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In a previous investigation (Bassiouni, 1954)
injected heparin was isolated from human blood and
tissues and endogenous acid polysaccharides from
various tissues. The method is summarized in
Fig. 1. The isolated acid polysaccharides (A.P.S.)
were estimated in terms of beef heparin biologically
by their anticoagulant activity and calorimetrically
by their dye-binding capacity. The ratio between
the anticoagulant activity in units and the colori-
metric value in mg. (A/C ratio) characterized the
A.P.S. as heparin-like or chondroitin sulphate-like,
since in the latter the A/C ratio was very low
(between 0-4) compared with 100 for the beef
heparin. Paper electrophoresis of the isolated
extracts was useful as a confirmatory procedure,
since different mobilities were shown by beef
heparin, human heparin, and human chondroitin
sulphate obtained from cartilage. When 420 ml.-
samples of normal human blood were extracted by
the same procedure it was found that the plasma was
free from the heparin-like substance found in tissues,
but that it contained traces of two other acid poly-
saccharides detected by paper electrophoresis: one
moving at the same rate as the chondroitin sulphate
of cartilage and another with a lower mobility
(Fig. 2, opposite). The normal white cells contained
acid polysaccharides (A.P.S.) amounting to 80 F±g./
420 ml. blood with an A/C ratio of 10, and it was
thought to be mainly a chondroitin sulphate-like
A.P.S. This A.P.S. could not be detected in most of
the normal 4-ml. blood samples that were extracted.

However, when 4-ml. blood samples from rheu-
matic fever patients were extracted by the same
procedure, it was observed during step F of the
isolation that the crude precipitate obtained, which
is dark bluish in normal blood, included another
fine precipitate of a metachromatic reddish-violet

I Material for extraction 1 g. minced tissue or 4 ml.
| blood

A Complete volume up to 7 ml. with distilled water

Add 0 5 ml. 2N NaOH

B - Warm to 50° C. for 30-50 min.

D q

Add 6- 5 g. Amm.SO4 and shake

Warm to 50° C. for 5-10 min.

Heat quickly to 700 C.

Filter through Whatman No. 1 filter paper

Filtrate received in a conical tube containing 2 ml.
0 05 per cent. Azure A solution

4,
E Centrifuge after I hour

F Wash the crude precipitate with 2 ml. of 0 01
F N HCO and distilled water successively

Extract with 0 1 ml. formamide Modified
procedure

Re-precipitate with methanol Dissolve precipi-'
in presence of NaCl tate in 0 02 ml.

G formamide and
Re-extract with 0-1 ml. satu- apply on paper for

rated NaCl solution electrophoresis

F Re-precipitate with methanol
Fig. I.-Steps for isolation of acid polysaccharides and modified

procedure for micro-analysis using filter-paper electrophoresis.
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ACID POLYSACCHARIDE OF WHITE CELLS

Results
Extracts from 4-ml. blood samples showed an

A.P.S. of this kind in eight out of eleven cases of
rheumatic fever, a faint trace in one, and none in
two (Table I). A case of "pure" chorea (without
rheumatic activity) was negative, but one chorea
together with fever gave a faint trace. Four cases
of rheumatoid arthritis all gave positive results. Of
five samples of normal blood used as controls, four
gave negative results, but in one there was a faint
trace of A.P.S.

TABLE I

ISOLATION OF AN ACID POLYSACCHARIDE FROM
THE BLOOD OF RHEUMATIC PATIENTS

AND CONTROLS

Acid Poly-
Sedi- saccharides

Diagnosis Case Sex Age men- detected on Paper
No. station Electrophoresis

Rate from 4 ml. Blood

Fig. 2.-Paper electrophoresis of A.P.S. extract from two human
plasma samples (a and b), each obtained from 420 ml. blood. Two
fairly separated bands were obtained in each experiment compared

with chondroitin sulphate of cartilage (c).

colour; this suggested that a heparin-like acid poly-
saccharide might be present.*
As the concentration of the A.P.S. in such a fine

precipitate would be very low, extraction and puri-
fication by the usual procedure (step G in the
diagram) would entail very considerable losses
(Bassiouni, 1954) and leave insufficient material for
final estimation. In order to avoid these losses a
procedure modified especially for use with small
samples was adopted, in which the crude complex
dye precipitate obtained in step F was dissolved in
002 ml. formamide and applied directly on filter
paper for electrophoresis.

Method
The detailed procedure is as follows:
The crude dye precipitate which is obtained by centri-

fuging in the first step of heparin isolation was washed
successively with 1 ml. 0-01 N HCl and 0-5 ml. distilled
water; then 0 02 ml. of formamide was added and the
mixture stirred with a fine glass rod. After warming in
a water bath at 50° C. for 5 minutes, it was pipetted off
by a micropipette and applied directly on filter paper for
electrophoresis using the procedure previously described.
Except that the apparatus used was similar to that
described by Grassmann, Hannig, and Knedel (1951) and
that no chlorobenzene solvent was used, the extracts were
allowed to run for 1 hour at a potential gradient of
10 V/cm.

* The basic dye Azure A used gives a bluish violet precipitate with
chondroitin sulphate and hyaluronic acid, but a metachromatic pre-
cipitate (reddish-violet) with beef heparin-unpublished data.

I F 12 7
C2 F 13 20
3 F 13 5
4 F 13 44

Rheumatic 5 F 16 7
Fever 6 F 15 22

7 F 12 8
C8 F 17 15

9 F 28 87
CIO F 15 23

11 F 16 10

12 F 15 11
Rheumatoid 13 F 14 10

Arthritis 14 M 40 44
15 F 16 31

Pure Chorea 16 F 15 5
with Fever 17 F 13 11

18 F 28 -

19 F 19 -

Normals 20 F 19
21 F 22 -

22 M 38 -

+ +r +
+-i + +
1 1 1

I-4

C = with carditis.

In other diseases investigated (Table II, overleaf),
the most remarkable A.P.S. band was shown in
samples of long-standing diabetes, asthma, and acute
nephritis; it was also present to the same extent as in
rheumatic diseases in other conditions (Fig. 3,
overleaf).

Identification of A.P.S.-To identify this A.P.S.,
80 ml. blood were collected from patients with
rheumatic fever and rheumatoid arthritis. The
white cells and plasma were extracted separately,
using the full procedure previously described
(Bassiouni, 1954). The result shows that the
A.P.S. of the white cells from 80 ml. blood gave a
value of 38 [ug. in terms of beef heparin (calorimetric)
and an anticoagulant activity of 1 - 4 units, thus
having an A/C ratio of 37. An A.P.S. was obtained
from the plasma of 80 ml. blood which had a

7A
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290 ANNALS OF THE RHEUMATIC DISEASES

Fig. 3.-Paper electrophoresis of acid polysaccharide isolated from 4 ml. blood from:
(a) stone ureter (negative), (b) diabetes, (c) carditis (rheumatic fever), (d) acute nephritis, (e) pleural effusion, (f) asthma.

TABLE II
ISOL ATION OF AN ACID POLYSACCHARIDE FROM 4-ML.

BLOOD SAMPLES FROM PATIENTS WITH
VARIOUS DISEASES

Diagnosis

Stone left kidney ..

was carried out, and the isolated A.P.S. was run by
paper electrophoresis (Fig. 4). The plasma band

_C_ ?#

Sex Age A.P.S.

M 53 -

Hypertension .. . M 63

Duodenal ulcer M 17

Asthma . M 44
M 56

Coronary thrombosis M 50
F 77

Diabetes . M 55
M 62

Pleural effusion .. M 12
F 27

Acute nephritis

Mitral stenosis

? Cerebral aneurysm

Bronchiectasis

Pulmonary tuberculosis

F 13

F 50

F* 38

F 28

7 cases

Fig. 4.-Paper electrophoresis of acid polysaccharide extracted from
45 ml. blood collected from patients with acute rheumatic fever:

(a) from white cells, (b) from plasma.

4 positive

* Blood sample 2 ml. only.

colour value of 20 ,ug. Another extraction of the
plasma and white blood cells (separately) from
40 ml. blood from patients with rheumatic fever only

ma
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ACID POLYSACCHARIDE OF WHITE CELLS

was only one-third as dense as that of the white cells.
This white-cell A.P.S. had a mobility on filter paper
greater than chondroitin sulphate of cartilage, but
less than that of beef heparin (Fig. 5). It formed
a metachromatic precipitate with the Azure Adye and
colour of the compound had a maximum absorption
at 580 [tg.

ae

.I
I

.:I.::1.:

O-O=Amyloid A.P.S.
X-X=Chondroitin sulphate (human cartilage)
*-*=White cell A.P.S.(s)

.7-

-5.

.4-

*3:

it h

Fig. 5.-Paper electrophoresis of:
(a) beef heparin,
(b) white cell A.P.S.,
(c) chondroitin sulphate (human cartilage).

An amyloid liver from a long-standing case of
rheumatoid arthritis extracted by the usual procedure
gave 0 5 mg. A.P.S./g. fresh liver compared with
0 07 mg./g. in normal liver (about seven times the
normal content). It had an A/C ratio of 24 and its
compound with Azure A had a very metachromatic
colour with a maximum spectral absorption at
580 [Lg. (Fig. 6). These A.P.S. from amyloid
liver and from white blood cells resemble heparin
more than chondroitin sulphate or hyaluronic acid,
since the latter substances have a negligible anti-
coagulant activity and their compounds with Azure
A after being washed with N/100 HCl and then
re-suspended in distilled water are not meta-
chromatic and have a maximal spectral absorption
at 620 ,tg. Moreover, the A.P.S. of the white cells, as
well as the amyloid A.P.S. (Fig. 7, overleaf), has a
greater mobility than chondroitin sulphate, and it

9'
9'

9'
9'

'I

400 500 600 700 Fg
Fig. 6.-Absorption curves of Azure A complexes with amyloid
A.P.S., chondroitin sulphate (human cartilage), and white cell
A.P.S.(s). In each experiment the dye-acid polysaccharide complex

was washed successively with 2 ml.
N

HCO twice and with 2 ml.
100

distilled water once; it was then re-suspended in 4 ml. distilled water.
A Unicam photo-electric spectrophotometer was used with absorption
vessels of 1 cm. depth and 4 ml. capacity; the latter were calibrated

before being used.

must be emphasized that such difference in mobility
between the various A.P.S. becomes apparent when
they are run for 2 hours, using a potential gradient
lOV/cm. Hass (1942) found in his studies of amyloid
material that the isolated A.P.S. showed variations

7B
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ANNALS OF THE RHEUMATIC DISEASES

Fig. 7.-Paper electrophoresis of:
(a) beef heparin,
(b) amyloid A.P.S.,
(c) chondroitin sulphate (human cartilage).

among different samples of nitrogen and sulphur
content. However, he suggested that from these
results the A.P.S. was probably chondroitin sulphate,
but in the procedure he used for isolating the A.P.S.,
heparin would be lost in the barium precipitate
discarded during the process of purification.

Summary
(1) An acid polysaccharide (A.P.S.) was isolated

and identified on paper electrophoresis from 4 ml.
blood in cases of acute rheumatic fever and rheuma-
toid arthritis. It was also detectable in a variety of
other diseases and particularly noticeable in a long-
standing case of diabetes. It was not present in
appreciable amounts in normal blood.

(2) The isolated A.P.S. was found to be mainly
derived from the white cells. It has a distinct
anticoagulant activity compared with its colorimetric
value thus having an A/C ratio of 40. The corre-
sponding values for beef heparin and chondroitin
sulphate are 100 and 0-4 respectively. It has an
electrophoretic motility on filter paper higher than
that of chondroitin sulphate; its complex with
Azure A has a metachromatic colour having a
maximum absorption at 580 jig. This suggests that
this A.P.S. is mainly of a heparin-like nature.

(3) The A.P.S. isolated from an amyloid liver of
a long-standing case of rheumatoid arthritis showed
similarities to that isolated from the white cells.

I wish to thank Dr. E. G. L. Bywaters for advice and
help, and the Empire Rheumatism Council for a grant.
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Etude d'un polysaccharide acide des globules blancs dans
la maladie rhumatismale et dans d'autres maladies,
montrant sa similarity au polysaccharide acide de la

d6g6nerescence amylolde
RgsuMt

(1) Un polysaccharide acide (A.P.S.) fut isole et
identified au moyen de l'electrophorese sur papier A
filtre de 4 c.c. de sang provenant de cas de rhumatisme
articulaire aigu et d'arthrite rhumatismale. On le
decela aussi dans un certain nombre d'autres maladies
et sa presence fut particulierement marquee dans un cas
de vieux diabete. Dans le sang normal on n'en trouva
pas de quantities appreciables.

(2) On trouva que 1'A.P.S. isole provenait surtout des
globules blancs. I1 est doue d'une action anticoagulante
definie en comparaison avec sa valeur colorimetrique, la
raison A/C etant 40. Les chiffres correspondent pour
l'heparine de boeuf et le sulfate de chondroitine sont
respectivement 100 et 0-4. Sa mobility electrophoretique
sur papier A filtre est superieure A celle du sulfate de
chondroitine; son complexe avec Azure A a une couleur
metachromatique avec un maximum d'absorption A
580 ,g. Ces resultats sugg~rent que l'A.P.S. est surtout
une substance dans le genre d'heparine.

(3) L'A.P.S. isole du foie amyloide d'un cas d'arthrite
rhumatismale ancienne ressemblait A celui provenant
de globules blancs.

Estudio de un polisacarido de los gl6bulos blancos en la
enfermedad reumatica y en otras enfermedades, mostrando
su similaridad al polisacarido acido de la degeneraci6n

amiloidea
SUMARIO

(1) Un polisacarido acido (A.P.S.) fue aislado e
identificado por medio de electroforesis sobre papel de
filtrar de 4 c.c. de sangre procediendo de casos de reuma-
tismo poliarticular agudo y de artritis reumatoide. Se
le encontr6 tambien en algunas otras enfermedades y su
presencia fue particularmente marcada en un caso de
antigua diabetes. No hubo cantidades apreciables en
la sangre normal.

(2) Se vi6 que el A.P.S. aislado procedio ante todo
de globulos blancos. Tiene un poder anticoagulante
distinto en relacion con su valor colorimetrico, la raz6n
A/C siendo de 40. Las cifras correspondientes para la
heparina de toro y el sulfato de condroitina son 100 y
0-4 respectivamente. Su mobilidad electroforetica sobre
papel de filtrar es superior a la del sulfato de condroitina;
su complejo con el AzulA tiene un color metacromatico
con un maximo de absorpci6n a 580 psg. Estos datos
sugieren que el A.P.S. es primeramente una substancia
de tipo de heparina.

(3) El A.P.S. aislado del higado amiloideo de un caso
de artritis reumatoide antigua se pareci6 al derivado de
los globulos blancos.
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