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Summary. A micromethod for the investigation of the fatty acid composition of
sphingomyelin is presented. In the cerebral white matter of 17 normal adult
brains, analyzed for reference, the predominant fatty acids are C 18:0 and
C 24:1. Our results are in agreement with those of other authors. Short
chained fatty acids are relatively increased in young children; this shift is
typical of “immature” myelin. Similar changes are described here in old
persons and cases of non-specific brain damage associated with demyelination
(autolysis, chronic uremia, juvenile chorea). Sphingomyelin fatty acid com-
position can be considered a sensitive measure of both disturbed myelination
and demyelination.
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Zusammenfassung. Es wird eine Mikromethode zur Untersuchung der Fett-
sdurezusammensetzung von Sphingomyelin beschrieben. In der Marksub-
stanz von 17 normalen erwachsenen Vergleichshirnen sind die wichtigsten
Fettsduren C 18:0 und C 24:1. Unsere Ergebnisse stimmen gut mit den
Ergebnissen anderer Autoren iiberein. Bei Kindern findet sich eine relative
Vermehrung kurzkettiger Fettsduren, diese Verschiebung ist typisch fiir ,,un-
reifes” Myelin. Ahnliche Veridnderungen werden hier auch bei Greisen und
Fillen mit unspezifischem Hirnschaden (Autolyse), chronischer Urimie und
juveniler Chorea Huntington (alle in Verbindung mit diffuser Entmarkung)
beschrieben. Man kann davon ausgehen, daf3 die Fettsdurezusammensetzung
von Sphingomyelin einen empfindlichen Malistab sowohl fiir eine gestorte
Myelinisierung wie auch fiir Demyelinisierung darstellt.

Sphingomyelin, especially the fraction containing longer chained fatty acids, has
been considered a typical myelin component [8] and numerous authors have
associated alterations in the fatty acid composition of sphingomyelin with
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demyelinating diseases [6, 8—10, 12, 14]. We have adapted a simple micro-
method, originally developed by us for the analysis of cerebroside and sulfatide
fatty acid composition [3], to the determination of the sphingomyelin fatty acid
composition from small amounts of human cerebral white matter in normal
individuals and pathological cases with unspecific brain damage, chronic uremia
and juvenile chorea.

Material and Methods

A block of material weighing approximately 1 g was excised from the right frontal white matter
of 17 formalin fixed brains of patients of both sexes aged from 17 to 52 years who had died of a
non-neurological condition. The brain tissue was examined histologically to ensure that there
were no pathological changes. In a similar way material was obtained from the brains of
children aged 1.2, 3.0, 3.0, 3.2, 4.4 years as well as 3 old persons aged 65, 79 and 85 years. In all
cases there was no evidence of pathological changes in the brain.

Pathological material was derived from four patients (aged 18, 27, 38 and 44 years) with
marked autolytic change of the brain as a result of prolonged artificial respiration after brain
trauma and diffuse brain swelling. Brain tissue was also obtained from a case of juvenile
Huntington’s chorea (aged 21) in an advanced stage of mental and motor deterioration and
from a case of chronic uremia (aged 37) that had died in uremic coma with generalized cerebral
convulsions. All these brain samples showed diffuse reduction of myelin with the Heidenhain-
Woelcke stain which was most marked in the case of juvenile chorea and in the case of chronic
uremia.

The fatty acid analyses were performed essentially as previously described [3]. The lipids
were extracted with chloroform/methanol 2:1 and 5mg of total lipid extract was subjected to
column chromatography on Florisil. After elution of fraction I with chloroform/methanol 2: 1,
fraction II containing the phospholipids was eluted with 12 volumes of chloroform/methanol/
water/ammonia 63:40:7:1.

For thin layer chromatography 200l of a solution of fraction II dissolved 5:1 in chloro-
form/methanol 2:1 was applied to the plates covered with a 300pm layer of Kieselgel G
(Merck) with a Hamilton microlitre syringe; from each brain two adjacent tracks were used. The
plates were developed in chloroform/methanol/water 73:28:4.5 with chamber saturation.
After drying, the plates were sprayed with 0.1% Rhodamin B (Merck) and viewed under
ultraviolet light at 264 nm (Camag) as spraying with water did not show up the sphingomyelin
spots. The sphingomyelins were identified by theirs Rr values compared to the Ry values of
commercial brain sphingomyelin (Serva) run in parallel and outlined with a needle. With the
thin layer system used here sphingomyelin separated into two spots of which the one with the
higher Rgvalue contained mainly longer chained fatty acids, whereas the one with the lower Ry
value contained shorter chained fatty acids [8].

The two sphingomyelin spots on each track were scraped off together and the sphingo-
myelins from the two adjacent tracks (i.e. deriving from the same brain extract) were united.
Transmethylation was carried out with 5% sulfuric acid in methanol (v/v) by heating in an oil
bath for 12h at 75°C. The fatty acid methyl esters (FAME) were extracted into hexane and,
after drying, taken up in 10ul carbon disulfide for gas chromatography.

Gas-liquid chromatography was performed with a Pye Unicam model 104 gas chromato-
graph fitted with double FID. The silanized glass columns were 5ft long, 2mm internal
diameter and filled with 3% OV 1 on 100/120 Gas Chrom Q (Serva). Carrier gas was purified
nitrogen at a flow rate of 70 ml/min. Temperature programming for the column oven was started
at 195°C for 3 min, then raised 3°C/min to 255°C final temperature. Injection point increment
was set at 3 and detector temperature was kept constant at 300°C. Peaks were recorded with a
dual channel recorder (W +W 1200) and identified by their retention times compared to
standard samples of FAME (Serva). Peak area was measured by electronic integration (Autolab
System I) and expressed as a relative percent of the total sum of peak areas. To further assist
identification the samples were also run on 5 ft columns filled with 3% Silicone Apolar 5 CP
(50% cyano, 50% phenyl, Applied Science Laboratories).
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Table 1. Fatty acid composition of sphingo- ~
myelin from frontal lobe white matter of 17 FAME Xts Range
normal adult human brains, aged

17—52 years. All values as relative percent, igg 8§f8f g;: 82
mean value + standard deviation. Fatty 1 6: 1 0’3 " 0'2 0'0__ 0' 8
acic! methyl esters (FAME) denoted by 16 ) 0 3:1 ; 0:7 1:8— 4'0
chain length and double bond 17:1 0.8+0.5 63— 16
17:0 0.5+0.2 0.3— 0.9
18:1 5.0+1.1 29— 73
18:0 225425 16.6—27.2
19:1 03+03 00— 14
19:0 09+0.3 0.3— 1.5
20:1 1.2+03 05— 1.9
20:0 1.2+03 05— 1.5
21:1 0.6+0.5 0.0— 1.3
21:0 1.3+0.8 0.3— 3.2
Sum
14:0—21:0 38.7+3.6 32.5—44.0
22:1 0.7+0.2 0.2— 1.0
22:0 2.0+0.5 1.2— 238
23:1 1.1+0.2 0.7— 1.5
23:0 28+04 22— 34
24:1 30.1+£23 25.6—34.7
24:0 8.5+1.6 5.3—10.9
25:1 6.2+1.1 47— 8.4
25:0 44+1.6 24— 8.1
26:1 4.7+0.7 3.6— 6.5
26:0 09+0.8 0.2— 3.0
Sum
22:1—26:0 61.3+3.6 56.0—67.6

Results and Discussion

The fatty acid composition of sphingomyelin from adult normal white matter as
determined by our method is despicted in Table 1. Our results show a marked
preponderance of C 18:0 and C 24:1 fatty acids amounting to 22.5 and 30.1
relative %, respectively. This predominance could be expected from earlier thin
layer chromatographic results [8]. Long chained fatty acids (C 22: 1 to C 26:0) as
a group amount to 61.3 relative %. Essentially similar results were found by other
authors for human adult cerebral white matter[1,2,5,7,9, 10, 12, 15] and myelin
[11] as listed in Table 2, but these values show quite considerable variation.
Comparing our results to the results of these authors we are in agreement with
O’Brien [7] and Woelck [15] for C 18:0 and C 24:1 as well as for total long chained
fatty acids. Some of the differences to the results of other investigators can
be explained by the fact that these quantitated less fatty acids so that each
represented a higher proportion of the total.

It had been established previously that the proportion of C 18 and C 24
sphingomyelin changes during brain maturation [6—38, 10, 12, 13]. Our values for
five normal children aged 1.2 to 4.4 years are given in Table 3. As can be seen



R. Heipertz et al.

60

patyioads j0u a8e ‘saseo Jnpe S[3uIS 6
‘81K L1 =9 ‘S1K g€ =P ‘s1K Zg =9 “S1K 9] =q ‘sIf G] =® ‘saswo o[BuIg (] ‘UOTIORI] UIRAW ‘p = U ‘(IS + Son[BA UBSN ] ‘SIK p9 =0 ‘SIK g€ =q ‘SIK g[=@©
‘s9580 J[BUIG i ‘6= U ‘(IS + SON[BA UBSA 1] || =U ‘(IS + SPN[BA UBSJA iG] ‘SIK 69 ‘OSBD | 7 ‘SIK GG ‘aSBD [ £ ‘9 =1U ‘San[eA U :C "SIOUIIJAI O} I13J1
suwno2 SuIpeay sIaqUInN ‘puoq squop pue Yidua] ureys £q pajousp (FIN VL) $I13189 [Ag1ow poe K318, "spiov A1e] (2101 JO 1ua01ad oAnR[aI SE SIN[BA [[V

- - Lo L0 81 0 - - 90 TO ¥0 Y0F60 I'0FZ0 — n90  0:92
- - 69 05 8§ €5 09 $OFrY It 6v ¢€v LOF09 TOFLY  ¥E §S 0§ 1:92
- = €€ 97 6T ¢ €% 80FE€T 1 LE 9T YOFOE ¥0F6T TI ¥E 8T  0:ST
97 - 8L 89 19 IL L 80FCT9 ¥9  $9 €% L'0F89 LOF6L T¥ €8 €9 1:627
L9 S I's I's 6L 69 0L LOFS8 95 €v 6V 80TI'8 I'0F8Y 96 69 §L 04
L'IE  60€ 88 TIP SS¢€ T8 €  PTFIIP TLE LIE€ T'€€ OTFSSE  T1TFYIE L0€ TOE 8TE 14
I'e — 0¢ ST €T TT €T TOFYT e 17 81 £0F9C €OFST IV 8T €T 0:¢€C
- - ST ¢TI 01 €1 Tl — U 01 T —  §0F60 91 €1 11 1:€2
7  9¢ 0T 81 81 81 02 TOF6I g1 9T 97 TOFST FOFTT 61 LT L1 0:2¢
— 61 60 90 L0 60 LO - 90 90 80 —  TOFST €1 €1 80 12T
- - 0 10 S0 S0 <TO — TO €0 10 - - - —  — 0T
- - - - - = - — - - = — — 11 - — 11T
ST 01 I'T 60 TIOTI Tl — ST 91  ¥1 EOFI'T I'0F90 60 TI'T €1 0:02
- - TO0 TO €0 70 I — €0 €0 TO0 — - = = = 06l
8k OLb €€C 09C L'6C 18T TST TIFTSL 9vE 88 66f TTFO9CT LIFEET 8EE 10T 0LT 0:81
— T - - = = = — - - = —  g0F9S TI SS9 L1 1:81
- — o 10 20 10 n — 0 20 10 — e | R7A
89 9 I 17 1t 17 7l I'0F€T A A 4 S0FST €OF86 0¥ TOI 9¢ 0:91
(SN e — - - - — — 0 — £0 1:91
- = o 10 €0 10 190 — - - — — 10 90 no¢o 0l
q € 3 P b q 17 b} q ®

L6] [o1] (umakw)[y1] 44 (1] cr] [ [ [¢] awva

aInyeIs)y ay) wody pajonb se—ranew Ym TBIqaIId JMmpe ‘urpdkwoduryds jo uonisodwos proe Kneq ‘7 Iqel



Composition of Sphingomyelin from Adult White Matter 61

Table 3. Fatty acid composition of sphingomyelin in white matter of children and old persons.
Values in relative percent

FAME Age in years

1.2 3.0 3.0 3.2 4.4 65 79 85
14:0 24 0.7 — 14 0.8 1.0 0.9 2.0
15:0 1.1 0.5 — 1.5 0.8 0.9 0.6 1.9
16:1 0.7 0.5 0.2 1.4 04 0.5 0.5 1.9
16:0 59 4.6 5.6 5.6 3.7 4.1 4.5 7.0
17:1 14 1.1 — 1.8 1.0 14 1.1 2.9
17:0 1.0 0.6 0.1 — 0.6 0.7 0.7 —
18:1 5.8 5.0 5.7 39 6.2 7.1 7.2 7.3
18:0 36.1 34.6 41.2 31.2 31.2 27.5 29.5 30.5
19:1 — — — — — 1.1 0.9 —
19:0 — 0.3 04 1.0 0.9 1.0 1.1 —
20:1 0.5 0.5 0.6 1.8 0.4 2.1 1.7 0.9
20:0 1.4 0.9 1.2 1.8 0.8 1.5 1.4 1.0
21:1 — — 0.2 3.7 1.3 1.2 14 1.2
21:0 0.3 0.7 14 5.8 2.3 3.6 1.3 3.7
Sum

14:0—-21:0 56.7 50.0 56.6 60.9 50.2 53.7 52.8 60.3

22:1 1.1 0.8 0.9 1.2 0.3 0.8 1.0 —
22:0 2.6 1.9 2.2 33 1.7 2.1 2.1 1.0
23:1 0.7 0.9 0.8 1.1 0.6 0.7 0.9 0.5
23:0 2.2 2.0 2.1 2.7 2.2 1.9 2.0 1.3
24:1 21.2 26.7 23.0 17.8 229 229 25.1 23.8
24:0 6.8 7.9 7.5 6.1 9.3 6.8 5.5 4.7
25:1 2.2 3.1 2.2 2.5 3.2 4.0 5.0 4.5
25:0 3.5 2.5 2.1 2.0 2.8 24 24 14
26:1 2.8 43 2.6 23 4.4 33 23 1.8
26:0 — 0.2 — 0.2 23 14 0.8 0.9
Sum

22:1—-26:0 43.1 50.3 434 39.2 49.7 46.3 47.1 39.9

there is a considerable interindividual variation and, although the group as a
whole contains less C 24 sphingomyelin than adults, there is no definite
relationship between the increase of long chained fatty acids and age. Similarly
the already known findings [4, 6, 7, 10, 12, 14] listed in Table 4 shown even less
agreement than the results for adults. We assume that the stages of sphingomyelin
development are fairly variable in younger children. This factor makes the results
obtained by comparison of a pathological brain with a normal control of the
same age for altered sphingomyelin fatty acid composition doubtful over a wide
range.

Table 3 also shows the fatty acid composition of sphingomyelin obtained
from three old persons. In these cases it must be noted that there was no histo-
logical evidence of demyelination and the fatty acid composition of cerebrosides
and sulfatides was within the normal range. There is a noticeable diminution of
long chained fatty acids (especially C 24:1) and a concomitant increase of short
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Table 5. All values in relative percent of total fatty acids. Fatty acid methyl esters
(FAME) denoted by chain length and double bond

Sphingomyelin. Frontal lobe white matter

FAME Chronic  Autolysis Juv.chorea
Y sy sy a4y 27y 2y
14:0 1.0 0.8 0.8 0.7 0.7 0.8
15:0 1.0 0.9 0.7 0.4 0.6 0.8
16:1 0.6 0.7 —_ 04 0.4 0.7
16:0 4.7 4.7 4.2 33 3.7 42
17:1 1.4 1.6 1.2 0.9 0.9 0.9
17:0 0.6 — 0.8 0.5 0.6 0.7
18:1 5.7 3.6 9.4 8.9 79 55
18:0 28.2 314 31.0 29.6 25.0 34.6
19:1 — 0.8 — — 2.3 0.8
19:0 1.1 0.8 1.1 2.8 1.0 1.0
20:1 2.1 — 1.3 1.1 1.1 1.2
20:0 2.3 1.1 0.6 0.7 1.9 1.4
21:1 2.2 0.2 0.7 — 0.5 1.1
21:0 4.8 2.4 0.2 14 1.4 2.3
Sum
14:0—21:0 557 49.0 52.0 50.7 48.0 56.0
22:1 1.0 0.2 0.3 0.2 0.8 1.1
22:0 2.1 1.4 1.0 1.2 2.1 3.1
23:1 1.1 0.6 0.7 0.7 1.0 0.8
23:0 2.1 2.2 1.5 22 2.5 23
24:1 21.3 23.7 29.2 274 243 20.2
24:0 5.2 8.8 5.8 6.3 6.6 7.0
25:1 39 41 42 438 49 37
25:0 2.2 4.4 1.9 2.6 43 2.6
26:1 3.1 3.6 35 35 3.8 2.8
26:0 2.3 1.7 - 0.3 1.8 0.9
Sum

22:1-26:0 443 50.7 48.0 49.2 52.1 44.5

chained fatty acids (especially C 18:0). We interpret these findings as indication
of demyelination on the biochemical level not yet associated with structural
alterations.

In Table 5 we see values from young adults with non-specific brain damage
(four cases of autolysis), chronic uremia and juvenile Huntington’s chorea. All
these brains show diffuse demyelination of varying degree on histological
examination and in all cases the fatty acid composition of cerebrosides and
sulfatides is within the normal range. There is a general decrease of long chained
fatty acids accompanied by a relative increase of short chained fatty acids which
is most marked in the cases of chronic uremia and juvenile chorea, both with
longlasting cerebral involvement. The extent of histological demyelination did
not show any correlation to the amount of alteration in sphingomyelin fatty acid
composition.
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We conclude that during childhood myelin maturation manifests itself by an
increase in long chained fatty acids (particularly C 24:1) in the sphingomyelin
fraction [8, 10, 12, 13]. During old age there appears to be a reversal with a
relative increase of short chained fatty acids, the sphingomyelin fatty acid pattern
seeming more “immature”. Possibly this change arises without histological
myelin loss. Our results demonstrate that alterations of sphingomyelin fatty acid
pattern with a shift to more short chained fatty acids can be seen in non-specific
brain damage with histological demyelination such as autolysis as well as in cases
of juvenile chorea and chronic uremia. Svennerholm et al. [13] maintain that an
altered sphingomyelin fatty acid pattern is a sensitive measure of disturbed
myelination. In contrast to the fatty acid composition of cerebrosides and
sulfatides which was normal in all these cases, alterations in sphingomyelin fatty
acid composition can be considered a sensitive biochemical measure of de-
myelination [8]. In this respect it is of interest to note that various authors have
reported that there is no such shift in the fatty acid pattern of sphingomyelin from
apparently normal white matter of multiple sclerosis [10, 11, 15]; only Alling et al.
{17 have described a moderate diminution of the sum of long chained fatty acids.
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