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ABSTRACT

This investigation was conducted to determine whether or not plasma 
galactosyl ceramides were elevated in patients with stroke and multiple 
sclerosis, and to determine glycosyl ceramide concentrations in older, normal 
subjects. It was hypothesized that central nervous system destruction, like 
that which occurs in stroke or in the demyelination characteristic of multiple 
sclerosis, might be reflected by changes in plasma glycosyl ceramides, spe­
cifically by an increased percentage of galactosyl ceramide.

Glycosyl ceramides were analyzed in duplicate 10 ml aliquots of plasma 
from each of seven patients with stroke, five patients with multiple sclerosis 
and five control subjects age-matched with stroke patients. Mean percentages 
of galactosyl ceramide for both controls (11.06 percent) and multiple sclerosis 
(11.40 percent) were strikingly similar. The percent of galactosyl ceramides 
for stroke was slightly elevated (14.32 percent) but there were no significant 
differences at the p =  >0.05 level.

In trodu ction
Glycosphingolipids have been isolated 

from many mammalian tissues and are 
known for their importance as structural 
components, especially in the nervous sys­
tem. Recent research2’4 has shown them to 
figure prominently in a group of genetically- 
determined diseases, the lipidoses, which 
are characterized by specific enzyme defi­
ciencies and various syndromes involving 
demyelination, lipid storage, mental retar­
dation, organ and tissue malfunction and 
shortened life span.22 All classes of glyco-

*  This investigation was supported in part by 
the National Multiple Sclerosis Society, Grant 
#ORD 9871.

sphingolipids have been implicated in the 
lipidoses,2’4’24 and the occurrence of in­
creased quantities of cerebrosides (mono- 
hexosylceramides) or other glycosphingo­
lipids in plasma,1’18’21’23’29’30 urine,9 cerebro­
spinal fluid7’23’27’28 and other tissues8’10’13’15’ 
16,20,25,26 depends on the metabolic error. 
Glycosphingolipid alterations have not 
been studied so extensively in other central 
nervous system disorders.

For example, multiple sclerosis, a disease 
of the central nervous system of unknown 
etiology, is also accompanied by demye­
lination and elevated cerebrospinal fluid 
galactosyl ceramide. Often, the demyelina- 
tion found in the periventricular white
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matter is in contact with circulating cere­
brospinal fluid. Since galactosyl ceramide 
is the cerebroside which is characteristic 
of myelin, the presence of the lesion is ap­
parently responsible for the elevation of 
this specific cerebroside in the cerebro­
spinal fluid of patients with multiple scle­
rosis.6 A single study on pooled plasma of 
patients with multiple sclerosis21 showed 
no significant differences in cerebroside 
composition or levels from normal controls.

While patterns of tissue destruction in 
stroke vary according to the specific lesion, 
both gross and microscopic changes usually 
include interruption and disintegration of 
myelin.22 However, the extent to which the 
destruction of myelin and associated pa­
thology in stroke causes changes in cere­
brospinal fluid and plasma cerebrosides has 
not been documented.

In this investigation, plasma from pa­
tients with stroke and multiple sclerosis was 
examined in order to determine whether 
or not changes in the composition or 
concentration of glycosyl ceramides accom­
pany these disorders. Since reported con­
trol values of plasma cerebrosides were 
restricted to normal healthy individuals 
age 35 and under,1>21’25’29>30’31 it was also 
necessary to establish the cerebroside com­
position and concentrations in older con­
trols age-matched with the stroke patients.

M ateria ls an d  M ethods

Blood samples were obtained from hos­
pitalized patients. In most instances, speci­
mens from stroke patients were obtained 
within two weeks following the onset of 
symptoms.

From patients and apparently healthy 
individuals age-matched with stroke pa­
tients, fifty ml of blood were drawn into 
heparin, the samples centrifuged for 30 
minutes at 2,500 rpm, the plasma separated 
from the cells and either frozen or ana­
lyzed immediately. No hemolyzed samples 
were used. Duplicate 10 ml samples of

plasma (measured to the nearest 0.05 ml) 
were analyzed.

Redistilled solvents were used through­
out. Materials included were Unisil (200- 
325 m esh)," the silylating reagent, Regi- 
sil,f and Supelcoport column packing (3 
percent SE 3 0 )4  Commercial thin layer 
plates coated with silica gel G§ were pre­
run in diethyl ether to remove contam­
inants. Mannitol 2 /¿mole per ml in 0.5 N 
methanolic HC1 was used as an internal 
standard.

Total lipids were extracted from each 
10 ml aliquot of plasma by the addition of 
200 ml chloroform-methanol (2 :1 )  using 
the biphasic system of Folch et al12 and 
the modifications of Vance and Sweeley.30 
The lower phase containing the total lipids 
was resuspended in chloroform and ap­
plied to a 2 g silicic acid column sus­
pended in CHC13. Glycosphingolipids were 
eluted with 100 ml of acetone:methanol 
(9 :1 )  following elution of the neutral lipid 
fraction with 50 ml of chloroform. All elu- 
ates were reduced to dryness before pro­
ceeding to the next analytical step in a 
rotary evaporator or under a nitrogen' 
stream. Residues were reconstituted in a 
small quantity of solvent.

Contaminating phospholipids were re­
moved by mild alkali-catalyzed methanol- 
ysis11’30 and the glycosphingolipids were 
applied to thin layer plates with authentic 
standards and chromatographed in a sol­
vent system of chloroform-methanol-water 
(100 :42 :6 ). Cerebrosides were visualized 
by exposure to iodine vapor7’21’31 and blue­
prints made for permanent reference (fig­
ure 1). Cerebrosides were eluted from the 
silica gel with chloroform-methanol-water 
(100:50:10) and evaporated to dryness.

Thirty /A of the mannitol standard and 
3 ml of 0.5 N methanolic HC1 were added

*  Clarkson Chemical Co., Williamsport, PA.
f  Regis Chemical Co., Chicago, IL.
t Supelco Inc., Bellefonte, PA.
§ Quantum Industries, Fairfield, NJ.
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to the samples which were then incubated 
at 80° for 20 to 24 hours. Methyl esters of 
fatty acids were removed by three extrac­
tions of equal volumes of hexane. The 
methyl glycoside fraction was neutralized 
with granular, reagent grade silver car­
bonate.

Following trimethylsilylation, the tri- 
methylsilyl derivative of methyl glucosides, 
methyl galactosides, and mannitol were 
separated on a 3 percent SE 30 column gas 
chromatograph at 160° (figure 2 ). Calcu­
lations were made from the gas-chromato­
graphic tracings according to the method 
of Vance and Sweeley30 and converted to 
nanomoles per ml.

R esu lts

The values given in table I indicate the 
plasma levels of total monohexosyl ceram- 
ides (glycosyl ceramides or cerebrosides), 
galactosyl ceramides and glucosyl ceram­
ides of the individuals constituting the con­
trol group. The mean total cerebroside con­
centration was 28.19 nanomoles per ml; the 
mean galactosyl ceramide concentration 
was 3.07 nanomoles per ml; and the per­
centage of galactosyl ceramide was 11.05.

In table II are shown the average of

F i g u r e  1 . Thin-layer chromatogram of glycosyl 
ceramides from human plasma. The bands which 
were visualized after exposure to iodine vapor are 
monohexosyl ceramide (GLi), dihexosyl ceramide 
(GL2), trihexosyl ceramide (GLS), and globoside
(GL,).

paired samples of the group of multiple 
sclerosis patients. Total cerebrosides (28.34 
nanomoles per m l), galactosyl ceramides

F ig u r e  2. Gas-liquid 
chromatogram of TMSi 
methyl glycosides of D- 
glucose and D-galactose 
with mannitol added as 
an internal standard. Run 
on a 2mm X 3mm col­
umn of 3 percent SE-30 
on 100/120 Supelcoport 
at 150°. A Hewlett-Pack- 
ard F  & M model 402 
gas chromatogram was 
used with a flash heater 
at 250° and a nitrogen 
carrier gas flow rate of 
35 ml per minute.
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TABLE I
Concentration of Plasma 

Glycosyl Ceramides from Controls*

P a t i e n t
A ge
S e x G a l

C o n t r o l s
GLC

T o t a l
GL1

P e r c e n t
G a l

V.W. 50m 5.11 38.62 43.74 11.76
J.D. 61m 2.89 28.87 31.76 9.08
B.G. 47 f 2.79 24.92 27.71 10.14
F.D. 50m 2.10 17.51 19.61 10.71
C.H. 66m 2.46 15.16 18.11 13.55
r 3.07 25.02 28.19 11.05

♦Average of paired samples.(nanomoles per ml).

(3.19 nanomoles per ml) and glucosyl 
ceramides (25.20 nanomoles per ml) show 
a striking similarity to those values deter­
mined for the control group. The galacto­
syl ceramide of the control group ranged 
from 9 to 14 percent while that of the 
multiple sclerosis group ranged from 8 to 
15 percent.

The concentration of cerebrosides in 
plasma of individuals suffering from stroke 
is presented in table III. Total cerebrosides 
(21.99 nanomoles per m l), glycosyl ceram­
ides (17.75 nanomoles per m l), and galac­
tosyl ceramide (2.80 nanomoles per ml) 
were decidedly lower than those values of 
the control group, while the percentage of 
galactosyl ceramides (14.32) was higher.

In one stroke patient E.S., an 84-year-old 
female with a 50-year history of diabetes, 
the plasma cerebrosides contained 25.66 
percent galactosyl ceramide. The range of

TABLE II
Concentration of Plasma Glycosyl 

Ceramides from Multiple Sclerosis Patients*

M u lt ip le

P a t i e n t
A ge
S e x G al

S c l e r o s i s
GLC

T o t a l
GL1

Percent
G al

D.P. 24 f 1.94 11.35 13.34 14.95
D.W. 44Ê 2.88 31.64 34.52 8.34
E.M. 46m 2.79 22.00 24.80 10.51
C.V. 28m 4.81 35.77 40.53 11.86
L.V. 37f 3.54 25.25 28.49 11.37

Y 3.19 25.20 28.34 11.40

♦Average of paired samples (nanomoles per ml).

TABLE III
Concentration of Plasma Glycosyl 
Ceramides from Stroke Patients*

P a t i e n t
A ge
S e x G al

S t r o k e
GLC

T o t a l

GL1
Percent

G a l

A.K. 65m 1.56 11.20 12.76 12.21
E.S. 84f 4.57 14.90 19.47 25.66
B.M. 76m 4.96 25.57 30.36 14.52
G.M. 58m 2.28 22.65 24.93 9.26
P.S. 55m 1.20 8.55 9.75 12.32
C.D. 56m 1.96 14.49 16.45 11.94
D.S. 76m 3.36 36.89 40.23 8.36
X 2.80 17.75 21.99 14.327
X ' 2.51 19.89 22.41 11.44

♦Average of paired samples as nanomoles per ml.
+P * >0.05
X ' shows mean values when patient E.S. is not

included.

galactosyl ceramide from other patients in 
the group ranged from 8 to 14 percent.

Analysis of the glycosyl ceramide con­
centration and percentage of galactosyl 
ceramides, excluding patient E.S., showed 
the total cerebrosides to be 22.41 nano­
moles per ml and galactosyl ceramides 
(11.44 percent) to be even more closely 
related to the control group (table III). 
The range of galactosyl ceramides ex­
pressed as percent of total glycosyl ceram­
ides between the individuals constituting 
the stroke group is the same as for the 
multiple sclerosis group. Galactosyl ceram­
ides are decreased to 2.51 nanomoles per 
ml. There was no significant difference 
(p =  >0.05) between these two groups.

In table IV is shown a comparison of 
concentration and percentage of glycosyl, 
galactosyl and glucosyl ceramides of the

TABLE IV
Comparison of Concentration and Percentage of 

the Glycosyl, Galactosyl and Glucosyl Ceramides*

Gh G al
Percent

G al GLC

Controls 28.19 3.07 11.05 25.02
Multiple
sclerosis

28.34 3.19 11.40 25.20

Stroke 21.99 2.80 14.32 17.75

*All groups given as nanomoles per ml. 
P = >0.05
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three groups. Using analysis of variance, 
there was no significant difference (p  =  
> 0.05).

Recalculation of data from the stroke 
group following elimination of the patient 
who appeared to be afflicted with more 
than one disease entity and who showed 
an approximate two-fold elevation of ga­
lactosyl ceramide above the other patients 
in the stroke group gave the following re­
sults: the total cerebrosides were slightly 
elevated; galactosyl ceramides decreased 
considerably, but not to a significant de­
gree; and the percentage of galactosyl ce­
ramides was in very close agreement with 
the other two groups.

D iscussion

Multiple sclerosis has been studied ex­
tensively from many perspectives. Plasma 
cerebroside composition, however, has 
been determined only on pooled samples 
from patients with this disorder.21 In the 
present study which utilized duplicate 
samples from individual patients, the range 
of galactosyl ceramide percentages found 
in patients with multiple sclerosis was not 
significantly different from the figure estab­
lished by Rathke and Jones.21 The mean 
percentage of galactosyl ceramides of in­
dividual patients compared very closely 
with that of controls in this and other 
studies.

The increase in cerebrospinal fluid galac­
tosyl ceramide reported in multiple scle­
rosis patients need not be reflected by 
changes in the plasma cerebroside com­
position for a variety of reasons. For ex­
ample, a several-fold dilution would occur 
even if the relatively minute amounts of 
cerebrospinal fluid cerebroside did enter 
the plasma freely. The rather wide normal 
range of percentage of plasma galactosyl 
ceramide could obscure small but signifi­
cant increases from the cerebrospinal fluid. 
Also, assuming that the blood-brain barrier 
is damaged in the formation of central ner­

vous system lesions, no direct evidence 
exists that galactosyl ceramide enters the 
plasma unchanged. Again, the relatively 
small increases, which theoretically could 
be added to the plasma pool from this 
route, might be obscured by the normal 
range.

In patients with multiple sclerosis and ret­
robulbar neuritis, Tourtellotte and Haerer28 
were able to demonstrate that cerebrospi­
nal fluid cerebroside levels correlated well 
with age of patient and extent of lesion. 
Thus, the greater amounts of galactosyl 
ceramides in the plasma of patients C.V. 
and L.V. in our study may be indicative 
of more extensive demyelination. Possible 
relationships between plasma cerebroside 
composition and the presence or extent of 
demyelinating lesions in the central ner­
vous system could be explored by serial 
determinations of plasma cerebrosides fol­
lowing relapses. Millar19 has postulated 
that multiple sclerosis could involve a de­
fect of the blood-brain barrier and has out­
lined a sequence of events which possibly 
accompany demyelination. This sequence 
is similar to that described for vascular 
disease.

Massive destruction of the central ner­
vous system which occurs in the various 
kinds of stroke is known to disrupt the 
blood-brain barrier,17 in fact, antibodies to 
various central nervous system constituents 
including cerebrosides have been demon­
strated after destructive or demyelinating 
disorders, indicating the possibility of 
plasma contamination.3 It was predicted 
that the galactosyl ceramide, which is char­
acteristic of myelin, might appear in the 
plasma from this source. This hypothesis 
would seem to be disproved by the data 
obtained in this study. However, qualifica­
tions about conclusions are necessary and 
further studies need to be undertaken be­
fore the hypothesis is completely nullified.

For example, the time of sampling fol­
lowing onset of symptoms could be very
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significant, and the range of normals is suf­
ficiently broad so that analysis of serial 
samples over a period of time might be 
necessary to document changes in plasma 
cerebroside composition. The extent of the 
lesion almost certainly would affect the 
possible quantity of cerebrosides reaching 
the plasma. Also, the dilutional effects of 
the plasma could be compensated in some 
way by analyses of galactosyl ceramide 
more specifically characteristic of the cen­
tral nervous system. Differences exist in the 
fatty acid composition of the monohexosyl 
ceramides of brain and plasma. Possibly a 
combination of cerebroside hexose and 
fatty acid analyses could establish with 
certainty the contribution of myelin cere­
broside to the plasma pool in the presence 
of massive destruction.

Patient E.S. had 25.66 percent of plasma 
cerebrosides present as galactosyl ceram­
ides. This patient was an 84-year-old fe­
male and a known diabetic for 50 years. 
Her history gave no indication of the pres­
ence of diabetic neuropathy. The diagnosis 
in this patient was cerebral thrombosis. 
However, three obvious categories were 
present in this patient: aging, stroke and 
atherosclerosis. Studies on aging have 
brought to light few biochemical param­
eters which accompany the aging process 
in normal subjects. No information is avail­
able to describe if, or at what point, the 
structural molecules of aging organs begin 
to appear in the plasma. Possibly the in­
creased plasma cerebrosides in the controls 
in this study reflect a normal concomitant 
of aging.

Acknowledgments
The authors acknowledge the technical assist­

ance of Mr. Warren Taylor and the secretarial 
assistance of Ms. Sandra Randall. Gratitude is 
expressed to the Pathology Departments of the 
Detroit Osteopathic and E. W. Sparrow Hospitals, 
to Dr. Louis Rentz, Dr. Paul Jakubiac, Dr. Eileen 
Rathke and Dr. Charles Sweeley.

References
1. A u s t i n , J. a n d  M a x w e l l , W .:  Significance of 

plasma glycolipid levels in normals and in 3 
disorders of brain glycolipids. Proc. Soc. Exp. 
Biol. Med. 107:197-200, 1962.

2. B r a d y , R. O.: Cerebral lipidoses. Ann. Rev. 
Med. 21:317-334, 1970.

3. B r a d y , R. O.: Immunochemical properties of 
glycolipids. J. Amer. Oil Chem. Soc. 43:67-69,
1966.

4. B r a d y , R.: The sphingolipidoses. New Eng. 
J. Med. 275:312-318, 1966.

5. C h e r a y i l , G. a n d  C y r u s , A.: The quantita­
tive estimation of glycolipids in Alzheimer’s 
disease. J. Neurochem. 13:579-590, 1966.

6. C h r i s t e n s e n , L. H . a n d  M a t z k e , J.: Cere­
broside and other polar lipids of the cerebro­
spinal fluid in neurological diseases. Acta 
Neurol. Scand. 41:445-447, 1965.

7. D a w s o n , G . :  Detection of glycosphingolipids 
in small samples of human tissue. Ann. Clin. 
Lab. Sci. 2:274-284, 1972.

8. D a w s o n , G.: Glycosphingolipid levels in an 
unusual neurovisceral storage disease charac­
terized by lactosylceramide galactosyl hydro­
lase deficiency: Lactosylceramidosis. J. Lip. 
Res. 13:207-219, 1972.

9. D e s n i c k , R., S w e e l e y , C., a n d  K r iv it , W .: 
A method for the quantitative determination 
of neutral glycosphingolipids in urine sedi­
ment. J. Lip. Res. 11:31-37, 1970.

10. D o d , B. a n d  G r a y , G . :  The lipid composition 
of rat liver plasma membranes. Biochim. 
Biophys. Acta 150:397-404, 1968.

11. E s s e l m a n , W ., L a i n e , R., a n d  S w e e l e y , C.: 
Isolation and characterization of glycosphingo­
lipids. Methods in Enzymology, Vol. 18, Gins­
berg, B., ed. Academic Press, New York, pp. 
140-156, 1972.

12. F o l c h , J., L e e s , M., a n d  S t a n l e y , G.: A 
simple method for the isolation and purifica­
tion of total lipids from animal tissue. J. Biol. 
Chem. 226:497-509, 1957.

13. F o o t e , J. a n d  C o l e s , E.: Cerebrosides of 
human aorta: Isolation and identification of 
the hexose and fatty acid distribution. J. Lip. 
Res. 9:482-486, 1968.

14. G e r s t l , B., T a v a s t s t j e r n a , M., H a y m a n , R., 
E n g , L., a n d  S m i t h , J.: Alterations in myelin 
fatty acids and plasmalogens in multiple scle­
rosis. Ann. N.Y. Acad. Sci. 122:405-415, 1965.

15. K a m p i n e , J., B r a d y , R., Ya n k e e , R., K a n f e r , 
R., S h a p ir o , D., a n d  G a l , A.: Sphingolipid 
metabolism in leukemic leukocytes. Cancer 
Res. 27:1312-1315, 1967.

16. K a t t l o v , H ., W i l l i a m s , J., G a y n o r , E., 
S p iv a k , M ., B r a d l e y , R., a n d  B r a d y , R.: 
Gaucher cells in chronic myelocytic leukemia: 
An acquired abnormality. Blood 33:379-390, 
1969.

17. K a t z m a n , R.: Blood-brain-CSF barriers. Basic 
Neurochemistry, Albers, R. W ., et al, eds.



PLASMA CEREBROSIDES IN STROKE AND M ULTIPLE SCLEROSIS 51

Little, Brown & Co., Boston, Chapter 16,
1972.

18. K e a n , E. Separation of gluco- and galacto- 
cerebrosides by means of thin-layer chroma­
tography. J. Lip. Res. 7:449-452, 1966.

19. M i l l a r , J.: Multiple sclerosis. A Disease 
Acquired in Childhood. Charles C Thomas, 
Springfield, IL, 1971.

20. M ir a s , C., M a n t z o z , J., a n d  L e v is , G.: The 
isolation and partial characterization of glyco- 
lipids of normal human leukocytes. Biochem. 
J. 98:782-786, 1966.

21. R a t h k e , E. a n d  J o n e s , M.: Serum cerebro- 
sides in multiple sclerosis. J .  Neurochem. 22: 
311-313, 1974.

22. R o b b i n s , S.: Pathology, 3rd ed., H. B. Saund­
ers Company, Philadelphia, 1967.

23. S a m u e l s s o n , K.: Identification and quantita­
tive determination of ceramides in human 
plasma. Scand. J. Clin. Lab. Invest. 27:371- 
380, 1971.

24. S o k o l o f f , L.: Circulation and energy metab­
olism of the brain. Basic Neurochemistry, 
Albers, R. W., et al, eds., Little, Brown & Co., 
Boston, Chapter 15, 1972.

25. S u z u k i , K. a n d  S u z u k i , Y.: Galactosyl ceram- 
ide lipidosis: Globoid cell leukodystrophy

(Krabbe’s disease). The Metabolic Basis of 
Inherited Disease. Stanbury, J .  B., Wyn- 
gaarden, J .  B., and Fredrickson, D. S., eds. 
McGraw-Hill, New York, pp. 760—782, 1973.

26. SvENNERHOLM, L., B r UCE, A., MANSSON, J., 
R y n m a r k , B., a n d  V a n i e r , M.: Sphingolipids 
of human skeletal muscle. Biochim. Biophys. 
Acta 280:626-636, 1972.

27. T o u r t e l l o t t e , W.: Cerebrospinal fluid in 
multiple sclerosis. Handbook of Clinical Neu­
rology, Vol. IX. Vinkin and Bruyn, eds. Am­
sterdam, North-Holland, Chapter 11, 1970.

28. T o u r t e l l o t t e , W. a n d  H a e r e r , A.: Lipids 
in cerebrospinal fluid. XII. In multiple sclero­
sis and retrobulbar neuritis. Arch. Neurol. 20: 
605-615, 1969.

29. V a n c e , D., K r i v it , W., a n d  S w e e l e y , C.: 
Concentrations of glycosyl ceramides in 
plasma and red cells in Fabry’s disease, a 
glycolipid lipidosis. J .  Lip. Res. 10:188-192, 
1969.

30. V a n c e , D. a n d  S w e e l e y , C.: Quantitative 
determination of the neutral glycosyl ceram­
ides in human blood. J .  Lip. Res. 8:621-630,
1967.

31. W e l l s , H. a n d  J o n e s , M.: Galactosyl ceram- 
ide levels in human plasma. Amer. J .  Clin. 
Path. 60:890-896, 1973.




