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Mucopolysaccharide Acid of Cornea and Possible Relation to the
“Spreading Factor.”*

KarL MEYER AND ELEANOR CHAFFEE.

From the ])epaftment of Ophthalmology, College of Physicians and Surgcons,
Columbia University, and the Institute of Ophthalimology, Presbyterian Hospital,
New York,

The nature of the mucopolysaccharide of the cornea has been
much debated. A number of investigators have considered it to be
a mucoitin sulfuric acid.' while others have found no sulfuric acid.?
It was reported recently, on the basis of colorimetric analysis,® that
the carbohydrate contained an amino sugar and sulfuric acid, but
galactose instead of uronic acid. Most of the reports have been
based on analyses of protein complexes (“mucoids”) or of digests
prepared by strong alkali.

In the past we have prepared this mucopolysaccharide acid in high
yields both by alkaline digestion and by more gentle methods which
avoid the use of strong alkali.* Our preparations contained one mol
each of hexosamine, acetyl, uronic acid, and sulfuric acid, and had
the same composition and general properties as those of the mucoitin-
sulfuric acid obtained from gastric mucosa.® Good yields of glucos-
amine were isolated from both acids. In several important respects,
however, the two compounds were found to differ: (1) the acid of
cornea always formed quite viscous aqueous solutions, while that of
gastric mucosa did not; (2) the specific rotation of the acid from
cornea was about -50°, while that of the gastric mucosa was around
0 (+2° to -8°); and (3) the acid from gastric mucosa was com-
pletely refractory to the specific enzyme from pneumococcus,® while
“the polysaccharide from cornea was hydrolyzed by this enzyme at

* This work was supported in part by a grant from the John and Mary R.
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about half the rate of hyaluronic acid. From this latter finding and
from the fact that the rotation of hyaluronic acid is similar to that
of the cornea polysaccharide, we conclude that cornea polysaccharide
is the naturally-occurring mono-sulfuric acid ester of hyaluronic
acid.

This conclusion would seem to be significant in view of the re-
cent report by Chain and Duthie’ on the “spreading factor” found in
testis and bacterial filtrates. According to these workers the “spread-
ing factor” of testis by hydrolysis reduces the viscosity of synovial
fluid and vitreous humor. These fluids were shown in our laboratory
to contain hyaluronic acid as the viscous component, which is hy-
drolyzed by a specific enzyme obtained from pneumococci, strepto-
cocci, Cl. welchii, and spleen. The explanation of the “spreading”
action in skin suggested by the work of the English authors is that
the “spreading factor” acts on a “mucin’ present as interfibrillar
substance in the skin.

We were able to confirm the findings of Chain and Duthie and
found further that testis extracts contain an enzyme which hydrolyzes
pure hyaluronic acid as well as the polysaccharide acid of the cornea,
while the mucoitin sulfuric acid from gastric mucosa was found to
be completely refractory. The concentration of the enzyme in testis
was inferior to that of the similar enzyme found in pneumococcus
and group A hemolytic streptococcus. A further distinction is the
pH optimum which for the bacterial enzymes was found to be 5.8
and for the testis enzyme 4.3, with hyaluronic acid as substrate.

We believe, however, that the substrate in the skin on which the
“spreading factor” exerts its effect is not hyaluronic acid itself but
its sulfuric acid ester. Evidence in support of this belief is furnished
by the fact that such sulfuric acid esters stain meta-chromatically with
Toluidine blue while hyaluronic acid does not. The substantia propria
of the cornea can be stained with Toluidine blue and so also are the
fibrils of the corium layer of the skin. (For a beautiful illustration
of the meta-chromatic staining of the cornea, see ®) Further-
more the protein complexes of such sulfuric acid esters are very much
more stable than those of hyaluronic acid. The latter are easily
brought into solution in neutral medium by dilute salt solutions; the
former require concentrated salt solutions, a more alkaline reaction,
and often as in the case of cornea a peptizing agent such as concen-
trated urea. The stability of these protein complexes is apparently
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responsible for the failure of some authors to obtain the cornea poly-
saccharide acid. By extraction with dilute salt solution, no hyaluron-
ic acid was extracted from cattle skin. Finally, a sulfuric acid con-
taining polysaccharide has been obtained from skin as a protein com-
pound giving viscous solutions by Van Lier.®

Since the sclera is similar chemically and histologically to the sub-
stantia propria of the cornea, except for the absence of this polysac-
charide, it becomes a problem to determine whether this polysac-
charide is concerned with corneal transparency.
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In a recent report by Zwemer and Lowenstein it was suggested
that adrenalectomized cats can be maintained in good condition by
the administration of strophanthin.® This substance was adminis-
tered daily in the concentration of 15 pg per kg of body weight.

We have attempted to extend these findings to the mouse. For
these experiments 21-day-old mice were bilaterally adrenalectomized.
A total of 140 operated animals were employed, 40 serving as unin-
jected controls, while the remaining 100 animals received various
concentrations of strophanthin. The strophanthin was dissolved in
olive oil so that the daily dose was contained in 0.1 cc of oil. Injec-
tions were made subcutaneously, beginning 24 hours after the opera-
tion and continued for 8 days.

Table I summarizes the results of the administration of strophan-
thin in daily concentrations of 0.02, 0.2, 2.0, 5.0, 10.0, 20.0, 50.0, and
100.0 pg, respectively. Of 40 uninjected control animals, only 4 were
alive on the 10th day after adrenalectomy. The average survival of
the remaining 36 animals was 4.7 days. The administration of
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