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SUMMARY

The gross composition of skin mucopolysaccharides and their metabolic activity has
been investigated. The chondroitin sulfate and hyaluronic acid fractions appear io
exist in more than one physical state and may change their properties following
synthesis de #0ovo. The biological half-lives of these polysaccharides are in agreement
with those previously reported but the figures are accurate for either young animals or
for only a portion of the total material. Testosterone causes a marked increase in
hyaluronic acid content of skin. The effect of other hormones on the composition and
metabolic activity of the skin polysaccharides was reported.

INTRODUCTION

The initial studies on the metabolism in vivo of skin heteropolysaccharides were
carried out utilizing [*4CJacetate!; subsequently both glucose and sulfate were em-
ployed as tracers to follow the behavior of the polymers?: 3, The results indicated that
this tissue was in an active metabolic state; the half-life time of the hyaluronic acid
component was 3—5 days and that of the chondroitin suifate B was 10-14 days.
Preliminary investigationsin our laboratcery showed liwese figures to be accurate for

growing animals, but fully grown, mature animals exhibited turnover patterns which
weve somewhat differents.

The effect of increasing age on the coinposition of connective tissue has been the
subject of considerable recent investigation. Studies carried out on skin demonstrate
an alteration in the composition of the polysaccharide fraction with an increase of the
chondroitin sulfate B relative to the hyaluronic acid and a decrease in water content
occurring with the passage of times. Comparable results have been reported by
Loewi AND MEYER®. Dramatic changes in composition or polysaccharide pattern are
not evident for this tissue in contrast to thcse reported for nucleus pulposus and
cartilage mucopolysaccharides’™ !, This study describes the age-dependent incorpor-
ation of glucose into the hexosamine moieties of chondroitin sulfate B and hyaluronic
acid of rabbit skin. The effects of several hormones on the relative composition and
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MATERIALS AND METHODS

The general experimental design, the age distribution of the animals, the details of
hormone treatment, analytical and counting techniques have been previously
described!3. The number of animals utilized in each study as well as the method of
isolation of the components under investigation is indicated in the pertinent figure
legend.

Skin polysaccharides were isolated either by extraction or digestion as described
bhelow.

Digestion procedure -

Animals were shaved, sacrificed by a blow on the head and the skin removed.
The skin was milled under liquid nitrogen in a Wiley Mill, acetone powdered and dried.
The powdered skin was subjected to proteolvtic digestion with papain (48 h at pH 6 at
35°) and then trypsin {48 h at pH 8 at 37°), and the digest deproteinized with tri-
chloroacetic acid. The trichloroacetic acid-soluble fraction was dialyzed, neutralized
and the crude polysaccharides precipitated with calcium and alcohol as described by
MEYER et al.3%, or with cetyl trimethylammonium bromide —celite after the procedure
of SCHILLER et al.'3. The calcium—alcohol precipitate was harvested by centrifugation
and hydrolyzed with 4 N HCl for 16 h at 100° in a sealed tube to liberate the compo-
nent hexosamines. The cetyl trimethylammonium bromide celite precipitate was
fractionally eluted with salt and dialyzed aliquots were hydrolyzed as above. The
amounts of hexosamine recovered and the specific activity of radioactive fractions
indicated no difference between these two procedures. The resuiting hydrolysates were
fractionated on ion-exchange resin to resolve the glucosamine and galactosamine
components'®. The amino sugars were located by a modification of the Erson-
MorcaN procedure??, positive fractions combined and hexosamine and radioactivity
content quantitated. The identity of the individual hexosamines was confirmed by
ninhvdrin degradation according to the procedure of STOFFYN AND JEANLOZ,

Salt—alkaly extraction procedure

Skin was removed after sacrifice and minced as fine as possible by hand. The skin
was extracted with 5 vol. of 0.15 M KCl by homogenizing for 3 min in a Waring
Blendor. The resulting suspension was centrifuged at 3000 g for 15 min and the
extraction repeated. The combined supernatants were dialyzed to remove excess salt
and worked up as described below.

The KCl-insoluble residue was extracted for 24 h with 2 %, KOH at 4° and the
insoluble fraction remaining was reextracted for an additional 24 h under the same
conditions. The combined extracts were neutralized and a crude polysaccharide
fraction precipitated with calcium and alcohol at pH 5. Subsequent deproteinization
of the salt or alkali extract and isolation of hexosamine markers was essentially
identical to the procedure described above for the proteolytic digestion. Since the
differential extraction procedure did not give identical results for the KCl or KOH
fractions, nor were the results the same as those obtained by proteolytic digestion,
both methods were regularly employed.
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The identity of individual polysaccharide fractions was confirmed by amalvtical
methods for uronic acid, hexosamine and sulfate as well as by susceptibillity 1o the
action of testicular hyaluronidase when assayed by a turbidity-reduatiom pmocednre®.

RESULTS

The tomposition of the material solubilized by KCl extraction is presemted im Talble E.
This fraction represents essentially hyaluronic acid since there is less tham 5,
galactosamine, the polymer is completely susceptible to the action «of the testhcular
hyaluronidase and contains no sulfate*.

TABLE 1
ANALYSES OF MATERIAL EXTRACTABLE BY KCl

Specific-activity measurements suggest that the hyaluronate first appears in dhis faction but

accurate figures were not obtained due in part to the rapidity of incorporatiom. NMethods as

summarized by MEYER ef al.1%. Quantitation shows this fraction to contain 17-25%, of the total
hyaluronate. This may decrcase with increasing age but was not stadfhead.

Analysis Result
Hexosamine 32.6%
Uronic acid (carbazole) 30.7%,
Nitrogen 3.209
Sulfate less than 1.0 %,
Hyvaluronidasce better than go % digested
fe'p —62° (0.4, H,0)

i 4 9 28 58
Twne (days}
Fig. 1. Effect of hormone on metabolism of skin hyaluronic acid. Experimental cempils o dieseriied
in text for proteolytic-digestion procedures except for thyroid- and growth humeme-tmeated
animals, where the salt-alkali procedure was employed. Each point is aversge off an least three
arimals. Animals were 12-16 months ot age. A, O, control; B, B, estrogen (demngles) —Ty, » days:
C, A, testosterone {(males) —T 3+ 2—3 days; D, x, cortisane.

" This property of a portion of the hyaluronic acid of skin without any significant seiubilization

of the chondroitin sulfate B has also been observed by Dr. R. H. PEARCE (persomall «ormmmmi o) .
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The time-dependent specific-activity changes of the hexosamine moieties of the
skin polysaccharides are illustrated in Figs. 1 and 2 respectively. The results obtained
for voung animals confirmed those previously reported by DorrFman and coworkers
but the difference in the older animals is evident. The hyvaluronic acid and chondroitin
sulfate B fractions both appear to contain a relatively inert component not signifi-
cantly catabolized even after extended time periods.

tog Spechc Achwily

P4 9 28 58
Time (days)
Fig. 2. Effect of hormone on mectabolism of chondroitin sulfate B. Experimental details as de-
scribed in text for proteolytic-digestion procedures except for thvroid- and growth hormone-
treated animals, where the salt-alkali procedure was employed. Each point is average of at least
three animals. A, O, control—-T,; 25 days; B, B, estrogen (females) —T§ 6 davs:; C, A,
testosterone {males) -—Ti 48 days; D, x, (‘ortisone—T_s_ 10 day’s.
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Fig. 3. Effect of hormones on relative mucopolysaccharide content of skin. Proteolytic-digestion
procedure employed except that hyaluronate expressed as hyaluronidase-sensitive glucosamine-
containing fraction.
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The effect of varions hommones om the composition of the skin polysaccharides is
illustrated in Fig. 3. The hwallsmonic acid component undergoes a striking increase
following testosterone tmestmmemtt.. AlBoagl the chondroitin sulfate B also is increased,
the magnitude of the chamge is molt nearly as great.

Cortisune appears to e imbidbitory for polymer chain synthesis possibly by
regulation of the mode «of yinuose utiiization.

DISCUSSION

The non-linearity -of the samHkegarithmic plot of specific activity of the isolated
hexosamine component wemsws time strongly suggests the existence of more than one
pool of the same chemicall emttiitye. It is- possible that there exists a continuous family of
both condroitin sulfate B amd hwaluronic acid molecules, which, following their
de 1ovo synthesis from momoswelianide precursors, become less readily extractable or
subject to the action of degmudhtiitve: enzymes. This may be analogous to the reduced
amount of “soluble collagen’™ it i present in skin with increasing agel®. The KCl-
soluble fraction may cantuin tlose molecules most recently synthesized whereas the
proteolytic-digestion procadime mitses- all molecules of the same chemical structure.
From these data, it would wpprar that the half-life concept may not be rigorously
applied to these moleaules.

The action of skin esttiracts ite promoting the degradation of chondroitin sulfate
B has been reported ibut thhe mechanism of such breakdown is unknown?¢. Reports
have also appeared indicatimg the existence of hyaluronidase-like activities from mam-
malian sources other thum testies®. These are apparently non-enzymic and other
mechanisms for the hreskdown amdl removal from tissue locus of these polymers should
be considered. These indmndie diegradation of a protein complex, cleavage of the poly-
saccharide from the mom-redimciimg end and simple diffusion. Skin extracts do not
contain mucopolysacchamde—protein complexes with properties similar to those
demonstrable in cartilage™ bwtt rather the presence of other sugar components in-
cluding galactose, Thammose andl mannese in structures of unknown complexity?#.25,
These complexes max mepmesemtt intermediate stages in the formation of fibrous
elements but their wdlatiomdiiip,. iff any, to the synthesis of hyaluronic acid and
chondroitin sulfate B iis wnkmoesen.

The effect of testostemome om the hyaluronic acid content of male skin is note- -
worthy. A similareffeat mnay he demmonstrable with female animals but was not studied.
This increase in hyalaremste comtent is qualitatively similar to that observed on
rooster comb?? and rgpresantts a stimslation of the synthesis of this polymer since the
chondroitin sulfate B fixactiom dioess mot show a corresponding increase. The hyaluionic
acid content of other tissnessmdhas eart valves was not examined and it is not known
whether the observed «ffectt i+ lmited to skin. There was also an increase of poly-
saccharide content kim wfites estrogen administrations; however, both poly-
saccharides were upmesmmstely equally affected and the net increase was not
striking.

Growth hormane resulted im 2: generally increased synthetic activity; the decay
curve indicated replacemmentt by mewdy synthesized material.

The early portien of e specific activity —time curve (the first 10 days) vields a
half life in agreement wiith tfai prewiously reported by DoRFMAN ef al.2.8 but extension
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of the experimental time period to 58 days indicated a component present in this
fraction which did not rapidly turn over.

The composition of human skin is altered in several pathological states including
those which vield a decrease in insoluble collagen and an increased content of poly-
saccharide?®. The identitv of these polyv:accharide components has not been established
and thus no correlation can be made between these states and normal aging changes in
the same sense that such a relationship may be extended between nucleus pulposus
and pathological herniated disc material®>. The small changes that occur in skin
composition as a function of age appear to be overshadowed by the ability of various
hormones to alter the normal pattern, This is in contrast to that observed in nucleus
pulposus where hormone administration results in the apparent reversion of the tissue
to an earlier chronological age!3. The only comparable effect would be the relatively
large increase in hyaluronate content following testosterone administration.
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