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When sect ions  of the organs  of rabbi t s  with exper imen ta l  amylo ldos i s  a r e  t r ea ted  with a f luorescen t  
rabbi t  ant i - f ibr inogen (fibrin) se rum,  diffuse speci f ic  f luorescence  is found at s i t e s  of amylold  deposi t ion.  
The suggestion is  made that mainly  f ibrinogen which has  not been conver ted  into f ibr in  is p r e s e n t i n a m y l o i d .  

It was suggested as  long ago as  in 1859 [13] that  amylold,  a substance of prote in  nature ,  is modif ied 
fibrin.  The role of fiblinogen (fibrin) in amyloid  fo rmat ion  in ce r t a in  types of amylo tdos i s  in man has been 
demons t ra ted  by invest igat ions using the method of f luorescent  antibodies [3, 16, 17]. 

The object of this Investigation was to examine  the p rob lem of the p r e s e n c e  of f ibr inogen {fibrin) in 
amylold m a s s e s  in experiment~xl amyto ldos i s .  

E X P E R I M E N T A L  M E T H O D  

Amyloidos is  was produced in rabbi t s  by inject ing 5 ml of a 10% suspension of sodium case ina te  sub-  
cutaneously 3 t imes  each week. Al together  10 rabbi t s  were  used and were  sac r i f i ced  3 months  a f t e r  the 
f i rs t  injection of case ine .  The spleen, kidneys, and l ive r  were  taken for investio~-ation. The control  group 
consisted of 5 healthy rabbi ts  f rom which the s ame  o rgans  w e r e  invest igated.  Serial  sec t ions  were  cut to a 
thickness of 2.5-3 p.on a f r eez ing  m i c r o t o m e  with a d e e p - f r e e z e  knife [2]. The sect ions  were  dr ied under  a 
fan and then fixcd for  3 rain in a 
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Fig. 1. Agar  diffusion r e a c -  
tion. Centra l  well  contains 
an t i se rum agains t  rabbit  f t -  
brlnogea,  exhausted with s e -  
rum pro te ins .  1--6} Rabbit 
p lasm a in dilutions of 1 : 1 
t o 1 : 1 2 8 .  

mixture  of equal volumes of 96* ethanol and e the r .  Ilaving r ega rd  to the 
antigenic identity of f ibrinogen and f ibr in  [10, 12], only one a n t i s e r u m  was 
obtained by immunizat ion  of cocks with r abb i t ' s  f ibrin homogenate .  Af te r  
exhaust ion with rabbi t  s e r u m  prote ins ,  the immune selmm gave one p r e -  
cipitation band with c i t ra ted  rabbi t  p l a sma  in the aga r  diffusion reac t ion  
(Fig. 1). 

T o  obtain good r e su l t s  in the diffusion react ion,  the method of p r e -  
par ing the agar  had to be  slightly modified, because  with the usual  method 
[I] plott ing of the f ibr inogen took place during diffusion into the aga r .  We 
p r epa red  a 1% solution of Difco agar  in 2.5% sodium c i t ra te  solution in 
which the pH was adjusted to 7.0 by addition of NaOH. The ~r f r a c -  
tion [I] wos isola ted f rom the exhausted an t l s e r a  by prec ip i ta t ion  with a l -  
cohol in the cold and the 3,-globulin thus obtMned was t r e a t e d  with Huo re s -  
cefn methylthioisoc>.-anate'by the usual method [20]. The conjugate was  
passed  through a column ~ith Sephadex G-25 at plt 9.0, p r e s e r v e d  with 
mertFJolate ,  and s tored  in a r e f r i g e r a t o r  at 4*. The sec t ions  w e r e  Incu-  
bated with the conjugr.te for  30 mln at room t e m p e r a t u r e .  Control  sec t ions  
were  t r ea ted  with conjugate p r e l imina r i l y  adsorbed  with f ibr in  homogenatep 
with heterologous  labeled an t i s e rum agains t  human s e r u m  pro te ins ,  and 
with conjugate c o m p l e m e n t a r y  to f ibrinogen a f t e r  p r e l i m i n a r y  t r e a t m e n t  
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Fig.  2. Amyloid m a s s e s  in the spleen,  a) Specific f lu-  
o r e scence  of amyloid  a f t e r  t r ea tmen t  with labeled an t i -  
f ibrinogen ant ibodi-s ;  b) se r i a l  sect ions through the 
s ame  place  (control). Incubation with conjugate p r e l i m -  
inar i ly  absorbed  with rabbi t  f ibrin;  c) same  sect ion as  
in control ,  s tained for  amyloid with thioflavin T. 30x.  

s t r ( ~~ .  

Fig.  3. Kidney (glomerulus) .  Diffuse 
f luorescence  in amyloid a f te r  t r e a t -  
ment  with conjugate com p l em en t a ry  to 
f ibrinogen.  Fibr in  th reads  along wall 
of Shumlyanski i ' s  capsule  side by side 
with amyloid  m a s s e s .  270x. 

of the sect ion with unlabeled f ibrinogen an t i se rum.  Sections 
were  a lso  stained with hematoxylin--eosin,  and to identify a m y l -  
old, with Congo red, methyl  violet,  c ry s t a l  violet, and th io-  
flavin T [23]. 

E X P E R I M E N T A L  R E S U L T S  

Deposi t s  of f ibrin in the spleen, l iver ,  and kidneys of the 
control  rabbi ts  were  revealod by invest igat ion by Coons'  method. 
Inthe  spleen, f ibrin was found as  a rule  in the smal l  ve s se l s  and 
s inuses  of the red pulp. Somet imes  it fo rmed  a complex network 
of c lose ly  interwoven f i laments  of varying th ickness .  Small  
amounts of f ibrin could also be seen in the fol l ic les  of the spleen.  
The re  were  usual ly tiny s t rands  of f ibrin wrapped a,.ound the 
lymphoid cel ls .  Masses  of f ibr in  a lso  were  found in the smal l  
ve s se l s  of the kidneys and l iver .  Individual s t r ands  of f ibr in  in 
the hepatic s inuses  were  often in t imate ly  re la ted  to their  wal ls .  
Specific f luorescence  was absent  f rom the cy top lasm of the hop-  

a t le  and Kupffer  ce i l s .  In the kidneys f ibr in  was found in the cap i l l a r ies  of the cor tex  and medulla ,  and a lso  
In the cap i l l a r i e s  of the g lomerul i  and in the cavi ty  of ShumlyanskiiVs capsu le :  

Amyloidos is  was observed  in all  the an imals  rece iv ing  caseine.  Deposi ts  of amyloid  were  found In 
the spleen, at the p e r i p h e r y  of the fol l ic les ,  and in the red pulp, and a lso  in the kidneys, in th~ glomerul i ,  
and in the ground substance  of the p y r a m i d s .  The amyloid stained orange with Congo red,  gave m e t a -  
c h r o m a s t a  with methyl  and c rys t a l  violet, and a f t e r  staining with thiofla~-in r br ight  g reen  f luorescence  of 
the amyloid  m a s s e s  was observed .  Threads  of f ibrin a r ranged  in the organs  in the s ame  way as in the con-  
t ro l  an imals  as  descr ibed  above were  a l so  observed  in the ~plccn, tddneys, and l iver  of the rabbi t s  with 
exper imenta l  amylo idos i s .  On incubation of :he sect ions  with labeled ant i - f ibr inogen (fibrin) antibodies,  
intense specif ic  f luorescence  of the amyloid  was seen (Fig. 2). Somet imes  th reads  of f ibr in  we re  seen i m -  
media te ly  next to m a s s e s  of amyloid {Fig. 3), but no fo rmed f ibers  of f ibrin could be found in the amylold  
i tself .  
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Fluorescence of amyloid in sections treated with labeled anti-fibrinogen (fibrin) antibodies was ex- 
ceptionally diffuse in etmracter and was present uniformly throughout the mass of amylo~d. Fluorescence 
of this character, in the absence of fibers resembling those of fibrin In the amyloid, suggests that mainly 
fibrinogen, and not fibrin, was present in the mass of amyloid. Admittedly, fibrin may sometimes clot to 
form a dense conglomerate in which individual threads cannot be distinguished with the ordinary micro- 
scope. We found structures of this t)q~e, composed of fibrin and unrelated to amyloid, in the spleen of the 
investigated animals. There are reports that fibrin deposits lose their fibrous structure during aging [9]. 
If the fibrin retains its antigenic properties in this case, such fibrin masses will probably fluoresce dif- 
fusely when stained by Coons' method, l/owever, the results of a study of amyloid structure with the elec- 
tron microscope co~irm to some extent the view that large quantities of fibrin do no~ occur in amyloid. 
Fibrils 100-300 ~ indiameter ,  without cross striation, ha~e been described in amyloid [5-8, 151. Electron 
microscopic studies of fibrin have also demonstrated fibrils , although they have a well-defined cross s t r ia-  
tion with an interval of about 230 ~, between the dark zones [14, 22]. Nevertheless, none of the fibrillary 
structures characteristic of fibrin are found in amyloid. In amyloidosis nonspecific precipitation of fibrin- 
ogen from the plasma into already formed amyloid evidently takes place. Possibly a very small part of 
this subsequently changes into fibrin, but most remains as fibrinogen. In some forms of human amyloidosls, 
and also in ex-pcrimcntal casein amyloidosis, the plasma fibrinogen concentration rises [11, ] 2, 18, 19]. In 
all probability the hyperfibrinogcnemia facilitates the incorporation of fibrinogen into amylotd. 

Deposits in the spleen, liver, and kidneys were observed in both the experimental and control rabbits. 
the results are analogous to those obtained by investigation of the human spleen [4]. Fibrin formation l= 
the organs possibly takes place during life, reP~.cting the physiological mechanism of fibrinogen metabo- 
lism. Itowever, special ln~stigat lvns are necessary to solve this problem. 
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