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Effect of the Purified Blood Group A Substance on Permeability of the
Capillaries.

ULRICH FRIEDEMANN, FREDERICK B. TRAUB, AND DORETT LANGSTADT.

(Introduced by Albert E. Sobel.)
From the Department of Bacteriology, The Jewish Hospital of Brooklyn.

In a previous communication;' it was
shown with the aid of a new method that
a number of substances increase the permea­
bility of the capillaries to a very high degree.
Very active were commercial peptones. Some
of the constituents of commercial peptones
were examined, therefore, and in the course
of these investigations it was found that A
and B substances of Witebsky had a strong
effect on capillary permeability. It could not
be decided, however, whether this effect was
due to the blood substances themselves or
to impurities. To answer this question we
first tried to make use of the observation
that enzymes in saliva and feces destroy the
blood group substances."? We, therefore,
treated the AB substance of Witebsky with
extracts of feces and the saliva of non­
secretors and examined whether the effect on
capillary permeability disappeared with the
blood group activity. These attempts, how­
ever, were frustrated by the fact that the
extracts of feces and the saliva of non­
secretors themselves had a very strong effect
on capillary permeability. A new avenue of
approach was opened by the work of Kabat,
Bendich and Bezerv-? who succeeded in puri­
fying the blood group A substance. The
capillary effect of this substance will be de-
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scribed in the present paper. Included are
investigations on an inactive substance, like­
wise isolated by Kabat, which is chemically
and physico-chemically indistinguishable
from the A substance but differs from it
serologically. The nature of this substance
will be discussed below.

Methods and Materials, The method used
in this investigation for the demonstration
of the capillary effect is the indirect intra­
cutaneous test with diphtheric toxin and the
indirect intramuscular test with tetanic
toxin. Both procedures have in common that
the increased capillary permeability manifests
itself in the increased effect of the antitoxin.
The details of this method, and the evidence
for this interpretation of the experimental re­
sults were presented in our previous com­
munication.?

The preparation of the purified A sub­
stance has been described by Kabat, Bendich,
and Bezer.6•7 Gastric mucin or stomach linings
of hogs were digested with pepsin and puri­
fied with the aid of the method of Morgan

TABLE I.
Capillary Effect of tho Purified Blood Group A
Substance as Demonstrated by the Indirect Skin

Test with Diphtheric Toxin.

Dilution Series A
of toxin (control) Series B

1:50 N
1:100 N E++
1:200 E++++ E+
1:400 E+++ E+
1:800 E++ 0
1:1.600 E++ 0
1 :3)00 E+ 0
1 :6,400 0
1: 12,800 0

N: necrosis.
E: erythema.
Number of + indicates extent of erythema.
0: no reaction.
-: not done
Results read after 72 hr.



BLOOD GROUPS AND CAPILLARY PERMEABILITY

TABIJE II.
Capillary Effect of the Purified Blood Group A Substance and of a Pr~parat.ion Oontaini.ng
GO% A Substance and 40% ,,' Inactive Substance" as Demonstrated by the Indirect Test with

Tetanic Toxin.
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Dilution
nf antitoxin

1:20
1:40
1:80
1:160

1:320

1:640
1: 1,280

Series A
(control)

+6, L.'I', 1
+6, L.T. 1
+3, +3
+2, +6

Series B

L.T.l
L.T.2
L.T.l
L.T.4
+2, G.T. 4
+5, G.T. 4

Series C

L.T.2,0
L.T.2,0
L.T.2
L.'r.5
+5, +8

-: not done.
0: no symptoms.
L. T.: local tetanus.
G.T.: general tetanus.
+: indicates death
Numerals indicate day of onset of tetanus or of death.

and King." The stomachs of some hogs
yielded the pure A substance while from oth­
er stomachs a second substance was obtained,
chemically identical with the A substance but
serologically inactive. Finally, from the
pooled hog stomachs was obtained a product
composed of 60% of A substance and 400/0
of inactive substance. These 3 preparations
were kindly placed at our disposal by Dr.
Kabat. In the following experiments 1%
solutions of these substances in saline were
used.

Experiment 1. One cc of diphtheric anti­
toxin 874 (1600 units per mil.) in a dilution
1: 50 was injected intravenously into a white
rabbit weighing 2500 g. Immediately after­
ward 0.1 cc of serial dilutions of diphtheric
toxin 1116 were injected intracutaneously.
The serial dilutions of toxin were injected in
duplicates. In Series A the toxin was diluted
in saline solution, in Series B it was diluted
in a 1% solution of the purified A substance.
The results are recorded in Table 1.

It will be seen from Table I that at least
8 times more toxin has been neu tralized in
Series B than in Series A. This result we
interpret as indicating that the purified A
substance increases the permeability of the
capillaries of the skin to antitoxin approxi­
mately 8 times.

Experiment 2. 0.5 cc of serial dilutions

8 Morgan, W. T. J., and King, H. R., Biochom,
J., 1943,37, 640.

of tetanic antitoxin 327 (1200 units per mil.)
was injected intravenously into guinea pigs
weighing 250 g. Twenty lethal doses of
tetanic toxin 1556 (0.1 mit of a dilution
1: 25) were injected intramuscularly. The
experiments were carried out 3 times. In
Series A the toxin was diluted in saline solu­
tion, in Series B in a 1% solution of the
purified A substance and 'in series C in a
solution of the preparation containing 60%
A substance and 40% inactive substance.
The results are recorded in Table II.

Again in Series B the antitoxin is approxi­
mately 8 times more effective than in Series
A. In Series B the minimal concentration
which protected both animals against death
was 1: 320 while in Series A even a concen­
tration 1: 40 protected only one animal. In
Series C the antitoxin was approximately 4
times more effective than in Series A. These
results indicate that a 1% solution of the
purified A substance increased the permea­
bility of the capillaries to antitoxin about 8
times while with a 1% solution of the prep­
aration containing 600/0 A substance and
40% "inactive" substance the increase was
about 4 times.

Experiment 3. One cc of diphtheric anti­
toxin 874 (1600 units per mil.) was injected
intravenously into a white rabbit weighing
2500 g. 0.1 cc of serial dilutions of toxin
1116 was injected intracutaneously. In Se­
ries A the toxin was diluted in saline, in
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1'ABLE III.
Capillary Effed of the "Inaetive Substanee" as
Demonstrated by the Indireet Skin Test wit.h

I>iplitherie Toxin.

N: neerosis.
E: erythema.
No. of + ind ica tos ('xtent of er~·tllema.
0: no l'eadion.
--: not done.
Result read affer 72 111'.

"Kabat, Bendich and Bezer" have found
that Type XIV antipneumococcal horse se­
rum, which has been shown to agglutinate
cells of groups A, Band 0/° gives precipitin
reactions with both the active and the in­
active hog substances, leading them to the
inference that the inactive substance may be
associated with blood group 0 activity." It
is highly probable, therefore, that the capil­
lary effect of the "inactive" substance is due
to its relationship to the blood group 0 sub­
stance. The blood group B substance is not
available in a purified form and nothing can
be said, thus far, as to its effect.

As shown in our previous communication,'
the capacity of increasing capillary permea­
bility is common to a wide variety of sub­
stances. To these we now have added the
purified blood group substances. This find­
ing assumes additional significance in view
of the presence of these substances in the
tissue fluids of secretors. Schiff,l1 and
Friedenreich and Hartman'> have discussed
the question whether these substances may
fulfill any physiological function. On the
basis of the results reported in the present
paper, the possibility must he considered that
they may play a role in the regulation of
capillary permeability. From this point of
view the division of human beings into
secretors and nonsecretors gains added inter­
est.

Summary. With the aid of a new method
it was found that the purified blood group
A substance considerably increases capillary
permeability. Similar results were obtained
with the "inactive" substance purified by
Kabat et al. from hog stomach, and proba­
bly closely related to the group 0 substance.
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1:50
1:100
1:200
1:400
1:800
1: 1,600
1: 3,200
1: GAOO
1: 12,800

Di lutions
of toxin

Series B in a 1% solution of the "inactive"
substance. The results are recorded in Ta­
ble III.

As may ,be seen from Table III. the in­
active substance increases the permeability of
the capillaries 4 times.

Discussion. The scarcity of the material
a t our disposal made experiments on a larger
scale impossible. The quantitative data,
therefore, require confirmation when larger
quantities of the purified blood group sub­
stances will be available. The indirect intra­
cutaneous test with diphtheric toxin as well
as the indirect test with tetanic toxin, how­
ever, leaves no doubt that the purified A
substance increases the rate of neutralization
of toxins, presumably resulting from the in­
crease of the permeability of the capillaries.
The fact that the "inactive" substance like­
wise increased the rate of neutralization and
thus presumably had affected the capillary
permeability, although to a lesser degree,
seems at first to detract from the siznificance
of our findings. Dr. Kabat, ho~~ver, has
authorized us to publish the following per­
sonal communication:




