
AUGUST, 1965 N I C O L A I D E S  AND ~3~ELLUI~: S K I N  L I P I D S ,  I 685 

16. Coppel, H.  C., J .  ]~. Oasida and  W. C. Dau te rman ,  Ann.  Entomol,  
Soc. Am. 53, 510 (1960) .  

17. Gary,  N. E., Science 135, 773 (1962) .  
18. n a n e r ,  H.  L., i% Acree, Jr . ,  and  S. F. Potts,  J .  Am. Ohem. Soc. 

66, 1659 (1944) .  
19. Hecker,  E., Verhandl .  X I  In tern .  Kongr .  Entomol. Vienna 3, 69 

(1960)  (Pub.  1961) .  
20. Jacobsen,  1~I., J .  Org. Chem. 25, 2074 (1960) .  
21. Jacobsen,  ~¢I., Ibid. ~7, 2670 (1962) .  
22. Jacobsen,  M., U.S. Pa ten ts  3,018,219 ( Jan .  23, 1962 ) ;  3,050,551 

(Aug. 21, 1962) .  
23. Jacobsen,  1~I, a n d  M. Beroza, Science 142, 1258 (1963) .  
24. Jacobsen, ]}¢L, :NL Beroza and  W. A. Jones, Science 132, 1011 

(1960) .  
25. Jacobsen,  1~., M. Beroza and  W. A. Jones,  g. Am. Chem. Soc. 

88, 4819 (1961) .  
26. Jacobsen,  1~I., M. Beroza and  R. T. Yamamoto, Science 189, 48 

(1963) .  
27. Jacobsen,  M., a n d  W. A. Jones,  J .  Org. Chem. 27, 2523 (1962) .  
28. Jones. W. A., and  lV£. Jacobsen,  J .  Chrematog.  14, 22 (1964) .  
29. Karlson,  P ,  Ergebnisse BioI. 22, 212 (1960) .  
30. MakinG, K., K. Saton and  K. Inagami ,  Biochem. Biophys. Aeta  

19, 394 (1956) .  

31. Morris,  L, J., R.  T, Ho lman  and  K. Fontell, J .  Lipid Res. 1, 412 
(1960) ,  

32. Pa in ,  J., ~¢[. Barbier ,  D. Bogdanovsky  and  E. Lederer,  Comp. 
Biochem. Physiol.  6, 233 (1962) .  

33. Pain ,  J., and  F, Rut tner ,  Compt. Rend.  256, 512 (1963) .  
34, Roth, L. 1~., and  E. R, Willis, Am. Midland Natura l i s t  47, 66 

(1952) ,  
35. Schneider,  D., and  E. Hecker,  Z. Natnrforsch .  11b, 121 (1956) .  
36. Stofanovic, G., B. Gruj ic  and  P.  Preka jskL P lan t  Protect ion 

(Belgrade) ,  No. 52-5& 176 (1959) .  
37. Stefanovic, G., and  B. Orujic,  Ibid. No. 56, 94 (1959) .  
38. Stein, G ,  Naturwissensehaf ten  50, 305 (1963) .  
39. Stoffel, W., W, Insull,  J r . ,  and  E. H .  Ahrens,  J r . ,  Prec .  Soc. 

Exp. Biol. Med. 99, 238 (1958) .  
40. Wruscheit, E., and  K. Eiter,  Ann.  658, 65 (1962) .  
41. Whar ton ,  D. R. A., G. L. Miller and  M. L. Whar ton ,  J .  Gen. 

Physiol.  87, 461 (1954) .  
42. Whar ton ,  D. R. A., E. D. Black, C. ]~erritt ,  J r . ,  7~. L. Wharton, 

M. Bazinet  and  J .  T. ~Valsh, Science I87,  1062 (1962) .  
43. Yamamoto,  R. T., a'. Econ. Entomol. 56, 119 (1963) .  
44. Zayed,  S. ]~. A. D., T. 1~. Husse in  and  I .  1~. I .  F a k h r  Z. lqatur- 

forsch.  18b, 265 (1963) .  

Skin Lipids. 
Appendages 

I. Sampling Problems of the Skin and Its 

N. NICOLAIDES 1 and R. E. KELLUM, Department of Biochemistry and the Division of Dermatology, 
University of Oregon Medical School, Portland, Oregon 

Abstract 
A review of the problems of sampling various 

skin tissues for study of lipids is presented follow- 
ing a survey of the anatomy and physiology of 
skin and its appendages. 

Anatomy and Physiology of the Skin (1,2) 

T HE SKIN SERVES a variety of functions which in- 
clude regulation of body temperature, sensory 

contact to the external environment, and production 
of Vitamin D. The primary function of the skin, how- 
ever, is that of the protection of the body from the 
external physical and chemical environment. This is 
accomplished by the continuous proliferation of liv- 
ing epidermal cells whose ultimate fate is to die and 
become the outermost horny layer (stratum corneum, 
keratin) (3). 

The skin has three layers : the epidermis, the dermis, 
and the subcutaneous or adipose tissues (Fig. 1). 
Overlying the subcutaneous tissue is the dermis (ce- 
rium) which functions as the physical and nutritional 
support of the epidermis. The dermis consists mainly 
of connective tissue fibers (collagen, retieulum and 
e]astin) between which pass the blood vessels and 
nerves of the skin. The ground substance, an amor- 
phous, viscous, semisolid gel, fills the remaining dermal 
spaces between the fibers, vessels and nerves. Fibre- 
blasts, the precursors of collagen fibers, are present 
as well as wandering cells of the blood and reticule- 
endothelial system. 

The epidermis is composed of four layers: the basal 
or germinative layer, the prickle or 2vIalpighian layer, 
the granular layer and the outermost horny layer 
(Fig. 2). Fine nerve fibers terminate in the lower 
epidermis. No blood vessels, however, are found in 
epidermis which is nourished by diffusion of nutrients 
from the underlying dermis. The epidermis varies in 
thickness from 0.1 to 0.3 mm. That portion of the epi- 
dermis which extends from the basal layer through 
the granular layer is considered as the living epi- 
dermis, and the outermost horny layer of keratin, the 
dead epidermis. 

1 Present  address :  Univers i ty  of Southern  California  ~,ledical School, 
2025 Zonal Ave., Los Angeles, Cal i fornia  (90033) .  

As the epidermal cells move upward in a pattern 
of continuous regeneration and enter the upper Mal- 
pighian layer, they undergo a process of enzymatic 
dissolution, become dehydrated and flattened to form 
the dead, horny layer. The lower horny layer is com- 
pact and tightly adherent, while in the upper horny 
layer, the dead cells lose this adherence and slough as 
microscopically fine scales. In normal human skin, 27 
days are required for the transition from the basal 
layer to shedding stratum eorneum. 

The epidermal appendages are three in number: 
the pilosebaceous apparatus, the eccrine sweat gland, 
and the apocrine sweat gland. The pilosebaeeous ap- 
paratus consists of the hair follicle and the multi- 
Iobulated sebaceous gland (4). The sebaceous gland 
is connected by a short duct to the follicular canal 
about midway along the follicle (Figs. 1 and 3). The 
sebaceous gland cells mature as they grow from the 
periphery toward the center of the gland, become fat- 
laden, and disintegrate in the central portion of the 
gland as is characteristic of holoerine excretion. This 
is not a secretory function. This mass of lipid and 
cellular debris discharges into the sebaceous duct and 
is called sebum. Sebaceous glands have a variabIe dis- 
tribution over the surface of the body. In the human 
being, they are most numerous on the scalp and fore- 
head , and occur with decreasing frequency on the 
chest, back, axillae, genitoerural area, abdomen, arm 
and leg. They are not found on the palms or soles. 

Variants of tile sebaceous gland exist in man. Large 
sebaceous glands (often on the nose and cheeks) may 
be associated with tiny vellus hairs, the size of the 
gland being inversely proportional to the size of the 
associated hair structure. These glands, with large, 
dilated, patulous ducts and rudimentary hairs, have 
been called sebaceous follicles (5). Sebaceous glands 
may occur independent of hairs and excrete directly 
onto the skin surface. In the human eyelid, Meibomian 
glands, a modified sebaceous gland, empty their con- 
tents at the margin of the eyelids. The eerumenous 
glands of the human external ear canal are also modi- 
fied sebaceous glands. Typical sebaceous glands are 
aiso found in the external ear canal as well as eccrine 
and apocrine sweat glands. Thus, cerumen, or ear 
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E p i d e r m a l  
No. 1 Tota l  e p i d e n m s  ........... 

No. 2 Tota l  ep ide rmis  ........... 

No. 3 Tota l  e p i d e r m i s  ........... 
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S k i n  S u r f a c e  
No, 11 H u m a n  su r f ace  .......... 
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No No 

No No 

No No 

No No 

Yes No 
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" S e b u m "  t B a c t e r i a  l 
p r e s e n ~  p r e s e n t  
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Yes Yes  

No Yes 

Yes  Yes  

No No 

Yes Yes  

Yes Yes 

Yes  Yes 

Yes Yes  

Yes Yes  

Yes  Yes  
Yes  No 

Yes Yes  

Other  M a n n e r  
t i s sue  l ipids  

ioresent ex t r ac ted  

C / M ~ 2 / I  

/ C I M  2 I ~  

Gland sac & 
min ima l  duc t  

Gland  sac  
& duct  

Gland  sac  
& duct  

L a n u g o  h a i r s  & 
keratinized 
cells of fetal  sk in  

C / M  2 / 1  

C / M  2 / t  

C / M  2 / 1  
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H e x a n e  soaked 
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wax, represents a composite from these four types of 
glandular structures. 

Sebaceous glands are found in the skin of most mam- 
mals with the notable exception of whales and por- 
poises. In some mammals, sebaceous glands are dis- 
tributed diffusely in the skin, and in others, they lie 
grouped in localized areas. Several mammals possess 
localized sebaceous structures of huge size, such as the 
rat preputial gland, the inguinal glands of the rabbit, 
and the braehial glands of both the ring-tailed lemur 
and the gentle lemur (6). 

The second appendage of human epidermis is the 
eccrine sweat gland whose function :is the production 
of water for evaporative heat loss. These glands are 
coiled tubular structures, situated deep in the dermis. 
The ducts pass upward through the dermis and spiral 
through the epidermis to the skin surface (Fig. 1). 
These glands have a wide and uniform distribution 
over the human body including the palms and soles. 
Lipid granules have been demonstrated in the cells 
of the eccrine sweat glands by histochemical staining 
(7). These lipids, however, have not been isolated or 
examined. 

The third appendage, the apocrine sweat gland, 
found chiefly in the axilla, genitocrural areas, areaola 
and nipple of the breast, eyelids and external auditory 
canal, represents an active glandular system whose 
functions are not yet resolved (8). The apocrine gland 
secretes a milky viscid fluid which contains lipids. 

The skin demonstrates great variability in the num- 
ber and size of the appendages and in the thickness of 
the various skin layers from one anatomical site to 
another. For example, palms and soles have a thick 
epidermis, predominantly stratum corneum, but lack 
sebaceous glands and hair (Fig. 4). Anatomical vari- 
ations at a given site in the skin may be produced by 
aging, by exposure to ultraviolet light, by hormonal 
effects and by disease. 

Problems of Sample Collection for 
Skin Lipid Analysis 

Great difficulties are encountered in definition of a 
meaningful skin lipid sample, as well as in isolation 

of such a sample. It cannot be overemphasized that 
definition must precede isolation. 

The lipids of the skin surface arise in part from 
sebaceous gland sebum, a mixture of lipids and cell- 
ular debris, and from the products of normal epi- 
dermal keratinization. Eccrine sweat glands, as well 
as apocrine sweat glands, may contribute to the sur- 
face lipids. Lipascs and other enzymes of the surface 
and follicular microflora may modify the surface lipid 
sample. The lipids of the microflora themselves may 
contaminate the sample. Endogenous enzymes, such 
as esterases, in the sebaceous gland duct and upper 
hair follicle may act on the sebaceous gland lipids be- 
fore they reach the skin surface. 

A wide variety of lipids and other organic sub- 
stances in the environment find their way onto the 
skin surface and appear in analytical results unless 
great care is taken. Cosmetics, especially those con- 
taining lanolin (sheep surface lipid) are serious of- 
fenders. Oxidative degradation of skin surface lipids 
may also occur. These factors may be reduced by 
prior removal of skin surface lipids so that only the 
recently formed lipids are sampled. 

According to limited data available, variations in 
the amounts and types of lipids occur in different 
areas of the body. The variations reflect primarily, 
however, the number and size of the sebaceous glands 
in the areas of skin studied (9). 

The metabolic activity of the inevitable bacterial 
contaminants of the skin constitutes a great problem 
of skin lipid sampling. Studies of internal lipid me- 
tabolism usually begin with a sample collected under 
sterile conditions. 

Another problem is the collection of samples suffi- 
cient in size for lipid analysis. The development of 
sensitive techniques, particularly thin-layer and gas- 
liquid chromatography for the analysis of lipids, how- 
ever, has somewhat alleviated this difficulty. 

The solvent used for the extraction of lipid samples 
from in vivo sources represents a severe limitation in 
the analysis of skin lipids. Nonpolar solvents, such 
as hexane, pentane, and petroleum ether, remove rela- 
tively nonpolar lipids but fail to extract significant 
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Fla. 1. Diagrammatic representation of human skin. (Re- 
produced by permission from Pillsbury, D. M., W. ~. Shelley 
and A. M. K]igman, " A  Manual of Cutaneous Medicine, ~' 
W. B. Saunders Company, Philadelphia, 1961). 

amounts of more polar ]ipids. The polar lipids will 
be extracted with a combination of chloroform/meth. 
ano] 2/1 by volume, but this solvent is highly irritat- 
ing and causes significant damage to intact skin. Lipid 
solvents of moderate polarity, such as diethyl ether, 
appear to be a suitable compromise (10,11) for sur- 
face lipid removal. The combination of chloroform/ 
methanol 2/1 can be used, however, for in w:tro lipid 
extraction. 

Review of Methods for Collection of 
Lipids of the Skin 

A. Skin Surface Lipid.q (12). 
1. Extraction of the lipids from the skin surface 

with a lipid solvent. 
a. Cup methods (5,13,14). A hollow glass cylin- 

der which delineates a known area of skin 
surface is pressed tightly or cemented to the 
skin. A measured amount of the selected sol- 
vent is placed in the cylinder for a standard- 
ized period of time, then removed by pipette. 

b. Swabbing of the skin with solvent soaked cot- 
ton balls (15,16). I t  is imperative to remove 
the inherent lipids from the cotton balls with 
repeated extraction with solvent to render the 
cotton balls " fa t - f ree ."  

e. Immersion of a human extremity (17), or the 
scalp (11) in lipid solvent. 

d. The technique of collection of lipid samples 
by the free flow of acetone across the skin of 
the upper back (]8) can introduce several un- 
controlled variables: the duration of solvent 
contact with the skin, the penetration of the 
solvent into the upper layers of epidermis, 
and the rates of solubility of the various 
classes of skin surface lipids. Unfortunately, 
the lipid yield by this  method was not  
reported. 

e. Extraction of hair fat (19). Exogenous con- 
tamination is a serious problem. 

FIG. 2. Diagrammatic representation of the layers of the 
human epidermis (Reproduced by permission from Pillsbury, 
D. M., W. B. Shelley and A. M. Kligman, ~'A Manual of Cu- 
taneous Medicine," W. B. Saunders Company, Philadelphia, 
1961). 

f. Rat and mouse skin surface lipids have been 
obtained by immersion of an entire animal in 
solvent (20,21). The animals were housed in 
wide mesh screen cages to reduce contamina- 
tion from food and feces. Each animal was 
anesthetized with ether, and the feet, tail and 
anal region were washed with acetone. The 
animal was dipped into 350 ml of acetone in 
a glass beaker 5 times during one minute with 
only the ears and mouth kept above the sol- 
vent surface. The yield of surface lipid was 
130 to 170 mg/day/kg of body weight (20). 

We obtained rat skin surface lipids as fol- 
lows (22): The rats were shaved from the 
neck to the base of the tail and from flank to 
flank with a hair clipper previously soaked in 
CHCI~ to remove lubricating oil. Each rat  
was individually caged. Scrupulously cleaned 
cages were used, each equipped with a wide 
mesh screen floor to minimize contamination 
from feces and urine. Each animal was fitted 
with a large inverted conical plastic collar 
which prevented completely the rat 's  licking 
himself. After the rat was accustomed to his 
collar, the back was wiped with hexane-soaked 
fat-free cotton balls. A "standardized" wip- 
ing was done by one person, i.e., the same 
number of strokes were used in the same direc- 
tion and in the same area of the back. One 
person held the rat, another (wearing gloves 
previously soaked in hexane) wiped, while a 
third removed feces and urine from the work- 
table during the wiping. 

2. Extraction of ]ipids adsorbed onto filter paper 
(23), cigarette paper (5,24), or clothing (25). 
This technique, when used on the forehead, yields 
samples of sebum with only minimal contamina- 
tion with epidermal lipids. Cleansing of the skin 
prior to the sample collection minimizes this epi- 
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~IG. 3a. Photomicrograph of human pilosebaceous unit.  Note 
the multi lobulated sebaceous gland which opens into the fol- 
licular canal through the sebaceous gland duet (arrow). 
(Through the courtesy of Dr. R. R. Suskind.) 

dermal contamination. This collection method 
has little value in the isolation of epidermal 
lipids, even from the sebum-free surface of the 
palms and soles. 

3. Ablation of the sebaceous glands of the skin of 
the mouse with methylcholanthrene has been 
used to study sebaceous gland regeneration (1). 
This technique might be utilized to yield a skin 
surface free from sebaceous excretions. 

B. Ductal Lipids. Sebaceous follicles (large sebaceous 
glands, with or without tiny vellus hairs, with di- 
lated ducts which open to the skin surface) were 
thought to be amenable to direct cannulation. 
Such attempts with stainless steel capillary tubing 
were unsuccessful (26). This was likely due to the 
viscous semiliquid composition of the lipoid ma- 
terial in the sebaceous gland and duct. 

Some investigators have reported the appear- 
ance of tiny clear droplets of sebum at the follic- 
ular openings on the skin of "good sebum pro- 
ducers" (5). No attempt was made, however, to 
collect these droplets for lipid analysis, and other 
workers have failed to duplicate these findings. 

The material expressed from comedones ("black- 
heads" and "whiteheads") consists of keratin, 
masses of bacteria, and lipids of sebaceous and epi- 
dermal origin (27). 

C. Sebaceous Gland Lipids. As noted above, mammals 
vary in their sebaceous gland structures. A few 
examples of mammalian origin, as well as the 

Fin. 3b. Photomicrograph of r a t  skin, colored with Sudan 
Black, ?<100. Note the dark globules of lipid which fill the 
sebaceous glands, extend into the hair  follicle canal and cover 
tile skin surface. 

uropygial (preen) gland of the goose used in sub- 
sequent study (53,55) are discussed. 

1. Human sebaceous gland lipids. A technique for 
the isolation and collection of individual human 
sebaceous glands has been developed (28). The 
isolation and collection technique, however, is 
tedious and time-consuming. Scalp skin is used 
because of its relatively high sebaceous gland 
population. The yield of lipid is about 10 ~g 
per sebaceous gland. Total samples, which range 
from 0.5 mg to 1.0 mg of lipid, can be obtained 
from a segment of scalp skin approximately 1 
cm × 4 cm in size. This represents about 50- 
100 individual sebaceous glands. 

2. Meibomian gland lipid (29). Lipids from the 
Meibomiam glands of the eyelid can be obtained 
by gentle pressure of the anesthetized eyelid 
against a glass rod. The semisohd, whitish 
material is then removed from the edge of the 
eyelid with a flat spatula and put directly into 
solvent. 

3. Rat preputial gland. This modified sebaceous 
gland, a 2 cm long sac-like gland in the sub- 
cutaneous tissue adjacent to the urethra, has 
been utilized for the study of in vitro lipogenesis 
(30,31). The whole gland was extracted for 
lipid analysis. 

4. Goose preen gland (uropygial gland). This 
modified sebaceous gland represents the only 
sebaceous organ of the domestic goose. The 
preen glands are sac-like structures, approxi- 
mately 3 cm long, located at the base of the tail. 
The contents of the excised gland can be 
expressed. 

D. Epidermal Lipids. 
1. Total epidermis. Many techniques have been 

used for the separation of the epidermis from 
the dermis. These include physicai stretching 
of the skin (32-34), heat (35), chemical treat- 
ment with inorganic salts, acids (such as acetic 
acid), and bases (such as NH4OH) (35-37), 
and digestion with enzymes, mainly of pan- 
creatic derivation (38-41). The usual hazards 
of contamination and alteration of lipids must 
be carefully examined and reported in detail. 
The complete separation of the two fractions is 
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Fro. 4. Photomicrograph of normal human epidermis from 
the palm. Hematoxylin-eosin stain; ×105. Through the cour- 
tesy of Dr. Walter C. Lobitz, Jr.) Note the thickened horny 
layer (stratum corneum). 

. 

. 

best controlled by histologic sections. Care must  
also be exercised to avoid contamination with 
subcutaneous fa t  (42). 

Blank et al. (43) described the use of the 
Castroviejo keratotome to obtain thin sheets of 
skin. The collection of epidermal sheets 0.1 m m  
in thickness as described by Blank  et al., how- 
ever, is difficult to reproduce in our experience. 
Ha lp r in  concurred in this finding but  pointed 
out tha t  samples of 0.2 mm in thickness can be 
reproduced regularly.  This sample, however, 
contains 10-25% dermal contamination. Sam- 
ples of 0.15 to 0.18 m m  in thickness minimize 
this dermal  contaminat ion (44). 

Pat terson and Griesemer (45) utilized 8 mm 
diameter  punch biopsies o~ skin to s tudy in vitro 
lipogenesis (46,9). Free-hand sections were cut 
f rom the cylinder of skin parallel  to the skin 
surface. The upper ,  or " e p i d e r m a l , "  section 
histologically was found to contain all the epi- 
dermis and a layer  of uppe r  dermis while the 
lower or " d e r m a l "  section contained the re- 
mainder  of the derm:is with the sebaceous  
glands. 

S t r a tum corneum ( " d e a d  ep ide rmis" ) .  The 
conventional isolation of s t r a tmn cornelim with 
cellophane tape s t r ipping  (47,48) is unsuitable 
for l ipid analysis since the tape yields mater ial  
that  gives a rapid  Liebermann-Burchard  test 
(34). Two alternative methods, dilute t ryps in  
digestion of the l iving epidermis af ter  epider- 
mal-dermal  separat ion with ammonia,  or the 
separat ion of the s t ra tum eorneum with can- 
tharidin,  supply  a s t r a tum eorneum suitable for 
lipid analysis (49). 

Pathologic scales of the epidermis have been 
utilized for  various lipid studies (50,51). 

Living epidermis. The lipids of the living epi- 
dermis can be extracted a f te r  the s t ra tum 
corneum is removed f rom the total  epidermis 
by dilute t ryps in  digestion (49). 

FIG. 5a. Photomicrograph of human skin. 
FIG. 5b. Photomicrograph of human epidermis which has 

been separated from the dermis by treatment with NILOH. 
The arrow indicates the derulal segment of an eccrine sweat 
duct displaced from its normal position perpendicular to the 
skin surface and lying free under the separated epidermis. 

FIG. 5c. Photomicrograph of human dermis after the epi- 
dermis has been separated by NH4OH treatment. An ecerine 
sweat gland is visible at lower left. 

FIG. 5d. Photomicrograph of separated human epidermis 
under higher magnification. 

FIG. 5e. Photomicrograph of human stratum corneum from 
which the living epidermis has been removed by treatment with 
trypsin. 

E. Dermal Lipids. After  complete epidermal-dermal  
separat ion is effected by methods noted above, 
the dermal  lipids can be extracted f rom the 
dermal fraction. This 
tains sebaceous glands. 
glands f rom the palms 
valid sample of dermis. 

Preparation of Skin 

fraction, however, con- 
Skin free of sebaceous 

or soles, should yield a 

Lipid Samples 
Skin l ipid samples, which fall  roughly into three 

categories, were p repared :  1) epidermal  l ipid sam- 
ples, 2) lipid samples f rom various sebaceous type  
glands, and  3) l ipid samples f rom the skill surface. 
These samples have been analyzed by  various tech- 
niques (53-55).  Table I summarizes data  per ta in ing 
to these tissues. 

Preparation of Tissue. Samples No. 1 and No. 2 
(Table I )  were obtained f rom leg amputat ions.  Only 
" n o r m a l "  skin was selected, on the basis of visual ap- 
pearance (Fig. 5a). The subcutaneous fa t  was re- 
moved;  the skin was cut into pieces about  5 cm × 15 
cm, frozen immediately on d ry  ice, and sealed in plas- 
tic bags in a ni trogen atmosphere. The skin was stored 
in the freezer at  - 2 0 C  unti l  i t  was analyzed. 

To obtain its area, the skin was placed dermis side 
down on a luminum foil and outlined with a sharp 
point. The a luminum foil t rac ing was cut out and re- 
t raced on bond paper  of uni form weight. The weight 
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of the tracing was compared to the weight of a known 
area of paper and the area of the skin was computed. 

To separate epidermis from dermis, the thawed skin 
was spread on a glass plate (epidermis up) and ex- 
posed to ammonia fumes (49). Lipid degradation by 
NIt40H probably does not occur, since concentrated 
NHd0H shaken with brain lipids for 10 min caused 
no degradation (52). A rectangular chamber for the 
development of thin-layer chromatographic plates was 
convenient for this separation. The skin was placed 
in the chamber above a petri dish containing about 15 
ml concentrated NH40H and the chamber was sealed. 
After 1 hr of exposure, the epidermis was easily teased 
off the dermis (Figs. 5b, 5c, 5d). The hair usually 
remained with the dermis. 

The epidermis was then either extracted immedi- 
ately or a further separation into stratum eorneum 
and living epidermal tissue was made (No. 4 and No. 
5, respectively, of Table I) .  For the latter separation 
a piece of Whatman 3MM paper (previously extracted 
with chloroform/methanol 2/1 and dried) was placed 
in a flat porcelain tray. The paper was then moistened 
with a 0.1% solution of trypsin (Worthington TRL 
6250) in 0.5% NaHC03. The skin was placed basal 
layer side down on the moistened paper on the tray 
covered with transparent plastic sheeting (Saran 
Wrap) so that a N2 atmosphere could be provided. 
After i hr the stratum corneum was removed from 
the living layer cells which stuck to the filter paper. 
To rinse off any remaining cells the sheet of stratum 
corneum was then floated on a few milliliters of water. 
tIistologic sections were then taken (Fig. he). 

Skin tissue from four rats was obtained after they 
were killed by ether inhalation. The preputial glands 
were first removed carefully to avoid inclusion of sur- 
rounding tissue. The glands were individually weighed 
and pooled for extraction. The hair was clipped from 
the skin of each rat, weighed and pooled for extrac- 
tion. Before use the clipper blades were cleansed with 
chloroform/methanol 2/1 to avoid contamination with 
lubricating oil. The skin from most of the body was 
then removed and weighed. Its area was traced and 
the epidermis separated from dermis as described 
above. With rat skin, the hair follicles remained with 
the epidermis. 

Individual human sebaceous glands were harvested 
by the method described in section C. 1. The harvested 
glands were put directly into ch lo ro fo rm/me th -  
anol 2 /L  

Lipoid material was expressed from the Meibomian 
gland and dissolved in chloroform/methanol 2/1. 

Ext.~ction of Lipids. All epidermal samples (Nos. 
1 through 6) were individually extracted with chloro- 
from/methanol 2/1. (Only redistilled solvents were 
used.) The extraction was performed in a Virtis or 
a Kontes homogenizer with a volmne of solvent (in 
ml) eqnal to 10 times the weight (in gm) of tissue. 
After each homogenization the slurry was filtered 
through a sintered glass funnel (medium porosity) 
and the residual tissue reextraeted. This extraction 
was repeated until negligible lipid remained (3 to 4 
times). To extract the lipids from living epidermal 
cells stuck to the filter paper, the paper and cells were 
homogenized in a heavy walled flask with a thick glass 
rod in a solvent volume 10 times the tissue weight (in 
grams). 

The results of the analysis of these samples are re- 
ported in the succeeding papers (53-55). 
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