
183 

Paper Chromatography of Blood Plasmas in Multiple Sclerosis.*t (18431) 

ROY L. SWANK, A. E. FRANKLIN,: AND J. H. QUASTEL. 
(Introduced by 117. G. Penfield.) 

F r o m  the Department of Newology and Neurosurgwy, McGill University, the Montreal IVelrro- 
logical Institute, mad the Montreal General Hospital Research Institute. 

Previous observations have indicated the 
possibility that the degree of severity of mul- 
tiple sclerosis is related directly to the amount 
of the daily fat intake(1). This observation 
has stimulated studies of the effects of high 
fat meals on the composition of the blood of 
normal men and of dogs. First, it was shown 
that 6 to 9 hours following high fat meals 
the red blood cells and chylomicra in normal 
humans and dogs have a tendency to aggre- 
gate( 2 ) .  Second, these changes in the physi- 
cal stability of the blood were found to be 
accompanied in the dog by alterations in the 
plasma protein pattern of the paper chromato- 
gram(3). 

I n  the present study it will be shown that 
with the paper chromatographic technic (4) 
it is possible to demonstrate significant 
changes in the plasma proteins of patients 
with multiple sclerosis. 

Plasmas were ob- 
tained from a group of intensively studied 
patients with multiple sclerosis, who were 
followed at the Xeurological Clinic of the 
Royal Victoria Hospital. All bloods were 
obtained from fasting patients and were pre- 
vented from clotting by heparin sodium salt 
(Connaught Laboratories). The bloods were 
obtained at different intervals of time: and 
when possible, during exacerbations and re- 
missions of the disease. From 1 to 8 tests 
were made on each patient. All of the 26 
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patients had well established disease; most of 
them had been admitted to the Montreal 
Xeurological Institute for diagnosis and treat- 
ment; and all but one were ambulatory. Some 
of the patients were on low fat diets cur- 
rently being used in this clinic to treat pa- 
tients with multiple sclerosis. -4 total of ll 
norma1 subjects was also studied. Three of 
these were studied at  weekly intervals over 
a period of 6 weeks, and as a control for those 
multiple sclerosis patients receiving the low 
fat diet, these 3 subjects were put on the 
same low fat diet for a period of 3 weeks. 
The capillary ascent method was used in 
chromatographic analysis ( 5) .  Whatman No. 
1 filter paper was used exclusively in this 
work. Seven sets of conditions were used 
to examine the plasma of each normal and 
each patient. One condition did not include 
the surface active agent, and the others used 
0.02, 0.04, and 0.06 ml Tween 81, and 0.01, 
0.03 and 0.05 ml Tween 85 per 0.5 ml of the 
test plasma.0 The illustrated chromatograms 
show increasing concentrations of Tween 81 
in the top row and Tween 85 in the bottom 
row. A‘lixing is easier if the surface active 
agent is placed in a small culture test tube 
first, then 0.5 ml of plasma is added and these 
are thoroughly stirred with a glass rod. Then 
0.02 ml of 0.3% hemin is added, and aliquots 
of the resulting plasma solution (0.012 ml) 
are placed in the lower lefit hand corner of. 
8” x 8” Whatman No. 1 filter paper. This 
is allowed to dry, and the filter paper is 
stapled in the form of a cylinder, taking care 
to keep the edges from touching. The cylin- 
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dew are placed standing in a pyrex dish con- 
taining lG0 nil 31 10 sucrose, and covered 
with a bell jar. and the solvent is allowed to 
reach the top of the paper. This requires 
about 1-1 I hours. The cjdinders are air- 
dried. unstapled. and restapled at  90 to the 
original direction. They are again placed 
ereci in a pj-res dish which contains 100 nil 
31 10 X a K  tartrate, and the solvent allowed 
to go about two-thirds up  the 1)aper. -After 
drying. the papers are streaked with the benzi- 
dine reagent. as described previously( 4 ) .  The  
chromatograms are photographed after a. 
blizht delax (about a. minute) to allow full 
color development. and before the character- 
istic brown background appears. 

Rc sults. Yrotrirz puttcriis obsurwd in 
Iwtrlthjl, j w u i i g  adul t s .  Fig. 1 shows 1 chro- 
matogram of a series of 6 taken a t  week117 
intervals from a healthy woman 33 years of 
a$e. The protein pattern in this subject var- 
ied very little from week to week during 
this period. The niasimuni variation con- 
sisted of an  absence of several central frac- 

tions i n  the chromatogram obtained when 0.03 
nil Tween 85 was added to the plasma. Fig. 
2 shows 1 chromatogram of a series of 6 
a t  weeldy intervals from a healthy man 29 
!-ears of age. Even greater consistency of 
the protein pattern was shown in this series 
of tests. S i n e  other controls (6  women, 3 
men) were examined. They showed similar 
protein patterns with no great variations upon 
repeated testing. IYhen 0.05 ml Tween 85 
was used with the plasma, few protein frac- 
tions were observed in either the control or 
es  p e ri ni e n t a1 subjects . 

The chromatograms of normal! healthy 
persons appear to vary to some extent from 
time to time. The  variations, however, the 
causes for which are as yet unknown, haw 
not affected the general protein pattern as 
observed in normal individuals. Generally 
speaking the normal pattern indicates the 
presence of a large number of fractions in all 
conditions of examination with the excep- 
tion of the higher concentrations of surface 
active agents (see Fig. 1 - 2 ) .  I t  is possibie 
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that in normal women these variations are 
greater than in men, but insufficient material 
prevents any conclusions on this point. The 
relationship of the menstrual cycle to the 
plasma proteins may be of importance in the 
apparent greater variation observed in women, 
but this has not been studied. 

Protein patterns observed in multiple scler- 
osis patients.  Of a total of 81 chromatograms 
from 26 patients with multiple sclerosis, 31 
tests in 17  patients showed distinct abnormali- 
ties, and 1 or more tests in each of 4 patients 
indicated probable abnormalities. In  5 pa- 
tients all the chromatograms were normal, 
despite the occurrence in 2 of them of mild 
exacerbations of disease during the period of 
study. In  one of the latter 2 patients the 
chromatograms were carried out 4 days after, 
and in another case one day after the onset 
of mild retrobulbar neuritis (as evidenced by 
a sudden partial loss of vision with return to 
former vision in about 2 weeks). 

I n  3 patients striking changes were ob- 
served in the chromatogram during exacerba- 
tions of disease. These changes were pre- 
ceded by normal ( 2  cases), or nearly normal 

( 1 case) chromatograms, and were followed 
by a return of the chromatogram towards 
(or to) normal during the subsequent clinical 
remissions. These patients were not on a 
low fat diet when the chromatograms before 
and during the exacerbations were carried 
out. During the period of remission, how- 
ever, they were given the low fat diet. An 
example of the changes in the chromatograms 
in one patient is shown in Fig. 3, 4, and 5. 
The  chromatogram prior to exacerbation (Fig. 
3)  was essentially normal. Five to 6 days 
after the onselt of the exacerbation, and while 
the neurological signs were still increasing, 
the chromatogram (Fig. 4) showed an ab- 
sence both of a large number of central frac- 
mtions, and of some of the upper fractions 
(compare with Fig. 1-2).  Eight days later 
the protein pattern was little altered. During 
clinical remission, and 11 weeks (Fig. 5 )  
later, the chromatogram returned towards 
normal. 

Another example of the protein pattern 
changes during an exacerbation is shown in 
Fig. 6-8. It will be noted that many of the 
upper fractions are absent during exacerbation 
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(Fig. 7 )  and that  these graduallj- reappear in 
the subsequent chromatogranis (see Fig. 8 ; 
5 weelis later). 

Eleven other patients, without clinical evi- 
dence of exacerbation of disease, exhibited 
changes which were considered distinctly ab- 
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FIG. 5. 

F I G .  6. 
Fig. 6, 7, and 8 show a series of chromatograms of a male patient with multiple sclerosis. 

Fig. 6 was cliromatograpbed (April 6 )  prior t o  an exacerbation. Fig. 7 shows the c1irom:lto- 
grams 3 days after the oiiset of an  exacerb:ttion (April 14) and Fig. 8 (Ma? 18) shows the 
chroma t ogram during remission. 

normal, in one or more chromatograms. All 
of these patients suffered from a relatively 
active disease ‘as judged by the occurrence of 

frequent and severe exacerbations during the 
preceding years. Three additional patients 
with steadily progressive disability consisting 
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FIG. 8. 

of mixed ataxia and spasticity displiayed transfusion, the protein chromatogram tends 
definite alterations of the protein pattern in This matter is being 
the chromatograms (see e.g. Fig. 9) .  

Efec ts  of bEood transfusions. Preliminary Discussion. The significance of the 
experiments have indicated that, following changes which have been observed in the 

to revert to normal. 
investigated. 
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plasma proteins of patients with multiple 
sclerosis is not known. The limited observa- 
tions suggest that these changes usually do 
not precede a clinical exacerbation of the 
disease by an appreciable interval of time. 
It is difficult to assess the time interval, how- 
ever, because the exact time of the onset of 
311 exacerbation cannot be established with 
certainty. Xeither do the changes in the 
protein pattern continue to be present for 
many weeks after the onset of the exacerba- 
tion. If the pattern of plasma proteins shown 
by  paper chromatography is secondary to, 
and determined by the amount of nervous 
tissue undergoing change, then it is reason- 
able to assume that small lesions (for ex- 
ample mild retrobulbar neuritis) might not 
alter the protein pattern. On the other hand, 
extensive lesions might occur in so-called 
silent areas of the brain and produce marked 
changes in the chromatograms, and yet be 
unaccompanied by symptoms. 

The chromatograms may reflect changes in 
the blood which occur concomitantly with, 
or even prior to, the development of the 
lesions in the nervous system. It may also 
be considered ithat the proteins might be 
modified by the chemical changes attending 
the occurrence of these lesions. 

The abnormalities in the plasma protein 

chromatograms do not appear to be specific 
for multiple sclerosis since very abnormal pat- 
terns have also been observed in multiple 
myeloma and liver cirrhosis.! 

I’npublished observations by one of us 
(R.L.S.) have shown that sedimentation 
rates of patients with multiple sclerosis (de- 
termined a t  weekly or monthly intervals) are 
frequently abnormally high, but the evidence 
so far has not established a clear correlation 
between such changed sedimentation rates 
and the abnormal chromatograms shown by 
these patients. No attempt was made to cor- 
relate the plasma protein patterns with the 
Lange reaction in the spinal fluid. 

Sunznzary . Using the paper chromatographic 
technic significant changes in the protein pat- 
terns have been demonstrated in patients 
with multiple sclerosis. We are unable to 
state a t  present the relationship of these 
changes to the activity of the disease, but 
our evidence would seem to indicate that they 
may occur concomitantly with, or immedi- 
ately following the onset of exacerbation. 
Furthermore the changes in protein patterns 
revert to normal during remissions. 

1 Unpublished observations by Franklin and 
Quastel. 
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