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By Pede Thnngo

d. introductions

in human pathology, various incidental observations have
been mede on the occurénce of senile tissue changes comparable
te emyloid infiltretion. King (1948) described 5 cases of
atypical amyloid deposgits, meinly in the heart, which had in
common the absence of casusative disease and the advanced age
of the subjects. In a large series of autopsies Hilgselmenn
(1955) reported a 10-16 % incidence of cardiac amyloidosis
without known ceuse in persons over 70 years olde Senile
amyloidosis was alec reported in the pancreas (Gellerstedt,
1938) and in the seminal vesicles (Bursell, 1941), while
Divry (1927) demonstrated the amyloid nature of senile plagues
in the brain.
In ageing mice, amyloid disease without known cauge has
. been described as a frequent occurrence in some inbred strains
(Dunn, 1944). When working with large colonies of inbred mice
which are allowed their natural life spen, one is sdtuck by
the preponderance of amyloid infiltretion and its seguelae
among the senile degeneretive conditions &nd the casuses of
death in certsin strsins (Mihlbock, 1956).
The following data may serve to illustrate the nature and

frequency of these lesions in untreated mice of various inbred

) This work wes supported by the National Health Research Council T.N.O.
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gtrains. Our findings in mice and compareble conditions in
other species and in men are discussed in relation with the
problem of amyloidosise
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2s Material ond methods.

The observations reccrded in this report were made on
untrested mice kept in our laboratory es control snimels in
variocus oncologic experiments. Unless otherwise stated the
animals were kept until they either died or had to be killed
agy by outward signs, death seemed to be imminent. The nomen~
clature used for inbred strains is according tc the Committee

' | ce (1952) »

The enimsle were kept in glass ceges (17 x 11 x 12 cm),

4 per cage, and fed commercisl pellets and twice & week a |
handful of wheat. Tap water was provided ad libitume. Tissues
preserved for histologicel purposes were fixed in Susé solution
and routine sections were steained with hzematoxylin-azophloxine
in addition, other fixations and steains were used as described
later on (8 3).



In routine sections of tissues from o0ld mice, one often

finds deposits of an apparently homogenous, slightly eosgino~

philie substance which infiltrates and surrounds the walls of

emall blood vessels,y occupies interstitial spacesy and in compact

parenchymal tissues encroaches upon cellular boundaries and

replaces the cytoplasm. While its relation to capiliary and

other small vessels is congtant, its further distribution in

the tissues depends upon the architecture of the organ concerned.

In loosgely build interstices,y as in the renal papillay the

reticular Z6ne of the adrenals or the stroma of intestinal

villi, it first fills the spaces between collagenous and reticular

fibres against which it becomes apposed. Atrophy of adjacent -

cells is clearly secondary (Figs.2, 10y 13y 21 )o In other

gitesy however, the localisation may appear to be primarily

epi~ or intracellular. This is seen a.o. in fat tissue, in the

corpora lutea of the ovaries,; and in gome cases of adrenal

cortical involvement. Here too, such deposits originate around

small vessels, but the close relation between vascular wall and

cellular boundary causes early invasion of the cytoplasme.(Figs.7,11)

Often the infiltration is grossly discermible: grayish

glassy masses pervading the splenic pulp, or yellow-whitish

opacity of the normally light red and translucent renal papillae.
This substance suggests amyloid, if only because no other

term is better fitting. There are, however, additional reasons

for calling this material amyloid, the first of which is that it

has been diagnosed as such since 1897. For within the limits

of optical methodsy the infiltrations described above are identical

to what is found in experimentally induced amyloidosis in mice.
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Since Davidgohn (1897), injecting bacterial suspensions
into varicus animszls, found & higher incidence of amylcid in
mice then in other mammals, these animals have besn favourite
objects in amyleid research. Many descriptions have been given
of experimentally induced amyloid in mouse orgsns, which closely
parallel our observations in untreeted old mice. The reletion
between both conditions is discussed in 8 6, but mention should
now be made of the staining reactions which are often held to
be decisive in disgnosing smyloid. These reactions too tmdito
confirm the identity of experimental amyloidosis in mice and
the genile infiltretions described here. Mogt authors on experie
mental emyloidosis report positive Congo red and metachromatic
gentianeviolet or methyl-violet stains. With toluidine blue
Teilum (1962) found no metachromasias lodine and iodine-sulfurie
acid staing are often stated to be positive, though this implies
color shades varying' from brown to rosa for the iodine stain and
from brown te grdoninh blue for iodine-sulfuric acid (Davidsohn
1897, Xuczynaki 1922, Jaffé 1926, Turnbull 1945)s There is some
variation in the findings of different authors on experimental
emyloidosis in mice, much of which may be accounted for by
differences in fixation and staining technique. Iwort and Twort
(1932) describe changes in the spleen, the adrenals and other

orgens of mice painted with tars snd oils, which are 4déntical
staining reactions were not obtained, these authors used the

ters hyaline degenerations They failed, however; to indicate

the stains and fixatives used. Turnbull (1945), investigating
the nit.ure of similar incidental ﬁqdings in mice treated with
pentose nucleotides, found that after alcohol fixation positive

- iodine and iodine~-sulfuric acid gtains were obtainable, while
formaline fixstion prevented this resction. In fact, Jaff§ (1926)
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already stressed the necessity of alcohel fixation for iodine
gtaining reactions on experimentsl mouse smyloid.

Similarly in spontoneous amyloidosis in ageing mice,
differences in technique msy confuse the findings. Qn_mr, (1940)
describing the spontanecus glomerular lesions which were later
disgnosed as amyloid by Dupn (1944), found negative iodine,
methyl-violet snd gentisn-violet reactioms and therefore
speaks of hyaline degeneration. His fixation, however, is not
gpecified. Dunn (1944), ueing formaline fixed frozen sections,
found positive Congo red staining, dubious metachromasia with
methyleviolet, and only mmeptiomlly 2 pogitive iodine-sulfuric
acid stein. Our own findinge on the material found in untreated
old miee may be summarised ags followse |

: Thc materialy which in routine ueuona stains a light
rosa with eosin or azophloxin, takes connective tissue stains
in Hallory, Huw.ia trichromey or ven Gieson preparaztionss
it alwaye stands out against collagen, however, by assuming
& much lighter shede. With Schiffs periodic acid-leucofuchsin
treatment & weak positive rqacti_on is obf.aincd in paut‘f_tn
sections after Suse fixations lodine staining with dilute
Lugel selution (Jg : 1,y KJ 3'2, HO & 300) did not differentiate
the materisl from tho‘aumunding tissue in pareffin sections
after Susa fixation. Infrozen gections after alechol 85 By
howevery, a dark brown color wes seen though this faded away
soon. In frozen sections after alaoh;:l 85 % and to & lesser |
degree after formelin 4 % fixation, 8 rosa or brownish violet
color was seen when, ami- treetment with highly dilute

iugel solution, 1 % sulfuric acid was edded. This reaction too
wes Mghly tnnauory- Gentian-violet gave mno metachromatism
in peraffin sections after Suse, formalin or alechol fixation,
though the materisl assumed a somewhat intensger viol“ hue
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then the surrocunding tissues. In frozen sections after formalin
fixation the materisl dimilnrly stood out ageainast the backe
ground without shewing true metachromatism, as was &lso
reported by Dunn (1944)« In frozen sections after aleohol
fixation, héweV;r.‘a bright rose metachromatism was seen which,
though feding somewhat, was well preservable. With toluidine
blue ne metachrometism was obtained in paraftin sections, afier
Mmmm but frozen sections after alcohol
fixetion sgnin gave & clear metachromatic reaction. The sub-
stence readilj steined with Congo red in pdraffin sections
after aleahol-df formalin Tixations Attcr'Susa fixation this
resction was much impaired. Intravital staining with 1 %
Congo red in saline, 2 aubeutanaoua doges of 1 mle each being
given within 48 hours before death, geve good results in
frozen sections as well as after peraffin embedding, using a
heemétoxylin countersteain. For the pereffin sections a cone
~centrated sublimste fixatioen wag ugedy but formalin will
}probably do as wélle Congo red markedly increases the bire-
fiingence of the material, whieﬁcz;atsincd preparations is
uligh§¢-ﬁth¢r trestment, eepeciaslly the Hallory stein, may
impeir or even destroy this propertys

Uo these results entitle us to the use of the term amyloid?
This question heg also been faced by early workers on.oxpcr1~
mental amyloidosis who were caﬁccially'cmbnrmanaed by their
failure to cobtain a true blue iodine-sulfuric acid ranétien,
It wes srgued (Dgvidschn 1897) that in humen emyloid too,
icdine staing often failed to gtvd typical rwnetionn- in such
ceses the combinaticn ér,cptinal appearance and a metachromatic
‘reaetion with one of the anilin dyes vnrrant'd the disgnosis
amyloid even if the iodipc~au1furie'uc1a method yielded a
redddsh brewn color onlyes After the introduction, in 1922, of



the Conge red stain for emyloid, interest in the iocdine methods
gradually declined and it is noteworthy that in a fairly recent
general survey on labosatory and biopsy diagnosis of amyloid,
iodine stains are not even mentioned (Dahlin c.s. 19560)« Ehe
Conge red method itself too has devalusted through the years:
Letterer in 1926 regerded it as the best amyloid test, while
Dahlin €.g+(1950) point out that a negative Congo red stain

does not rule out smyloid. In general, the trend has been to
ettach & decressing importance to all specific steining reactions
because it was mcrcasmgly appreciated that conditiefu which
clinicaelly and pathologically heve to be grouped under the
general heading amyloidosis, may involve highly variable

chemical substances. Formerly this variability, both in experi-
mental end in humen amyloid, was thought to correspond to various
stages in a2 process leading to onme final end substance

(Davidsohn 1807, Schmidt 1804). The establishment as & distinet
pathological concept, of atypical toric of amyloidosis, dis-
tinguished i.as by highly variable staining reactions (Lubarsch
1929), implied the notion of several varieties of amyloid
substances Chemicel investigations leter confirmed that differ-
ences in composition are not related to differences in
developmental stege or age of t.h§ amyloid substence (Hagg g.8¢
1943)« The chemicol variability rather reflecte the fact that
chemical methods are more discriminsting than optical or even
tinctorial obgervationss The more refined the chemical analysis,
' the more complex the problem of the idcnty of amyloid will become
Hags e.8. (1943), determining solubility renges of emyloid from
veriocoug humen and snimel gources, still found generel agreement
between pathogenetically comparable cases within a given species.
Recent chrometographie studies on amino-acid content (Letterer e
19565) or peper electrophoresis of protein and mucoprotein
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fractions (WYegner 1955)y however, reveal striking differences
even between gimilar ceses of human amyloid.

Thue it 1is 1ncreuiingly realised that the term amyloid
comprises a wide variety of substences, corresponding perheps
to a similer variety of pathological processes. At the same
time, however, this implies that, &s long as & more discri-
minating nomencleture has not been establishedy; histological
eriteria should carry more weight in deciding the diagnosis,
than tinctorial niceties. For the condition observed in mice,
the only alternative to amyloid at present is hyeline degene-
retions Thig in fact was the disgnosis chosen by Twort and
ITwort (1932) and by Gorer (193%)« This choice, however, dis-
regerds the fact that histoiogic:lly these infiltrations do
not resemble any form of hysline degeneration known in human
pathology, while they ere highly similsr to amyloidosis.
Thag,'ﬁérebvar, with eertain technicsl specifications,
tinctorial similerity is elso demonstrable, is a secondary

reason only for spesking of mouse @myloidosise
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4. Higtologice] characteristics of emyloid
infiltration in senile mices

The general characteristics of amyloid infiltrations in
genile mice are gimilar to what is knmown from human pathology.
This concerns the rolatioh to vescular walls end perivascular
spaces,y the acecretion to or infiltration between collagenocus
and reticular fibres, and the sccondery damage to parenchymal
eellses Yet histologically the lesions in mice differ in various
reaspects from compafablo conditicns in mén, ss will be apparent
from the following desecriptions.

L. Kidnevge Among the orgens affected by senile amyloidosis,
the kidneys often are most conspicucus because of secondary
chenges brought about by emyloid deposits in the renal papilla
as reported by Dupnn (1944 and 1949). Amyloid may appear in

the mouse kidney at 3 sites: the glomeruli, the interstitium
of cortex and medulla, and the interstitium of the distal part
of the renal pepilla. The latter zite is most common and leads
to the grossly discernible lesions for which Dunn (1944) pro-
posed the name papillonephritis. In ghort the pathogenesis of
these lesions is s8 follows. Amyloid is dobosited in the inter-
stitisl speces between the papillary ducts and leads to
funetional impsirment of the orifices of the terminal excretory
esnals. It elso disturbs, of course, the capillary vessels and
the Heénle loops in this regions Signs of obstruction of tubular
flow ensue, vizes dilatation end atrophy of the tubules and
dilatation of glomeruler cepsules. Perivascular infiltrates

of lymphocytes and plasma cells are 2 frequent finding. in some
ceges frenk pyelonephrities with leucocytie intlltrgtion may

be apparent, but this cecurs in late utngia only and clearly is
of a secondary nature. The papillary tip meanwhile qndcrgoo-
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complete necrosise Atrophy and desquamation of the epithelis
leaves an amyloid skeleton of the originsl structure which
becomes washed out, loses ite stainability and is finally ‘
sloughed off. Longitudinal sections of the pepilla at various
stages of this process are shown in the pepers of Goprer (1939)
and Dunn (1244). In addition our figs L4 may illustrate
the nature of these changes. Parenchymal atrophy in the cortex
usually starts in wedge-like areas, but finelly involves the .
entire kidney. By then the kidneys are small and pale 2nd studded
with small cysts, originating from glomeruler capsules. There
usually is little fibrous reaction: the "scarred" areas consist
of just & sponge-like network of reticular fibres between which
the tubular cells have atrophied. The glomerulsr caepsule-cystes
show considerable variation in size and uaj lead to definitely
cystiec kidneys, to which tubular dilatation also contributes.
The tendency to cystic deformetion appears to be genetically
determined, ag in some strainsg the small atrophic kidney is
the usual final condition, while in others large cystic kidneys
are frequent. In both conditions amyloidosis of the papilla as
described sbove is invariably found. Its role in the patho-
genesis of these lesgions is moreower demonstrated by the fact
that this emyloid infiltretion is first observed in otherwise
as yet completely normal kidneys, while the cortical changes
graduelly develop &c necresis of the papills progresses. For this
procosa.'to which ascending infection mey add & secondery pyelo=-
nephritic aspect, papillonephritis is a very apt expression.
Begides the papillary deposits, amyloid is often found in
the glomeruli, while sometimes the coptical intcrptitiun between
the tubules mey also be affected. As stated by Dunn (1949),
these 3 sitea may be infiltrated either together or independentlye.

it is our experience, however, that in all cases where the
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glomeruli are affected, the papilla too will show some dngrio

of smyloidosises Un the other hand, severe papillonephritis may
occur without glomerular involvement. This is what happens ;n
strain A mice as found by Gorer (1932), Dunn (1944) and our-
selves. Some data on the rclativq\ilpertancc of the 3 sites of
rensl amyloidosis &re given in 33 The condition is always
bilateral, though difrbrtneqa in the degree of demage to left
and right kidney are often seen. In these differences no
preference for either side wes found. In & series of 108
pa'pillonbphritie mice, for instance, we found the left kidney
most seriously demeged in 32 csses, the right kidney in 25 ceses,
while in the reme ining 51 cases both sides were equally affected.
Sex differences were not cbserved, the incidence of gross
pépillonophritid being about equal in males eand females of the
seme strain at the same age level. | .

Finally it should be noted that practically all renal
amyloid is related to capillary vessels onlys In the comparativib
rore cases of interstitisl infiltration of the cortex or proxi-
pal medulle small veins may be involved, but the arteries are

completely intact, and so are the afferent arterioles to

amyloidotic glomeruli Jeltsewyd

i1l Adrenalss Iﬁ the edrenals too, amyloid is related to peri-
capillary speces. It is found especially in the perimedullary
zone where & band of vascular reticuler tissue sepsrates the
corticel and mgdnllury perts of the mouse ~drenal. Amyloid is
first found as an accretion to the reticular fibres just out-
gide iho capillary endotheliume Later these vessels are sure
rounded end compressed by thick bands of amyloid, and atrophy
of all coliuiar elements in this zone ensues. Finally amyloid
may spreed inte the pcriphcral cortex, surrounding end csusing
atfirophy of cortical cells. The medulla is seldom affected.
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Adprenal smyloid is always bilateral, except in very early stages.
it should be notéd thﬁt the development of the perimedullary

zone ie subject to & sex dirrireneo becauge it is intimately
related to the development &nd subsequent involution of the
transitory or "X-zone" of the adrensl cortexs. As described

by HowardeMiller (1928) and by Dganesly (1928), this zone
develops in early postnatal life in both sexes end in males
regresses at around 4 weeks while in females it continues to
growe In mated femeles this zone dogcnirltal during the first
pregnancy while in virgins its regression starts at around

11 weeks. In some inbred streins this date mey even be further
pogtponed as reported by n;ngnjgg; (1941)« The degenerating
X-zone is repleced by loose reticuler tissue with @ riéh capille
ary network, which separetes the medulle from the final adult
cortexs. Becauge of the sex difference mentioned above, this
perimedullary zone in adult mice is more marked in femeles than
in males. As adrenal amyloid preferably infiltrates in this
perimedullary zémey such infiltration ig hdually more extengive

in female than in male mice of the same age andxgenotic‘ '
constitution. Yet the total incidencey as distinct from the degrec
of amyloidosisy is similar in malqs and females, especially in

the highest age groupss The condition is illustrated in figs. 5-10

Aiil. Ovariege B;alinication of the corpore lutee in ageing mice
has been deseribed by Fekete (1946) and by Loeb (1948). From
their descriptions and from the illustrations of Fekete (1946)
it is clear that these lesions are identical to thode observed
by ourselves (Thung ¢.s. 1956} but which we classify as emyloid
for the reassons given in 8 3. In fact, the corpora lutee are the
mein site of ovarian emyloid in mice. It starts 1n\.u1ttplﬁ/
patches which even in early stages enchroach upon the cytoplasm
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of the corpus luteum cells, which is graduslly replaced by
emyloid materisl, nuclear remnents often being the last trace
of the originel structures. This probebly led fekete (1946) to
agsume & cellular processs Loeb (1948), however, described a
vagculer and perivegcular origing and in our own experience too
early amyloid patches may be found surrounding capillaries
within the corpus luteum«As this relation is not every-where
_domonatrable, further spread along intercellular spaces may be
assumed (figgsshdis)s In extreme cases the corpora lutea may be
trengformed inte round amyloid masses, $s—shieb—esleifiention
Sey—subsscpentiymeecuts. okote (1946) related the tendency to
develop this "hyalinisation" to the age of the corpora lutes,
while Loeh (1948) demonstrated thet the age of the snimal iteelf
wag also involved. Strain differences, indicating genetical
factors, were noted by both authors and confirmed by our own
observations (Thung e.as 1956).

' Amyloid deposits may 2lsc be found in the ovarian stroma,
surrounding small blood vessels. At such sites emall arteries may
show involvement of the muscle cells of the tunice mediae The
origin of these deposits is not always cleer. Besidee remnants
of t‘érmer corpore lutea, atretic follicles pmbébly contribute
as amyléid infiltretion has been observed in the theca interna of

these structures.

iV, Tegtes. More then eny of the other orgens studied, the tes-
tes often ghow heavy vascular involvement not only of capillaries
and siall venules but alsc of small and medium sized arteries.

- In these,smyloid infiltrates in the tunica media, ceusing atrophy
of the muscle cells. Further spread of the meterial through the
interstitiesl tissue leads to atrophy an graduel disappearance

of Leydig cells (figg.¥d ..) Amyloid mey also be found infile
trating between the collagenous fibres of the tunica albuginea,



especially where the latter is permeated by small blood vessels.
Inside the bagement membrane of the seminiferous tubules amyloid
was never observed, which is consistent with the supposed

“avagcular nature of these tubulese

V. Spleen. As amyloid infiltration in the spleen of senile mice
is largely idont#eal to that deseribed in experimental smyloidosis,
which is well documented (e.g+ Kuczynski 1922, Letterer 1926,
Jafré 1926,‘ngngl_ggg~ 1934),‘a short descrintion may here
suffice+« The site of preference are the perifollicular venous
ginuses. From patches in these parts, on the boundary of red and
white'pulp, the inf;ltrationa develop into rings eurrounding the
follicles, while in extreme cases the red pulp is entirely
replaced by amyloid. In such cases the lymphatic tissue is com-
prccsea into narrow strands surrounding the arteries. The

arteries themselves are surprisingly little atfoetcd.}

Vie Liver. For descriptions on amyloid in the liver we also
refer to Lgﬁ&nzgn (1926) and other authors on experimental
emyloidosis. The infiltrations start subendothelially in the
portal venﬁles and from herovcprcad along the hepatic sinusoids,
ceusing atrdphy of liver cells. Ugmally, however, in senile mice
there is little spread beyond diréctly periportal areas. Some
authors report the central veins to be the site of preference in

experimental amyloidosis (Grayzel e.s. 1934, Latvalahtdi 1953).

It is pdaaible} however, that differences in nomenclature are

involved.
VII. Intestinal walls Heavy deposits may occur in the stromal

tissues of the 1nteat1g&1 walle Dunn (1944) deséribed infiltrations
in the stomach, duodenum and colon. Varying in intemsity, the
condition probably extends throughout the entire length of the
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intestinal cenal. In our experience distal parts of the small
intestine are more heavily affected than the duodenum . In the
1looe§ia1 region the villous stroma often showed extreme amyle
cidoeis (figﬂ.u(z4.). The infiltration starts arcund cspillaries

end small venules, arterial vessels often remainig intact.

Viil, Hearts Amyloid infiltration observed in the heart of senile
mice spreads along capillary and lymphatic spaces, surrounds &nd
cauges atrophy of muscle fibres, end leads to similer pictures as
in humen cardisc amyloidosie (ig;.glggﬁ?iQBz, Higgelmenn 1955).
Contrary to the human condition, however, smell &nd medium sized
arteries sometimes were little affected, even in cages with

marked pericapillary infiltration.

iXs Other sitess Amyloid wes observed in meny other orgens of
senile mice, on ione of which, how.Qor, more observetions are
required. Thus in the pancress widespread interstitisl infiltra-
tion mey oceur, but involvement of the Langerhsns islets hes not
yet been seen. The thyrcid cften shows heavy infiltration, leading
to atroﬁhy and necrosis of the follicular epitheliums The inter-
gtitium of the sslivery glands miy slso be affected. In the
central nervous system amyloid has adyet not been observed. it

is often found between the layers of the myometrium, while in the
vaginal wall small bloodvessels may be affecteds In mény of these
orgens the preference for capillary snd venous vessels aga in was
noted. Smell and medium sized arteries may slso be involved, but
larger arteries and especially the aorta were slways intact.
Mention should be made of the frequent and heavy invelvement of
fat tissues. Here we find typical rimlike deposits covering the
fat cells which are slso known in humen patholojy, where they are
sometimes held to be typicsl for primery smyloidosis (Dahlin 1949).
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These deposits have been cited to corroborate a theory on
epicellular genesis of emyloid (Peters 1921). In our opinion,
howevery they stert sround cepillesry vessels, their epicellular
localisation being due te secondary spreading @long lymphatie
apoces LLivareecrin,

Une condition should be set epart &g ite inclusion among
smyle id chenges is dubious. In the gkin, apert from involvement
of subcutaneous fat and small bloed vessels, heavy sceretions
may be found against the besement membrane of the cutis and the
heir follicles, which are highly similsr to the amyloid material.
However, in old mice unaffected by amyloidosis this bagement
~membrane is alsc often considerably swollen. In these latter
cages this may be sccounted for by the apposition of collagencus
material, recognissble by heavy collagen steaining roaetiens and
marked birefringence. The relations between this latter process,
end the condition in emyloidotic mice, in which the materisl
steina lightly with cellagen stains, are yet unkaowne



The importance of genetical factors in the ocmméo of
amyloid in sgeing mice was demonstrated by Dupn (1944) who re-
ported striking differences in the incidence in £ inbred strains
end one group of hybrids. Hegton snd Deringer (1948) compared
strains with high and with low incidence and their mutel F; and
l'2 hybrids end backerosees frow the former to their perent
strains. They found a recessive liendelian inheritance of the
tendency to develop amyloid in the duodenum, the spleen end the
kidneys. Moreover, these lesions appeared to #epmd upon one
common genes

The following & may illustrete our own findings regere
ding the incidence and distribution of genile amyloidosis in some
inbred straing and hybridisations. The data concern mixed groups
of male and female mice, as sex differences were not found except
of course in sex dependent orgens as discugsed abovees

Table 1 demonstrates the age factor in the incidence cof renal
papillary emyloid in (0Oyg x W’x hybrids. All degrees of
grossly recognisable pepillonephritis were scored as positive,
ranging from just &n opaque papillary tip in either one or both
kidneys, up to complete necrosis of the pepilla with severe
parenchymal atrophy. Cystic changes are uncomon» in these hybrids.
As the death rate below 20 months is negligible, the data up ®
the age of 18 monthes ere on enimals which were expressly killed
for the purpose. Up to about 18 months the pepillery changes
were never severe, and 'dut.mct.ion of cortical tissue was
exceptional. Above 24 months, however, heavy pepillonephritic
lesions were frequents In fact these kidney lesions ere smong the
most frequent cases of death in these hgbrids if allowed their
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natural life spsne The snimals thus affected show marked signs
of renal feilure as polyuris, polydipsia, edema an ascites. On
changes in rensl function in papillonephritic mice we have
reported elsewhere (Thung 1966).

Similar deta on the adrensls are given in table 2, indicating
the increasing frequency of microscopically detectable smyloid
in iheae crgeng &g the animals agee

The genetical factors involved are illustrated in table 3.
These data concern mice of various strains and £ groups of
Fy hybrids, 11 over 18 months olds It should be noted that -
here as in the former tablesy there wés @ parallel between the
frequency end the severity of the lesions in various groupse.

In Ogp and CBA mice heavy degrees of perenchyme destruction were
never seeny vhile old (CgpBk x DBA)Fy hybrids usually &are

heavily affected. In this latter group cystic dilatation of
tubules and glomerular cepsules is frequent. CgpBL and A mice
hold midpositions between the hybrids and the other inbred strains
It ia‘rmrnhlo thet the incidence of papillonephritis in strain
A is much lower than reported by Dunn (1944) or by Gorer (1940).
Such differences are probably in pert ascribable to environmental
differences. Hegton e.8+(1945) found that changes in the compoe
sition of the diet influences the frequency of amyloid lesions

in strain A,

Our findings on the incidence in Fy hybrids and their parent
strains seem to disagree with the conclusions of Hegton and
Deringer (1948) regarding & recessive inheritence. Yet we think
that the findingse of thcg'c-authcu eand of ourselves are not ‘
necessarily contredictory, for while renal amyloid is seldom found
in 0ld DBAp mice, these animels have & high incidence of amyloid -
fnfiltration in other organse. Apparently not only the incidence
of amyloidosis shows strain specificity, but 8lso the distribution
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of the amyloid material in the body is genetically conditioned.
This finding, which of course com lieatos genetical deductionc
is illustreted m-& This w gives dats on some organn
in which amyloid was diagnosed microscopically. ,-‘ﬂu—pmoaugu
< famyleid—infilétretionere mirimumveluesy 2s—serial sections
were not mede. In most ergens—thisvelue will wpproximste—+the
true-value beesuseamylvid—isdistributedrethereveniy s
deseribed—in84vinthe overies, however, & much higher true
ineidence—is—tv ¥ expected end—was—im fact—found—ingreups of
- —serially secticned—overiesy becouse-sayloid—isoftenconfined
te—theeorpora—lutes. In this material too, the freguency ran
perallel to the severity of the lesions. 1t appears that DBAe
micey in which no grossly recognisable renal amyloid wes found
(table 2)y showed marked amyloid infiltration of the adrenals
and the overies. ;

Comparable data frem other authors aryl“@ei»portn by Gorer
(1940) y Dunn (1944), and Hegtom and Deringer (1948) on the
frequency of renal lesions in ageing mice of various strains.
Gorer (1940) @esecribed papillary necrosis in strain A and strain
Cs7BLy and glomerulsr "hyalinization" in the latter strain only.
Both lesions are histologicdly identieal to what is here describ
ed as amyloids On the ovaries there are reports by Fekete (1946)
and by Loeb (1948). Fekete (1946) observed "hyalinization" of
the corpdra lutea in DBA mice and ageribed this condition to a
delayed inveolution of the corpora lutea in this strain. She did
not find it in CgyBL ovariess lLogb (1948) found "hyalinization
and gelatinization" in the corpora llut.u as well in interstitial
tissues of the overy in 8 inbred streins including '05731.. Data
on strain differences in the freguency of adrenal amyloid are

given by Blaisdell e.a. (1941)e



w B

from the observations reported here we may conclude that
in senile mice a divaraity‘ot ginotioclly conditioned patterns
of smyloid distribution exists. Of course meny more data would
be required to mep out these verious patterns in different
inbred strains. Yet it is clear that, while &ll strains observed
thus far are potentially lisble to develop auylo;d infiltration
in ¢l4d age,y in some the dictrihutiéa and severity of these le-
sions are such as to constitute a major cause of death, while i
others smyloid deposits are incidental and relatively insigni-

ficant.
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S Relation to experimentsl emyloidogis in mices
Just as of amyloid formation in general, the paihogenoaia
of the amyloidosis described here in ocniio mice is as yet un-
known. However, its position as a pathological concept may bc‘
Alarified by & discugsion of its relation tc experimentally
induced amyloidogis in mice. The gimilarity of both conditions
is apparent from the histology of the organs involved. As early
authors like Davidsohn (1897) were interested only in whether
amyloid induction was successful or not, Letterer (1926) is
emong the first to give adequate histological details on experi-
mental amyloidosis in mice. His observations on the staining
vrﬁaetiend’and on the histology of amyleid in the spleen, the liver
and the kidneys are in complete agreement with our findings as
riported sbove, and so are those of Smetana (1926), Jaffé (1926)
and others. Dunn (1944) noted that these suthors in early stages
report crystalline deposits which she did not observe in un-
treated mice. In our experience the vague hruéh- and needle-like
cutlines deseribed by these former nut§oru may scmetimes be
found in senile amyloidosis too (rxg.JQQ.)- it hes been claimed
for human amyloid thet the impresgsion of éryatallinc structure
is occasioned by reticular fibres embedded in the aﬁyloid rather
then by this substance itself (Mjigsmehl & Hartwich 19564). In the
case of early experimental deposits the suggestion of Baily (1916)
that processes of fixation etcs. are responsible for these ‘
structures, seems more probable. In our opinion this may be true
alse for similar structures observed in senile emyloidosise
; Anothcr apparént difference is the fact that experimental
smyloidosis is often locelized in the spleen only. The liver &nd

the kidneys mey alsc become involved, but further spresd is
seldom reported. This has led to the suggestion by Dunn (1944,
1948) that the relation between experimentsl and spontanecus



smyloid in mice might be similar to that between secondary end
primary amyloidosis in man. Heston end Deringer (1948), working
on the genetics of spontanecus amyloidosis in ageing mice, care-
fully exeluded from their meterisl sll animels with amyloidosis
aseribable toputanooua abscesses, dermatitis etes in such animals
the spleen was found to be more often affected then in mice with
the so-called primary type of aayloidoaii.

Now in humen plthelagy it ies recognized that the distinection
between primary and secondary amyloidosis is somewhat artificial
88 there is wuch overlepping of these conditions and meny ceses
are not strictly elnssifiable under either heading. Secondary
emyloidosis ie often found to be "primery" in its distribution
or steining reasctions, while primary amyloidosis may often show
loealiQatione of the"secondary“type, &8s is apparent from the
review of Mathews (1954). King (1948) hes aptly argued that the
immediate cause of the amyloid infiltration is juest as unknown in

secondary &g in primary amyloidosis. This classification uorciy marks

our acutonoli in discerning oondit;oni which play some part in
the problbly complicated ceusel chein leading to emyleid deposi-
tione. Wiih progress in research, such clagsificetion therefore
will heve to be altered. Such progress is illustrated by the
recognition of chronic rheumetoid arthritis as & condition which
prediposes to smyloidosiss While quite recently this relation

wag only hesitantly suggested (Tragoff e.s+ 1944), it is now
incressingly recognised (Gedda 1955) end even pleys an importent
role in modern theories on the mechanism of amyloid formation

 (Zeilum 1962)+ Thus the renge of conditions which are known as
possible causes of “secondary" amyloidosis is gradnaily wideninge
Another illustration of the‘arbitiary nature of such classification
are the amyloid deposits in éalon of multiple myelomata. Here the
distribution end staining properties ususlly ere of & "primery"
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typey end the "secondary" nature of the condition was not
recognised up to 1931 (Magnus-lLevy)e At present, several varieties
of "primary"” emyloidosis gradually emerge, such as cardiac amyloid
related to old age (Hlggelmenn 1956), amyloid with nervous system
involvement related to geneticel constitution and dietary factors
(de_Silve Horts 1965), end femilial amyloidosie with renal, .
splenic, hepatic and adrenal involvement (Ostertag 1960). In
shorty former subdivisions become increasingly untenable and
the term amyloidosis now comprises 2 broad ‘spcot.rumer conditions
which are highly veriable in many respects, but between which
gredusl overléppimng and many trensitiomal forms are found.
Similarly in mice, we think & strict division between se-

qondary and primsry smyloidosisy &as advocated by Heston and
Deringer (1948), is impreacticable for the following ressonse
Experimental amyloid induction in mice is & very unapecific

_ processe It has been reslised since the work of Davidsohn (1897)
that mice ai-e cxecpuoﬁmily-imlmubh to amyloidosisy which
~is the very rinon why they are the experimental enimels of
choice in smyloid researchs Other animals used for this research
include rabbits and chickense. In some species, however, amyloid
formation is very difficult to induce. Loeschke (1927) end
Greyzell (1984) using cesein injections, got no amyloidosis in
rétn‘ Farly experimentors found that caviae were refractory to
emyloid induction (efs the review by Lubarsch, 1897), and only
quite recently has the first successful attempt on this spceioi
been reported (Pireni e.s. 1949). Mice, however, show & very
ready tendency to amyleoid development which is apperent also
from the wide range of procedures by which amyloidosis may be ‘
induced in these enimalss To cite & few: after the injections of
bacterial cultures, desd or aliv.o.“ef early suthors (Devidsohn
1897, Erenk 1920, Domegk 1024) ceme the administration of casein
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(Kuezynski 1922) which is now universally practised. Other protein
products, however, like gelatin and egg protein (Letterer 1926)
did the trick ss well and so did inorgesnic substances like
colloidal sulfur (Letterer 1926), phenolic end saline solutions,
and even destilleted water (Letterer 1934). Meanwhile it was
found that amyloidoeis in mice may &lso be csused by taer painting
(Dfderlein, 1926+ Also Iwort and Twort, 1932:%e the term hyaline
disease)y or by grefted tumours (Lubsrsch 1910). Amyloidosis in
cysticercus-affected mice (Benegsi end Beggi 19562) also belongs
in thie clags of incidental findings. In experimental amyloid
regearch the usual procedure at present is to give & standard
 geries of casein injections ag bagic treastment. Additional treat-
ment is then superimposed and the depressing or enhancing effect
upon amyloid induction is observed. in this way an amyloidgenic
effect wes found to be exercised by increased room temperature
(Perfisalo 1949), cortisone or ACTH (Teilum 1962), nitrogen mustard
(Teilum 1954), vitamin C deficiency and TSH (Uptils &.a. 1965).
The common factor discerned in all these prpeodurca‘ varies
with the advocated theory on amyloid formation. It has been
concluded that eny agent disturbing the collodial stability of
serum proteins may occasion processes of protein breakdo"n leeding
to disturbed antigen-antibody relations and amyloid formation
(Letterer 1934). Recently Letterers t.hcory on antigen-antibody
relationg in connection with amyloid is being reformulated in
terms of oxhlunuoh of antibody~-forming potencies of mesenchymal
(reticulo-endothelisl) ceils (G8gsner e.s. 1951, Lotvelshti 1969)
or of & perversion or suppression of the normal metabolism of
pleswe cells (Teilum 1952, 1954). However this may be, for the
present purpose it suffices to note thet in mice such a diversity
of procedures leads to identical or closely releted amyloidotiec
conditiona. Apparently the ‘%ruhold to amyloid formation,
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whatever its muehﬁniaa, in mice is so low as to make amyloidosis
& quite unspecific reasction. Of this readily elicited reaction,
the condition in untreated ageing mice in our opinion is just
another menifestation.

if this is truey no striet separation should be found between
experimental and genile amyloidosis in mice. Yet experimentally
induced amyloid shows 2 more restricted range of distribution and
is usually concentrated in the spleen and the liver. Senile
amyloidogis on the other hand affects practically all orgsans, ind
the involvement of spleen and liver may be relatively slight.
Howevery the different distribution in experimental amyloidosis
may reflect the technique of tho<0xp0r&lont rather than the nature
of the degenerative process. When amyloidogenic agents are given
orallys the lesions may be confined to the liver , as found by
Murate and Yoshikewas (1927) feeding mice with verious forms of
silicates Using subcutaneous injections, short term experiments
disclose involvement of the spleen onlys later the liver snd the
kidneys mey be affected too(Letterer 1926). In protracted experi-
ments, however, other organu become involved and the distribution
becomes incressingly similar to that of amyloid in untreated old
.mices Thus Jaffé (1926), administering dsily casein injections
for up to 100 days, found involvement of intestine, heart and
ovaries in his oldest groupse It appears that experimental amyle
cidosisy which initially may reflect the method of ite induction,
in chronic forms highly resembles the senile ayyloidasis of
untreated mice. Another indication of the basic similerity of
these two conditions is the observetion by Smeteps (1925) that
in old mice amyloid induction succeeds more rapidly than in
young animalse Moreover, just as in senile amyloidesis (Hegton g.8e

1945, Heaton end Deringer 1948), experimental amylcoidosis also
depends upon genetigal and dietary conditions. Letterer (1934)
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stressed that different breeds of mice mey react varisbly to the
same treatment, and geveral authors have dﬁnncmtod the influence
of dietary factors upon the incidence of casein induced amyl-
cidesis (Letterer 1934, W 1934, Ku and Simon 1934)e

~ Summerising we may conclude that, just as in men, we find in
mice a8 wide range of conditions between which gradusl trensitions
exist and which therefore, and becauge of their common histologi-
- cal characteristics, sre ranged under the term emyloidosis. Such
amyloidosis may be elicted in perscute forms aslthe experiments
of Domagk (1924) and Letterer (1926) who claimed to have seen
amyleid within some minutes after intravenous injection of
bacterial suspensions and protein soclutions respectively. i1t may
elso develop more chronically ss in the experiments with repeated
subcutaneous casein injections, or in animals weakened by tar
paintingy grafted tumours etc. as cited above. Finally it may
oceur also, in forms undistiinguishable from these latter con=
ditions, in untreated ageing mices Here we hewe illustratively
use the terms "senile" and "spontaneous" amyloidosis, well
realising that of course various factors will be found to contrie-
bute to the csusation of this conditions Of these, some are known
already: genetical make up and dietary hesbite of the enimalg. '
Other factors, like environmental temperature and humidity, enteric
and cutaneous persgites ete. remain to be analyged. Yet the fact
that these amyloid ﬁftlmuou accumulate with such regularity
in untreated o0ld mice, increasing in both frequency and severity
es the animals age, ent.itlu' us to call it & form of senile
degeneration. For what else is senescence, biologically speaking,
but the gradually impairing efficiency of the orgenism in the

interplay of genetigal and environmental processess
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~Ls depdle smyloldogis in mans

As by senile amyloidosis we understend the occurrence of
amyloid deposits in aged subjects without one of the well known
causative digeases; in the discugsion of this subject mention
should be made of the concept of primary amyloidosis in general.
The idea (not the name) of senile amyloidosis stems frowm Soyka
(1876) who mentioned the unexplained cccurrence of widespread,
though often slight amyloid deposits in aged subjectsy often
with specialpreference for the heart. He specified the cases of
an 80 yeare old female and en 81 years old maele subjects In those
deysy however, the discussion arcund amyleoid was entirely dominated
by its csusel relation to tuberculesis and other haetarinl pro=-
cessesy and even in 1904 Schmidt waved aside the notion of sgenile
or other ﬁnpontanooua" forms of amyloidosiss In his opinion such
cases should be ascribed to chronie enteric infecticns or other

bacterial digeases.

The concept of amyloid deposits without known ceuse beceme
firmly established since the paper of Lubarsch (1928) who cited
11 eases up to then reported and described 3 of his own. These
cages were distinghuished from classicael amyloidosis by
1. Atypical locslisations, the spleen and liver being unaffected
while for instence the lungs, muscles, intestinal wall and the
heart often were involved.
2. Atypleal staining reasctions, especially with the iodine methods.
3. Abgence of any of the known causative diseases.
Lubarsch regarded these cases as intermediary forms between clasgsi-
cal generalised amyloidosis and local tumourous amyloid depositse
it is noteworthy that he already desisted from deteailed classifi-
cation becesuse of the fundemental ignorance on the nature of asmyloid
infiltration. Since then a large number of ceses complying to the
characteristics mtnttnncd‘by Lubarsch (1929) has been reported.



in German literature the name paramyleoidosis, stressing the
atypical localisation and staining reactions is most frequently
usede. AngloeSaxon authors usually speak of primary emyloidosis
which emphagises the unknown causal relations. This difference,

and the fact that,moreover, the application of both terms varies
with the personal view of the authors on the clagsification of
amyloidosis, sccount for some variability in the material covered
by various reviews given through the years. However, to meéntion

a few: while Lubergch (1929) mentioned 14 cases, Koletsky and
Stecher in 1939 found 24 cases, while Dshlin in 1949 found 57
repérted cages of primary systemic emyloidosise. Five years later
this number had increased to 98 (Mathews 1954), and the latter
author therefore observes that primary systemic amyloidosis is
being identified with incressing frequency. This increase will be
even more marked if recently described varieties are taken inte
account, such as the familial paramyloidosis with periferal nervous
involvement of which over 100 cases ere known in Portugal (da Silva
Horte 1955) or the familisl primary systemic amyloidosie on which
elinical observaticng are at present being made in the United

States (Block e.s. 1955, Jagkson @.8s 1956).

For the present purpose two 6bun"auom are relevent, the

first of which ig the high incidence of cardiac amyloid in primary
systemic amyloidosis. Mathewsg (1954) reported myocardial locali-
sations in 72 of 98 cases, the nc&t organ in frequency of involve-
ment being the spleen with 40 cases. Clinically too, cardiac
symptome are often dominent (Lindssy 1946, lathews 1954).3000:«1_1’,
it has been found that in other cases, which are often not included
in the reviews on systemic primary anylcidésio. the heart is t-hl
dominant or even the only site of atypical amyloid infiltration,
and that this usually concerns o0ld patients. Thus King (1948)
reported 5§ patients with atypical amyloidosis confined to the heart
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and the lungs, which were all over 83 years cld, the average age
being 87,8 years. For comparison we ﬁay mention that in lathews'
review (1954) the average age of all ceses of primery systemic
emyloidosis was 55,4 years. More data on the occurrence of pri-
mary amyloidosis in the heart in aged persons were given by
Jogselson e.a. (19562)y while recently this subject was reviewed
by Hilsselmann (1958) who himself found & 16 % and 10 % incidence
respectively in males and females over 70 years old. Thouéh the
heart in these ceses is the main site of amyloid infiltration,
emall bloodvessels in ather organe often are also affected and
ol »;éu (1965) pointe out that there is no sharp distinction

between this genile cardiovascular amyloidosis and the cages of
generaliged atypical amyloidosis with heavy carddovascular
involvements Incidentally, this conclusion is & substantiation of
Soyka's (1876) tentative remasrks! In short we may conclude that
the hesrt is more than other orgens disposed to atypical amyloid
participation in

infiltration, as is apperent from its frequent cases of general-

_ i lver t
ised primary amyloidosis and alsc from its aoli%%%%*%%m%%ian

where other‘erginn are little affecteds In these latter cases old

age emerges as a factor in the as yet largely unknown pathogenesis
of the conditions

In this context some other reports relating amyloid to ageing
should be mentioneds In 1927 Divry asserted that the substance
eécurriﬁg in the brain in senile plagues and in the lesions of
Alzheimers disease are identical or similer to amyloid. This
observation has been supported or opposed by several authors, as
cited by Misgmehl (1954). Recently Divry (1956) hes summerized his
findings regerding cerebral amyloid in aged subJoeta.'Bonidtu
genile plaques and Algheimer lesions, this includes chenges in
meningeal vessels and pericellulsr deposits in the chorcid plexus.
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in the skin 2myloid deposite in relation with old age have
been observed by Freudenthal (1930) and by Love (1952). In these
ceseay however, other pathological processes were also involveds
Love (1962) regarded the smyloid changes as an expression of
metabolie disturbances in the ground substance csused by cutane-
oug arteriosclerosis.

Gellerstedt (1938) claimed that the so~-called hyaline
degenerstion of langerhens' islets in the pancreas constitutes
& local amyloidosise This lesion usually occurs above the sge
of 50 yearsy and is not necessarily aaeoupaﬁicd by disbetess
Gellerstedt (1938), whose cbservations were confirmed a.o. by
yan Beek (1939) and Aﬁgx,(laés). desceribed pericepillary deposits
in the islets which gave positive amyloid staining reactions and
which ceused atrophy of the islet=cells. Gellerstedt (1938) found
@ 4643 % incidence in & series of 110 autopsies on persons
between 50 and 90 years including only 3 diasbetics. Ven Beek (1939)
found 1245 % insular amyloid in 56 non-diabetics over 30 yeers,
Arey (1943) 16,6 % in 114 non-diabetics over 50 years olds The
latter authors suggest & relation with sclerosis of small pane
ereatic vesselsy such as is also described by suthors which do
not recognize the amyloid nature of these lesions (Mogchcowitz
1956) « Gelleratedt (1938) found no relation between insuler
amyloid and vagecular geclerosis and describes the condition as
en instanee of senile amyloidosise

Another 1nitnuee is the condition described in the seminal
vesicles by Bupgell (1941). In generalised amyloidosis the
geminal vesicles may show vascular and perivasculer infiltration.
in ceses of isolated dmyloidouis'ef the seminal vesicles, e
however, the material occurs in strands and patches directly
beneath the epithelium, as has also been deseribed by Lubarsch
(1930)+ Burgell (1941) found that this latter condition is
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fairly frequent in older subjects, a 16,9 % incidence being found
above the age of 50 years. The frequency between 76 and 90 ycaén
(34,2 %) was significantly higher than between 46 and 60 years
(747 %)« The suthor discussed and excluded possible causes like
inflammation and plasmaegell prolitcfation, and puggests some
unknown age-dependent change in local protein metabolisme

In pagsing mention may be made of 2 cases of isolated amyl-
oidosis &nd necrosis of the renal papilla in agéd patients with
pyelonephritis (!glzzzga_agggﬁagglgm 1940)« The sauthors discuss
the possible relation with senile amyloidosis,y but definite
conclusions could, of course, not be drawn from thege rare casess

Summéiaing we may conclude that in human pathology there are
severael indications of amyloidogenic tendencies in old age. Best
documented is the case of cardiac amyloidosis (Hflgselmann 1956).
This condition merges into the well established pathological entity
of primery systemic amyloidosis with heavy cardiac involvement.
The latter disease may be regarded as & more extensive and often
presenile expression of the genile condition analysed by Hilagel-
wenn (1956)« Vhether senile cardisc amyleidosis and the other
lesions mentioned above oceur combined or independently is unknown,
because systematis combined investigations on all organs concerned
have not yet been done. It is possible that various patterns of
‘genile amyloidosis exists, eompafablt to the strain differences
found in senile mice (8 5). Mention should be made of the form of
generalised amyloidosis frequent in Portugel which in some respects
shows precocious and extreme menifestations of l;uiona which in
slighter forms may occur as a gsenile conditions In this disease,
which probably is genetically conditioned, widespread amyloidosis
ie found at young agesy with involvement of the peripheral nervous
systems The heart is also heavily infiltrated, and it‘ia of ine-
terest that in the central nervcocus system lesions similar to
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senile plagues were observed. Infiltration of pencreatic islets,
however, was as yet not observed, and in the seminal vesicles
the amyleid deposits were of the perivascular type (da Silva Horta
1065) '

Finally it should be stressed that the use of the term senile
amyloidosis does not imply any caussl explanation. It only indicates
that in these conditions the as yet unknown aeticlogical factors
become operstive or manifest in old age. That these factors them-
selves are not strictly age-dependent is demonstrated by the forms
of early "primery" anyloidoaillcitod aboves In this respect too,
the situation is eimilar to what is found in mice, for in this
species the experimentally induced amyloidosis may be regsrded as

a precocious variety of the senile condition.



On senile amyloidosis in other animals than in mice little
is known. This is not becsuse no amyloid oﬁaufu.buz-ruthqr becausge
the age of the animsls concerned often is unknown. Moreover,
reports on old enimals generally are scarce, while tinaily in
meny species it is uncertain at what age the term senile smyicid~
osis is applicable, as data on longevity ere lacking. The follow-
ing data may, however, be relevant to the present theme.

in & review on amyloidosis in animale, Hilirre (1933) mentions
11 casges of amyleoidesis in dogsy in 6 of which no causetive di-
sease was rbénd. liost of these animals were of advanced agey and
the kidneys were site of preference, thuﬁgh the liver, the spleen,
eand in a few cases the adrenals were alsc involved. '

The same suthor (Hjifrre,1933) describes some cases of
primery amyloidosis in horges, with marked cutaneous deposits.
Apparently sponteneous smyloidotic lesions similar to the well
known condition in horses used for the production,ct antiauru.
were formerly known to occur in certain regions of Russia (Arndt
1928) . ' '

in cattle, amyléidbci-, mainly of the kidneys, is guite
frequents The animals are usually of advanced age, and while the
condition often is aseribeble tc mastitis or other diseasesy in
some cages no ceusative disease is found (Primigeard 1930, HiSrree
1983) . :

Other data from gﬂlric'a (1933) peper include an old otter
with generalised amyloidosisy no ceuse being stated, and a 14
yeers old tomecat in which enteritis and scebies were held to hﬁvc
caused smyloidosise In this connection the case ct’&nhazﬂh (19369
may be mentioned who .fbund. amyloid in the islets = of Langerhang
and in small pencrestic arteries in a 10 years old tomcat, no

other orgsns bcing af'fected.
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Primery amyloidosis has been reported es a cause of death in
tenrecs (Qgmen Hill 1955). The liver showed heavy deposits and the
kidneys were &lso involved. :

Gillman and Gilbert (1955) give exteneive descriptions of
primery systemic amyloidosgis in 4 female baboons. The asge of these

animels varied between around 6 and 13 years. It is of interest that
in these cages there was marked cardiovascular involvement. The
authors discuss the etiological possibilities and suggest that in
this species cyelic transport and redistribution of interstitial
proteins, sssociated with the cyelic swelling and subsequent involu-
tion of the sex skin of the female &nimals, may involve a disposition
~ to disturbances dn protein metabolism of which amyloid depcsits may
be the outcome.

From these random data it appears that in various animals
emyloidosis may be found without known ceusative diseése, and that
this condition is often not sharply demarcated from secondary amyl-
oidosisy cf+ the cages of dogs, horses and cattle as cited above.
Here too, the term primery smyloidosis just indicates our ignorance
of the caugal relations in such céges +Finally here too indications _
are found, though glighter than in human and mouse pathology for
the reasons stated above, that old ege mey in some of these ceses

be involved in the as yet:unknown etiology.
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2 Conclugiongs

We have deseribed and cited instances where in ageing

- orgenisms unexplained derangements of protein metabolism led to

infiltrations in various tissues for which amyloidosis is the
only fitting disgnosise.

| it has been pointed out that the term amyloid, though often

instinectively associated with the disesse secondary to chronie

tuberculosis ete.y in fact covers & wide spectrum of conditions

of veried and partly unknown etiology. Though the anatomical

between the different types of amyloid disease, to some degree
Justify the use of & common denominatore. This is necessitated,
moreover, by the present lack of & more discriminating nomenclature,
dui in part to the limitations of our routine optical and
tinciorial methods.

Of the various types of amyloidosis some are distinguished
by the combination of unknown etiology and a high age of the
subjects concerned. That this combination ig far from rare, is
well esteblished in man and in mice, while in other &nimals its
occurrence is probable too. To these cases, in which as yet unknown
causal factors ere somehow linked to procesgses of ageing, the
term senile amyloidogis is appliceble. in its development, as in
any biological or pathologiesl process, genetical factors of
course play a pert. Genetical differences, after all, cause mice
to develop such conditions sfter 2 and men after 80 years. Genetical
factors tooc are invelved in the anatomical distribution of the
substance in different streins of mice or different human inviduals.
Genetical factors, finally; csuse mice to be $§$%%ro lisble than

other lsboretory mémmals or ‘man to develop amyloidosis, whether
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after experimental treatment or "spontaneously" in old sge.
in breeding in mice has provided us with some strains in
which the tendency to develop senile myibidasiu is gongtimlly
so concentrated &s to constitute & major cause of death, while
in other straing such tendencies are practically eliminated.
It is to be expefted that comparative studies on such strains
will help to analyse the etiology of senile emyloidosis and the
various forme it may assume. This will be quite consistent with
the leading role which mice have hed in amyloid research since 1897.
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10 Summarye

An enalysis of the general histological amnd tinctoriel
qualities of widespread protein deposits of unknown causation
in o0ld mouse tissues, resulted in the diagnoses amyloid infile
tration (8 3)« The histological characteristics of this infile
tration are described for various organs (8 4), and data are
given on the frequency of the lesions in some inbred strains of
mice (8 §)¢ It appears that in some strains amyloidosis is a
mejor cause of death in old sge, while in others the findings
are slight and incidental only. The relstione between this senile
emyloido gis and experimentally induced amyloidosis in young mice
are discussed (8 6)y and it is concluded that no strict distinction
between both conditions exists and that the latter may to some
degree be regarded as a precocious form of the former.

Similar relations may be found t-=a«£-t in other species:
various forms of senile smyloidosis in man sre discussed, snd it
is pointed out that some of these are closely related to certain
forma of primary systemic amyloidosis at younger ages (8 7)s The
relations between primary and secondary amyloidogis are also
discusgsed and it is concluded that the term amyloidosis covers
2 wide range of different conditions which are linked, however,
by various transitional forms. In this range senile amylocidosis
hae its place ag a variety in which ag yet unknown casusal factors
are linked te processes of ageing. Such senile emyloidosis aecnrs'
in men, in mice,and probably in other animsls too (8 8), but in
mice it is more frequent and more amenable to research than in

other mammals (B 9).
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~lable 1.

Incidence of grossly demonstrable renal amyloidosis in (020 x DBAf)Fy
hybrids at various age levelse.

Percentage showing gross

Number of mice pepillonephritie or papillary
Ages observed: amyleid infiltration in
one or both kidneys:

O- € me 25 0 %

6=12 me 20 20 % Killed experimentally.
12«18 m. 10 20 %

18«22 m. 6 50 % |
22-24 m, 21 86 % |
24«26 me 52 87 % Died or killed
26«28 m. 28 lgg ; in extremis.

28«30 mo. 14




~iable 2o

Incidence of emyloid in the adrenals of (Ogy x DBAp)F; hybrids

at various age levels.

Aget Number of mice Fercentage with
obgerved: adrenal amyloidogiss
O« 6 mo 7 0%
G=12 me 10 0%
12«18 me. 13 31 %
18B=22 me = -
28-24 me 13 54 %
24«26 me 38 76 %
2628 me. 48 87 %
28«30 m, 25 96 %




~Lgble 3o

Incidence of grossly demonsgtrable renal smyloidosis in inbred

mice over 18 me. 0ld.

Percentage showing gross

Strain or Number of mice papillonephritis or papillary
hybridizations observed: amyloid infiltration in
one or both kidneyg:

090 65 17 %

(aboxnnaf)ri 121 ; : 88 %

DBAg 25 0%

(C5,BLxXDBAL) Fy 26 8 %

CgmBL 108 56 %

CBA 58 65 %

A 44 48 %




Fig- 2

Figs 3

Fig. 5

F‘ig. 6

Legends to figures.

Normel renal papilla in an adult (9 m.) mouse.
( Strain Oy, haemetoxylin azophloxin, 200x )

Amyloidotic renal papilla in a senile (25 m.) mouse.
( Hybrid Py(OpoxDBAg), Mallory's connective tissue
stain, 150x )

liouse kidneys cut longitudinally and stained in
dilute Lugol's solution.
( Hybrids Fy(OpoxDBAe), 246x )
1 : Young (8 ms) mouse with normal rensl papilla.
2«41 014 mice (20-26 m.) with pspillary amyloidoesis
and inereasing degrees of "papillonephritis".
2 & No gross cortical lesions.
3 & Cortical atrophy and small glomerular capsule-cysts
4 : Severe cortical atrophy.

"Papillonephritis" in a 24 m. 0ld mouse. Amyloidotic
papilla and wedge-like corticel atrophy with some
glomerular capsule-cysts.

( Hybrid Fy(0poxDBAf), Mallory's connective tissue
stainy 11x )

Amyloid infiltration in the adrenal of a 256 me old
male mouses
( Strain Cg,BL, haematoxylin azophloxin, 150x )

Corticomedullary junction in normal adrenel of an
adult (10 m.) mele mouse. Medullary side marked M.
( Hybria F,(Cg,BLxDBAg), haematoxylin azophloxin, 600x)

Corticomedullary junction with incipient amyleid
infiltration in & genile (26 m.) male mouses |



Compression and atrophy of cortical cells.
( Hybrid Fy(OgoxDBAf), haematoxylin azophloxin, 600x )

Fige 8 Amyloid infiltration in the adrensl of a senile (28 ms)
female mouse.
( Hybrid Fy(0,,xDBAg), haematoxylin Congo red, 150x )

Figs © Corticomeddllary Jjunction with perimedullary reticular
zéne without Amyloid in 2 20 ms 01d female mouse.
( Strain CgyBL, haematoxylin azophloxin, 600x )

Fig. 10 Perimedullary reticular 2zéne with incipient amyloid
infiltration in a 25 m. old female mouse.
Pericapillery amyloid leaves cortical cells intact.
( Hybrid F,(O,oxDBAs), haemetoxylin azophloxin, 600x )
Fige 11 Amyloid infiltration in & corpus luteum of a 27 ms old
mouses Compresgsion and atrophy of lutein cells.
( Hybrid Fy (Ozoxl)n&f), haematoxylin szophloxin, 320x )

Figs 12 Crystalloid pateh of amyloid in testicular interstitium
of & 26 m. 0ld mouse.
( Hybrid F,(Op;xDBAp)y haematoxylin azophloxin, 1500x e

Fige. 13 Amyloid infiltration of testicular interstitium in a
27 me ©1d mouse. Amyloid csuses compression and strophy
of Leydig cells. Small artericles are involved, while
segment of seminiferous tubule is shown free of amyloid.
( Hybrid F, (0O oxDBAg), liellory's connective tissue
stain, 600x )

Fig. 14 incipient amyloidosis in the spleen of a £3 m. 0ld mouse
The digtribution is typically perifollicular, as con-
trasted to the usual pattern in humen amyloidosis.

( Strain Cg,BL, haematoxylin azophloxin, 150x )



Fig. 16

Fige 17

ficatione.

Fig « 18

Figo 20

Segment of an amyloidotic follicle in the spleen in

& human case of pulmonary tuberculosis with generaliged
secondary amyloidogis. Amyloid surrounds the follicular
artery and infiltrates the lymph follicle, as contrasted
to the follicular localisation in mice.

( By courtesy of Prof. Th. van Rijssel, Laboratory of
Pathological Anatomy, State University, Leiden.
Haematoxylin eosin, 160x )

Remnant of & lymph folliele in heavily amyloidotic
spleen of a 29 m. o0ld mouse, showing intact follicular
ertery. ( Hybrid ?l(ogoxDBAr), combined elastin

van Gieson stain, 600x )

Amyloid infiltration in the liver of a 24 m. old mouses
Amyloid typically surrounds the portal venules, as cone-
trasted to the pattern in primery asmyloidosis in mane.
The hepatic arteries are not discernible st this magni-
fication. ( Hybrid Fl(cs.,m,xnsnf). haematoxylin azo=-
phloxin, 150x )

Liver from a case of humsn generalised primaery smyloid-
osis. The hepatic arterioles show amyloid infiltration
while the portal venules remein free. ( By courtesy

of Prof. Th. van Rijssel,. Haematoxylin eogin, 150x )

Detail of periportal area in the liver of a 24 m. old
mouse, showing subendcthelial amyloid in the portal
venule, while the hepatic artery remainsg intact.

( Hybrid Fl(omx DBAf), combined elastin Congo red
stain, 600x )

Normal duodenal villus of a 4 m. 0ld mouse.
( Strain Ap, Mallory's connective tissue stain, 600x )



Fig. 21 Amyloidotic duodenal villus of a 20 m. 0ld mouse.
( Hybrid Fi(céoanAf)' Mallory's connective tissue
stein, _600x )

Fig. 22 Ileum of @ 28 m« 0ld mouge with heavy amyloidogis of
the villous stroméa.
( Hybrid Fi(OQGxDBAr), haematoxylin Congored, 150x )

Fig. 23 Strain differences in orgen distribution of senile
amyloidosis. Data from groups of mice over 18 m. old.



