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The Change of the Ground Substance of the Aorta
in Syphilitic Aortitis
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Verinderungen der Grundsubstanz bei Aortitis syphilitica

Zusammenfassung. 14 Fille von Mesaortitis luetica werden auf quantitative und quali-
tative Anderungen im Mucopolysaccharidbestand untersucht. Die Ergebnisse sind folgende:

1. Der Gehalt an Hyaluronsdure und Heparin-Heparitin nimmt ab, der Gehalt an
Chondroitinschwefelsdure zu.

2. Die Mucopolysaccharide in der syphilitischen Aortenwand sind weitgehende depoly-
merisiert. Das Molekulargewicht gewisser Fraktionen liegt wesentlich tiefer als bei Aorten-
erkrankungen nicht lutischer Atiologie.

Die in luischen Aorten gefundenen qualitativen und quantitativen Veriinderungen im
Mucopolysaccharidbestand sind fir die Mesaortitis luetica ,,spezifisch* und unterscheiden
sich eindeutig von denjenigen anderer Aortenkrankheiten.

Summary. The authors reviewed the changes of mucopolysaccharides in 14 cases of
syphilitic aortitis. The results are as follows:

1. The hyaluronic acid and heparin-heparitin content decreases and chondroitinsulphate
accumulates in the aortic wall.

2. The mucopolysaccharides deposited in the aorta are markedly depolymerised and the
molecular weight of certain fractions is considerably lower than in other pathological condi-
tions.

The changes in quantity and polymerism of mucopolysaccharides differ from those ob-
served in other conditions and are “‘specific” for syphilitic aortitis.

The macroscopic and histological differences between syphilitic aortitis and
arteriosclerosis were after others exactly described by DorHLE in 1895. In recent
decades the histological and histochemical differences have been clarified. HuEck
(1938) pointed out that in arteriosclerosis the changes of the ground substance of
the aorta develop in the intima, whereas in syphilitic aortitis they develop in
the media. BExepIor (1931) described the differences in the changes of the aortic
valve in syphilitic and rheumatic aortitis. The observations of DE Farra {1959)
showed that the histochemical changes of the intima are slight or missing and in
the media a focal MPS increase occurs which may be demonstrated in areas free
from inflammation. The changes may be observed in the ascending as well as
in the abdominal aorta. The detailed comparative biochemical studies of FABER
(1949, 1952) proved that in syphilitic aortitis the cholesterol, collagen, elastine
and sulphopolysaccharide content of the aorta differs significantly from that of
the hypertensive, arteriosclerotic and diabetic aorta. According to DE Faria
(1959) and Pyamcrv (1964), in changes of syphilitic aortitis the increase in
hyaluronidase-sensitive sulpho-MPS (chondroitinsulphate A, chondroitinsulphate
() dominates and the hyaluronic acid is diminished. In cases of syphilitic joint
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diseases we observed a significant decrease of hyaluronic acid in the synovial
fluid of the knee joint (1966).

We reviewed our case-material of syphilitic aortitis in experimental series.
At present the number of cases of syphilitic aortitis is not high and we hope
that it will show a further decrease in the future. After this preliminary note
we believe that on the basis of our fourteen cases we might draw certain con-
clusions.

Material and Method

We studied the aorta of fourteen patients between 62 and 74 years of age. In the history
of the deceased an infection acquired 30 to 40 years ago was recorded. All showed intensive
sero-positivity. The outstanding feature clinically was the aortic insufficiency, cardiac and
circulatory failure. Most patients received 20—30 years before death arseno-benzene, bismuth.
Penicillin was administered to some of them shortly before death. In four cases aneurysm
was observed on the ascending aorta at autopsy. — The cases were selected according to the
established principles. The extraction of MPS was performed with the method of BunpECKE
(1960) and the fractionation according to the method of ScEitLEr (1961). The quantity of
chondroitinsulphate B is shown in the form of iduronic acid (Craixy and Pros, 1962) and that
of the other fractions in the form of hexuronic acid (DrscrEE, 1947). The molecular weight
of the vartous MPS fractions was determined according to the method of MrYER et al. (1948).

Results

In every case we noted the increase of MPS content. The MPS content of the
aorta was considerably higher than in the controls, e.g. in the atherosclerotic,
hyperthyreotic or diabetic aortas. Concerning the quantitative value of the
MPS content, it was similar to that observed in the case of aneurysma dissecans.

1. The Total Acid MPS. The acid MPS content showed values between
2,064 and 3,094 pg per 100 mg, 2,600 pg on the average. No difference according
to sex was noted. In case of aneurysm the MPS content of aorta seemed somewhat
higher. The average MPS content in 14 syphilitic aortas was 2,523.9, in aneurysm
2,722 and in without than 2,442.2 ug per 100 mg. The difference of MPS content
in undilatated and aneurysmal aortac seemed to be considerable, but owing to
the small number of cases the significance was not considered.

2. The Quantity of Acid M PS Fractions. In every case the hyaluronic acid
content of the aorta decreased, the values being between 92 and 240 pg per
100 mg. The hyaluronidase-sensitive chondroitinsulphate (chondroitinsulphate
A, C) was increased considerably, being between 1,040 and 1,740, 1,420.5 ug per
100 mg on the average. The chondroitinsulphate B content of the aorta showed
a similar increase and was two to three times higher than in other conditions.
The heparin-heparitin content decreased: it was 150 to 320, 235 ug per 100 mg
on the average (Table 1).

3. The Ratio of M PS Fractions. In case of syphilitic aortitis the quantity as
well as the ratio of the MPS fractions was changed. The significant predominance
of chondroitinsulphate may be observed in the aorta. The proportion of hyalu-
ronidase-sensitive chondroitin sulphuric acid is 56.2 per cent on the average,
that of chondroitinsulphate B 28.1 per cent. Comparing with other conditions
it is especially the quantity and percentual increase of the latter fraction. The
chondroitinsulphate fractions represent 84.3 per cent of the MPS. The most
marked decrease may be observed in the quantity and ratio of hyaluronic acid.
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The predominance of chondroitinsulphate was more distinet in the aneurysmal
aorta than in other cases.

4. The Polymerism of M PS Fractions. The MPS molecules showed a extremely
low molecular weight. Heparin-heparitin showed with 60 to 101 the lowest
polymerism, consisting of 74 disaccharide units on the average, and accordingly,
the molecular weight being between 24,800 and 42,000. In the normal aorta as
well as under pathological conditions the polymerism of heparin-heparitin was
the lowest of the MPS fractions, but in aortitis we may observe a severe depoly-
merisation as compared to other conditions. A similarly depolymerisation was
noted with chondroitinsulphate: the hyaluronidase-sensitive fractions consisted
of 76, the hyaluronidase resistents of 72 disaccharide units on the average. The
mean molecular weight of chondroitinsulphate A 4 C was 36,000, that of chon-
droitinsulphate B was 34,100. In one case where calcification was noted in the
aorta, the polymerism of the chondroitinsulphate A4 C exceeded the average
(124 disaccharide units) and the molecular weight was 58,800. This phenomenon
will be discussed later. We found no relation between the quantity of MPS
fractions and polymerism nor a different polymerism in case of aneurysm. The
highest, polymerism was noted in the molecules of hyaluronic acid with 80 to 116,
consisting of 96 disaccharide units on the average and the mean value of the
molecular weight was 40,200.

5. The Relation between the Quantitative Change of M PS and other Conditions.
The total MPS content of the aortic wall was higher than in the intact aorta, in
atherosclerosis, hyperthyreosis or diabetic arteriopathia of patient of similar age.
Concerning the quantity of total MPS there was no significant difference between
syphilitic aortitis, aneurysma dissecans and arteriopathia hypothyreotica.
Analysing the quantity of various fractions it was noted that the hyaluronic
acid content was lower in syphilitic aortitis than in other conditions, except
aneurysma dissecans. The quantity of chondroitinsulphate B was considerably
higher than in other conditions. The quantity of chondroitinsulphate A --C,
however, was not significantly higher than in aneurysma dissecans or arterio-
pathia hypothyreotica, but considerably higher than in arteriosclerosis, arterio-
pathia diabetica or hyperthyreotica. In syphilitic aortitis the heparin-content
was considerably higher but does not show any difference compared with healthy
controls, hyperthyreotic arteriopathy, or early arteriosclerosis (Table 2).

6. The Relation between the Polymerism of M PS: Fractions and other Patho-
logical Conditions. From the above it may be seen that the analysis of quanti-
tative differences does not always prove the independent change of the ground
substance of the aorta in syphilitic aortitis. This applies primarily to the changes
of MPS in aneurysma dissecans and syphilitic aortitis, in which the difference
of the heparin-heparitin content only may be demonstrated. The polymeric
studies showed that behind the quantitative similarity or difference of MPS
there are also considerable qualitative differences. In case of syphilitic aortitis
the molecular weight of the aortic MPS fractions is lower than in other patho-
logical conditions. The polymerism of hyaluronic acid, chondroitinsulphate A 4- C,
chondroitinsulphate B does not decrease to such an extent as observed in
syphilitic aortitis. The molecular weight of the heparin-heparitin was likewise
lower than in most pathological conditions, but for arteriosclerosis the marked
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depolymerisation of this fraction may be demonstrated — too. In arteriosclerosis
we may Irequently observe — as in syphilitic aortitis — that heparin has a low
molecular weight.

We mentioned already that in one case — aortic calcification — the molecular
weight of chondroitinsulphate was considerably higher (124 disaccharide units
as compared to the average of 78) compared with other cases. Our present studies
indicate that a relation exists between the polymerism of chondroitinsulphate
and calcification. At present it is not possible to tell more of this relation, but on
several occasions we were able to observe that in the calcified aortic wall the
molecular weight of chondroitinsulphate is between 60,000 and 80,000.

We consider the changes of aortic MPS as characteristic of syphilitic aortitis.
Although the quantitative differences do not show it in every case, the polymeric
studies prove that the changes of the ground substance of the aorta are specific.
The histochemical and biochemical similarity of aneurysma dissecans and
syphilitic aortitis is only seeming because in the former MPS of high molecular
weight and in the latter highly depolymerised MPS is deposited on the aortic wall.

Discussion

The structural change of the ground substance of the aorta, the increase of
the MPS content or its decrease, is a wellknown fact. According to BRAUNSTEIN
(1960) the polymerism of MPS accumulated in the media is very low. Analysing
our experience we may state the following:

1. The MPS content of the aorta is considerably increased not only in the
ascending part most involved, but also in other areas of the aorta. Further
studies are needed to decide whether the MPS accumulation is localized only on
the aorta or may be demonstrated in other blood vessels, as well. The increase
of the aortic MPS content is extremely, and a similar increase may be observed
only in certain cases (aneurysma dissecans, arteriopathia hypothyreotica), but
in most pathological conditions (arteriosclerosis, arteriopathia diabetica, etc.) a
similarly high MPS content does not occur.

2. In syphilitic aorta the MPS accumulation develops only through the
quantitative increase of certain fractions, while the quantity of other fractions
decreases as compared to the controls and other pathological conditions. It is
mainly the quantitative decrease of hyaluronic acid that is marked and this
decreases not only the trophicity of the wall, but also the hydration. The heparin-
heparitin content of the aorta is moderately decreased, but not so significantly
as in progressive atherosclerosis. The quantitative increase of chondroitinsulphate
— during the decrease of the former fractions — results in a structural change
in the MPS of the aortic wall. We do not know exactly how this structural change
influences the aorta as an organ, but preliminary data show that this chemical
change may play a part in the decreased resistance of the aorta, in the destruction,
e.g. imperfect regeneration of the structural elements.

3. We consider the changed polymerism of MPS is most important. In all
conditions examined by us the MPS showed a considerable polymerisation and
higher molecular weight. While in the healthy the order of magnitude of the
molecular weight of MPS fraction is several hundreds of thousands, in syphilitic
aortitis it is hardly some tens of thousands. In certain conditions (arteriosclerosis,
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arteriopathia hyperthyreotica), we observed moderate or severe depolymerisation
only in certain fractions and it was never as considerable as in syphilitic aortitis.
Forvrs (1949) was the first who demonstrated that in the cartilage of the newborn,
who died of connatal syphilis, the chondroitinsulphate is strongly depolymerized.
Recently we presented our studies concerning the synovial fluid of the knee joint
(J6zsa and Epzs, 1966) and demonstrated that beside the quantity of hyaluronic
acid the polymerism significantly decreases in the synovial fluid. In view of our
observation that a high-grade depolymerisation is present not only in arthro-
pathia syphilitica, but also in chronic syphilitic aortitis, and as this phenomenon
was demonstrated in all cases and in all MPS fraction, we are accepting the
opinion of Forris (1949) that the Treponema is producing a certain — at present
unknown -— enzyme, which causes the decomposition of polysaccharides.

Summarizing our observations we may state that in syphilitic aortitis specific
changes of the ground substance of the aortic wall develop, which do not occur
in other conditions. The MPS content of the wall increases, the ratio and quantity
of fractions changes and the polysaccharides of the aorta show a considerable
depolymerisation.
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