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In exper iments  on CBA mice,  in which an amyloid spleen was t ranspla ted  beneath the capsule 
of the kidney in intact and amyloid mice ,  an e l e c t r o n - m i c r o s c o p i c  investigation was made of 
amyloid resorp t ion .  The r e su l t s  indicated that macrophages ,  pe r fo rming  the function of 
amylo idoc las t s ,  par t ic ipa te  in amyloid  resorp t ion .  The dynamics of amyloidoclas ia  was 
studied. 
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The mechan i sms  of amyloid r e so rp t ion  a re  of g rea t  in teres t .  That r e so rp t ion  of amyloid can take 
place in pr inciple  has been demons t ra ted  by seve ra l  c l in ica l -morpholog ica l  and exper imenta l  investigations 
[3, 5-8, 10, 12, 19,211. It is considered that amyloid can be r e so rbed  with the aid of leukocytes [13, 201 or 
giant cel ls  [1, 2, 9, 11, 15, 161, which N. M. Lyubimov (1899) called amyloidophages  [4]. Only a few papers  
have been published on the e l e c t r o n - m i c r o s c o p i c  investigation of r e so rp t ion  of amyloid f ibr i ls  by m a c r o -  
phages in t i ssue  cu l t u r e  [17, 18], but natural ly  this is not identical  with the p r o c e s s e s  of amyloidoclas ia  in 
vivo in an imals  or  man. 

The invest igst ion descr ibed  below was ca r r i ed  out to study these  p r o c e s s e s .  

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

CBA male  mice were  used. Amyloidosis  was produced in some (40) animals  by subcutaneous injec-  
tion of 1 ml  of 5% casein  solution in 0.25% sodium hydroxide solution six t imes  a week for seven weeks.  
Pieces  of "amyloid"  spleen, measur ing  2.5-3 mm,  were  implanted beneath the capsule  of the upper  pole of 
the kidney of 18 intact rec ip ient  mice  (group 1) and 18 "amyloid"  rec ip ient  m i c e ( g r o u p 2 ) .  On the fifth, 15th, 
30th, 60th, and 90th days a f te r  t ransplanta t ion the an imals  were  killed in batches of three  or four. The graf t  
was examined in the light mic roscope ,  in sect ions  stained with hema toxy l in - eos in ,  Congo red,  and thiofla-  
vine T. Mater ia l  fixed in a 1% buffered solution of osmic  acid and embedded in Araldi te  was used for e lec -  
t ron microscopy .  Ultrathin sect ions were  studied in the UI~MV-100K elec t ron mic roscope .  

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

E lec t ron -m i c ro s cop i c  investigation of the grafted "amyloid"  spleen (histologically it looked like a 
" la rdaceous"  spleen) f rom the group 1 an ima l s  5 days  af ter  t ransplanta t ion showed macrophages ,  poly-  
morphs ,  and pla te le ts  at the boundary with the zones of amyloid.  The maerophages  were  large cel ls  con- 
mining one or, less  frequently,  two or three  elongated nuclei with slightly indented outlines and a uni form 
distr ibution of chromat in .  In the cytoplasm,  which was of low e lec t ron  density,  there  were  may f ree  r ibo-  
somes  and po lysomes  and the Golgi complex,  as a rule ,  was hyperplas t ic .  

The number  of macrophages  increased  in the course  of the exper iment ,  the i r  u l t r a s t r uc tu r e  changed, 
and the changes in u l t r a s t ruc tu re  ref lec ted  the dynamics  of amyloid resorp t ion .  The p roces s  began with 
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Fig. I. Resorption of amyloid by macrophage: a) invaginations 
in plasmalemma (PI) of a macrophage (Mp) containing amyloid 
fibrils (Am); N) nucleus of macrophage (30,000 • b)type 1 in- 
clusions containing irregularly arranged amyloid fibrils (A) and 
type 2 inclusions, with regularly arranged amyloid fibrils (B), 
can be seen in the cytoplasm (15, 000 x) ; c) phagolysosomes con- 
taining amyloid fibrils (Am) and lipid drops (L) - type 3 inclu- 
sions (30,000 x). 

the formation of invaginations, in which regular and irregular amyloid fibrils accumulated, in the plasma- 
lemma. Later the plasmalemma above the invagination came together so that the collections of amyloid 
fibrils were surrounded by cytoplasm. They were bounded by a single membrane (Fig. la). "Loss" of the 
plasmalemma during phagocytosis evidently explains the lack of clarity of the cell membrane in certain 
parts of the maerophage. At different stages of intracellular "digestion ~ of amyloid in the maerophages, 
intracellular inclusions (phagosomes) of several types appeared. The type 1 inclusions were large. They 
contained irregularly arranged branching amyloid fibrils and were surrounded by a single membrane (Fig. 
ib). The type 2 inclusions contained regularly arranged and tightly packed amyloid fibrils of different sizes 
and shapes. They hsd moderate or high electron density (Fig. Ib). The type 3 inclusions were phagolyso- 
somes, formed by fusion of primary lysosomes with the type 1 or 2 inclusions; besides amyloid fibrils they 
also contained lipid drops (Fig. Ic). Myelin-like and lipid postphagocytic structures, sometimes large in 
size, formed the type 4 inclusions. 

Investigation of the grafted "amyloid" spleen in the animals of group 2 showed signs of amyloid re- 
sorption later. Macrophages began to appear only on the 15th and 30th days of the experiment, and most 
of them contained only primary lysosomes. Collections of leukocytes and platelets were visible among the 
macrophages in the animals of both groups. 

The results of these experiments show that resorption and complete intraeellulardigestion ofamyloid 
by macrophages is possible and they also shed light on the dynamics of this process. Resorption i s car- 
ried out with the participation of lysosomal hydrolases. The Golgi complex evidently plays an important 
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ro le  in this p roc e s s  because  its enzymes  (galactosyl  t r a n s f e r a s e s  and c e r e b r o s i d e  su l fo t rans fe rases )  a re  
known to par t ic ipa te  in the t r ans fo rma t ion  of glycoprote ins  and lipids [I4]. The accumulat ion of res idua l  
bodies in the macrophages  is the morphologica l  express ion  of the complet ion of amyloid resorp t ion .  The 
r e su l t s  of these exper imen t s  a r e  in ag reemen t  with those of Shirahama et al. [18], who observed phagocy-  
tos is  of amyloid f ibr i ls  by per i tonea l  macrophages  and confirmed the i r  observat ions  cytochemieal ly .  

The p re sen t  investigation provides  morphologica l  support  for  the view that macrophages  with the func- 
tion of amylo idoc las t s  exist .  Most probably  macrophages  mainly of hematogenous origin a r e  concerned with 
amyloid resorp t ion ,  for  in a t ransplanted spleen that was complete ly  replaced  by amyloid the cel ls  were  
single and could hardly have played the ro le  of fixed macrophages .  The la rge  numbers  of po lymorphs  as 
well  as macrophages  in the a r e a s  of amyloid resorp t ion  may indicate thepar t [c ipa t ion  of these  cel ls  in the 
p rocess  also.  The possibi l i ty  cannot be ruled out that the pla te le ts  found in the same  a r e a s  a lso  faci l i ta te  
resorp t ion ,  by l iberat ing biologically act ive  substances  as they dis integrate .  

Analysis  of the l i t e ra tu re  and of the r e su l t s  obtained in this exper imenta l  study of amyloid r e s o r p -  
tion provides  support  for  the view that amyloidogenes is  is the resu l t  of two opposite but interl inked p r o -  
c e s se s  of production and resorp t ion  of amyloid and that it depends on the ra t io  between the two populations 
of p r e c u r s o r  cel ls  la ter  t r a n s f o r m e d  into amyloidoblas ts  or amylo idoc las t s .  This r a t io  evidently de t e r -  
mines both the d i rec t ion of the p roce s s  and the ra te  of its development.  
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