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(With the technical assistance of Harold Kadin.) 

From the Department of Medicine and Study Group on Rheumatic Diseases, New York University 
College of Medicine. 

In  a number of diseases which have been 
designated as “collagen diseases”, degenera- 
tion of collagen with replacement’ by a fibn- 
noid material is described. Fibrinoid has been 
variously considered to be fibrin( 1,2), de- 
generated collagen(3,4) and a complex be- 
tween degenerated mllagen and mucorpoly- 
sac&mide( 5). 

The d n o  acid, hydroxypoline, constitutes 
approximately 14% of collagen as derived 
from a variety of sources(6), and except for 
the small amounts present in elastin, is found 
in no other prokiln of the body. In view of 
the fact that fibrinoid has been described as 
a degenerated ifom of ccolJagen, it was of 
interest t o  determine whether the total hy- 
droxyproline content of rheumatoid subcu- 
taneous nodules, which contain relatively large 
amountls of fibrinoid material, could be ac- 
counted for entirely in the collagen and elas- 
tin fractions. Three subcutaneous nodules, 
containing considerable amounts of fibrimid 
material as demonstrated by histological ex- 
amination of +issue sections, were analyzed. 
It was found that the hydToxyproline content 
of the colkigen fraction of each nodule cor- 
responded closely to the recorded values of 
Neuman and Logan( 6) for purified collagen 
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from a number of sources, and that the total 
hydroxyproline content of the nodules was ac- 
counted for entirely by the collagen and 
elastin fractions. 

Experimental. Nodules were excised under 
local procaine anesthesia. A portion of the 
nodule was reserved for histological exaani- 
nation.$ The remaining tissue, varying in 
weight between 1 and 5 grams, was minced 
finely and divided into several portions. Ex- 
trcwta.ble lipid was determined by a single ex- 
traction with a solution of 3 volumes of dco- 
hol and 1 volume of ether, followed by three 
extractions with ether. Dry weight was de- 
termined following fat extraction by drying 
at 105°C for !twenty-four hours. Repeated 
determinations showed that constant weight 
was achieved by the drying procedure. Col- 
1,agen and elastin were analyzed on 0.5 to 1 
gram samples of tissue by the method of 
Lowry, Gilligan and Katmsky ( 7), the collagen 
being determined on the basis of the n i t q a  
content of the gelatin supernatant and calcu- 
lated on the basis of 17.5% Iliiltrogen in col- 
lagen. Hydroxyproline was determined by 
the method of Neuman and Logan( 6).  The 
hydroxyproline content of cullagen was de- 
termined in the gelatin solution obtained in 
the procedure of Lowry et al. (7). Total hy- 
droxypmline content was determined by hy- 
drolyzing approximately 0.1 It0 0.3 gram of 
minced tissue in 1 ml of 6 N hydrochloric acid 
for four hours in a, sealed. tube at fifty pounds 
pressure, then neutralizing and diluting to 
appropriate volume. There was no interfer- 
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TABLE I. Analysis of Rheumatoid Nodules and Synovia. ._. . 
Collagen Elastin Hydroxyproline % Hydroxyproline* 
as % Hydroxyproline as % as % wet wt from collagen 

Tissue % water % lipid wet wt as % collagen wet wt of tissue and elastin 
__ 

Sodule B 80.6 2.44 10.1 14.7 0.52 1.41 1.49 
Sodule S 85.8 1.86 7.08 13.9 0.43 1.11 0.992 
Sodulc K i2.6 2.46 13.5 12.8 1.70 1.72 1.76 
Synovial 

membrane 72.8 2.93 17.4 13.9 1.29 2.63 2.44 
___- 

* Calculated on the basis of 1.8% of hydroxyproline in elastin(6). 

ence with color development, and the absorp- 
tion spectrum obtained (between 500 and 600 
mp)  corresponded quantitatively with that of 
a standard solution of hydroxyproline. When 
3.0 mg of hydroxyproline were added to dupli- 
cate samples of 0.2 gram of minced tissue 
which were subsequently hydrolyzed in 6N 
hydrochloric acid as described above, 3.0 and 
3.1 mg, respectively, were recovered. 

Results. Water, collagen and lipid com- 
prised 90 to 95% of the net weight of the 3 
nodules as well as of the synovial membrane 
(Table I). Whereas the nodules and the 
synovial tissue were relatively rich in collagen, 
the elastin content of thlese tissues was low. 
This fact coupled with the low hydroxypro- 
line content of elastin indicates that elastin 
contributes negligibly to the total hydroxy- 
proline content of the tissue. The values of 
13.9, 14.1 and 12.8% respectively found for 
the hydroxyproline content of the collagen 
of the 3 rheumatoid nodules, and that of 
13.9% in the synovial membrane are in fair 
agreement with recorded values observed in 
samples of normal collagen derived from a 
variety of sources( 6 3 )  , and suggests that 
there is no significant variIation in the com- 
position of the collagen of the subcutaneous 
nodule. 

Camera Iucida tracings of representative 
sections of nodules S and B indicated that 
the areas occupied by fibrinoid material were 
approximately 25 to 26% as large as the areas 
occupied by collagen. This was demonsltra ted 
by a group of staining procedures including 
the van Gieson and Trichrome stains. If 
iibrinoid were a lprotein of collagenous origin, 
one might reasonably expect that it would 
contribute significantly to the total hydroxy- 

8. Xeuman, R. E., and Logan, M. A., J. Biol. 
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proline content of the nodule tissue, unless, 
of course, the change of collagen to fibrinoid 
involved the loss of hydroxyproline specifically 
from the prutein chain. The latter, though 
it is unlikely, cannot be ruled out. 

Fibrinoid is extracted from subcutaneous 
nodule tissue (9) during the preliminary treat- 
ment with 0.1 N sodium hydroxide in the 
procedure of Lowry et al. for 'the determina- 
tion of collagen and elastin. If fibrinoid con- 
tained hydroxyproline in the amounts present 
in collagen, one would expect significant dif- 
ferences between the total hydroxyproline 
content of nodule ,tissue obtained by analysis 
of the wet tissue (expressed as % wet weight 
in Table I) and the value calculated from the 
collagen and elastin contents (Table I).  Wi.th 
experimental errors due to small samples 
taken into account, there is no large disorep- 
ancy in the Q/o hydroxyproline arrived at by 
the two procedures. This would preclude the 
loss of significant amounts of hydroxyproline 
on alkaline extraction and indicates that 
fibrinoid, since it is removed by such treat- 
ment, does not contain hydroxyproline, at 
least in amounts approaching that in collagen, 
The latter observation would suggest that the 
fibrinoid material of the rheumatoid nodule is 
not of collagenous origin. Further quantita- 
tive studies are in progress(9). 

Summary. Three subcutaneous nodules 
and one specimen of synovial membrane from 
patients with rheumatoid arthritis have been 
subjected to analysis for water, lipid, collagen, 
elastin and hydroxyproline. The hydroxypro- 
line content of the collagen in these tissues 
was similar t o  that found in collagen from 

9. Kantor, T., Sokoloff, L., Bien, E. J., Smith, A., 
and Ziff, M., Proc. Am. Rheumatism ASSOC., Ann 
Meeting, 1951. 
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other sources. The total hydroxyproline con- 
tent of the nodules and the synovial tissue was 
accounted for completely by the collagen and 
elastin fractions. The suggestion is made on 

this basis that the fibrinoid material of the 
rheumatoid nodule is not of collagenous origin. 

Received August 13, 1951. P.S.E.B.M., 1951, v78. 
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In previous studies on the incoqoration of 
C14-acetate carbon into cholesterol in various 
tissues of intact animals(l), it was observed 
that newly synthesized cholesterol appeared in 
liver, plasma, and red blood cells with sur- 
prising rapidity and attained uniform distribu- 
tion within a few hours. Further investiga- 
tion in dogs led to the conclusion that a rapid 
interchange of cholesterol must be assumed to 
occur in the living animal to explain the 
rapidity of equilibration of isotopic cholesterol 
between liver, plasma, and red cells(2,3). It 
therefore seemed of interest to investigate 
cholesterol interchange in vitro. Hahn and 
Hevesy explored the in vitro interaction be- 
tween P32”-labeled phospholipids of plasma 
and red cells and found a very limited inter- 
change-S% in 4.5 hours in rabbit blood(4). 
Although only total phospholipid P was meas- 
ured, these authors concluded that some 
phosphatides exchanged with great speed and 
others not at all. 

It is now generally accepted that the phos- 
pholipids and cholesterol of plasma are 
present in lipoprotein form and this would 
appear to be true ’also for red cells. However, 
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the unesterified cholesterol moiety of both 
plasma and red cell lipoproteins is ohemically 
identical and is therefore particularly suitable 
for interchange studies. 

Procedure and results. Whole blood con- 
taining Cl4-labe1ed cholesterol of high specific 
activity was obtained from a dog previously 
main*tained an a cholesterol-free diet by the 
oral administration of 100 to 400 pc of C1* 
as carboxyl-labeled acetate, followed by the 
exsanguination of the animal a b u t  24 hours 
later. The blood was treated with an anti- 
coagulant (A.C.D. solution or oxalate) and 
cells and plasma separated. The interfacial 
layer was rejected and the cells were washed 
3 times with lisotonic salt solution. Unlabeled 
dog blood was drawn and treated in the same 
way except that the cells were not washed. 
In most experiments labeled cells and labeled 
plasma from one dog were each incubated wilth 
their unlabeled counterparts from a normal 
dog. In  one experiment, normal human red 
cell-s were incubated with radioactive dog 
plasma. Measured volumes of red cells and 
of plasma were mixed and incubated at 37 “C 
with gentle agitatiun and a slow stream of 
95% oxygen plus 5% carbon dioxide was 
passed through the flasks. Aliquots were re- 
moved a t  intervals up to 4 hours and centri- 
fuged. The interf.acial layer was rejected and 
total lipid extracts were prepared from ali- 
quots of plasma and red cells by 3 extractions 
with hot alcohol-ether (3:1), to a total of 10 
volumes of solvent. Aliquots of the clear 
lipid extract were analyzed for free and total 
cholesterol by the Sperry - Schoenheimer 


