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Chemical Analysis of the Dermis in Scleroderma.* (32415) 

R. FLEISCHMAJER AND S. KROL (Introduced by John H. Moyer) 
Section of Dermatology, Department of  Medicine, Hahnemann Medical College 

and Hospital, Philadelphia, Pb. 

Scleroderma is a striking example of a 
mesenchymal disorder. Histochemical studies 
at  different stages of the disease showd no 
abnormalities in the ground substance and 
collagen fibers ( 1,2). Electronmicroscopic 
studies of the collagen fibers revealed a nm- 
ma1 periodicity ( 1,3 ) . Rasmussen et aZ( 4) 
noted that the collagen in scleroderma is 
nomal in its physical property of hydre  
thermal shrinking. Hydroxyproline content, 
on a weight basis, amino acid wmposition 
and X-ray diffraction studies of collagen 
fibers failed to disclose any abnormdities(5). 
Harris et d ( 6 )  reported a decrease in acid 
soluble collagen with normal distribution of 
alpha and beta components. Seville(3) noted 
by electron microscopy, an #increase in amor- 
phous materials in the ground substance pro- 
portional to the degree of swelling and homo- 
genization of the dermis. Musw(7) also sug- 
gested an increase of the ground substance 
in scleroderma. which was very susceptible 
to trypsin digestion. Denko and Stoughton 
(8) found an increased uptake of S35 (N% 
S3504) by skin of patients with scleroderma, 
although these authors did not suggest that 
this finding was indicative of an increase in 
acid mucopolywccharides. Boas and Foley 
(9) refmed to Ian increase in hexosamines in 
the corium and subcutaneous tissue from 
scleroderma although [this data was not pub- 
llished. The main purpose of this investiga- 
tion is to report the results of some chemical 
analyses performed on the total dermis, 
ground substance, and collagen obtained from 
9 cases of sclerodma. 

Materials and methods. Skin specimens 
were obtained from 9 cases of sclerodma 
with the following clinical diagnosis: diffuse 
sclerodenma (Cases 1 and 2), acrosclerosis 
(Cases 3, 5, 6 ,  7 ,  8, 9 )  and localized sclero- 
derma (Case 4) .  The specimens of Case 1 
and 2 -re obtained during autopsy while 
the others following regular skin biopsies. 

*Supported by USPHS Grant AM 08127-4. 

Total dermis. The subcutaneous fat was 
carefully trimmed, the e p i d m i s  moved 
by stretching and scraping with a s d p e l ,  
and the saanples weighed before and after 
lpphilization to determine dry weight and 
water content. The dry specimens were p- 
essed through a Wiley micro-model mill in 
order to convert them into a fine powder. 
Aliquots upere hydrolyzed with 6 N HCl at 
110°C for 20 hours in vacuum sded  tubes 
and used to determiine the total 'hydmxy- 
proline mitent  by the method of S t e p a n n  
(10). Hexosamines were determined by the 
method of B a s (  11). Eight normal control 
specimens from fresh autopsy material were 
obtained from the medial incision and sub- 
jected to similar analysis. 

Ground substance. In order to perform 
chemical analysis of the ground substance, 
2 scleroderma (Cases 1 and 2) and 8 n m a l  
dermal s@rnens of 400 mg, dry weight 
each, were extracted in a homogenizer at 
high speed with a 0.15 M sodium chloride 
solution for 20 minutes at 4OC. This opera- 
tion wdrs v t e d  4 times. The extracts were 
dialyzed against distilled water for 72 hours 
and brought to dryness by lyophilization. The 
following chemical analyses were performed: 
total 'proteins ( 1 2 ) , tymsine ( 13 ) , hydroxypro- 
line, hexoses (anthrone) and hexosamines. 
The proteins of the NaCl extracts were 
studied by acrylamide gel eleotropholresis 
(Cases 1, 2, 3)  using a modification of the 
Raymond's technic ( 14) which consisted of 
an adaptation of the Ornstein method ( 1.5) 
to the vertical slab gel electrophoresis. The 
spacer gel consisted of 3.576 acrylamide, 1 N 
HCl, Tris (tris (shydroxymethyl) aminometh- 
ane) and TEMED (N, N, N', N'-Tetlrameth- 
ylethylenediamine), pH 6.7,  while bhe run- 
ning gel consisted of 7% acrylmnide gel in 
Tris glycine buffer, pH 8.9. Samples were 
run for 1 hour at 300 volts (110 milliam- 
pares) and stained for proteins with mido 
black. 



CHEMICAL ANALYSIS OF DERMIS IN SCLERODERMA 2 53 

Collagen-bound hexoses, hexosamines and 
free a2dehydes. The subcutaneous flat was 
carefully trimmed, the epidermis removed 
by stretching and scraping with a scalpel 
and the dermis cut into small pieces and lyo- 
philized. The dry specimens were passed 
through a micro-mill and converted into a 
fine powder. Aliquots were extracted with 
0.15 M NaC1 solution in a. Virtis hmoge- 
nizm for 20 minutes at 4OC (20 ml/g dry 
weight). This operation was also performed 
with 0.1 N Na2HP04 in a similar fashion to 
that described above. The same operation 
was repeated with 0.1 M cibrate buffer, pH 
3.8 to remove the acid soluble collagen. The 
residue was dialyzed against distilled water 
a t  4OC far 72 hours and autoclaved at 20 
lb prsulre  for 8 hours to precipitate the 
elastic tissue and convert the imluble  col- 
lagen into gelatin. After cenbrifugatim, the 
supernatant was decanted, filtered, lyophilizd 
and labelled as gelatinized insoluble collagen. 
To determine the purity of this gelatin, 2 
samples of normal and 2 of xleroderma were 
subjectd to aminio acid analysis by the meth- 
od of Piez and Morris( 16). There were no 
significant dliffmences in the amino acid corn- 
position of the insolufble collagen between 
normal and sclerderma specimens, confirm- 
ing a previous report ( 5 ) .  The gelatins were 
subjected to hexoses and h e m m i n e s  &eta-- 
minations Free aldlehyde groups were esti- 
mated in 3 scleroderma and 16 control speci- 
mens by bhe method of Sawicki et al( 17) 
using formaldehyde as a standard. Gelatias 
processed as describd above, were hydro- 
lyzed for 15 houlrs in 4 N HC1, at 110°C in 
vacuum sealed tubes. Free-aldehydes were 
also determined in non-hydrolyzed gelatins. 

Results. Chemical anlalysirs perfmned on 
the total dermis is reported in Table I. Hy- 
droxyproline conttenlt of scleroctermla dermis, 
estimated on a weight brtsis, did nwt show 
significant differences from the controls. Hex- 
mamine determinations revealed a significant 
increase in 5 cases. In Case 1 the inaease in 
total hexolsamines was noted only in the 
specimen obtained from the dorsal asp& of 
the hands, which was the most severely af- 
fected area. 

The chemical analysis of the dermal d i u m  

TABLE I. Hydroxyproline and Hexosamina of 
Total Dermis. 

Hydroxyproline Hexosamines 
mg/g dry wt 

Scleroderma” 
Case 1 Chest 

Abdomen 
Arms 
Fore arms 
Hands 

Case 2 
” 3 
” 4 t  
” 5 
” 6 
” 7 

Controls8 

100 
101 
98 
94 
97 
94 
97 
97 
96 
98 
97 

1 0 1  & 3 

2.16 
2.17 
2.26 
2.12 
3.20 
2.68 
3.30 
2.41 
3.10 
3.M 
2.40 
2.01 & .29 

* Perfo,rmed in duplicates. 
t This caBe wae previously reported (R. Fleisch- 

$ Reported as mean and standard deviation of 8 
majw et al, Arch. Dermat., 1966, v94, 531). 

nolrmal adult specimenw. 

TABLE 11. Chemical Analysis of the Crude Der- 

Case 1” Case 2” Controlst 
y m g / g  dry Wt--------7 

mal Extract with 0.15N NaC1. 

Proteins 18.43 210.90 24.00 +7 
Hydroxyproline .25 . l o  -65 .18 
Tyrosine 1.13 1.81 1.61 .2 
Hexolses .90 1.00 .83 .08 
Hexmamines 1.05 .93 .89 f .13 

* Average of 2 determinations. 
t Repolrted a8 mean and standard deviation of 8 

samples. 

chloride errtrlacts is reprted in Table 11. 
This fraction represents soluble components 
of trhe ground substance. No significant dif- 
ferences were disclosed when compared with 
the n o d  mnltmls. The amount of neutral 
salt-soluble colllagen was reduced, while the 
concentration of total proteins, hexoses and 
hexmamines, was within nvyrmal m g e .  

Acrylamide gel electrophoresis of the so- 
dium chloride extracts of normal human 
dermis m e a l s  a series of proteins m e  of 
which represent serum components while 
athers seem to #be local products of the ground 
sulbstance. In a previous study, human and 
rabbit dermal sodium chloride extracts were 
compared with their aultologiolus serum pro- 
teins ( 18). This investigation revealed that 
there are two majur protein fractions in 
tlhe dermis. One, the sodled “skin dbu- 
min” which shows a daster electtqhcmtic 
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FI'G. 2 .  Acrylmnide gel electrophoresis of 0.15 M NaCl dermal extracts. The scleroderma 
spdmens (Case 1 )  show no significant qualitative changes from the controls. 

motility than the autologous serum albumin. 
The other fraotioln is present between the 
transfenrin and albumin regrim, and is not 
seen in human or rabbit plasma. The pro- 
tein patterns of the NaCl extra& from scler- 
odmm clamis were esenItially similar to 
those observed from s m r a l  n m a l  cuntrols 
(Fig. 1). 

The results of the estimatriom of collagen- 
bound hexcxses and hexosamines are reported 
in Table 111. The mnmtrration of collagen- 
bound hexoses was normal in all scleroderma 
specimens with the exception of Case 4, who 
had the Iodized form of this disease. On 
the other h a d ,  a significant increase in col- 
lagen-hnld hexosamines was noted in all 

speuirnens. In Case 9, two b i q y  specimens 
were obtained, one from the f o r m  which 
was markedly indurated, and one f r m  the 
back which was clinically n m l .  Deter- 
mination of collagen4muInd hexomnines re- 
vealed a 3-fold increase in the affected area. 
The estimations of free ddehydes perfcmned 
on h y d r o l i d  a.nd non-hydrolyzed gelatins, 
revealed no significant differences from the 
controls. 

Discussion. The homogenous appearance 
of ithe collagen in scleroderma has been fre- 
quently associated with fibrasis, namely, an 
increase of collagen fibers. Our findings and 
a previous study(5) do not support Ithis con- 
cept. This is further substantiated by the 
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TABLE 111. Bound Hexoses and Hexosminw of 
Gelatins. 

Hexolses Hexoe’amines 
mg/g gelatin 

Scleroderma” 
Case 1 6.10 1.06 
” 2 5.70 .85 
” 3 - 2.40 
” 4 11.980 2.40 
” 8 6.40 1.11 
’) 9 6.20 1.89 

Oontrolst 6.12 5 .28 .50 -c .08 

* Reported as average of 2 t o  4 determinations. 
t Reported as mean and standard deviation of 

duplicate analysis of 9 narmal specimens. 

following observation. Case 1 showed marked 
skin induration af the h a d ,  to the degree 
that movement ot joints was pmct idy  ab- 
sent, while the forearms, upper asm, chest 
and abdomen revealed skin induration rang- 
ing from moderate to mild, respectively. 
Yet, the yield of total dermal hydroxyproline 
content \;rras abuuit the same for all areas. 
This study failed to reveal significant changes 
in Ithe concentration olf soluble dermal PO- 
teim in systemic ~sc lmdema.  Moreolvw, 
analysis of the proteins by xryhmide gel 
electraphods did not disclose the presence 
of abnomal components. Thus, the hypothe- 
sis suggesting qualitative or quanititative 
changes in the proteins of lthe ground sub- 
stance was nat substantiated. The normal con- 
centrations of hexmes and hexosamines in the 
NaCl extracts seems to rule out an i n m a e  
in neutral or acid mucopolysiccharilde. The 
concentration of mllagen-bound hemses and 
f i r e  aldehydes in sclerodenna was essentially 
normal. On Ithe other hand, a significant 
increase in mllagenibound hexwaxnines was 
noted in all sclemdema specimens. I n  this 

TABLE IV. Free-Aldehyda in  Gelatim.” 

Hydrolyzed Non-hydr olyzed 
mg/g gelatin 

Case It 1.40 1.10 
” 2 1.24 1.14 
)) 3 1.30 - 

Controlst 1.31 r+ .26 .92 .11 

* Free-aldehydes were measured as formalde- 

t Reported as average of 3 determinations. 
t Mean and atmdard deviation of 16 normal 

hyde. 

specimens performed in duplicates. 

regard, it is interesting to note that ilncrease 
in smum h e x o w i n a  levels is frequently 
pesent in scleroderma( 19). 

The increase in collagen-bound hemamines 
in sclerodema is difficult to interpret, al- 
though one may hypthesize that this alltea- 
tion may be in some way rehted to the homo- 
genous appearance od Ithe collagen, either by 
participation of these sugars in inter and ar 
intramlolecular cross-linkages or as c o m p  
nents of a more cwmplex molecule, namely 
an acid mucopolysatlcharide or la glycolprotein. 

Summary. Analysis of the total dmmis 
fmm sclerdlerma revealed a nlolrmal concen- 
tration of hydroxypdine while hexosamines 
were increased in a signlificant number of 
cases. A 0.15 M NaCl dermal extract re- 
vealed normal concentration of hexoses and 
hexosamines, (thus, suggesting no increase in 
neubral or acid rnucopolysamharides. The 
concentration of soluble dermal proteim w&6 

normal and separation by acrylamide gel 
electrophomis revealed no, signifiaant qua& 
tative changes. Gelatins obtained from sclero- 
derma insoluble collagens revealed a normal 
colncentratim of hexwes anld free aldehydes 
although the hexosamims were significantly 
increased. The possible implications of this 
last findling are dimwed.  
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Influence of Unsaturation on Fibrinolytic Activity of 
Salts of Fatty Acids. (32416) 

M. J. SURGALA, E. D. BEESLEY, AND R. R. BRUBAKER* 
(Introduced by G .  G .  Wright) 

Biological Sciences Laboratory, Fort Detrick, Frederick, M d .  

W i u m  salts of long chain saturated fatty 
acids have been reported to accelerate bload 
clotting and artificial thrombus formation in 
vitro( 1,2) and to cause m i v e  thrombosis 
and death in dogs(3,4). Unsaturated fatty 
acids are relatively inactive. We have found 
recently that sodium salts of long chain fatty 
acids can induce lysis of bovine fibrin films, 
and in this case it appeared that the un- 
saturated acids were more a t i v e  than the 
saturated. No lysis occurred on heated plates. 
These preliminary findings are confirmed and 
extended in the present report. 
Materials and methods. Fibrin films were 

prepared by dissolving Armour bovine fibrin- 
ogen (2.5 mg/ml) and Parke, Davis bovine 
thrombin, ~bpical (50 NIH units/ml) in so- 
dium borate buffer pH 7.7(5). Fibrinogen 
solutions were sterilized by filtration and 10 
ml volumes were added to 8.5 cm Petri dishes. 
With the plates on a ,level surface, 0.5 ml of 
thrombin solution was added dropwise to the 
fibrinogen while the mixture was gently 
swirled to #assure thorough distdbution. 
Highly pmified fatty acids were purchased 
from Applied Science h h a t o r i e s ,  State C d -  
lege, Pa. They were converted to their sodium 
cn- potassium salts by gentle warning with 
sodium (test no. 1) or poltassium (tests 2-5) 
hydroxide and were adjusted to pH 8.1 with 
HCI. Two-fold dilutions of the fabty acids 
in sodium borate buffer were placed on filbrin 
films in 0.02 ml mounts.  The l m t  cm- 
centration which cawed liquefaction siufficient 
for complete perforation of the fibrin film 

*Present address: Dept. of Microbiology, Michigan 
State Univ., East Lansing, Michigan. 

FIG. 1. Lysis of unheated bovine fibrin by sodium 
myristate. (A) 20 mM, (B) 10 mM, (C) 5 m M ,  (D) 
2.5 mM, (E) 1.25 mM, (F) 0.63 mM. 

after incubation at  37°C for at least 4 hours 
was taken as (the end poirk (Identical results 
were obtained with oleate when the system 
was adjusted to pH 7.4). 

Results and discussion. Fig. 1 shows the 
activity of 2-fdd dilutions of sodium myris- 
tate. At concentrations of 20, 10, 5, 2.5 and 
1.25 mM, 0.02 ml amounts placed on the 
fibrin film caused complete perforation of the 
film. Liquefaction caused by 0.63 mRI mn- 
centration was insufficient to perforate the 
film. 

Saturated fatty acids having 16, 18, 20, 22  
and 24 carbons were compared with acids 
with one unsaturated bond (Table I). Pal- 
mitic and palmitoleic acids appear to !be 


