 -14C 
were used in these experiments, these data do 
not allow the calculation of the actual rate 
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of lipid synthesis in terms of moles of acetate 
utilized. In  a separate communication ( 1 2 )  
we have evaluated the rate of lipid synthesis 
in rat skin, and found that the in vitro rate 
of lipid synthesis from glucose in a medium 
containing 5 mM glucose, was 624 mp atoms 
of glucose carbon/hr/g of skin (equiv to 3 12 
m.~~rnoles of acetate incorporated into lipids/ 
hr/g of tissue). Under similar condi- 
tions, rat epididymal fat pad is about 30 
times more active (13). The rate of lipid 
synthesis in human skin is currently under 
investigation in our Iaboratory. 

I n  a previous study, we observed an im- 
pairment of lipid synthesis in skin of patients 
in diabetic acidosis and of fasting individu- 
als, and a return towards normal after insulin 
therapy and refeeding, respectively ( 14). 
Thus our present findings corroborate previ- 
ous observations in supporting the concept 
that lipid synthesis in the skin, and in the 
epidermis in particular, as the present study 
shows, is influenced by systemic metabolism. 
The biochemical basis for the regulatory 
mechanisms of lipid synthesis has been the 
subject of many studies. We have recently 
presented evidence that the level of ~ - g l y -  
cerol 3-phjosphate may play a regulatory role 
in lipogenesis in rat skin (15).  Whether or 
not the ingestion of glucose caused changes in 
the level of L-glycerol 3-phosphate or affected 
other mediators in human epidermis. e.g., 
the level of insulin, remains to be studied. 

Summary. Lipids synthesized fpom acetate- 
l-14C in zlitro in human dermis, epidermis, 
and sebaceous glands were examined. On the 
average, epidermis incorporates more 14C in to 
lipids than dermis does in a given specimen. 
On per milligram basis, epidermis is several 
times more active than dermis. 

The lipids were separated into eight classes 
by chromatography on Unisil and Flor id  

\ 

columns. 14C was found in all lipid classes. 
The major amounts of 14C were found in the 
sterols, glycerides, and polar lipids of both 
dermis and epidermis, but greater proportions 
of were found in the sterol and polar 
lipid fractions of epidermis than in corre- 
sponding fractions of dermis. Synthesis of 
squalene and triglycerides appeared to char- 
acterize the activity of the sebaceous glands. 

The epidermis excised from suction blisters 
was found active in synthesizing lipids from 
acetate-l-14C, and the activity appeared to 
increase after the ingestion of I00 g of glu- 
cose, indicating metabolic regulation of lipid 
synthesis in the epidermis. 

1. Nicolaides, N., and Wells, G. C., J. Invest. 

2. Griessemeir, R. D., and Thomas, R. W., J. 

3. Hsia, S. L., Sofer, G., and Lane, B., J.  Invest. 

4. Vroman, H. E., Nemecek, R. A., and Hsia, S. 

5 .  Kiistala, V., and Mustakallio, K. K., Lancet 1, 

6. Lowe, L. B.? Jr., and Van Der Leun, J. C., J. 

’1. Hambrick, G.  W., and Blank, H., J. Invest. 

8. Kellum, R. E., Arch. Dermatol. 93,612 (1966). 
9. Siakotos, A. N., and Rouser, G., J. Amer. Oil 

10. Carroll, K. K., J. Lipid Res. 2, 135 (1961). 
11. Nicolaides, N., and Rlothman, S., J. Invest. 

12. Ziboh, V. A., Dreize, M. A,, and Hsia, S. L., 

13. Flatt, J. P., and Ball, E. G., J. Biol. Chem. 

14. Hsia, S. L., Dreize, M. A,, and Marquex, M.  

1s. Ziboh, V. A., and Hsia, S. L., Arch. Biochem. 

Dermatol. 29, 423 (195’1). 

Invest. Dermatol. 41, 95 (1963), 

Dermatol. 47,437 (1966). 

L., J. Lipid Res. 10, 507 (1969). 

1444 (1964). 

Invest. Dermatol. 50, 308 (1968). 

Dermatol. 23,437 (1954). 

Chem. Soc. 42, 913 (1965). 

Dermatol. 24, 125 (1955). 

J. Lipid Res. 11, 346 (1970). 

239, 675 (1 964). 

C., J .  Invest. Dermatol. 47, 443 (1966). 

Biophys. 131, 153 (1969). 

Received May 22 ,  1970. P.S.E.B.M., 1970, Vol. 135. 


