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Lipids were isolated from psoriatic scales. Positional isomers of hcxadecenoic» octadccenoic and octadecadienoic acids of the cholesterol
esters and triglyccrides were determined by oxidative cleavage (MnO4/lQ,). The following hcxadccenoic acids were present: 4-hcxadece-
noic acid (1.5%), 6— (10.6%), 7— (2.7%), 8— (1.1%), 9— (83.3%), 10— (0.8%), 11— (trace). Among the octadeccnoic acids 8— octade-
ccnoic acid (4.2%), 9— (81.3%), 10— (3.7%) and 11— (10.9%) could be observed, whereas 8.11-octadecadienoic acid (5.1%), 9.12— (91%),
10,13— (0.1%) and 11.14— (3.8%) were detected.
The fat, separated from the psoriatic scales, contains only very little 6-hcxadecenoic acid which is specific for skin fat, but it is very similar
to human depot fat.

Nach Isolierung der Lipide aus Psoriasisschuppen wurde die Zusammensetzung der isomeren Hexadecen-, Octadecen- und Octadecadien-
säuren der Cholesterinester und der Triglyceride durch oxydativc Spaltung mit MnO4/IO4 bestimmt. Die Feinstruktur der Hexadecen-
säuren zeigte das Vorkommen von 4— (1^5%), 6— (10.6%), 7— (2.7%), 8— (1.1%), 9— (83.3%), 10— (0.8%) und 11-Hexadecensäure
(Spur). Die Octadecensäuren erwiesen sich als Isomerengemisch aus 8— (4.2%), 9— (81.3%), 10— (3.7%) und 11-Octadecensäure
(10.9%), während bei den Octadecadiensäuren 8.11— (5.1%), 9.12— (91%), 10.13— (0.1%) und 11.14-Octadecadiensäure (3.8%) nach-
gewiesen wurden.
Das aus Psoriasisschuppen isolierte Fett zeigt eine auffällige Ähnlichkeit mit menschlichem Depotfett und enthält nur wenig 6-
Hexadecensäure, die spezifischer Bestandteil menschlichen Hautfettes ist.

Psoriasis (psoriasis vulgaris) is characterized by an in-
creased production o£ epidermal skin tissue which leads
to a strong production of scales. Though the cause of
this disease is still unknown some details of it (certain
inheritance, therapeutic effects of high energy radiation
and diet) lead to the conclusion that one should look
for a metabolic effect resulting from a genetic defect.
(1).
Nevertheless an infection is still not excluded as a
possible cause. In the case of a genetic defect in the
synthesis or regulation of enzymes, at least a quantitative
difference between the metabolism of normal and pso-
riatic skin should be observed.
This paper deals only with the lipid metabolites, and
the possibility remains that the defect could also be
revealed by changes in the protein, nucleic acid or
carbohydrate metabolism.
A pathological change of the lipid metabolism has been
repeatedly reported, manifested as increased values of
free cholesterol or triglycerides (2, 3, 4) or of other
lipids in serum (5, 6) as well as a change of the skin
lipids (7—10). These results were contradicted (11, 12,
13) or refuted (14) by various authors.
Many investigations deal with the enzyme activity of
psoriatic skin (15—24).
We have now investigated the unpolar lipids of psori-
atic scales separating them into hydrocarbons, chole-
sterol esters, waxes, triglycerides, alcohols, cholesterol
and free fatty acids.
After re-esterfication of the fatty acid-containing lipids
with methanolic HC1, the quantitative composition of

the fatty acids was determined by gas liquid chromato-
graphy. The fatty acid methyl esters were converted
into their mercuric acetate adducts by Hg-[II]-acetate.
They can then be separated into saturated, monoenoic
and dienoic methyl esters.
The separation of the hexadecenoic, octadecenoic and
octadecadienoic methyl esters was performed by prepa-
rative gas liquid chromatography (25). Finally the
cleavage by periodate-permanganate oxidation yielded
the quantitative composition of the positional isomers
(26,27).
The lipid composition of the healthy skin has been the
subject of repeated investigation (28—32). The review
of HAAHTI (30) deals with the composition of the
single lipid groups and their fatty acids, whereas Nico-
LAIDES (33) reported the composition of the isomer
dienoic fatty acids from normal skin.
The isomeric monoenoic fatty acids from hair fat were
investigated by WEITKAMP (28) and their composition
in skin fat by NICOLAIDES (29). They showed the
6-isomers, which are normally only minor components
of naturally occurring fats, to be the main components.

Material and Methods
Material
The investigations were carried out on four different samples of
scales (I—TV). I and II are scales collected from several patients,
whereas and IV result form two separate female patients.

Method
The method of separation ist given schematically in figure 1.
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Fig. 1 · .
Scheme of separation and identification of the lipids from psoriatic scales

TLC = Thin layer chromatography, GLC = Gas liquid chromatography

Extraction of the scales
The scales were extracted with a 20-fold weight of cold cyclo-
hexane ; the solution was evaporated at 30° and 14 mm Hg and the
residue weighed.
The scales then were extracted with a 20-fold quantity of a mixture
of CHC13/CH3OH (2:1 v/v) for 60 min. The solution was filtered
and diluted with water to give two equal layers. The CHCl3-phase
was evaporated and weighed.

Separation of the polar from the unpolar lipids
„ The separation was performed on silica gel (20 times the amount

of SiO2, uniform grain size (0.16 mm), washed with CHC13, other-
wise untreated). The unpolar lipids were eluted by the 12-fold
amount of CHC13 (in relation to silica gel), the polar by the same
amount of methanol and 5% water.

Fractionation of the unpolar lipids
The fractionation was performed on the silica gel column described
above with an elution gradient of CC14/CHC13. 25 g SiO2 were
treated with 75 m/ CC14, CC14 with 5, 10, 20, 40, 60 and 80%
CHC13, respectively, and finally with pure CHC13. The fractions,
collected as 25 m/-samples, were investigated by thin layer chro-
matography and weighed after evaporation of the solvent.

Thin layer chromatography
Air dried SiO2-gel-PF plates (E. Merck) were used which were
developed with CHC13/CC14 (1:1 v/v) by the ascending technique.
Hydrocarbons could also be separated on commercial A12O3-E-
plates (E. Merck) with iso-octane/cyclohexane (1:1 v/v). Alcohols,
triglycerides, waxes and cholesterol were separated on silica gel
(PF) plates by CHC13. The spots were detected with chromsulphuric
acid by heating for 5 min. at 130°.

Separation of the methyl esters into saturated, ntonoenoic and dienoic
esters
The separation of the methyl esters according to their degree of
saturation was performed by the mercuric acetate method (34, 35).
The methyl esters of the cholesterol esters and triglycerides were
dissolved in 5 m/ of 10% methanolic Hg-[II]-acetate, respectively,
and allowed to stand for 48 hours. After evaporation of the solvent
at 25° and 14 mm Hg the residue was extracted twice with portions
of 100 m/ benzene. The solvent-free mixture of saturated methyl
esters and Hg-adducts were developed on silica gel plates (SiO2
Merck for preparative thin layer chromatography) first with petrol
ether/diethyl ether (8:2 v/v) and then with n-propanol/acetic acid
(100:1 v/v) shortly behind the first solvent front. The substances
were detected by hydrogen sulphide. After scraping the single
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fractions from the plate, the mercuric adducts were decomposed
by treatment with 5% methanolic KSCN-solution and concentrated
HC1 for 60 min. The free methyl esters were extracted with
cyclohexane after diluting the mixture with an equal amount of
water.

Re-esterficathn
The re-esterfication of the fatty acid-containing lipids was performd
with 5% methanolic HC1 at 80° for 45 min. The methyl esters were
extracted with cyclohexane after diluting the mixture with an equal
volume of water. The methyl esters and alcohols resulting from the
re-esterfication of the waxes were extracted with CHC13 and se-
parated by silica gel column chromatography with CC14 (methyl
esters) and CHC13 (alcohols), respectively (36).

Gas liquid chromatography
All gas liquid chromatography investigations were carried out
with a fractograph F 7/4 H from Perkin-Elmer & Co. Bodensee-
werk Überlingen, Germany, with a flame ionization detector and
an electronic integrator D 2, 159—008.
For the separation of the methyl esters and alcohols the following
types of columns were used:
a) Capillary column, 25 m long, inner diameter 0.25 mm, P-E-type
2G51, stationary phase: butanediol-succinate polyester; tempera-
ture 170°; flow rate 1 m/N2/min.
b) Packed column (steel), 2 m long, inner diameter 4.65 mm,
stationary phase: diethylenglycol-succinate 20% on celite at
various temperatures; flow rate 35 m/.N2/min.
c) Packed column (steel), 2 m long, inner diameter 4.65 mm,
stationary phase: apiezon M 10% on Chromosorb R at various
temperatures; flow rate 55 m/ N2/min.
Squalene and other hydrocarbons were investigated by a column
type:
d) Packed column (steel), 2 m long, inner diameter 3 mm, sta-
tionary phase: JXR. (SE 30) 3% on GasChrom Q with temperature
program from 100—300° (5°/min.); flow rate 30 m/ N2/min. The
identification of the compounds was performed by adding authentic
material.

Preparative gas liquid chromatography
We reported the preparative gas liquid chromatography in a pre-
vious paper (25). The above mentioned column b. was used for
this. The preparation gas liquid chromatography delivered mixtures
of positional isomers of hexadecenoic, octadecenoic and octade-
cadienoic methyl esters which were more than 99.9% pure (Fig.
2 a—c).

100%

100%

(-«—10 min.·

Retention time
Fig. 2a

Hexadecenoic acid isolated from triglycerides before oxidative cleavage,
Purity of the fraction after separation by the Hg-adduct method

followed by preparative gas liquid chromatogpny
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|-—10min.-

-* Retention time
Fig.2b

Octadecenoic acid isolated from triglycerides before oxidative clea-
vage (purification see fig. 2a)

100%

|-—10min.-

— Retention time
Fig. 2c

Octadecadienoic acid isolated from triglycerides before oxidative
cleavage (puricifation see fig. 2a)

Oxidative cleavage
The oxidative cleavage of monoenoic and dienoic methyl esters
has already been reported extensively (26, 27).

Results
The results of the fractionation into the single lipid
groups are given in table 1.

Tab. 1
Composition of the lipids from psoriatic scales

Fraction Weights of the lipids from patients I—IV
I II III IV

Scales (g)
Extraction with
cyclohexane (g)
Extraction with
CHCla/CH8OH (g)
Crude lipids, total (g)
Crude lipids, total (%)
Polar lipids (mg)
Protein (mg)
Unpolar lipids (mg)
Hydrocarbons (mg)
Other unpolar hpids (mg)
Cholesterol esters (mg)
Waxes (mg)
Triglycerides (mg)
Alcohols (mg)
Cholesterol (mg)
Free fatty acids (mg)

15.7
1.0176
0.4977
1.5153
9.7

204.4
80.8

1230.0
771.2
433.6
98.0
27.0
54.1
23.5

221.3
9.7

6.861
0.5076
0.3431
0.8507

12.4
101.0
128.0
621.0
310.0

—
—
—
—
——
—

0.1924
0.1160
0.0065
0.0181
9.4
3.3
3.9

10.9
5.7
4.9

—
—
——
—— "

0.0539
0.0111
0.0023
0.0054

10.0
2.3
0.4
2.9
1.9
1.0
——
—
—
—
—

In the following the quantitative compositions of the
lipid groups are reported.

Hydrocarbons
Thin layer and gas liquid chromatography give iden-
tical results for the composition of this group in the
patients I—IV. Among little amounts of squalene there
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-* Retention time

Fig. 3
Mixture of the hydrocarbons from psoriatic scales

is found a mixture of paraffins with a chain length of
C23—C36 (Fig. 3). There is still another unidentified
substance with a shorter retention time. Simultaneously
investigated ointment bases (ädeps lanae, white vaselin,
eucerine, unguentum etc.) however leads to the con-
clusion that the mixture of hydrocarbons originates
from white vaselin, though all investigated patients
had remained untreated for a long time.

Cholesterol esters
The fatty acid composition of the cholesterol esters is
shown in table 2.

Tab. 2
Fatty acids from the cholesterol esters (in mole-%)

fatty acid mole- %
(Carbon atoms: double bonds)

12:0
13:0
14:0
14:1
15:0
16:0
16:1
17:0
17:1
18:0
18:1
18:2
18:3
19:0

2.2
0.1
6.6
1.0
3.5

22.7
10.0
0.8
1.2

10.0
34.2
6.0
1.6

trace

Waxes
After re-esterfication of the waxes with methanolic HC1
and separation of the methyl esters from the alcohols
by silica gel column chromatography the following
fragments are found. (Tab. 3).

Tab. 3

Triglycerides
Table 4 shows the composition of the fatty acids from
the triglycerides after re-esterfic'alion with methanolic
HOL

Tab. 4
Composition of the fatty acids from the triglycerides in mole-%

fatty acid
(Carbon atoms: double bonds)

mole- %

12:0
14:0
15:0
16:0
16:1
17:0
17:1
18:0
18:1
18:2
18:3
19:0

0.2
2.9
3.1

17.6
10.8
1.3

• 1.1
9.2

37.9
15.8
trace
trace

Alcohols
The composition of the free alcohols is shown in
table 5. Figure 4 shows the gas liquid chromatography
of the free alcohols.

Tab. 5
Composition of the free alcohols

alcohol
(Carbon atoms: double bonds)

mole-%

10:0
12:0
14:0
16:0
17:0
18:0

trace
0.9
1.6

45.0
trace
52.5

A

a) Composition of the
fatty acids from the

waxes in
fatty acid

(Carbon atoms:
double bonds)

14:0
15:0
16:0
16:1
17:0
17:1
18:0
18:1
18:2
18:3
19:0
20:0

mole- %
mole- %

2.4
1.4

22.2
7.0

trace
1.1

11.6
41.7
12.6
trace
trace
trace

b) Composition of the
wax alcohols in

mole- %
alcohol mole-%

(Carbon atoms:
double bonds)

10:0
12:0
13:0
14:0
15:0
16:0
16:1
17:0
18:0
18:1

3.6
0.7
0.9
4.5
3.6

41.4
0.3
4.0

38.3
2.7

<* - · Retention time
Fig. 4

Gas liquid chromatography of the free higher alcohols from psoriatic
scales 1 = dodecanol-1, 2 = tetradecanol-1, 3 = hexadecanol-1,

4 == heptadecanol-1, .5 = octadecanol-1)

Free fatty acids
Table 6 shows the composition of the free fatty acids.
The investigation of the fatty acids from the cholesterol
esters and the triglycerides which are together with

Tab. 6
Composition of the free fatty acids in mole- %

fatty acid
(Carbon atoms: double bonds)

mole-%

12:0
14:0
14:1
15:0
15:1
16:0
16:1
17:0
17:1
18:0
18:1
18:2
19:0
20:0
21:0

5.2
4.1

trace
2.6

trace
25.7
9.2
2.5
1.6

: 17.1
32.1
trace
trace
trace
trace .
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cholesterol the main components of the unpolar lipids,
leads to the isomeric composition of hexadecenoic,
octadecenoic and octadecadienoic acid as shown in
table?, after separation of the mixture of all methyl
esters by mercuric acetate adducts, preparative gas
liquid chromatography and oxidative cleavage.

Tab. 7
Ratio of isomers of hexadecenoic, octadecenoic and octadecadienoic

acids from psoriatic scales, determined by oxidative cleavage
The values in brackets show the percentages (in mole-%) of the

total fatty acid composition

fatty position
acid of the

double bond
cholesterol esters triglycerides

percentage of the positional isomers

16:1 4
6
7
8
9

10
11

18:1 8
9

10
11

18:2 8.11
9.12

10.13
11.14

1.5
10.6
2.6
1.1

83.3
0.8

trace
4.1

81.3
3.7

10.9
5.1

91.0
0.1
3.8

(0.1)
(1.1)(0.3)
(0.1)
(8.3)

(trace)
(trace)

(1.4)
(27.8)
0.3)
(3.7)
(0.3)
(5.5)

(trace)
(0.2)

0.7
4.5
3.6
1.1

89.4
0.7

trace
2.9

86,8
2.7
7.3
3.4

92.0
0.1
4.5

(0.1)
(0.5)
(0.4)
(0.1)
(9.8)
(0.1)

(trace)
(1.1)

(32.9)
(1.0)
(2.9)
(0.5)

(14.6)
(trace)
(0.7)

Discussion
Though little amounts of n-alkanes (1—7.5% of the
total lipids) have been determined in healthy skin
(30, 37) we tend to the opinion that the high amounts
of hydrocarbons (54%) reported in this paper are arte-
facts which originate from white vaselin. Though the
investigated patients were untreated for a long time

we could find in all patients about the same quantities
of hydrocarbons; this shows that hydrocarbons remain
for more than weeks in the skin, and that it is difficult
to eliminate them.
The values of the triglycerides and cholesterol esters
are comparably low but the value of the free cholesterol
is remarkably high as reported already by other authors
(7—9). In addition to hexadecanol, first reported by
KIMMIG (33), we could show that octadecanol occurs
in about the same quantity. These alcohols do not
occur in the free form in healthy skin according to
HAATHI (30).
The high level of free fatty acids in healthy skin re-
ported by WEITKAMP (28), HAATHI (30) and ROTHMAN
(38) (about 20—30%) could not be established in psori-
atic scales.
The analysis of the fine structure of the fatty acids
(16 : 1, 18 : 1, 18 :2) from the triglycerides and
cholesterol esters in psoriatic scales shows predomi-
nating 9-isomers. The predominating 6-position in
hexadecenoic, 8-position in octadecenoic and 5.8-
position in octadecadienoic acid as reported by WEIT-
KAMP (28) and NICOLAIDES (29, 33) could not be
established in psoriatic scales. Though the above men-
tioned authors investigated only the free fatty acids it
should be valid to apply their results to the other lipid
groups, since NICOLAIDES (29) has drawn attention to
the biogenesis of the free fatty acids from the tri-
glycerides.
The figures 5—7 compare the results drawn from
healthy (29, 33) skin fat and psoriatic scales with the
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composition of the fatty acids from human depot
fat (35).
The figures show an obvious similarity between the
fine structure of the investigated fatty acids isolated
from psoriatic scales and from human depot fat. The
pattern of isomers of healthy skin seems to be suppressed
in psoriasis. The possibly essential enzyme system which
performs the dehydrogenation of the fatty acids in
6-position and so produces 6-hexadecenoic acid and by

chain elongation 8-octadecenoic acid and perhaps 5.8-
octadecadienoic acid saems to be partially damaged, so
that an approximation of the skin fat to the depot fat
can be observed. As to our results, however, the
enzyme which performs chain elongation is still intact,
which can be concluded from the relatively high content
of 11-octadecenoic acid.
This work was supported by the Deutsche Forschungsgemein-
schaft, Bad Godesberg, Deutschland.
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