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Since one of us (J.N.C.) in 1953 recorded the results
of electrophoresis on paper of the proteins of the
cerebrospinal fluid and cerebral cyst fluids a number
of other supporting media have been employed for
this purpose. Some, such as starch, are valuable
because of a higher resolving power and a greater
ability to separate many of the protein components.
The use of the polyacrylamide disc electrophoretic
technique of Ornstein and Davis (1962) has been
introduced recently and it offered a fresh opportunity
to study cerebrospinal fluid and brain proteins by a
method which appeared to possess certain advan-
tages over other techniques. This paper records such
a study and the results are compared with the findings
of other workers using different techniques as well
as that of Cunningham (1964) who examined the
cerebrospinal fluid with the same method.
The method has also been employed for the

detection of enzymes, especially lactate dehydro-
genase, and of caeruloplasmin.

METHODS AND MATERIAL

Cerebrospinal fluid was obtained by lumbar puncture
from 100 subjects and kept at -20°C. until used. No
organic neurological disease was present in 30 and in
each the cerebrospinal fluid protein was less than 40 mg.
per 100 ml. with less than 4 lymphocytes per c.mm.; these
were classed as control fluids. Cerebrospinal fluid from
70 subjects with a variety of organic neurological dis-
orders, some of which are mentioned below, all showed a
raised protein level and constitute the second group.
Concentration of the cerebrospinal fluid using negative
pressure and a collodion filtration shell was carried out on
a few occasions.

Disc electrophoresis was carried out by the method of
Ornstein and Davis (1962) with these additional par-
ticulars. The electrophoresis was carried out in 110 mm.
tubes filled to a height of 60 mm. with 'small-pore gel'.
After the gel became solid, in about 45 minutes, an
amount of 'large-pore gel' was added to make an ad-
ditional height of 10 mm.; eight to 12 specimens were
examined at the same time with a current of 3 mA. per
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tube for about 100 minutes, the actual time being deter-
mined by the rate of migration towards the cathode of
the indicator bromphenol blue. A quantity of cerebro-
spinal fluid containing from 150 to 400 ,tg. of protein in
a volume varying from 0-1 to 0 75 ml. was thoroughly
mixed with sucrose to give a final concentration of 25%
sucrose and layered over the large-pore gel ('spacer gel')
by means of an Agla micrometer syringe (Ornstein and
Davis modified by Fox, Thurman, and Boulter, 1963).
The gels were stained with 1 % naphthalene black in

7% acetic acid, and the excess stain removed by frequent
washings in 7% acetic acid, or electrophoretically, both
methods giving identical results.

Reproducibility was tested by putting up the same cere-
brospinal fluid in many tubes at both the same concen-
tration as well as at varying concentrations of protein
content.

Sera were examined by the same technique after dilu-
tion in distilled water to give a protein concentration of
300 to 500 ,ug. per 0-5 ml. which was then used in a
manner similar to that for cerebrospinal fluid. The sera
were from the same patients from whom the cerebro-
spinal fluids were obtained.

Specimens of cerebral tissue were obtained at necropsy
performed less than six hours after death. White matter
and cortex were separated from different areas of the
brain and the soluble cerebral proteins extracted with
0-3 M sucrose (Cumings, 1961). The clear centrifuged
extracts were diluted to give a final concentration of
protein of 500 ,ug. per 0 5 ml. before use.
The gels were also stained for caeruloplasmin ussng

p-phenylenediamine in acetate buffer (Uriel, 1958) and for
the isoenzymes of lactate dehydrogenase (Yakulis,
Gibson, and Heller, 1962).

RESULTS

An illustration of actual results in serum and normal
cerebrospinal fluid of one patient, the cerebrospinal
fluid in a case of polyneuritis, and of cerebral white
matter is given in Figure 1.
Drawings to scale of all the individual discs were

made but because variations of time, length of gel,
and temperature alter the actual distance of travel
of albumin from the origin it was considered desir-
able to reduce them all to a constant length. This
distance was fixed as 100 mm. from the slowest
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FIG. 1. Photograph of 4 polyacrylamide gel discs of
(A) serum (300 t.sg. protein); (B) normal cerebrospinal
fluid (250 pLg. protein); (C) cerebrospinal fluid.from a case
of polyneuritis (350 ptg. protein): the arrow indicates the
fast a globulin band which is increased in amount; and (D)
white miatter of the parietal lobe (500,pg. protein).

CSF I I I

SERUM I* '

CSF 2 - Il l

SERUM 2 j I Il l

6 8 r GLOBULINS
6-FAST C2 GLOBULIN

8-,A GLOBULIN

FIG. 2. Drawings to demonstrate the comparison between
the electrophoretic patterns of normal serum and normal
cerebrospinal fluid, each pair being from the same patient
(300 ,ug. ofprotein).

y globulin to the most anodic edge of albumin.
The centre of each band was measured from the front
edge of the albumin and plotted. Examples of the
electrophoretic patterns of sera and cerebrospinal
fluids from two patients so drawn are illustrated in
Figure 2.

Table I records the results of the cerebrospinal
fluid examination in the 30 control cases, in nine
examples of multiple sclerosis, seven of polyneuritis,
and 10 of cerebral tumour. Included in the table is
the distance of travel, the frequency and the relative
intensity (1 to 3) of each band, numbering them from
albumin (1) to the least mobile y globulin (14).

Figure 3 is a drawing of one example of each of the
cases recorded in Table 1.

Recordings of disc electrophoresis of two control
cerebrospinal fluids have been made and compared
with those obtained by Cunningham (1964) and the
results are exactly comparable.
The soluble cerebral proteins of the frontal,

parietal, temporal, and occipital areas of two brains
have been examined and in general the patterns of
either white matter or cortex from each area have
been similar, but those of white matter differ from
those of the cortex. Some 15 separate bands in all
areas were obtained.
The results obtained on polyacrylamide gel have

been compared with those obtained by starch electro-
phoresis for normal sera, for normal cerebrospinal
fluid (Kutt, McDowell, Chapman, Pert, and Hur-
witz, 1960), and for the soluble cerebral proteins
(Cumings, 1961). Figure 4 shows these findings, all
the patterns having been drawn to the same scale.
Some general comments are necessary relating to

these findings. Using different concentrations of
protein in eight separate fluids there was complete

TABLE I
RESULTS IN THE CEREBROSPINAL FLUIDS EXAMINED

Nornmal Cerebrospinal Fluid(30 cases) Miultiple Sclerosis (9 cases) Polyneuritis (7 cases) Cerebral Tunmour (10 cases)

Nos. of Band Mobility Intensity Nos. of Band AMobility Intensity Nos. of Band Mobility Intensity NoT. of Band Mobility Intensity
Cases No. Cases No. Cases No. Cases No.

30 1 3 9 3 9 1 4 3 7 1 4-7 3
18 2 19-7 1 5 2 1 5 1 7 2 22-3 2-5
24 3 25 1 7 3 23 1 5 3 25-1 1
14 4 31 1 - - - - 6 4 30-2 1
17 5 35-6 1 7 5 34-2 1 4 5 35-2 1
26 6 39-6 2 9 6 40 3 2 7 6 404 2

5 6a 42 1
22 7 45-6 1 5 7 45-3 1 5 7 47-5 1
30 8 50 3 9 8 50 3 7 8 509 3
27 9 60-5 2 9 9 60-5 2 7 9 60-9 2
30 10 75 1 9 10 74 9 1 7 10 75-6 1
14 1 1 81-3 1 4 1 1 81-1 1 5 1 1 80-7 1-5
16 12 87 1 5 12 87-5 1 4 12 87-2 1-5
13 13 92-1 1 6 13 93-5 1 5 13 93 5 1-5
24 14 97 8 1 8 14 96-5 1 6 14 97 9 1-5

Band I = albumin Band 6 = fast a2 globulin Band 8 = globulin Bands 10-14 =y globulins

10 1 5 3
6 2 16-6 1
10 3 24 1
8 4 303 1
6 5 37-1 1
8 6 40-8 2

6 7 45-4
10 8 502
10 9 60-3
10 10 73-7
8 11 81-4
7 12 86-7
8 13 92-4
8 14 97.4

3
2
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l , The control or normal cerebrospinal fluids
A _ _ _I showed on average 14 bands with a few showing

nine and a few as many as 17. Pre-albumin was
definitely present on five occasions but the site of

fl___ I l this protein is also the area to which the bromphenol
I _ _ __ l lblue migrates thus obscuring the pre-albumin band,

as was found by omitting the dye from a series of
electrophoretic runs. In addition to the deeply

- | Il lIIl l ll ll llstained albumin band there was a central band
c - | * I I| (number 8), which both by comparison with the

results of others and by the use of siderophyllin was
a 8 globulin. Between albumin and 8 globulin, five

D Il l l l bands were usually present, band 6 being most in-
II I I I I 1 l Illl tense and most frequent and corresponding to

6 8 9 - GLOBULINS fast a2 globulin of starch electrophoresis. At the

FIG. 3. The electrophoretic pattern of cerebrospinal fluids cathodic end there were a group of up to seven dis-
from (A) normal (150 ,g. protein); (B) multiple sclerosis tinct y globulin bands with an average of five bands.
(260 ,g. protein); (C) polyneuritis (350 pug. protein); and This area represents about one quarter of the whole
(D) a patient with an astrocytoma (240 pg. protein). length. Between the : globulin and the y globulins

one to four bands were found, one (no. 9) being
A _~ encountered with great regularity, while band 10

probably represents the slow a2 globulin of starch
electrophoresis of serum (Smithies, 1955).

B E j L W j J The electrophoretic patterns of the cerebro-
spinal fluid from neurological diseases showed less
variation from the normal than had been expected.

c _ The nine cases of multiple sclerosis, including two
with a strong paretic Lange curve, showed only
minor differences, as in the case in which there were

D jl 1 more deeply stainingy globulin bands. No abnormal
bands were present in any case. Similar findings, that
there is some increase in intensity of the y globulin

E g | U* bands, were found in other conditions, particularly
in seven cases of cerebral or cerebellar tumour, and in

_________________________________ a case of sarcoidosis.
F I |I | | However, in seven cases of polyneuritis changes in

pattern and intensity were seen (Table I and Fig. 1),
for in every case band 2, a fast o globulin, was deeply

G S f | * I stained and in one patient there was also a parallel
increase in the a2 globulin in the serum. There was a

small but significant increase in y globulins in the
H ||| I i* I| cases examined as there was in three cases of wide-

spread secondary carcinomatosis. Ten cases of
FIG. 4. A comparison between the electrophoretic patterns primary cerebral tumour failed to show any varia-
obtained in starch (A, C, E, G) and in polyacrylamide tion from the normal pattern apart from the increase
(B, D, F, H). A and B normal serum, C and D normal in y globulins in three cases.
cerebrospinal fluid, E and F soluble cerebral proteins of the Presenile dementia (2 cases), cortical atrophy
parietal white matter, and G and H of the parietal cortex. ( c a

' ~~~~~~~~(6cases), and benign intracranial hypertension (4
reproducibility and the relative intensity of the cases) showed no important differences from the
:4-- U1A --:-- 'ThL;e;:.. n ri normal.cluerent banus remainea consLanL. t nis in partis

due to the use of unconcentrated cerebrospinal fluid
as was found previously by Cunningham (1964).
It has always been suspected that significant varia-
tion could take place when concentration of cere-
brospinal fluid was performed under a variety of
conditions.

DISCUSSION

It is not easy to make a direct comparison of the
findings described here with the results of authors
using agar (Lowenthal and Petre-Quadens, 1963)
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although it is simpler to make a comparison with
starch electrophoresis of cerebrospinal fluid (Kutt
et al., 1960) and the results obtained by Cunningham
(1964). Nevertheless the results presented are
similar in many respects as, for example, in that all
methods yield one or two pre-albumins, a strong
albumin band, which in starch tends to be of greater
length thus obscuring an a globulin, and a well-
marked, centrally placed fi globulin, demonstrated
in agar by Wieme (1959) and Lowenthal and Petre-
Quadens (1963). Other constant bands in starch and
polyacrylamide are the fast Uc2 globulin (band 6),
and by all three methods band 9 in these experiments
which corresponds to band 10 of Cunningham and
band t of Lowenthal and Petre-Quadens. Bands 11
and 12 of Cunningham were only found in 36% and
the fast CX2 described by Kutt et al. (1960) was
present in 87% of our cases.
There were some differences in the patterns shown

in electrophoresis of serum between starch and poly-
acrylamide as can be seen well illustrated in Fig. 4,
these being chiefly the absence of the faster oa globulin
and the presence of more axf bands in starch as com-
pared with polyacrylamide.

There is a striking difference in the fewer number
of bands of y globulin in serum as compared with
cerebrospinal fluid and this needs further investiga-
tion, while additional studies on soluble brain pro-
teins with a comparison of the blood and cerebro-
spinal fluid protein patterns from the same patient
may be of assistance in determining the possible site
or source of origin of the cerebrospinal fluid y
globulins.
The method of electrophoresis using polyacryl-

amide gel as described here has been found to be
valuable in the study of body proteins, for the results
are reproducible, permanent for they can be stored
in small plastic containers, and there is a resolving
power superior to any other method with the possible
exception of starch gel. A further considerable
advantage is that, especially with regard to the
cerebrospinal fluid, no concentration is required or
even desirable unless the total protein content is
20 mg. per 100 ml. or less. Enzymes such as lactate
dehydrogenase as well as caeruloplasmin can be
readily visualized. In this regard, however, it is not
possible to solubilize or re-extract out of the gel
these enzymes or the protein component as it is in
starch electrophoresis (Cumings, 1961; 1962).
Quantitative measurements using polyacrylamide gel
have not yet been possible but alterations in tech-
nique such as allowing a longer time of electro-
phoresis with a greater length of disc may overcome
scanning difficulties.
The general patterns obtained by the three main

techniques-agar, starch, and polyacrylamide gel-

are very similar even though some differences do
exist. One for instance is the spreading of the
albumin band seen in starch. Yet a comparison
between serum and cerebrospinal fluid by these
methods leads to the conclusion that albumin and the
cx and fi globulins are very similar both in site and in
relative amount. The y globulins, however, differ in
many aspects.

There is some disagreement concerning the inter-
pretation of the pherograms in pathological condi-
tions. Many studies using agar have been under-
taken to show a correlation between disease and
protein pattern (Lowenthal and Petre-Quadens,
1963; Laterre, Heremans, and Demanet, 1962).
The experiments recorded here do not support this
degree of close correlation more especially in multiple
sclerosis, even though changes were found in poly-
neuritis, more especially an increase in a fast cx
globulin (band 2). A similar pattern was noticed in
cases of carcinomatosis and in a case of acute
poliomyelitis, as was also found by Laterre et al.
(1962), while increases of y globulin were found in
sarcoidosis and some tumour cases.
The finding in the soluble cerebral proteins of

two or generally three pre-albumin fractions, and a
total of some 15 bands is in general agreement with
previous studies (Cumings, 1961; 1962). Further
study of such proteins in more cases with the
application of various enzyme stains to such gels
will be rewarding.

SUMMARY

Polyacrylamide disc electrophoresis has been
performed on a series of 100 cerebrospinal fluids,
from serum, and from sucrose extracts of cerebral
tissue. A normal pattern is described together with
the results obtained from the cerebrospinal fluid
from cases of a number of different diseases.
A comparison between results from starch

electrophoresis and the present technique is made
together with comments relating to the lack of
specific changes in some conditions, notably mul-
tiple sclerosis. Preliminary studies on the soluble
cerebral proteins are mentioned and an indication
given that both these and the unusually large
number of y globulins present in the cerebrospinal
fluid need further examination.
Enzyme localization has been shown to be possible.

One of us (G.M.) has been in receipt of a grant from the
Ministry of National Education, Belgium, for which
thanks are expressed. We are also grateful for the assist-
ance of Mr. R. Shortman, Mr. J. M. Mills, and the
Department of Medical Photography, Institute of Neuro-
logy (Queen Square).
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