
324 

Chemical Dissection of ‘Rat Skin.* (26098) 

J. C. HOUCK ASH R. A. JACOB 
Biocheiizical Reseavch Laboratory, Children’s IIo\fiital Research Foundation, Washington, D .  C. 

The primary anatomical components of 
connective tissue are fibers, cells and ground 
substance ( 1 ) . Hydrosyproline is a quanti- 
tative measure of the major fiber, collagen 
( 2 ) ,  while hexosamine is a measure of ground 
substance mucopolysaccharides and glycopro- 
teins(3). Vronic acid is largely confined to 
the acid mucopolysaccharides ( 4 ) .  Proteins 
and. to a lesser extent. urea. nitrogenous 
bases, hesosamine and amino acids contrib- 
ute to total dermal nitrogen content. 

This paper describes both the analysis of 
cleaned. shaven rat skin with respect to these 
materials and water and fat. and the extrac- 
tive dissection of rat skin into ground sub- 
stance, neutral soluble collagen ( 5 ) ,  procolla- 
gen ( 6 ) and insoluble collagen. 

&!aterial and methods.  Twelve male 
Sprague-Dawley rats averaging 330 g in 
weight were sacrificed by etherization and ex- 
sanEuination, and after shaving about 5.5 g 
of abdominal skin were removed and dis- 
sected clean of adhering fat. fascia and MLIS- 

cle. After mincing, the tissue was either lyo- 
philized or stored in the frozen state. Sub- 
sequently, portions of these tissues were hy- 
drolysed a t  100°C for 8 hr in 10 mllg of 4K 
HC1. The acid hydrolysates were then ana- 
lysed for hexosamine ( 7 ) uronic acid ( 8 ) and 
hydroxyproline( 9 ) .  Sitrogen was deter- 
mined by digesting in triplicate 0.10 ml of a 
1: 10 dilution of acid hydrolysate with 0.2 ml 
of 50% H3SO4 containing 1% Se02 a t  2701°C‘ 
in a Halikanen digestion box for 2 hours, and 
Xesslerization( 10). These conditions for 
hydrolysis and digestion were optimal, and 
quantitative recoveries of added collagen. 
mucopolysaccharide, hydroxyproline or hex- 
osamine could be effected thereby ( 1 1 ) . 

The remainder of the tissue samples were 
extracted for 45 minutes a t  4°C with 10 mil' 
g od 0.15 &I NaCl at 17,500 rpm in a Lourdes 
Tissue Blender and the homogenate allowed 
to stand over night in the cold. After ten- 

* Bupported by N.I.H. grant. 

trifugation a t  25,000 x g for 1 hr. the clear 
supernatant was removed, and the residue re- 
estracted similarly with 0.50 31 NaCl. The 
residue from this second extraction was in 
turn extracted with 20 ml/g of 0.50 M cit- 
rate buffer (pH 3.6) under similar conditions. 

Repeated extraction of rat skin with each 
solvent resulted in the further release of less 
than 15% of the hydroxyproline or hexosa- 
mine found in the first extract under the con- 
ditions described above. 

The hydroxyproline, hexosamine, nitrogen 
and uronic acid content of these extracts was 
determined after HC1 hydrolysis as described 
above. 

Results aizd discussion. Theoretically, most 
of the free mucopolysaccharides and glyco- 
proteins of the ground substance, and con- 
taminating serum glycoproteins, would be 
soluble in isotonic saline. The residue of 
this extraction contained morphologically in- 
tact cells and collagen, but no longer stained 
profoundly with Alcian blue, a histochemical 
reagent for acid mucopolysaccharides ( 1 2  ) , 
The chemistry of this extract of rat  skin has 
been exhaustively studied by Sweeney( 13) 
and Mathieson( 14). 

The  extrafibrillar precursor of collagen is 
soluble in 0.5 51 KaCl( 5 ) .  The residue from 
this extraction contained collagen fibers 
which, under the electron microscope, had 
lost a portion of their surface material and 
appeared somewhat “leached.” The cells 
had been distorted and destroyed. 

C’itrate soluble procollagen from rat skin 
has been studied in detail by Orekovitch and 
Shpikiter ( 6 ) .  The  residue after extraction 
by this solvent contained grossly swollen, dis- 
torted collagen bundles and gluey masses of 
fibers. Subtraction of the sum of the various 
soluble components from the appropriate to- 
tal concentration found in the whole skin per- 
mits determination of the insoluble dermal 
constituents to be made. The  residue of the 
sequential extraction procedure described 
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TABLE I. Extractive Dissection of Normal .Rat 
Skin. 

Wydroxy- Hexosa- 
proline, mine, Nitrogen, 

Extract pnioles/g pumoles/g nimoles/g 

.I531 XaC1 7.7 * 3 5.1 k . 3  1.30 4 . 0 6  

.5onr ” 29 2 2.4 +.1 1.20 k . 0 6  
 OM citratc 12  & .6 .10 .60 +.04 

Tnsoluble 312 t 1 3  4.4 +.2 3.90 +.2 

Total 360 e l 5  12.0 +.6 7.00 2 . 3  

buffer 

above was so swollen (9x) and non-homo- 
geneous that direct measurements were sin- 
gularly unreliable. The results are presented 
in Table I. 

Because of the large amount of color con- 
tributed to the carbazole method by dermal 
hexoses, uronic acid determinations were un- 
reliable. Quantitatively, however, most of 
the uronic acid was found in the isotonic 
saline extract, and very little in the other sol- 
uble fractions. Table I then is concerned 
solely with the hexosamine, hydroxyproline 
and nitrogen content of the various fractions. 
More than 42% of the total dermal hexosa- 
mine was soluble in isotonic saline, while 
only a trace of this amino sugar appeared in 
the citrate fraction. About 37% of the hex- 
osamine was completely insoluble and pre- 
sumably represents either a glycoprotein or a 
mucopclysaccharide bound to the collagen 
fibers. 

Purified collagen contains about 18.6% 
nitrogen or 13.3 pmoles/mg and 13.6% hy- 
droxyprdine or approximately 1.1 pmoIe/mg 
( 15). Ratio of hydroxyproline to nitrogen 
( pmole,,’mmole) for highly purified collagen 
is about 83. A similar ratio for the insoluble 
dermal material is about 80, therefore this 
component is almost pure collagen. The ex- 
tra nitrogen contaminating this fraction 
probably results from keratin and elastin. 
The purity of this collagen precludes the in- 
soluble hexosamine being glycoprotein, since 
this material would contain almost as much 
nitrogen as simple protein. Therefore insol- 
uble collagen is intimately associated with 
mucopolysaccharide. This is consistent with 
the claim of Stoianova et aZ.( 16) that colla- 
gen fibrils are surrounded by a sheath of 

mucopolysaccharide which is removed by 
hyaluronidase activity. 

The non-protein nitrogen of nolrmal skin 
was studied by measuring nitrogen content 
of the trichloracetic acid supernatant of the 
saline fractions. Five percent of the nitro- 
gen in the isotonic saline extract and 3% 
of the 0.5 h!I saline soluble nitrogen was not 
precipitated by this treatment. 

The amount of dermal nitrogen accounted 
for by collagen may be determined by multi- 
plying the hydroxyproline content of the tis- 
sue, since 1 pmole equals 1 mg of co’llagen, 
by 13.3. Dermal collagen accounts for about 
70% of total nitrogen. The difference be- 
tween total nitrogen and collagen nitrogen 
would be due largely to non-collagenous pro- 
tein and glycoprotein. 

By lyophilization, i t  was found that fresh, 
cleaned, shaven skin contained about 550 
mg/g H20, and after standing in the frozen 
state for 5 days, all skin samples contained 
250  mg/g. Further storage for 25  more days 
did not appreciably decrease this value( 11). 
The data of Table I was obtained using 
stored skin, and could be corrected with re- 
spect to water loss via sublimation during 
storage in the frozen state by multiplication 
by 0.68 (1 1). These corrected values agreed 
within 10% with those obtained using fresh 
tissue. Accordingly, fresh rat skin contained 
240 mg of collagen, 150 mg of other protein 
and 550 mg of water per g. The difference 
between 1000 and the sum of these 3 dermal 
constituents must be accounted for by fat, 
or 60 mg/g. Kao et aZ.( 1 7 )  have reported 
total fat content of the skin of 8-month-old 
male rats (approx. 230 g)  to be 74 mg/g. 

Summary and conclusions. Extraction of 
rat skin with 01.15 M NaCl in the colld re- 
moves almost half of the dermal hexosamine 
and most of the uronic acid, leaving a residue 
which no longer stains proioundly with Al- 
cian blue, although cells and collagen of the 
tissue are intact. Further extraction with 
0.50 M NaCl removes about 8% of total der- 
mal hydroxyproline leaving a residue in 
which neither the cells nor the collagen are 
intact. The citrate buffer soluble hydroxy- 
proline (376 of the total) is not contaminated 
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with hexosamine, while of total dermal 
amino sugar is found intimately associated 
with the insoluble residue, probably as a mu- 
copolysaccharide. This residue is highly 
purified dermal collaqen. Finally, fresh skin 
contains 55% water, 6%) fa t ,  24% collagen 
and 15 o/o non-collagen protein and glycopro- 
tein. 
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A major step in the metabolism of corti- 
costeroids is reduction of the 14-3-ketone 
group( 1 ) .  It has been shown that rat liver 
contains steroid Ring A hydrogenases capa- 
ble of catalyzing this reduction ( 2 ) . Crqu- 
hart et  aZ.(3) and I’ates ct  (11.(4) have pro- 
posed that rate of hepatic reduction of adre- 
nal cortical steroids is a controlling factor in 
rate of secretion of those steroids by the 
adrenal through a negative-feedback mechan- 
ism by which the anterior pituitary (-4CTH) 
regulates plasma corticostercid concentration. 
It is likely then that conditions which pro- 
duce changes in adrenocortical secretion rates 
might also alter the ability of the liver to 
metabolize active corticosteroids. 

Eisenstein and Hartrof t ( 5 ) have shown 
that total steroid secretion by the isolated 
adrenal of sodium deficient rats was signifi- 

cantly less than that of controls. The pur- 
pose of this study was to evaluate the effect 
of sodium deprivation on capacity of rat liver 
to reduce the A4-3-ketone group of cor th l .*  

Jlcthods and materials. Female white 
rats of the Carworth strain (maintained on 
Purina pellet chow), weighing 140-200 g, 
were divided into two grolups. One group ( 2  1 
rats) was fed a commerciallyt prepared syn- 
thetic low-sodium diet which included all the 
nutrients essential for normal growth except 
sodium and contained 14.6 mg Na+/100 g of 
diet and 910 mg 1<+/100 g of diet. The other 
group (20 rats) was fed a diett similar in all 
respects to the low-sodium diet except that 
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