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Summary. Intracellular fibrillar congophilic inclusions 
are well known as neurofibrillary tangles in neurons and 
as Biondi bodies in choroid plexus epithelial cells. Re- 
cently similar amyloid-like inclusions in adrenal cortical 
cells were described (Eriksson and Westermark 1990). 
This study on 150 adrenal glands confirms these obser- 
vations. In our material  the age-related accumulation 
of congophilic inclusions starts earlier (in the sixth de- 
cade) and reaches a higher incidence (42.7%). We found 
similar intracellular inclusions in other endocrine or- 
gans, for example in the anterior lobe of  the pituitary, 
in the cells of  parathyroid glands and in Sertoli cells. 
The age-related incidence of these fibrillar inclusions in 
the pituitary was 68%; the co-incidence with interstitial 
amyloid deposits was 49.5%. Thus the intracellular ac- 
cumulation of  congophilic fibrils in old age is a wide- 
spread phenomenon and occurs not only in neurons but 
also in endocrine cells (adrenal, pituitary and parathy-  
roid glands) and in active secretory cells (choroid plexus 
and Sertoli cells). 
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Introduction 

In old age congophilic fibrillar inclusions are very com- 
mon  in the cytoplasm of  different cell types; as neurofi- 
brillary tangles (NFT) in neurons (Bohl et al. 1988), 
Biondi bodies in epithelial cells of  the choroid plexus 
(Oksche 1974; Eriksson and Westermark 1986) and in 
ependymal cells and fibrillar inclusions in adrenal corti- 
cal cells, recently described by Eriksson and Westermark 
(1990). In the central nervous system the accumulation 
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of  N F T  in the cytoplasm of neurons is very often com- 
bined with the deposition of amyloid fibrils in the extra- 
cellular space of the neuropil and of  intracortical and 
leptomeningeal blood vessels (Bohl et al. 1987). In cho- 
roid plexus and in adrenal glands extracellular amyloid 
deposits only occur in patients with generalized amyloid- 
osis (Bohl et al. 1989; Lack 1990). In the islets of  Langer- 
hans the incidence of  amyloid deposits is very high in 
old age (St6rkel et al. 1983), but intracellular fibrillar 
inclusions have not been detected. In order to determine 
the distribution of  cytoplasmic congophilic fibrils and 
of extracellular amyloid in human tissues, we examined 
pos t -mor tem specimens of brain, adrenal glands, pitui- 
tary glands, parathyroids,  pancreas and testes. Histo- 
chemical and ultrastructural features of  these cytoplas- 
mic inclusions are described and compared  to those of  
the extracellular amyloid. The pathogenesis of  similar 
alterations and their relationship to normal  aging are 
discussed. 

Materials and methods 

Autopsy material of the Institute of Pathology, Mainz was used 
for randomly sampling 150 adrenal bodies, 103 pituitary glands, 
200 brains, and from 14 cases parathyroid glands, pancreas and 
testes. The age distribution is listed in Table 1. 

The tissue specimens were fixed in 4% formaldehyde solution, 
embedded in paraffin, sectioned and stained. The following meth- 
ods were used: haematoxylin and eosin (H&E), elastic van-Gieson 
(EvG for connective tissue and elastic membranes), staining meth- 
od for fibrin according to Pearse (1968), Congo red according 
to Puchtler (1962), periodic acid-Schiff (PAS), silver impregnation 
methods according to Campbell et al. (1987) and Gallyas (1971), 
and the methenamine silver method of Jones (1968). Congo red 
preparations were investigated in polarized light; photographs were 
taken with a Nikon photomicroscope (Microphot-FXA). 

Selected formalin-fixed samples of adrenal and pituitary glands 
and of choroid plexus were post-fixed with 1% osmium tetroxide 
in cacodylate buffer. Then the tissue samples were treated with 
1% uranyl acetate and embedded in epoxy resin. Semi-thin sections 
were stained with paraphenylene diamine and according to Ri- 
chardson (1960). Ultra-thin sections were contrasted with lead ci- 
trate and studied in a Philips electron microscope at 60 kV. 
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Table 1. Incidence of age-dependent intra- 
cellular congophilic fibrillar inclusions and 
of extracellular amyloid deposits (percent- 
ages in brackets) 

Age Adrenal Pituitary gland Choroid 
(years) cortex plexus 

Amyloid Fibrils Biondi 
bodies 

Alzheimer 
fibrils 

41 50 (o) (o) (o) (30) 
0/25 0/5 0/5 3/1o 

51 60 (7.7) (63.6) (45.5) (69.2) 
2/26 7/11 5/11 9/13 

61 70 (42.9) (63) (51.9) (95) 
15/35 17/27 14/27 19/20 

71 80 (54.8) (76.5) (79.4) (100) 
17/31 26/34 27/34 21/21 

81 90 (90) (69.6) (91.3) (100) 
27/30 16/23 21/23 33/33 

91 (100) (100) (100) (100) 
3/3 3/3 3/3 3/3 

n 150 103 l l l  

(o) 
0/9 

(35.7) 
5/14 

(55.6) 
25/45 

(69.2) 
54/78 

(88) 
22/25 

(1oo) 
4/4 

175 

Overall 
incidence: (42.7) (67) (68) (79.3) 

64/150 69/103 70/103 88/111 
(62.9) 
110/175 

" Patients under 61 years of age were not included in this group 

Amyloid 
plaques 

0 a 

0" 

(30) 
23/76 

(56) 
46/82 

(83) 
30/36 

(100) 
6/6 

200 

(52.5) 
105/200 

Table 2. Ultrastructure of intracellular congophilic fibrillar inclusions and of extracellular amyloid deposits 

Type Diameter Structure components Periodicity Reference 
width 

Neurofibrillary tangles (NFT) 10 nm Two components 80 nm 

Biondi bodies (choroid plexus) 

Adrenal cortex 

Pituitary gland (anterior lobe) 

Amyloid fibrils (extracellular) 

16 22 nm subunits 6-10 nm 70-80 nm 
28-36 nm two filaments 14-18 nm each 70-90 nm 

20 nm Two filaments Irregular 
10 nm not segmented 

12-15 nm Irregular 
10 nm Irregular 65 

80 rim 

No periodicity 

Not regularly 
twisted 

6-9 nm 

7.5-10 nm 

Two filaments of 6 nm each 
two subunits 

Two filaments 

Two or more filamentous 
subunits: 2.5-3.5 nm 

Ipsen a 
Wisniewski b 
Ohtsubo et al. (1990) 

Eriksson and Westermark (1986) 
Oksche 1974 

Eriksson and Westermark (1990) 

Bohl (present study) 

Bohl (present study) 

Shirahama and Cohen 1986 

a Signoret JL (1988) Maladie d'Alzheimer, 3rd edn. Ipsen, Paris 
b Wisniewski HM, Merz PA, Iqbal K (1984) Ultrastructure of 

paired helical filaments of Alzheimer's neurofibrillary tangles. J 
Neuropathol Exp Neurol 43 : 643-656 

Immunohistochemical studies were performed on fresh frozen 
or paraffin-embedded material from one of the severely involved 
adrenal glands and on one paraffin-embedded pituitary. After incu- 
bation with primary antisera the peroxidase-antiperoxidase (PAP) 
method was used. Congo red staining was performed after the 
immunohistochemical reactions. The following antisera were used : 
ubiquitin (dilution: 1 : 500; Schiffer, Turin, Italy), cytokeratin (dil. : 
1:80), vimentin (dil.: 1:10), anti-somatotropic hormone (STH) 
(dil.: 1:700), anti-adrenocorticotropic hormone (ACTH) (dil.: 
1:350; all from Dakopatts, Hamburg, FRG), and anti-prolactin 
(dil. : 1 : 800). 

Results 

One h u n d r e d  and  fifty ad rena l  g lands  were inves t iga ted  
his to logical ly .  The  male  to female  ra t io  was 1 to 1.13. 
S ix ty- four  (42.7%) con ta ined  congophi l i c  f ibr i l la r  inclu- 

s ions in the c y t o p l a s m  of  their  cor t ica l  cells. The  mean  
age o f  the posi t ive  cases was 77.7 years  (range 55-104),  
c o m p a r e d  with  57.2 years  for  all pa t ien ts  wi thou t  inclu- 
sions in their  ad rena l  cor t ica l  cells ( range 15-89 years).  
The  a m o u n t  o f  in t race l lu la r  inc lus ions  obv ious ly  in- 
creased with age. In  some cases all  zones  o f  the ad rena l  
cor tex  were invo lved ;  the a c c umula t i on  seems to occur  
at  f irst  in cells ad j acen t  to the capsule  o f  the g land  (zona  
g lomeru lo sa  and  exter ior  zona  fasciculata) .  The  congo-  
phil ic  inc lus ions  differ  in shape  and  size; mos t  inclus ions  
are sp ind le - shaped  and  as 10ng as the whole  cell;  some 
are very thin  and  short ,  like needles ;  others  are  shor t  
bu t  shaped  like an eye or  l ike a g ra in  or  seed (Braak  
and  B r a a k  1987) (Fig.  1). The  bes t  s ta in ing m e t h o d  for  
these inclus ions  is Jones '  m e t h e n a m i n e  silver impregna -  
t ion m e t h o d  (1968), which  stains the inclusions b lack.  
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Fig. 1 a~l. Adrenal cortical cells 
with intracellular congophilic and 
argyrophilic fibrillar inclusions. 
a Many cortical cells contain 
small fusiform bundles of argyro- 
philic fibrils (zona fasciculata). 
Jones' methenamine silver, x 625. 
b Another type of inclusion is 
short and small like grains or 
seeds, resembling argyrophilic 
grains in cerebral cortex, x 625. 
e, d Higher magnifications of 
other regions, similar to a and b. 
x 1560 

They are slightly positive after the PAS reaction and 
can also be stained with the silver impregnation method 
of  Campbell  et al. (1987). In Gallyas (1971) and Gomor i  
preparat ions the inclusions were unstained, as well as 
in H&E,  EvG and Pearce preparations.  However  they 
are easily stained with Congo red and give a distinct 
green birefringence in polarized light. 

The analysis of  the underlying diseases showed no 
correlation between the incidence and amount  of  these 
intracellular congophilic inclusions and special well-de- 
fined diseases. The port ion of  positive cases corre- 
sponding to age - was nearly the same in all groups 
of main diseases. Many  drugs had been given in the 
course of  the fatal illness; however, pharmacotherapy  

did not appear  to be related to the development of  these 
fibrillar inclusions. The only positive correlation that  
could be detected was that  with age. There were 4 adre- 
nal glands f rom patients with generalized amyloidosis. 
Extracellular amyloid deposits were found in the adrenal 
cortex or in the capsule. The incidence and amount  of  
intracellular congophilic fibrils was not higher than ex- 
pected according to age. Immunohistochemical  prepara-  
tions showed negative results for ubiquitin, cytokerat in 
and vimentin. The case histories of  severely affected pa- 
tients did not contain any hints of  a functional distur- 
bance of the adrenal cortex. 

In the pituitary glands (Figs. 2, 4) the incidence of  
congophilic fibrils in epithelial cells is still higher than 
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Fig. 2a-d. Anterior lobe of the 
pituitary gland (adenohypophy- 
sis). 
a Typical green birefringence of 
small congophilic intracellular fi- 
brillar inclusions. Congo red, 
x 500. 
b Amyloid deposits in extracellu- 
lar space. Congo red, x 500. 
e, d In some pituitary cells there 
are small bundles of black fibrils, 
resembling Biondi fibrils and con- 
gophilic inclusions in adrenal 
cortical cells. In others only 
grain-like inclusions lie in the cy- 
toplasm, similar to Braak's argyr- 
ophilic grains in human cerebral 
cortex. Jones' methenamine silver, 
x 1000 

in the adrenals (see Table 1). All different types of  cells 
are involved, acidophilic, basophilic and chromophobe  
cells as demonstrated in Jones'  preparations,  but acido- 
philic cells are less affected. These findings were verified 
by means of an immunohistochemical  demonstrat ion of  
hormone production, combined with a later Congo red 
staining. In many  cases, age-dependent interstitial amy- 
loid deposition in the pituitary was detected. The co- 
incidence of  extracellular amyloid and intracellular con- 
gophilic fibrils was calculated at 49.5%. As shown in 
Table 1, the incidence of both  increases with age. Immu-  
nohistochemical reactions for ubiquitin, vimentin and 
cytokeratin were also negative. 

At least 7 different regions f rom 200 brains were 

stained with Congo red to look for extracellular amyloid 
d e p o s i t s  (plaques); in 175cases silver impregnation 

methods were used to detect intracellular N F T ;  and in 
111 cases Campbell  and Congo red preparations of  the 
choroid plexus were used to demonstrate  Biondi bodies 
in choroid plexus epithelial cells and ependymal cells. 
The incidence of  amyloid deposits, N F T  and Biondi 
bodies gradually increases with age (Table 1). 

Similar congophilic intracellular fibrillar inclusions 
were found in epithelial cells of  parathyroid glands in 
5 of  14 cases and in Sertoli cells of  atrophic testes in 
1 case. In parathyroid glands we found additional extra- 
cellular amyloid deposits in 6 cases (out of  14). The pan- 
creatic islets of  Langerhans contained only interstitial 
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Fig. 3 a-d. Ultrastructure of intra- 
cellular fibrillar inclusions in ad- 
renal cortical cells (a, b) and of 
Biondi bodies in choroid plexus 
epithelia (e, d). The scale bar in 
a, c and d represents I gm, in b 
0.5 gm. 
a Densely packed fibrils are 
forming long bundles in the cyto- 
plasm and are often related to 
lipid droplets and pigment gran- 
ules. x 27500. 
b The fibrils are composed of two 
straight subunits; there is no 
membrane around the fibrillar ag- 
gregations, x 54400 
e The typical Biondi bodies re- 
semble closely to the adrenal 
gland inclusions, x 11360. 
d The fibrillar bundle contains a 
lipid droplet and many small 
electron dense pigment granules. 
x 30400 

amyloid  deposits;  intracellular congophi l ic  inclusions 
were no t  found  with certainty. The evaluat ion proved  
difficult as a consequence o f  advanced autolytic changes 
in mos t  cases. 

Electron microscopical  studies (Fig. 3) o f  2 severely 
affected adrenal glands revealed that  the congophi l ic  in- 
clusions contained long parallel fibrils with a mean  di- 
ameter  o f  about  10 nm. These fibrils were composed  o f  
two f i lamentous subunits with a diameter  o f  4-5  nm, 
which were no t  regularly twisted. Sometimes there was 
an irregular periodicity o f  about  65-80 nm. These fila- 
mentous  inclusions lay within the cy toplasm and had  
no m e m b r a n o u s  capsules. Very often they showed a rela- 
t ionship to l ipopigment  droplets. Fibrillar intracellular 

inclusions in the anter ior  lobe o f  the pi tui tary gland 
proved  to be o f  similar ul t rastructural  appearance  with 
a diameter  o f  6-9 nm (Table 2, Fig. 4). 

Discussion 

Our  results indicate that  the intracellular accumula t ion  
o f  congophi l ic  fibrils in cells o f  the nervous system (neu- 
rons, choroid  plexus cells, ependymal  cells) and in cells 
o f  the endocrine system (anter ior  pi tui tary gland, adre- 
nal cortex, and pa ra thyro id  gland) is a p h e n o m e n o n  o f  
aging. Wi th  increasing age the incidence and the a m o u n t  
o f  these congophi l ic  fibrils are gradual ly  rising. The pro-  
cess in the different cells begins at  various ages but  final- 
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Fig. 4a-d. Ultrastructure of intra- 
cellular congophilic fibrillar inclu- 
sions in adrenal cortical cells (a, 
b) and in anterior lobe epithelial 
cells of the pituitary gland (e, d). 
The scale bar represents in a and 
b 0.1 gm, in e and d 0.5 gin. 
a Cross-section of a bundle of fi- 
brillar inclusions in the cytoplasm 
at a higher mangification. 
x 154 700. 
b Longitudinal section of a small 
group of fibrillar inclusions. 
Sometimes two or more fibrils 
are irregularly twisted one around 
the other. There is no regular pe- 
riodicity, x 159600. 
e In epithelial cells of the pitui- 
tary gland small bundles of den- 
sely packed fibrils form an irregu- 
lar network in the cytoplasm, sur- 
rounding the secretory granules. 
• 40 000. 
d Sometimes single fibrils or only 
small groups of fibrils are loosely 
arranged. There is no membrane 
around them. x 72000 

ly the incidence reaches 100%. In adrenal cortical cells, 
congophil ic  inclusions appeared for  the first time in our  
material  at the age o f  55 years. In this decade, 7.7% 
o f  all cases already showed these intracellular birefr- 
ingent  filaments in the cortex o f  their adrenal  glands. 
Beyond the age o f  90 years all patients were involved. 
Eriksson and Westermark  (1990) had  found  an overall 
incidence o f  36% (compared  with 42.7% of  our  materi-  
al) starting in the 8th decade (f rom 70 to 79: 31%). 

The accumula t ion  o f  Biondi bodies begins earlier: 
the younges t  pat ient  was 41 years old. Above  the age 
o f  65 years all brains in our  au topsy  material conta ined 
Biondi bodies in their choroid  plexus. 

The ul t ras tructure  o f  these congophi l ic  fibrils in endo- 

crine cells and in choroid  plexus epithelial cells seemed 
to be similar but  p robab ly  not  identical (Oksche 1974; 
Eriksson and Westermark  1986; Eriksson and Wester- 
mark  1990). The fibrils are composed  o f  two fi lamentous 
subunits with a diameter  o f  about  6 nm each (Eriksson 
and Westermark 1990). The width o f  the whole fibril 
is in the mean  1 0 - 1 5 n m .  Eriksson and Westermark 
(1986) reported a diameter  o f  20 nm for Biondi bodies 
but  Oksche (1974) found  a mean  width o f  10 nm. In 
mos t  cases there was no regular periodicity. We found 
an irregular periodic twisting o f  about  65 80 nm in the 
adrenal  cortical cells. These measurements  are similar 
to the characterist ic data  f rom paired helical filaments 
(PHF)  called left handed  in N F T ,  as described by 



57 

Crowther and Wischik (1986) and Ohtsubo et al. (1990). 
Most authors have found a diameter of  15-20 nm and 
an irregular periodicity of  70-80 nm for PHF.  The latest 
measurement  of  Ohtsubo et al. (1990) resulted in higher 
values : fibrils of  28-36 nm in diameter composed of fila- 
mentous subunits of  14 18 nm were noted. This is prob- 
ably a consequence of  the special technique they used 
(quick freeze, deep edge and replica method). 

In contrast  to these intracellular fibrils the amyloid 
deposits in all localized or generalized forms of amyloid- 
osis occur in the extracellular space. The ultrastructure 
of  amyloid fibrils is not identical to that  of  P H F  (Shira- 
hama and Cohen 1986). The width of  amyloid fibrils 
amounts  to 7.5-10 nm; they are composed of  two or 
more filamentous subunits with a diameter of  2.5 
3.5 nm and these components  are not regularly twisted. 
We know of  24 different types of  amyloid which are 
supposed to be different in their biochemical composi-  
tion (Castano and Frangione 1988). The precursor pro- 
teins and even the amino acid sequences of  some special 
types of  amyloid are already known, notably the bio- 
chemical nature of  the A4 or fl-amyloid in senile brains 
or in Alzheimer brains (Glenner and Wong 1986; Dyrks 
et al. 1988). The biochemical nature and molecular struc- 
ture of  PHF,  of  Biondi bodies and of  congophilic fibrils 
in endocrine cells are unknown. Many different compo-  
nents of  P H F  have been detected (Dyrks et al. 1988). 
There seems to be a greater heterogeneity in the chemical 
composit ion of intracellular fibrils; in general they are 
more complex than extracellular amyloid filaments. 

Is it justified to classify the intracellular congophilic 
fibrillar accumulations as amyloid fibrils ? There are con- 
trary opinions in the literature: Eriksson and Wester- 
mark  (1990) first described the congophilic inclusions 
in adrenal cortical cells as amyloid. Kirschner et al. 
(1986) found a cross beta conformation by X-ray diffrac- 
tion of  P H F  and extraneuronal amyloid fibres in Alz- 
heimer's disease. We prefer to restrict the term " a m y -  
loid" to extracellular deposits of  fibrillated proteins, 
where the exact composit ion and molecular structure 
of  the cytoplasmic accumulat ion of  congophilic material 
is not known since there are ultrastructural differences 
and dissimilarities in their staining properties. 

Can the pathogenesis of  extracellular amyloid depos- 
its and of  intracellular congophilic fibrils be related to 
one other? In some tissues we find both alterations in 
normal  aging: extracellular amyloid deposits (Saeger 
et al. 1983; St6rkel et al. 1983; Tashima et al. 1988) and 
intracellular accumulation of congophilic tangles (our 
study). This occurs in the brain, in the pituitary gland 
(anterior lobe) and in the parathyroid gland. In our cases 
intracellular congophilic fibrils without extracellular 
amyloid deposits occurred in the adrenal cortex, in the 
choroid plexus and in ependymal cells. In generalized 
amyloidosis with involvement of  the adrenal glands and 
of choroid plexus tissues, the incidence and amount  of  
intracellular fibrils do not seem to be increased. The 
distribution patterns of  amyloid plaques and N F T  are 
not always identical in the central nervous system. These 
observations suggest that the 'pathogenet ic  mechanisms 
are not closely related to each other. 

The biochemical composit ion is always quite differ- 
ent, as indicated by the results of  the immunohistological  
methods. These failed to give specific reactions with anti- 
bodies to some of  the most  common  types of  amyloid 
(Eriksson and Westermark 1990). 

One of  the most  important  questions is: does the 
intracellular accumulation of  congophilic fibrillar mate-  
rial disturb cell function? Is there a disease correlated 
with the amount  of  cytoplasmic filamentous deposits? 
In the central nervous system most  authors (Khachatur-  
ian 1985) have found a correlation between the location 
and amount  of  N F T  and the severity of  clinical symp- 
toms in cases of  Alzheimer's disease and senile dementia 
of  Alzheimer type. But functional impairment  of  the 
choroid plexus and of  ependymal cells associated with 
Biondi bodies is not known, and there is no specific 
disease associated with the augmentat ion of  intracellular 
congophilic fibrils in adrenal cortical cells (Lack 1990), 
in the endocrine cells of  the pituitary or of  the parathy-  
roid glands (Westermark 1986). Thus the accumulat ion 
of  congophilic fibrils in the cytoplasm of  several cell 
types merely seems to be a phenomenon of  individual 
aging; the cellular age does not seem to be the decisive 
factor. 
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