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SUMMARY 

T h e  gross  compos i t i on  of sk in  m u c o p o l y s a c c h a r i d e s  a n d  the i r  m e t a b o l i c  a c t i v i t y  h a s  
been  i n v e s t i g a t e d .  The  c h o n d r o i t i n  su l fa te  a n d  h y a l u r o n i c  ac id  f r ac t ions  a p p e a r  to 
exis t  in m o r e  t h a n  one  phys i ca l  s t a t e  a n d  m a y  change  t he i r  p r o p e r t i e s  fol lowing 
syn thes i s  de novo. T h e  biological  ha l f - l ives  of these  p o l y s a c c h a r i d e s  are in a g r e e m e n t  
w i t h  those  p rev ious ly  r e p o r t e d  b u t  t h e  f igures are a c c u r a t e  for e i t he r  y o u n g  a n i m a l s  or  
for on ly  a p o r t i o n  of t h e  t o t a l  ma te r i a l .  T e s t o s t e r o n e  causes  a m a r k e d  inc rease  in 
h y a l u r o n i c  acid  c o n t e n t  of skin.  T h e  effect of o t h e r  h o r m o n e s  on  t h e  c o m p o s i t i o n  a n d  
m e t a b o l i c  a c t i v i t y  of t h e  sk in  p o l y s a c c h a r i d e s  was  r epo r t ed .  

INTRODUCTION 

T h e  in i t i a l  s tud ies  on the  m e t a b o l i s m  i n  vivo of sk in  h e t e r o p o l y s a c c h a r i d e s  were  
ca r r i ed  ou t  u t i l iz ing  E~*Clacetatel; s u b s e q u e n t l y  b o t h  glucose a n d  su l fa te  were  e m -  
p loyed  as t r a c e r s  to  follow the  b e h a v i o r  of t h e  p o l y m e r s  2. a. T h e  r e su l t s  i n d i c a t e d  t h a t  
th is  t i ssue  was  in an  ac t i ve  m e t a b o l i c  s t a t e ;  t he  half- l i fe  t i m e  of t h e  h y a l u r o n i c  ac id  
c o m p o n e n t  was  3 -5  d a y s  a n d  t h a t  of t he  c h o n d r o i t i n  su l fa te  B was  i o - I 4  days .  
P r e l i m i n a r y  i n v e s t i g a t i o n s  in our  l a b o r a t o r y  showed  t h ~  f igures to  be  a c c u r a t e  for 
g r o w i n g  an ima l s ,  b u t  ful ly g rown ,  m a t u r e  a n i m a l s  e x h i b i t e d  t u r n o v e r  p a t t e r n s  which  
were  s o m e w h a t  d i f fe rent  ~. 

T h e  effect of i nc reas ing  age  on t h e  c o m p o s i t i o n  of c o n n e c t i v e  t i ssue  has  been  t h e  
sub jec t  of cons ide rab le  r ecen t  i nves t i ga t i on .  S t u d i e s  ca r r i ed  ou t  on sk in  d e m o n s t r a t e  
an  a l t e r a t i o n  in the  c o m p o s i t i o n  of t he  po lysacchax ide  f r ac t ion  w i t h  an  increase  of t h e  
c h o n d r o i t i n  su l fa te  B re l a t ive  to  t h e  h y a l u r o n i c  ac id  a n d  a decrease  in w a t e r  c o n t e n t  
occu r r ing  w i t h  the  passage  of t i m e  5. C o m p a r a b l e  resu l t s  h a v e  been  r e p o r t e d  b y  
L o E w I  AND MEYER 6. D r a m a t i c  changes  in  compos i t i on  or  po ly saccha r ide  p a t t e n ]  are  
no t  e v i d e n t  for th i s  t i s sue  in c o n t r a s t  t o  t h e s e  r e p o r t e d  for nuc leus  p u l p o s u s  a n d  
ca r t i l age  m u c o p o l y s a c c h a r i d e s  ~-n.  Th i s  s t u d y  descr ibes  t h e  a g e - d e p e n d e n t  i nco rpor -  
a t i on  of g lucose  i n t o  t h e  h e x o s a m i n e  moie t i e s  of c h o n d r o i t i n  su l fa te  B a n d  h y a l u r o n i c  
ac id  of r a b b i t  skin.  T h e  effects of severa l  h o r m o n e s  on the  r e l a t i ve  compos i t i on  a n d  
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presented*, xz 

MATERIALS AND .METHODS 

The general  expe r imen ta l  design, the age d is t r ibut ion  of tile animals ,  the detai ls  of 
ho rmone  t r e a t m e n t ,  ana ly t ica l  and  count ing  techniques  have  been previously  
descr ibed 13. Thc n u m b e r  of an imals  ut i l ized in each s t u d y  as well as the m e t h o d  of 
isolation of the componen t s  unde r  invest igat ion is indicated in the per t inen t  figure 
legend. 

Skin polysacchar ides  were isolated ei ther  by  ex t rac t ion  or digestion as described 
below. 

Diges t ion  procedure  - 

Animals  were shaved,  sacrificed b~." a blow on the head  and the skin removed.  
T h e  skin was mil led under  l iquid n i t rogen in a Wi ley  Mill, acetone powdered  and dried. 
The  powdered  skin was subjec ted  to proteolyt ic  digest ion wi th  papa in  (48 h a,: p H  6 at  
55"-) and  then  t ryps in  (48 h a t  pH 8 at  37~), and  the digest deprote in ized  wi th  tri- 
chloroacetic acid. The t r ichloroacet ic  acid-soluble fract ion was dialyzed,  neut ra l ized  
a n d  the  crude polysacchar ides  prec ip i ta ted  wi th  calcium a n d  alcohol as described bv  
~IEYER et al. x4, or wi th  cetyl  t r i m e t h y l a m m o n i u m  b r o m i d e - c e l i t e  a f ter  the  procedure  
o~ SCr~ILLER et al. a~. The c a l c i u m - a l c o h o l  prec ip i ta te  was ha rves ted  b y  cent r i fugat ion  
a n d  hydro lyzed  wi th  4 N HC1 for I6 h a t  IOO ° in a sealed tube  to l ibera te  the  compo-  
nen t  hexosamines .  The  cetyl  t r i m e t h y l a m m o n i u m  bromide  celite prec ip i ta te  was 
f rac t ional ly  e lu ted  wi th  salt and  dia lyzed a l iquots  were hyd ro lyzed  as above.  The 
a m o u n t s  of hexosamine  recovered and  the specific ac t iv i t y  of radioact ive  fract ions 
ind ica ted  no difference be tween  these two procedures.  The resul t ing hydro lysa t e s  were 
I rac t iona ted  on ion-exchange resin to resolve the  g lucosamine and ga lac tosamine  
c o m p o n e n t s  m. The amino  sugars  were located b y  a modif icat ion of the ELSON-- 
MORGAN" procedttre ~7, posi t ive fract ions combined  and  hexosamine  and  rad ioac t iv i ty  
con ten t  qu,ant i ta ted.  The  iden t i t y  of the  individual  hexosamines  was confirmed by 
n i t ~ v d r i n  degrada t ion  according to the  procedure of STOFFYN AND JEANLOZ 18. 

S a l t - a l k a l i  extract ion procedure  

Skin was  r emoved  af te r  sacrifice and  minced  as fine as possible b y  hand .  The  skin 
was  e x t r a c t e d  wi th  5 vol. of o . I5  M KCI b y  homogeniz ing  for 3 min in a W a r i n g  
Blendor.  The  resul t ing suspension was cent r i fuged a t  3000 × g for 15 min  and  the  
ex t r ac t ion  repeated.  The combined  supe rna t an t s  were d ia lyzed to remove  excess salt  
a n d  worked  up as descr ibed below. 

The  KCl-insoluble residue was ex t rac ted  for z 4 h wi th  2 % K O H  at  4 ° and  the 
in_~tuble fract ion r emain ing  was r eex t rac ted  for an addi t ional  z 4 h under  the same 
condi t ions .  The combined  ex t rac t s  were neut ra l ized  and  a crude polysacchar ide  
f rac t ion  p rec ip i t a t ed  wi th  ca lc ium and  alcohol a t  p H  5. Subsequen t  deprote in iza t ion  
of  t h e  salt  or  alkali  ex t rac t  and  isolation of hexosamine  marke r s  was essent ia l ly  
ident ica l  to  the  procedure  descr ibed above for the  proteolyt ic  digestion.  Since the 
d i~e ren t i a l  ex t r ac t ion  procedure  did not give ident ical  results  for the KCI or K O H  
fract ions ,  nor  were  the  results  the  same as those ob ta ined  b y  pro teo ly t ic  digestion,  
b o t h  m e t h o d s  were  regular ly  employed .  
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The ident i ty  of individual  polysaccharide fractions was confxra~ed ~ ~r~lry~i~a~ 
methods  for uronic acid, hexosamine  and  sulfate as well as by  s ~ s o ~ ~ y _  m., ulke 
action of tes t icular  hyaluronida_se when assayed by a turbidity-reckacah~m ~0.¢~dlm~ ~ 

RESULTS 

T h e  c o m p o s i t i o n  o f  t h e  m a t e r i a l  s o l u b i l i z e d  b y  KC1  e x t r a c t i o n  i s  p r e s e n , e , d l  im-lFmtb~. IL 

T h i s  f r a c t i o n  r e p r e s e n t s  e s s e n t i a l l y  h y a l u r o n i c  a c i d  s i n c e  t h e r e  ~s I i e ~  tt lha~ 5,00 

g a l a c t o s a m i n e ,  t h e  p o l y m e r  i s  c o m p l e t e l y  s u s c e p t i b l e  t o  t h e  a c t i c m  ,<,~t ~Jlae t~¢.~tii.'.t,J!o_:r 

h y a l u r o n i d a s e  a n d  c o n t a i n s  n o  s u l f a t e * .  

T A B L E  I 

A N A L Y S E S  O F  M A T E R I ~ L  E X T R A C T A B L E  B3t" KC1 

Spec i f i c - ac t iv i ty  m e a s u r e m e n t s  sugges t  t h a t  t he  h y a h t r o n a t e  first  a p p e a r s  ~n ~ ttwa~ii~m b u t  
a c c u r a t e  f igures were  no t  o b t a i n e d  due  in p a r t  to  t he  r a p i d i t y  of incor~cxrm~m. ~ I ~ d ~  as  
s u m m a r i z e d  b y  M~YER el al. 14. Q u a n t i t a t i o n  shows  th i s  f r ac t ion  to  c o n t a i n  - - ' ~  : I , 7 -~  ,o ~0g tltke, tagtai 

h y a l u r o n a t e .  T h i s  m a y  decrease  w i th  i n c r e a s i n g  age  b u t  was  n o t  .~nadhgdL 

Af~alysi~ lCes,tlt 

H e x o s a m i n e  32.6 o,- / o  
Uronic  acid ¢carbazole) 3o. 7 o' / o  
Ni t rogen  3. zo o,,~ 
Su l fa te  less t h a n  i .o  o,, ¢0 
H v a l u r o n i d a s e  b e t t e r  t h a n  9o °o diges-tt~d 
[~!D --62 ° (0-4, H.,O) 

3 -  

2.5-  
K 

"" ' 0 "  
.x t~ 

x 

e-\  '~ 
$ 

4 9 

o.5- i 

2 8  
T,r~  (0oys)  

Fig. I. Ef fec t  of h o r m o n e  on m e t a b o l i s m  of sk in  h y a l u r o n i c  acid.  E x p e r i m ~ x t ~ l ~ m ~ a ~ i i m c r i i g m l  
in t e x t  for p r o t e o l y t i c - d i g e s t i o n  p rocedures  excep t  for t h y r o i d -  a n d  @rox~ath0mtmm~qme~ted 
an ima l s ,  where  t he  s a l t - a l k a l i  p rocedure  was  employed .  E a c h  p o i n t  is a ,~ ,or~e ,Q~ ma l~,a~ rmree 
a , i ~ a l s .  A n i m a l s  were  t 2 - t 6  m o n t h s  ot age. A, O,  con t ro l :  B, l ,  es t rogtm (~emmlt~)--'ll'~ ,-,d/my~: 

C, ~, testosterone (males)--Tj~ 2- 3 dayz; D, ×, eox~'~m~. 

" This property of a portion of the hyaluronic acid of skin without a n y ~ r . m a ~ ~ n :  
of the chondroitin sulfate B has also been observed by Dr. R. H. PEARCE (.p01rSfmnll ~q~~~ili~j~l~). 
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The t ime-dependen t  specific-activi ty changes of the hexosamine  moieties of the  
skin polysacchar ides  are i l lus t ra ted  in Figs. I and  2 respect ively.  The results  ob ta ined  
for young  an imals  confirmed those previously  repor ted  by  DORFMAN and  coworkers 
but  the difference in the older an imals  is evident .  The hvaluronic  acid and chondroi t in  
sulfate  B fract ions bo th  appear  to conta in  a re la t ive ly  inert  componen t  not  signifi- 
c an t ly  catabolized even af ter  ex tended  t ime periods. 

28~ L 
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2~-~ 
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!l :--~_ N 
,, f f - ~ - - - - X _  

,~- ~ " X ~ . . . _  . "- ' -  - ~ . . ~ _ _ _ . . . ~ :  

! I \ ~  B c:.? 
J I 

L • - , ,  " . . . . . . . . . . . . . . .  - " - ~ - - - ~  
I 4 9 Z8 5~1 

Time (days) 

F ig .  2. E f f e c t  of  h o r m o n e  on m e t a b o l i s m  of  c h o n d r o i t i n  s u l f a t e  B. E x p e r i m e n t a l  de ta i ] s  as de -  
scribed in text for pro t eo ly t i c -d iges t i on  p rocedures  excep t  for t h y r o i d -  a n d  g rowth  h o r m o n e -  
t r e a t e d  an imals ,  where  the  sa l t - a lka l i  p rocedure  was e m p l o y e d .  E a c h  po in t  is ave rage  of a t  least  
t h ree  an imals .  A, O, c o n t r o l - - T ,  -'5 days" B, m,  es t rogen  (females) - -T  , 6 days :  C. A ,  

t e s to s t e rone  (males ) ' - -T~  4 8 days" D, >:, c o r t i s o n e - - T {  ]o da3:s. 
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o 
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Fig. 3- Effect  of h o r m o n e s  on r e l a t ive  m u c o p o l y s a c c h a r i d e  c o n t e n t  of skin.  I ' ro teo ly t i c -d iges t ion  
p rocedu re  e m p l o y e d  excep t  t h a t  h y a l u r o n a t e  expressed  as hya lu ron idase - sens i t i ve  g lucosamine-  

containing fraction. 
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The effect of v ~ o ~ s  Ih0mm0rn~ om file compos i t ion  of the  skin po lysacchar ides  is 
i l lus t ra ted  in Fig. 3-~lhe  It!~a~k~0rfii¢ a¢ict c o m p o n e n t  undergoes  a s t r ik ing  increase 
following tes tos te rone  , ~ c ~ m m ~ m t L . . ~ u g h  the  chondro i t in  sulfate  13 also is increased,  
the  m a g n i t u d e  of ~ e  ~dham~ iis molt mm~,i~y as  great .  

Cort isone appea.~.~ ~0~ t~e ii~B~i~i~o~y for po lymer  chain synthes is  possibly by 
.-  , | . , + "  , • egu .... ,on of the  m o d e  ,off[ ,,gIltm~0~, , , ~ i ~ t i o n .  

DISCUSSION 

Tile non- l inea r i ty  (ff ~dhe ~mii-Ii0~a~t~tirnic plot  of specific a c t i v i t y  of the  isola ted 
hexosamine  compon tml  ~umvt~ mi~m, ~ o n g l y  suggests  the  exis tence  of more  t h a n  one 
po,al of the  same Chemical1 temli~. :. IttI i~ possible t h a t  there  exists  a con t inuous  family  of 
bo th  condroi t in  stflffa~e ~ am~t l ~ ~ o n i c  acid molecules,  which,  following thei r  
de  novo  synthes is  frCma ~an0m0~actd~ii~e precursors ,  become less readi ly  e x t r a c t a b l e  or 
subjec t  to the  acti(m ,offdle~a~w~imtii~e, enzTvmles. This  m a y  be ana logous  to  the  reduced  
a m o u n t  of "soluble  .cdHag~em'" ~ ii+" p resen t  in skin wi th  increas ing  age 19. The  KCI- 
soluble f ract ion m a y  ,ecaxrMim tfl~on~, molecules  mos t  recent ly  syn thes ized  wherea.~ the  
proteolyt ic-digest icm !Wome~m~,  r n i k ~  ,laSt molecules  of the  same  chemica l  s t ruc tu re .  
F r o m  these  da ta ,  it xvomMl : ~ e a m  tfli~t the  half-life concep t  m a y  not  be r igorously  
app l ied  to  these  rn¢fleotfl{~. 

The ac t ion  of . 4 ~  ,{.~-tmmtt~ in~ l ~ o m o t i n g  the  deg rada t i on  of chondro i t i n  sulfa te  
B has  been r epor t ed  ~qmmt ttthe tm~t~n~ii+rn of such b r e a k d o w n  is u n k n o w n  =~. Repor t s  
have  also appearedin~cart i i~t l t t~ '~:xigtence of hya luron idase- l ike  ac t iv i t i es  f rom m a m -  
mal ian  sources o ther  athtm t~.~.~'".. "l?hese are a p p a r e n t l y  non-enz3anic a n d  o the r  
m e c h a n i s m s  fo~ t h e  ~,ealt~10x~vm ammtl~moval f rom t issue locus of these  po lymers  shou ld  
be considered.  These ~nclRttte ( & ~ n  of a pro te in  complex,  c leavage  of the  poly-  
sacchar ide  f rom ~ e  ~0m-mMRminlg en@ a n d  s imple  diffusion. Skin  e x t r a c t s  do not  
c(mtain  mucopolysaedhari i l le- l~0tei i~ complexes  w i t h  proper t ies  s imi lar  to  those  

r~ t  ..... d e m o n s t r a b l e  in c a r m z l ~ - -  lbmtt =amlier the  presence  of o the r  sugar  c o m p o n e n t s  in- 
c.luding galactose,  rhaa~mo~e amtl mmanose in s t ruc tu res  of u n k n o ~ m  complex i ty  ~*, ~.  
These  complexes  zna.~- m{itm~.~tm iir,,~ermediate s tages in the  fo rma t ion  of f ibrous 
e l emen t s  b u t  t he i r  m d t a r t i i 0 ~ , ,  ii~ any,  to  the  synthes i s  of hya lu ron ie  acid a n d  
chondro i t in  sulfa±e ~ iis mmll~0x~m. 

The effect of ~ . e s ' ~ 0 m ~ .  (0m t~m lkyaluronic acid con ten t  of ma le  skin  is note-  
wor thy .  A similax ezffoat mm~wlb~Im,mst~abIe w i t h  female  an ima l s  b u t  was no t  s tudied.  
This  increase in ~ya~m~m~l~. ¢ ~ t ~ t ~ t  is qua l i t a t i ve ly  s imi lar  to  t h a t  obse rved  on 
roos ter  comb ~a and  ~ e ~ $  m ..~iin,~: ~l~tion of the  synthes i s  of this  p o l y m e r  since the  
chondro i t in  sulfate  ~ ffm, acttii~m dt0~.~ n o t  show a co r respond ing  increase.  The  h y a l m  onic 
acid con ten t  of o the r  ~ m ~ _ - ~ d h a ~ m a ~ t  valves  was  not  e x a m i n e d  and  it is no t  known  
w h e t h e r  the  obsei~mdl ,etii~m iis ~mi~e6  to  skin.  There  was also an  increase of poly-  
sacchar ide  conte_r~* ~m ~ ~'a~d~ es t rogen  a d m i n i s t r a t i o n s ;  however ,  b o t h  poly- 
sacchar ides  were  ~a~m,~l~dmmt~-eq,uaLly affected a n d  the  net  increase was  no t  
s t r iking.  

Growth  holm.one ,~fl~t~t l  Jim m genera l ly  increased  syn the t i c  a c t i v i t y ;  the  decay  
curve  ind ica ted  ~ i l a ~ m , ~  ~ n ~  s~mthesized mater ia l .  

The  ear ly  p o _ ~ m  ,~f ttt~e . ~ f i i ~ - a c t i v i t y - t i m e  curve  (the first xo days)  ?~ields a 
hat f life in agreemem~t m~d]a tfl~ft itm~iDusIy repor ted  by  DORFMAN et al.  ~, s b u t  ex tens ion  

Biochim. Biophys.  Acta, 69 (x963) 453-458 



4 5 8  E.  A. D A V I D S O N ,  ~,V. SlY, t A L L  

of the expe r imen ta l  t ime period to 58 days  indica ted  a componen t  present  in th is  
fraction which did not rap id ly  tu rn  over. 

The composi t ion of h u m a n  skin is a l tered in several  pathological  s ta tes  including 
those which yield a decrease in insoluble collagen a n d  an  increased con ten t  of poly-  
saccharide ~. The iden t i t y  of these polvsacchar ide  componen t s  has not  been es tabl ished 
and  thu.~ no correla t ion can be made  between these s ta tes  a n d  no rma l  aging changes  in 
the same sense tha t  such a re la t ionship  m a y  be ex tended  be tween  nucleus pulposus  
and  pathological  he rn ia ted  disc mater iaP .  The small  changes  tha t  occur in skin 
composi t ion as a funct ion of age appea r  to be overshadowed by  the abi l i ty  of var ious  
hormones  to a l te r  the normal  pa t t e rn .  This is in cont ras t  to  t ha t  observed in nucleus 
pulposus  where  ho rmone  admin i s t r a t ion  results  in the  a p p a r e n t  reversion of the  tissue 
to an earl ier  chronological  age xa. The only  comparab le  effect would  be the  re la t ive ly  
large increase in h y a l u r o n a t c  c()ntent following tes tos te rone  admin i s t ra t ion .  
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