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1· Intrg~gtiqn . 

n hum n tholosy, various incidental observations have 
r. 

be n d on th occurence of senil tissue changes co parable 

to myloid infilt ton• King (1948) deacr 'bed 5 c e of 

typic 1 e yloid d po it , ainly in the heart, wh eh had in 

common t.h ab nc of c usative d se and the advanced age 

o t the subJ et • In . l rge riea o t au top ie HtJsselmenn 

( 9~5) r orted a 1 15 j incidence ot c rdi c myloidosis 

ithout nown c u • in person over 70 ye r old · Senile 

myloidos1s s also reported in the pancreas (Gell rstedt, 

1938) nd in the seminal ve icles (BUrsell, 194l)t whil 

Divry (1927) demonetr t d the myloid nature of enile plaquea 

in the b in. 

n g ing mic , myloid di e e ithout known c has 

b n de crib d s frequent occurrence in ome inbred straine 

(Dunn, 1944). n rk.1ng with la coloni s ot inbred mioe 

which are allowed their natural life pan , one 1 s~uck by 

the r ponder nee or e yloid infilt tion nd it aequelae 

ong th enile degene tiv conditions nd the ceuses of 

e tb in cert in str ins { lboek, 1956). 

he follo ing d ta m y s rv to illustr te the n&ture end 

eney of th se l sions in untre ted ic of v r ous inbred 

uppo d by the .Nation 1 H lth Res a eh Coune l T •• o. 
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str ins. Our findings 1n miee &nd eompareble conditions in 

oth r ap ci s and in men are discussed 1n relation with the 

problem of amyloidoaie.-
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2· atetial @nd methods• 

The observation reC'crded in thi report ere de on 

untre t d mice t n our l bo tory 88 control nim la in 

v r ou oncologic xp rim nts• Unleea othe. ise s ted the · 

ni le · re kept until they either did or hed to e killed 

, by out rd i , de th emed to be irmnin nt. e nomen­

el ture u d for inbr d trains is accordin to the Q<mmittec 

on 

·Th nim 1 

pmencl~tµre for inbred &trt1ns of ice (1952). 

r kept in glae ea es {17 x 11 x 12 cm), 

4 p r c e, and f d comm re l pellet and twic eek a 

h nd l of heat. p ter provid d ad 1 bitu • issues 

pre e:rved for hi tologicel purpo es were fixed in olution 

and rou~ine c ions were in d with haem xyl n- zophloxin • 

ln addition, .oth r f ixations and ins w re used as d cribed 

l t. on Cl 3) . 



a. The nature of protein infiltrations in senile mouse ti•IU•I• 

In routine sections of tissues f'rom old mice, one often 

finds deposits of an apparently homogenous, slightly eosino­

philic substance which infiltrates and surrounds the walls of 

small blood vessels, occupies interstitial spaces, and in compact 

parenchymal tissues encroaches upon cellular boundaries and 

replaces the cytoplasm .• While its · relation to capillary and 

other small vessels is constant, ita further distribution in 

the tissues depends upon the architecture of the organ concerned· 

In loosely build interstices, as in the renal pap1lla9 the 

reticular 16ne of the adrenal& or the stroma ot intestinal 

villi, it first fills the spaces between collagenous and reticular 

fibres against which it becomes apposed. Atrophy of ad~aoent 

cells is clearly secondary (Figs.2 1 lOt 13, 21 ). In other 

sites, however, the local_isation may appear to b~ primarily 

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

corpora lutea of the ovaries, end in some 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 or the cytoplasm.(Figa.?,11) 

Often the infiltration is grossly disceraible: grayiab 

glassy masses pervading the splenic pulp, or yellow-whi tieh 

opacity .of the normally light red and translucent renai papilla. 

This substance suggests amyloid, it only because no other 

term is better fitting. There are, however, additional reason• 

for cal_ling this material amylo1d, the f'irst of which is that it 

has been diagnosed as such since 189?. For within the limits 

of optical methods, the infiltrations described above are identical 

to what is found in experimentally induced amylo idoaia in mice• 
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ince Dgyidsohn (1897), injecting b cteri 1 suspensions 

into v r ious n . ls t f'oun h her inc d nc of mylo id in 

mice th n n oth r mammals, the e anim ls h v be n t vourite 

ob ·cts in myloid research. any descriptions h ve b en given 

of exp r ntally induc d amyloi in mous o ns, h eh closely 

parallel our ob erv tione in untreated old mic • The reietion 

b tw n both condition 1 discus ed in I 6, but m ntion should 

no b m e ot th tainin reaction hich r often held to 

b d ci ive 1n d i gnosing yloi • These reaction too t nd to 

confi th identity of xperim nt 1 myloidosis in m c nd 

th a nil inf 1 trations .. sc ib d here. ost authors on xperi­

m nt 1 amyloidosi r port po it v Congo red and metechrom tic 

g ntian-violet or methyl-violet stains. 1 th toluid n blue 

ilym {1952) found no tachrom sia. o ine end iodine-sulfuric 

acid st ins r on n s ted to be positive, thou h this impli s 

color shades varyin fr'Om brown to roes for t he to.dine stain nd 

fro br wn to eenisb blue fo r io ine- ulfuric acid ( Dayidaohn 

189?, ugzynski 1922, JaffA 1926, Turnbull 1945) . bPre is some 

veri tion in the _findings of d1ff rent authors on exper ental 

amyloidosis in m_ice, ueh of hich may be accounted for by 

diff r nc s in ix tion and st in1ng technique. wgrt ADg Twor~ 
(1 ,32) d scribe chang s in the spleen, the dr n l and oth r 

o n of ic p nted ith tars nd oile, which re identic l 

to xo rim nt lly 1 uced my1oido 1•• Bee us po itive yloid 

st ·ning r actions ere not ob ined, these utbora used the 

term by lin degener tion. They failed, however, to in icate 

the st1;11ns nd fixativ s u d· urnb)lll 1945), investi ting 

he n ture or · s 'miler inc den l findings in ic treated w th 

pen o nucl otides, found that ft r lcohol f ix tion po it ve 

10 ine n iod n - ul uric aci ins were ob in bl , wh ile 

fo 1 ine t on prevent d th re ction. n f et, lattt (1 26) 
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lre dy t s d t h nece sity Gf lco~ol 

s n n r otion on experi. en l ouse 

ix tion fo:r iodine 

my lo id. 

· o i il . rly in pontan ou myloi osi in ing mio , 

i £ r nc in t echniqu ·may confu t h finding • Qttt (1940), 

d cribing the a n neou glo erul .r l sion which r l ter 

di cs d &$ a yleid bf l&DD. (1944}, · found neg t1ve odin•; 

ethyl-violet n g•ntian-v1olet r ctio•a and t herefor _ 

s k o l yaline deg ne t1on. Hie fixation, ho ev r, is not 

s cifi d . (1944) • using for line f x d troz n ectiona, 

ound po i iv ong~ red sta n n , ubious etachro asi th 

t h l·Vi n only xce tion lly a posit v iodine-sulturic 

Cid i • 0 find in on the terial ound in untre ted 

ol y be aria d s ollo S• 

mat ri l, which in rout.in• a et.ion t ins light 

rose wit h eosin or 2ophlox1n, takes eonnective tiseue stain 

n . llor~·, Meseon trichrome, or v n Gieson pr rations. 

J.t l y stands out g in t eollag n, be ever, by esuming 

a eh 11 ht r shade. With Schitta ·periodic cid•leueo tuc.h n 

tr t nt a weak po itive react on i obta ined in r ffin 

section ter ~ a fixation• . din s ·n in itb ilute 

Lugol olut on (J2 % l, • :. 2t He,O i 300) d id not d1f.ferentiate 

t t r 1 fl'o.. · th surroun in tissue n p ff'in sect one 

Su fix tion. I n frozen ect1on fter lcchol 85 %, 

' 

d r 

. co lor wa 

ark. brown co lor seen though this faded a y 

zen s ction ft .r lcohol 85 % ~nd ss r 

lin 4 fi.x&tion, 

s• n when,, ft.er tre tment 

ros or bro i h violet 

ith highly dilute 

Lu ol solution, 1 i sulfurie ecid a added· This reaction too 

w h ly t nsi orY• Genti n-viol t eve no -me chromat.ism 

in r i etion after Ju , o lin or· l cchol fix t C)n, 

thou h the c:i t r 1 a o hat int nser viol t hue 
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t.hen the surrounding tissues• ln frozen sections a ftei:- form lin 

ixa tion tb mat rial i ilerly stood cut eg in t th · b ck.­

ground without ho ing true e chrom t em, as was also 

r r e by l&ml, ( 1944). In frozen ections a te:r alcohol 

fix t ion, ho ·ev r • · bright rosa m tachr m t s seen hieh, 

t hou h f& 1ng ome h t, s ell prese!"Vabl • · 1th toluidine 

blu no m taehro tis.m w e obt ined. in par f'fin sect.tons af\ e• 
. :J 

6'*e&.~:l:--Cij).p-_..,."91H1~*6-+ilirft4~MH ..... but fl"Oz n . Ction fte~ alcohol 

fuat o . !t 'n g ve cl r tachro tio reaction• e sub-

t nc• readily t · ine 1 th Ootlgo re in paraffin section 

a t r alcohol .or t'o fllin ixation• tter us fixation this · 

r ction uch p ir a. Int.ravit&l staining ith l f, 

Congo red in s line, 2 ubcut neous d<>.ses of 1 ml. e eh b ing 

v n within 48 hours befot-e de .tb, gave good results in 

f.roz n et ons a well as after parattin b dding, using a 

h qm toxylin counterst in~ r \he par tfin sections con-

e ntreted aublim t ·ixation e used, but formalin ill 

probably o s well• Congo r d arkedly increas a the bir~­

fting no of th m teri 1, wbich\%st ined prep r tions 1 

elig t. · ther tre tment, sp ci lly the Mallory a in 1 m 1 

imp ir or ven destroy this pr0pet•ty. 

these r sults entitle us to th us of the term a yloid1 

is quest on h 1 o be n faced by early o:r r on xperi-

ntal myloidosi ho wer esp ci lly bst-raased by their 

ilur to obtain t:ru. blue iodine-sultur c cid re etion. 

It rgu d ( QVidsojln 189?} th t in hum ·n myloid too, 

iodine at inr; o t n il d t give typical %-eaetions. In auch 

cases the comb1 tion of .op ti.cal appearance n~ a m t. chromatic 

re et ion with on ot tbe nil in dyes warranted th di gnos1e 

myloid even 1 th iodine- ulfuric aci~ method yielded 

r 'sh brown color only. t"ter th intr0duct:lon, in 1922, ot 
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th ngo r d i for yloid, int rest in th iodine t,hoda 

adually d clined nd it ia noteworthy that in a irly recent 

g ne:ral survey on 1 bo~ tory nd biopsy diagnosi ot a yloidt 

iodine st in& r . not tv n mention ( hlin <'-S• l 50) • ibt 

Con o r d thod it ·1r too h s dev lust d through the yearst 

Letterer +n 1926 rege td it s the b.est amyloid test, wh ile 

hlin g.a.(1950) point out tnat a u g t ve ongo red tain 

o s not rul ou 6tll1lo id. In gene l, the trend he s been to 

t eh a ~ecr a ing iarportanc• to all &pecific s ·1ning reactiona 

b c use it s incre ingly appreciat~• at cond tion which 

clinic lly and thologie lly have to be grouped und r the 

g~neral heading amylo1d0 is 1 may involve highly vari ble 

chem icel subst nces. ormerly this vat- iabil ty, both in exp er i· 

mentsl nd in hum n mylo 1d1 was thought to correspond to var1oua 

tages in proc s leading tO on final end ubs no• 

(ijayideobn 1897 t 1904) • The stablieh!nent es .a diatinct 

atholog c 1 cone pt , of a ypicsl fo e of myloi osis 1 dia­

tinguieh d i•a• by highly variable staining reaetiona (Llab@ra;Q 

1929), im lied th notion of e•veral variet es of a.myloid 

ubstance• Ch mic 1 investigations leter con-firmed h t ditter­

nces in oomposition re not related w differenc e in 

develop ental teg or ag or tht myloid aubstence (Haas t••• 
1943) ~ The chemiool vari b lity r tber refl cts the feet t et 

chemical rn thod more di~crim.ineting th n optic 1 or ven 

tinctori 1 observation • The mor refined the chemical analys1a, 

t.h more complex the problem ot .the identy of yloid will becomt1 

;:.iiic......-.:o.-.- {1943) 1 d te 1ning olubility r nges of yloi4 fro• 

v r1oue h n. an enimal eGuroe , still found general agreement 

b tween pathogenetic&lly co parable c ses within a given spec ••• 

c n chro to gr phio tudie . on mino-ae d content (L1\\1r1r t•J 

1955) 0 p r lectropbor s is or protein nd mucoprotein 
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fractions ( gner 1965) t however, r Ve l etrik.ing ditferenote 

ven between sim11 r caaes ot human amyloid. 

Thue it i incr asingly realised that the term a ylojd 

co pr•is s a widt 'V i ty or subs ncee, correspond ng perhape 

to '& i il r v ri ty ot patholog~cal proeeeaes• At the same 

t · , ho ever, t i im lit th t, a long as more discri­

minating nomencletur h a not b en tablished, hi tologicetl 

crit ri should ·Carry or weight in deciding the diagnosis, 

t han tinctori 'l niceties• r tbe condition obs rved in mice, 

t e only lternative to a~yloid at r e•n 1a nyaline dtg ne­

retion. i in tac wae t he d1egno is chosen by Twotf. and 

TY19r\ (1932) n by Gorer (1939). Thie choice, however, dis­

regard the fact t het histologic lly these infiltr tions do 

n t res ble any fo of byalin degeneration known in human 

tholo y, .hile h y are highly imilar to amyloidoeia. 

That, or over, with certain technical spec ficationa, 

tinetori&l similarity is lso e on trable, is a s conOary 

on only r peeking . of ou e yloi 1 • · 
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1• His\olpg c 1 cbat!steristics 9t emxloid 

infiltr t1Qn in aenile mice. 

h g ner 1 eh ract rist cs of amylo d inf1ltrat one 1n 

e nil mic r i iH1r to h t i nown from hum n pathology . 

This cone ns her l tion to ·vascul r lls ·nd per v seular 

s ec , the accretion to or nfiltrat on bet een collagenous 

to renchymal 

etlls• Y t histolo ically lesion in mice ditt r in v rioua 

r p et from co p r&bl conditicns in m n, 

fro th following deacription · • 

will b pp rent 

• Ki<Jn1ys . A ong th org ns ttected by n le a yloidosie, 

the kidn y oft n are o t consp cuou because or secondary 

eh n broug t &bout by amyloid deposits in th renal papilla 

re rt• by IWlu (1944 nd 1949)11 ylo d . y ppe r · in 
. 

tb mou kidney at 3 s tee: t he glomeruli , the int r titi 

of cort x arld dulle, nd the int rstitium or the distal part. 

of th ~en l papilla. The 1 tter site i mo t co on nd lead 

to the gro sly d cernible le on fer bich __ (1944) pro- . 

ed t n m p illon phri i • n sh~rt the p t.ho,g nesi ot 

h s le ion i a follow • ylo id is de · si ed in the inter-

ati i 1 . c be't ·een t h p pillary ducts nd le ds to 

fu ction l im 

c n 1 • t 1 o d 

th l 'nle loops in 

o~ the rif c a of the ter n l xcr t.ory 

, of cour e, the c pillary v · ls and 

i region . .. >1gns of obstruct on of tubular 

ow nsue, viz• 11 tat on nd a.trophy of he tu les en 

i l t ion of glo · ruler c psule• • P rivasculer infil tr t a 

of lym hocy t nd 1 cells re frequent inding . ln so • 

c t nk yelon brit w th l uc c1 ic inf1ltrat 'on y 

b p •nt, but thi occurs in 1 t t g s ~nly and olearl7 ia 

0 s conds~y n tur • e pill ry tip een h l undergoes 
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complete necrosis. Atrophy and deaquamstion of tb epithelia 

l vea an amyloid lf.eleton of the origin l structur hich 

becomes washf!d out, losee it ete.inabilit;y nd io finally 

lougbed ctf. ngitud in 1 sect ons ot th p pilla t various 

t ge of this prooe s ar eho in the paper ·of Gorer (1939) 

nd 1&ml. (1944 ). n addition our figs .~Ji.- y illu tr te 

th natur of th e changes. Parenchymal atrophy in the cortex 

usually tarts in e•like reas , but fin lly involves the 

entir kidney. ~Y then the kidneys are slld.lll and pa_l nd studded 

with small cyst , originating :from glomeruler c psulee. There 

usually is little fibrous reacti.on: the tt carredtt ar s consiet 

of just a ponge-like net110r of reticular fibre between wh1ch 

the tubular celis h ve atrophied. The glome:rul r capsule- cysta 

how consid rabl v ri tion in size and 8$ lead to detin tely 

~ystic kidneys, to which tubular dil tation also contribut • • 

Th tendency to cystic d formation appears to be genet cally 

d termined , as in some strains the small atrophic kidney is 

the ·u u l in l condition• while in others large cystic kidneya 

are trequ nt. In both conditions myloidosis of the papilla as· 

described above i invariably found. lts role in the p tho-

n sis o the e lesions is mor ower demonstrat by the fact 

th t thi amyloid infiltration is first observed in otherwise 

s yet oo plttely normal kidn ys, while the cortical cha e 

duelly dev lop a necresie of the pa.pill. progreaees. For thi• 

process , to which a c nding infection y . dd a second ry pyelo-

n phrit c sp et, papillonephriti 1s a very apt expression. 

B s dee the papillary deposits , amyloid s otten found in 

the glo ruli, while someti~es the co~tical int rstitium between 

the tubules y el o he affected. A stated by~ (1949) 1 

the e 3 site may b infiltrated U1er together or independently • 

rt 1 our ex ri nee , however, tb t in 11 c ·s wher the 
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lo ruli ar affect d, the papill too .ill how som d gr•• 

of myloidosis • On the other h nd, sever p pillonephrit1 ay 

ocou:r ithout glomerular involvem n.t. This is h t. h ppens in 

str in A mic s f ound by G.s>r•i: (1939) t U\mD. (1944) nd our-

s lv • Some d on t he r l t ve por ne of the 3 e.ites ot 

en 1 yloidosis ~ ~ r g v n in ~G:: a- The condition is lways 

bil t r l, thou h ditter nee 1.n th d ee o t d m ge to left 

d r'ght ki ey r ott n aeen. n th diff rence rio 

pr f renc for ith r side w found. In seri s of 108 

pa ill on phri tic mice, or in ta.nee, we found the 1 ft kidney 

mo t e r iouely d m g in · 32 caae , the r igbt idney in 25 c ea ,. 

hil in the r ining 51 c es both side r equ lly affected• 

Sex differ nee w re not obs rv , the incidence of ro 

apilloneph iti being about ual in m l s n fe lea of . he 

me train t the s m g level. 

Finally it hould be noted th t pract1c lly 11 renal 

mylo id. is. rel ted to e pillary v• s ls only. n t com rativ b 
rare c es o i .nt ratit1sl i:nf'iltr tion of th cortex or p:roxi-

l 11 s 11 vei m y b involv d, ut th art r es ar 

co pletely in · et, nd o r the t~ n rteriole to 

myloi~otic glo ruli .Ciig cc); 

I, M 14en .ls• In the a~ n .ls too, emyloid is related to p ri-

""ap ·11a:ry cea. t i found pecially ·in the perim dullary 

zon•. wher.e a band of vascular reticular tissue se.psr tes the 

corticel an m.ctull ry rt ot the mou Q , ena1. yloid is 

i:rst found as an ccret1on to the r ticul fibre just out-

s e the capillary nd.Otbeli • ter th e vessels are eur-

roun d nd co res ed by thick nd of am lo i~, and rophy 

ot 11 c lluler elemen in this zon n uea • in lly amyloid 

y pread into th p ripheral cortex, urroun ing nd c using 

Wopby of cortical cells· The medulla is ld.o tt cted• 
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dren 1 e yloid is alway bileterel, except in v ry early etagea• 

J.t shoul b not.ed th t the development of the perimedullary 

zone ia subject to a ex ditterence because t ia inti tely 

related to th d velopm nt nd uba qu nt involution or the 

tran i tory or ' zon " ot th adren l cortex. A8 deacr.1b•d 

d v lop in early postnatal life in both aex e · nd n mal•e 

r grease round 4 weeks whil .in re les it continues to 

gro • ln mated e lea this zone deg n re.tea dur g the fir t 

pregn ncy hile in vir ins its regreaaion starts t around 

11 w eke. n ome inbred str 1na this dat ,ey even be further 

p tpon a re rted by e de ene ting 

X- zone is r laced by ,loose r t1cul r tissue with e rich capill• 

ary -n t rk, which s p t a the medulla trom the final d.Ul t. 

co· t. Jc. •a use of t e ex itt: rence mentioned bove, thia 

eri dull ry zone in adult mice is mor rk. d n re than 

ill males. As adrenal a.myloid preferably infiltrates in this 

perimedullary a4ne, such infiltration is usually more extensive 

in female than in malt -mice of the same age and genetic 

constitution. Yet the total incidence, as distinct from the d1gr1t.. 

of amyloidosie 1 ia similar in males and females, especially in .. 
the highest age groups. The condition is illustrated in figs. 6-10 

Ill. Otatitlt Hy lin1eation ot the corpora lut n ageing mice 

bas been described by Feket1 (1946) and by Wl.IJl (1948). From 

tlieir esoriptiona n ho (1946) 

it is clear th t these lesions ar identical to tho•• observed 

by our lv• ('fhung 1~1· 1956} but hich we claa ity as amyloid · 

for the .ree. on given in I 3 · In tact, the corpora lutea are the 
.,mul t.iple( 

m in s te of ovarian myloid in ic • lt tart 

pe tc ea which even in early ta es enchro eh upon th cytoplasm 
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of th cor pus luteum oells~ which i greduelly repl ced by 

amyloid ateri 1, nucl a_r x-emn .nt oft n b n the leet trace 

of the origin l structures• This probably led e11t1 (194 ) to 

assume c llular proce S• ~ (1948) 9 bowaver, d scrib d 

vs eul r nd periv scul r origin, nd in our o xperi nee too 

rly tJ yloid p tches m y b found surrounding capillaries 

within the corpus iut • this r l tion is not every- here 

d on tr bl , further spr d along interc llul r spaces m y b 

ssu d ( figf. :t.':fr.,) • n extrem.e cases the corpor· lute m y be 

tran to ed into und amyloid 88 8 -iB mbi Sb eel ej @ieetjon - . . . 

Fek1~e (1946) r el t d the tend ncy to 

v lop thi "hyalinisation" ~ the ag 'of the corpor lut , 

hile l&.&1l (1948) demonstr ted th t the age or th an al itself' 

was also involvea• Strain differ ncee, indice ting g n tic l 

facto~ , r noted by both authors and con1"1rnt d by our own 

oba· rv tions (Thµgg e.a, 1956) •. 

A yloid depo its may also ~e fou~ in the ovarian tromat 
.. 

surroun iog small blood vessels. At suoh sites small art riea ma7 

sho 1nvolv ment ot . the muscl cells of tb , tunic& medi • The 

origin ot these d 1 i n lways cle r • Be ides r mnante 

of former corpor lutea,. atr ic t'ollicl a probably contribute 

e amyloid infi.ltration b s been ob erved in the thecs int rna of 

th ea e s tru.e tures • 

Iy. Te§t.es . · ore than ny of th other or :ns stud· _d, the tea­

te oft n how heavy va cular nvolve nt not only of c pillar ee 

a small v nules but al o .of small and m dium sized art r S• 

In these~ myloid infiltr tee in the tunica media , cau ing atrophy 

ot tb mu cl o lls. rth r spread of th mat ri l through the 

1 t. rstiti l ti sue le ds to trophy an gr du 1 d isappe ranee 

o L y ig cells (f • .t;l~ •• ) .Am;yloid may l o be found infil· 

. t.retin b t e n the coll g nous f1bre·e ot th tunica albuginea , 
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especially where the latter is permeated by small blood vessels. 

Inside the basement membrane of the semil'l1ferous tubules amyloid 

was never observed, which is consistent with the supposed 

· avascular nature of these tubules·· · 

v, Spleen. As amyloid infiltration in the spleen ot senile mice 

i's largely identical to that described in experimental amyloidoaia, 

hich is well documented (e.g. Kuczrnsk.1 1922, L•ttere·r l92fit­

Jaft4 1926, Gr ayzel e.a. 1934), a short description may here 

suffice• The site of preference are the perifollicular venous 

sinuses. From patches in these parts, on the boundary of red and 

white pulp, the infiltrations develop into rings surrounding the 

follicles, while in extreme cases the red pulp is entirely 

replaced by amyloich In such cases the lymphat.ic tissue is com .. 

pressei into narrow stranda surrounding the arteries. The 

arteries themselves are surprisingly little affected. 

VI. Liygr. For descriptions on amyloid in the liver we also 

refer to Letterer (1926.) and other authors on experimental 

amyloidosis. 'l'he infilt:rations start subendothelially in the 

port 1 venUles nd from here spread ~long the hepatic sinusoids, 

causing atrophy of liver eells· Usaally, however, in senile mice 

there is little spread beyond directly periportal areas. Some 

authors r ,eport the ' central v ins to be the site of preference in 

experimental amyloidosis (Grayztl e•1• 1934, Lfttyalahti 1953) • 

It is possible, however, that differences in nomenclature are 

in.volved. 

VII. Intestinal wa.11, Heavy deposits may occur in the st.romal 

tissues o t ·the intestinal wall· !Ym'l ( 1944) described infil trationa 

in the stomach, . duodenum· and colon. Varying in intensity• the 

con ition probably exte~s throughout the entire length of the 
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intesti~ 1 c n i. In our experi nee di tal pa~ts ot th small 

intestine are mor heevily affected th n th duodenum • In t.be 

ileoco~ al r ion t he villous stroma ott n ho ed extreme myl­

oidosis (figl • .,!Z....). Tb infiltration starts round capillaries 

nd small v nul a, arterial vessels often rem inig int et. 

yloid infil tration observed n h he r of senile 

mice spre d long capill ry and lymph tic sp ces, urrounds and 

c u s trophy of mu cle fibr a, end leads to eimil r pictures ae 

in hu an cardiac amyloidosi (Jo1selsq~l952 9 • 1955) • 

Cont ry to b hu n condition, however, s 11 nd edium sized 

rte:ri s som t m s were little affect dt even in c s s ith 

arked pericepillery inf ilt tion. 

r, Other § ites • my lo id was observed 1 any o t.h r o rg ns of 

s nil m'e , on om ot hich, ho ver, mor -0b er tion r 

r quir d. u · in t , p ncr e wi e pr ad in r t ti 1 infil tra• 

tion y occur, but involve ent of the ngerh ns 1 lets has not 

y t been en. The thyroid often hows .heavy infiltration, lf ding 

to trophy nd n crosis ot the follicular epithelium The inter-

titiu. o t e s li¥ ry land y lso be ff cbed• ln the 

c ntr l n rvo sy tem amyl oid has a et not been observed. It 

i oft n und b tw n the layer of the yometr um, hil in the 

vag inal 11 sm 11 blo dves la y b ff cted· In any of these 

or ns th r ef renc for cap 11 r y nd venous ve la ag in was 

not . . 11 nd ed iu s iz d arteri s y lso b n'lolved, but 

larg rt ri and eopecially the aor ere l ys intact• 

tion shoul d b m ot the fr quent and h avy involvement ot 

t t ti sue • H re e find typic 1 r lik d pos t co~ering the 

t e lls ·wbich r e also kno n in human p thology, ere th y are 

time h ld to be ty :teal or pr ary ylo ido i (DehJ,in 1949) . 



... 17 ... 

These de · it. hav been cited to cor.robore.te theory on 

e ic llul !' entsis et myloid (fe\era 1921). In our opinion, 

how ver, tb•Y ete.rt. around capillary vetu1elet their ep1celluler 

loee.lisation being due to ae'°ondary apr.ea ing el n lymph tic 

s ce ~ t':lge , , ) ;, 

o~. condi t.ion should be e . P t 1 ta inclusion among 

myloid oh. n e · i dubious. n t.be skin, apart fr-om invclv ent 

o aubcut n ou . tat nd: small blootl vessel , hee.vy ccreti.Ons 

my foun ag . . in.at t.h@ b sement bre.ne ot the cutis and. the 

h ir follicles, which are hi rhly similar t.o the myloid ma t r·i i . 

owever, in old mic u.n f'fectad by s~ylo ido i · this baeement 

m . ran ia lao oft .n con i rat>ly woll•n • In thes lattev 

ea es this mey be accounted for by tbt appoeition of' collag~\l• 

m te:rial , t-eco 1eable b · he vy qoll•g•n . teining r ct1one and 

mark d birefringence . The r l tions bet t•n th a l ttez• proceaa , 

an t he condition 1n yloidotic mice, in which the ma ter dl 

sta:tna l ·g tly ith c~ll·a en stain 1 ere yet unk.nc • 
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5· train A&t 1rtnc1s in tbe incidence Qd 

r!lstribqt.ioD ot ttDi1.• em11Q i;doa&s in mige, 

lie port ne of g n tical cto 1n th occurr~tnc• ot 
yloid in eing ic tr t by (1944) ho re• 

ported tr in t r no lD the incidence in 2 nbr d str in 

and one group o hyb 1ds• tstgg and Per~nger (1 43) co pared 

t ns 1 th high nd w th low incid nee n t b r mutal r1 and 

2 hybrid nd backcrosees r th to er to th ir en 

tr in • They tound a recessive endelian inh ri nee or th 

tendency to d v lop yloid in tb duodenu , the ple n nd the 

idn y • or ov r, th s 1 ion appeared to d pend upon on 

common g ne~ 
~ 

The tollo 4a-le1 y lluetr te our o find ings r _gar-

ding t incid nee and di trib tion of senile rnyloido is n ome 

inbre strain nd bybridi tions. The d cone rn ixed groups 

o l nd f le mice , ex ift r ne s w r not f'ound xoept 

of_ course in sex d p ndent organ diacue ed. bove. 

Table l a mon t tea th ge fi ctor in he 1ncid nee of r nel 

pill ry .yloid in (020 x PBAt) 1 hybrid•· 11 degrte e of 

el7 r co i able p illonepb~itis were eor positive , 

r n ing from Ju t n op qu · p pill ry tip in itb r on or both 

kidneys, u . to co plete necrosis of tb p pill wi ever 

reneh 1 trophy• Cystic cheng e r unco on in thes h;ybr da• 

the death i-at b lo 20 month is gl gible, tb d up to 

th e of 1 onth re on an l which ere expressly kill d 

o t h purpose• Up to bout. 18 months th pill ry eh nge 

re never ev re , nd d t. etion ot eortic 1 1 u · 

xc ion i. bov ontbs , ho ev r , heavy pillon phr1t1c 

w r fr t. n tact th • idn y les on ar ong the 

t requent c s of d tb in thee hjbrid 1f llow d th r 
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tur l lit p n. The nim ls thu ttected how m rked igna 

o ren 1 ti ilur polyur•ia, poly ipsi , ed a n cite • On 

eh ng s in r n l nction in pillonepbritic ice we h ve 

re orted els h re (Thung 1956) • 

t> imil r d t on th dren 1 re g ·v n in tabl 2, indic tinS 

the incre ing uenoy ot m croscopic lly d tectabl a yloid 

in th s or na a the anim ls ag • 

J. en tical f'aotor involved r illustr t d in t. ble 3· 

The da conce:rn mice or v riou 

F1 hybri , •11 over 18 ont.h old• 

here. s in th to er t bl t ther 

f'r uency and th severity o t the le 

train nd group of 

t hould be noted th t 

e pa 11 1 b tween th 

ons in var us group • 

.n 020 nd CBA m1ce b vy degree ot arenchym destruction were 

n v r een, bil old (C57B~ x A) 1 hybrids usually r 

h vily tfect d. n this l tter up cyst1c· 11 tati n of 

tu ul e n glo erul r c psul s 1 · :r.re uent. C57BL and m ce 

hold id o ition between he hybrids nd the oth r inbred strain• 

It is r markable th t the incidence or papillonepbritis in etrain 

is much lo er th n reported by J21mD. (1944) or by Gorer (1940) • 

~uch dif'f'erences r rob bly in part scribable to nvironmental 

differ nces• Hest9n e.a .• (1945) tound that changes in the co po• 

sition of t.he diet influences the frequency of amyloid leeiona 

in train A. 

Our findings on th incidence in F1 hybr de and th ir par nt 

strains se to disagr e with the conclusions of H.e•ton and 
Der~wr1r (1948) rega ing a r ce ive inher~tance• Y t we th1nk 

th t the finding of thes ·authors and of ours lve re not 

n ceaear ly cont dictory, for while ren l a yloid is eldom found 

n old DDAr 'mice, th an l h ve h h ineid nee of yloid 

A9filtration in other org na. App rently not only the incidence 

of amyloido is show str in ecifici.ty, but lso th distribution 
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of the amyloid m t ri 1 in th ·body is gen tic lly condition d• 

1 

1 finding, which o cour 
/t' -lt! 

illu · tre t d in m. 4:. 

co~lic t g netic 1 d due ion 

1 ~~ gives da on ome org ne 

in which my oid s diagnosed microscopically• .-nie FIPOt~~•s•• 

~Y• val-\le eeeatts• am:;ylc id ie 4iet.ieibtited r-ather ev:e:nly &e 

d-eseFihed i& I 4, In t11e overite, l'iowevtP, a m1,;1ch h 1gher tase . 

ifte1dence is tu be expected end was ha tact fottnd !la 81'9\lps ot. 

- ....ae•i•lly aeotieneEl ew.riee, aeea\lee am~oi4 ia ot'ten coutht$! 

te tb e eeFpePa l\lte&. n thi m terial too, th trequ ncy ran 

p rallel to t.he ev rity ot the 1 si ns. lt ppears that DBAt' 

mic , in which no s ly recognisable ren l ylo1d was f'ound 

( ble 2), sho d marked amylo1d infiltration r the · dren 1 

nd · th o r1 •• 

Compar ble 
the 

te trcm other uthors r~ports by @orer 

(19 0), ;Qmm. (1944), nd Heaton and Dtringer (1948) on the 

frequency of renal lesions in ag ing mic of variou strain • 

Gorer (1940) scribed p pill ey necrosis in at.rain A and straib 

C57 L, and glom rul r hy linization in tb latter tr in only. 

th 1 ion r hiotologically identiv l to what is h re descr 

ed s yloid· On the ovari s there are r port by Fe efte (1946) 

nd by ~ (1948). Fekete (1946) observed "by lin1zetion« ot 

the corpora lutea in mice and aacribed this condition to a 

del. yed involution or. the corpor lut in this strain. Sb did 

not t nd it in C57BL ov ries• !Q.tll (1948) found "hyal1n1z tion 

and gelatiniz tion" in th corpora lute s w 11 in inter titial 

tie8Ues of the ov ry in 8 inbr•d atre.in~ including C57BL• Data 

on stra·in ifferenc s in th tr qu ncy or adr n 1 myloid ar 

iv n by JU,1ia01ll •••• (1941). 
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from the observations reported here we ay conclude th t 

in senile ice diversity or genetically conditioned patterns 

et a yloid distribution exists• or cour e any more data would 

be r quired to p out the e va~ioue patterns in ditte~nt 

inbr d strain • Yet it is clear that, while 11 str in observed 

thu . far er potentially 11 ble to dev lop am.yloid infiltration 

in old age, in eom the di trib\ltion and severity of these le-
. . 

ions re ucb as to conati tute a m jor c us of d ath, whil• ""' 

other myloid depo.sit are incidental and relatively nsign1· 

f1eent. 
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Ju t a o t amylo id f"D . a tion in general, th hogeneeia 

of the amyloido is d cribed here in eenile ic i e y•t un­

known. w ver, it po 1tion s a pathological concept may b 

~ r · fi d by discuasio» o it r latl.dD to xperimentally . 

induc d amylol osis in ice. The ai ilarity o t both condi t.ione 

is p"a:rent fN> the. hi lo of the· organs involved. As ear11 

author · lik.e {1897) .were int r ted only in whether 

ylo d induction was eucce tul or nott L1tttter (1926) ia 

ong th first to give adequate hi tolog1cal details on exper1• 

m nt .1 e ylo1doe1 .tn mic•• Hi observation on the stainin 

r~action and on the histology or myloid in the spleen 1 the liver 

nd the kidneys ar in complete gi:"eement with our findings as 

r oorte above , and ao are thost of' Smttano {1925) t Jatf4 (1926) 

n others. ~ (1944) noted that tb ee author 1n e rly •tagea 

rePort cry lline deposite which •h• did not obe rve in un• 

tr t mice. n our txp rience th vegut brush- and needle-like 

outlines deecrib d by thee former authors my sc et· ea be 
• 

oun in senile amyloidoeia too (fig./&.). t ha been cl ialed 

to• hum n myloid th t the impr•••ion ot crystalline tructure 
I 

1 occasioned by reticular fibr•a bedded in the amylo 1d r ther 

th n by thi substanct 1taelt ( ig§lahi & ff.artwiQU 1954)• In the 

cas of early experL'llentsl depo its th suggestion ot @a,lx (1916~ 

th t proc••••e ot fixation ttc. are r eponaible for these 

tructur• , seem or probable. In our opinion this m y be true 

l o for simil r · tructure observed in senil yloido a• 

Another apparent ditterence is th feet th t experim n 1 

yloi osi 1 often localized in the spleen only. Th livtr and 

h kidneys m y . 1 o btco involved, but· tur-ther epre O is 

el o r . ported .. Thi ha 1 d to th s es ion by Qwm. (l944t 

1948) that. th rel tion bet.ween xperlLm ntal nd epont.aneoua 
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myloid in mic m ht be a ilar to ~at betw en secondary and 

primary amyloido i in m .n. H111Qn @n<l P•t!DSU: (1948), rk.1ng 

on the g netioa of spontaneous y10·1doaia in ag 1ng 1c , care• · 

fully excluded tro th ir at ri 1 all nimala with . yloidoaie 

soribabl tolcutaneoua abacessee , d rmetitis to. n such nimala 

th a ·1 en s found to b . 11JOre oft.en atf'ected tb n in mice with 

the so-called p~ ry type of myloidosis• 

ow in human pathology it 1 recognized th t the istinction 

betwe n im r n econdary ylol&>sia i ao ewh t artificial 

ther 1s· much Qverl pp1ng ot thee conditions and ny c eee 

re nots rietly _clnssit1able under itber beading. ~•condary 

amyloido 1 ie otten found to b t•primary" in it distr-ibution 

or t sin ng r•actions, while pri ary myloidosia y often show 

loc l eatione of the"s ~on y type, s i pparent tro the 

r vi w of !lthaw (1954). ~ (1948) h a aptly rgued that the 

immediate c uae ot the amyloia intiltrat1on la ~ at as unknown in 

sec.ondar_y e n ri ry amyloidosie• Thi cla eit;Lcation rely mark.a 

our cut•neaa in di cerning condition which pley ome part in 

t prob bly co plic ted cau al eh in l ading to myloid deposi­

tion. ith progreaa in r search, · uob cl e fie t on theret'ore 

will b ve to b alt re • Such progi-ee 1a illu trat d by the 

r cognition o~ chronic rh u toid rthr-itie con~it on h1cb 
' 

pr diposes to ylo1do 1 • ile qu·1te recently thi rel tion 

only h si ntly suggested <tr go(t •·•• 1944), it· now 

incree ingly recognised (Ge4d• 1955) nd even pl ya an important 

rele in modern th ories on the mech ni ot 7101 .. ol"!D tion 

( 1952). Thus th~ r ge ot conditions hich are known aa · 

o sibl cau es of tlsecond ry'* amyloido is 1 dually 1dening. 
. ~ 

noth r illustr lon of t h arbit ry na ure of such classitication 

r the amyloid depo its in ea••• ot ultiple m7elo ta• Her• · the 

diet:ribution and a ining properti usually r . of upr ry" 
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type, nd th • second ryn n tur of' the condition w e not 

recognieed up tc 1931 (Y,snua- Lev:x) . At pres nt1 ever l rietiea 

of ' r ary .. nmyloido 1 gradually ernerge , uch s c rd.1 c amylo1d 

r lat d to old e ( 1955) , ylo1d wit.h nervoua system 

involve nt r 1 ted to g n ical con titution nd dietary factors 

(d ilva_Hort:a 1955), nd 111 l amyloido ie ith renal> 

l n1c, hep t c nd r nal involvement (Oster g 1950 • n 

hort, former bdivieion beco increa ingly unt nable nd 

t b t yloi osis now comprises broad sp et.rum ot conditions 

hicb r b hly v r·abl in m ny re pect , but be we n h1ch 

g t u l ov r l pitlg_ and m ny transitioaal forms are found. 

Simil rly in mic t w think a strict diviaton bet een se• 

condary and prim ry myloido is, as advoc ted by Hap\Qn and 

irnpr cticable for the following re sons . 

ri n 1 yloid induction in mic is very un pecif c 

roe • lt ha bee~ r alised ince th wor or PAYidsooo (1897) 

t.ha t ice ar exceptionn lly. susceptible to myloidosis • which 

· is tb ve'f*y r a on by tb y art the xper ntal ni l of 

choice in amyloid r•s arch. Other nimels used for this reaear~ 

include rabbit nd cb.ickena . In so e species, however, amylo1d 

fo~ tion is very ifficult to induce. LQJ•Obkt (1927) end 

GtJlyztll (1934) .u in e e• n injections ; got no yloidO ia in 

r t • rl.y exp ri entora found. that c via • re i-etx-aotory to 

myloid induction (c • the x-ev1ew .by L\lbor1gh, 1897) , nd only 

ui e r e ntly ha th fir t uceeeat\11 attempt on th peciea 

b en r ported (PiJ=ani '''' 1949 ). ic ., how ver, ho very 

ready t ndency to myloid development which i app rent a lso 

ro th 1 e r ng of procedures bx bich myloidos may be 

induc in t he e n.t ls• o cit f w: tter the injec ions ot 

b cteri 1 culture , de d or liv , or rly uthore <Pmx~slsobn 

1891, Frank. 1920, 1924) c me t.h ad :ini t r tion ot c sein 
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(lucs.rnski 1922) which 1 now universally practi ed. Other protein 

pro ucts, however, lik g 1 tin nd egg protein ( tterer 1926) 

di the trick a ell nd so id inorganic subst nces like 

colloidal sultur (Letter r 1926) 1 phenolic nd s line solutions, 

nd ven deatilleted at • (Letterer 1934). eanwhile it was 

found th t yloido is in mice m y also b c u ed by t r paintiilg 
who 

( P4aer].ein; 1926. Al o Twott and Twortu 1932,"\1.J e the ter:m hyaline 

di e ), or by gr fted tumours (Lubarech 1910). yloidoais in 

cyst1cercus-atfected mice (Bene11i apd Daggi 1952) also belongs 

in thi olass r incidental findings. n eXperimen 1 amyloid-

re arch the usual procedur at present is to give ndard 

series of casein injections as ba ic treatment. Additional treat­

ment is then uperimposed and the depressing or enh ncin effect 

upon. amyl oid induction i observed. n tbie way an myloidg ~ic 

eftect was found to b exercised by incr ased room t per ture 

corti one or ACTH (Teilulr 1952), nitrogen mu tal'd 

(Teilum 1 54), vitamin C deficiency and TSH (Qotila '•'• 1986) . - ' 

The common tact.or disc rn•d in all these procedures varies 

with th advocated theory O? amyloid torm ion. It hes been 

conclu th t any nt di t~rbing the collodi l bilit.y ot 

eru prot in ay occ ion process s ~f protein bre kdo leading 

to di turbed antigen- antibody relations nd amyloid ~o · tion 

(Letterer 1 34). Recently Letterers theory on ntigen-antibody 

r 1 tions in connection itb &myloid is b ing reformul t d in 

t ot exh uat1on . ot ntibody- f'orming potenciea of mesencllym&l 

{r ticulo• ndothelial) ce~l• (G§asner c .a. 1951, i..olxgl@llti 1968) 

or of perversion or suppression ot the normal metabolism of 

pl s a cells (Teilum 1952, 1954) •· Ho ever this ey be, for the 

pr nt pur~ose it uffices to note th t in ice ucb div rsit1 

ot roe ures leads to 1dent1c l or cloeelJ r 1 ted amyloidot c 

on ition • App rently the 't. shold to a yloid formation, 
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wh tev r it mechanism, in mic is so low as to ma.ke amyloidoais 

quit unspecific reaction. Ot thia readily elicited reaction• 

th condition in untr ated ageing mio in our cpinion is Just 

nother m nife t on. 

It this i true, no strict separation should- be found bet .. en 

exp rimental end s nile myloidosis in mice. Yet experimentally 

indUc d amyloid shows a mor re tricted range of d str.ibution and 

is usually concentrated in the spleen and the liver. Senile 

a yloidosia on the other hand affects practically all organs, and 

the involv ment ot spleen and liv r may be r lativ . ly slight. 

However, th~ differ nt distribution n experim ntal ylo1dos1e 

may refl ot the teehniq t of the xptrim nt r tber than the n ture 

o'f the aegener tiv proces • en amyloidogenic gents are given 

or llYt th lesions may be confined to the liver t a found by 

Hux:ata ang YpaJ:likaya (1927) te ing mice with ver14>u forms or 

silicate. Using subeutaneous 1nJ ~et.ions, hort terrn exp rirnenta 

di olose involve nt of' the spleen only. Lat r th liver and t.be 

kidney . my be attected too(L•~tercr 1926). In protracted experi• 

m rit ; however, oth r organs become involved and th distribution 

b co lncr singly similar to .thet of amyloid in untreated old 

·.mic • Thus tt1rr4 (1926), administering daily casein injections 

or u to 100 days, found involvement ot inteatin , htart and 

o ri in his oldest groups• It appears that exp rimental myl­

oidosi , w ich init1all7 m y reflect th m tbod of' its induction, 

in chronic forms h bly r embles the senile m7loido is ot 

untr ated miee. Anotb r indie tion of the basic imil rity of 

thes t condi tione is the ob ervation by (1925) that 

in old ic yloid induction succeeds or rapidly than in 

young n'im&ls. oreover, Just as in senile amylo1dosi <--.i~-...... ~ 
1945, Hcs!Qn pd Derin&U 1948) 1 ~P rim n l e.myloidosis also 

dep nd upon genetioal nd dietary condition • Lotterer (1934) 



- 27 -

. t'.r that d1f'f r nt bre d ot ice m y r et variably to the 

reatment, nd seve l autho~s have d ons r ted th intluenct 

of di tar;y r ctor u on the incid nee ot casein induc 4 a yl• 

oido i (Ljttcrer 1 34, Graxz111 • · •• 1934_, nd Simon 1934) • 

m r oing we y conclud th t, ju t in man , w find in 

ic e r nge o eondi ions b tw n b1eb gradu l t n itiona 

x:i t n h1oh th r for , nd bee u e of' th 1r oom on biatclogi­

, c 1 eh et ri ties, ere rang d under th t yloi o 1a. Sucb 
in 

yloido i ey b licttd in pe cute ~o ~he experiment.a 

ot (1. 24) and Letterer (1926) who cl d to he.v en . 

myl id ithin e inute att r intr venous nj et. on ot 

bacterial u n ion nd protein solutions r SP ct1v ly . t m ¥ 

leo dtv lop or chronic lly in th JCP rim nt i th repe ted 

subcuten ou ea in in ction , or in n ls we k.en d by 

·nting, tt Cl tumour tc• e cited abov • "in&lly it y 

occur 1 , in t'o un i t )lin '1u hehl tro t letter con-

d 1 ion , n unt.r t g i:ng ice . Her we M¥e llu tr-atively 

u e t t ' n1l " an " n neou -« yloi o is• ell 

r 11 in t of cou?' ricu tactor ill b oun(l to contri· 

bute th c usation ot t i Condition. 0~ thet1 r kn wn 

alr y: net.1e 1 k up and d!etary h bit of th n1 ela •. 

Oth r fee , lik nvironmen 1 t mpe ture and n idity, nt eric 

p 1 tc. remain to be an lysed. Y the t et 

he tb ea · my.lo id 1.n t"11 t.r t.1one ccumule t• it uch regul ri ty 

in untre ted old mio , incr a ing in both frequency nd eever1 ty 

e th 1m 1 ag ,. entitle u to call i a fo or nil 

d g n r on. or h t la is en. c nc , biolo ic lly p king , 

but th adually .impairing tfticiency of the or ni in th 

int rpl y ot g n tie l d env.ir-onmen l proc sea. 



... 28 -

Ae by s$n1l ylo idoe ·a "' underst nd the occurr nee ot 

emylo1d depo it in a ed ubJ et without one of t well k.no 

causative diseases, in th discu• ion of this subj et ntion 

bould b~ ade c'f the cone pt of prim 'rY a yloidos · in general. 

The id (not the nam•) o nile mylo i osis stems trom §9Xi.a 

(1 76} bo mention d tb unexpla1n d occurr nee of id spread., 

tbou b of't n light am;ylotd de~sits in a d subJeeta, o'ften 

wi c1 l pretel"ence for the heart. He. epec fi th cases of 

· n 8 · y r 01• temal nd .n 81 ye .rs old mal ubjeot• In those 

days, bowev•rt th discuaaion round amyloid wa entirely do inattd 

by 1 ts causal rela ion to tub rculcaia nd o·ther bacteri pro-

ce . ea, and tven in 1904 ijqbmidt, waved as id th notion of e nil• 

or other tt ,spontan ou 1 to · a ot amyloidoeia. n his opinion uch 

ce s bould b cribed to chronic. enterie inf ct1on or ther 

b .c eri l diat at • 

Th cone pt ot am11o1d deposits without known cause became 

1 ly bli h d sihc tht pe;er ot L»b•rseh (1929) who cited 
' ' 

ll c s up to th n r portea and described 3 ot his cwrh Theae 

ea e er dis tinghuishe trom clas teal emylo1doeis by 

l· Atypi\'?al loceli ti n , · the spleen · nd liver being unatf'ect.ed. 

wh.ile fo!' :tn nee the lungs, muscles• in.testinal wall and the 

heart ott n were involved· 

2 , Atypical taining reaction , especially with the iod ne met.hod.•~ 

3. Absence · of ny ot tbe known ,causative 1 eases. 

J&)>arsch regarded these c sea as in•e:rmediary forms betwetn claaai• 

c 1 g ner 11s d emyloid.oeis and local tumouroue amyloid deposits. 

lt 1 note rthy th t h0 s.lre y desi ted from detail . claasifi• 

e ion b c u o t the ndamental igno;r nee on the n tur o t amylo id 

intiltr tion. Since tb n l rge number f e sea complying to the 

eh raeteristice mtntioned by Lqgarsch (1929) has been reported• 
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In Ge:rm n lit r tur th n me paramyloidosia, etre sing t.he 

t yp ical localia tion and ining reaction i t fr qu ntly 

us • Anglo• xon author u ually speak of prim ry yloido is 

wh ich e ph siees the un no c u l relation • hi differ nee,. 

nd t et that,mor ov r , the lie tion of both t rm vari a 

with t he r onel vi w of th uthor on th clae ifio tion of 

y i do is, cooun tor so var iabi l i y in th t ri 1 covei-ed 

by variou r ·ewe given through the year • Ho ever, to mtn\ion 

a f w: whil I&J:mr1ch (1929) ention d 14 e 

techet in 19 39 found 24 ce s, wbil Pfhl in in 1949 fi und 57 

r ort d ea e of prim ry yet mic emyloi o is11 Five yesre lattr 

t hi number ha iner ed to "98 (Mfthtwa 1954), and th l tter 

uthor there ore ob erv tb t prim f'Y sy temio . mylo1dosie is 

being identif ed with increasing f'r ency. 1rh1 incr will be. 

ev n more ark. d if r cently de cribtd varieties are taken into 

account; u b as th familial par yloidosi it.h periter l nervoua 

nvolv nt of whic over 100 cases ar o · in Portugal (di Si&Y• 

Hort.A 1955) or the . iltel prima~y yet m c a yloidoe s on which 

c inical ob erv ti ns ~e at p~esent b ing d in the United 

s tet•. (Blogk t•f!.1 1955, Jao&uon t•f• 1956). 

or th resent purpo e two observations are r l nt, the 

fir t of which is the high incidence of cardiac myloid in primaJ-7 

· y t ie 1u11yloidoa1s, a\hews (1954) reported mycc t"dial loc li-

s tions in 72 of 98 cas s, t h next organ in fr> u ncy. ot involve• 

nt being the spleen with 40 c ea. Clinically too, cardiac 

sy to s r o t n dominant (Lindsey 19 >.seoondl7, 

it h b n found that in other c se , which er oft n not includtd 

in b revie on ysternie primary yloidosis, t heart ie the 

do in nt or ven th only site ot ypic l yloid nfiltration, 

nd t h t t his usua111 concerns old patient • Thus l1.0& (1948) 

:report d 5 p ti nt i th typical myloido i conf1 d to the heart 
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nd the lung ·, which were all over 83 years old, the ver s• age 

b ing 87,8 years. or comparison we ay ention that n ~&t.b•!I~ 

revi (1954) th verag · ge of all ea es or pri ry aystemioc 

a yloi os 55 94 y&arth ore deta on tb occurrence or pr.i -

y ·. yloidos1s in the b :rt in ged person w r g1v n by 

Jossel,son •·D• (1952) 9 hil r cently th s subject was r v wtd 
I 

y I!Usselrnenn (1955) ho himself found a 16 % and 10 ~ incidence 

reap ctively in m l s and f'emales over ?O y ars old• Though the 

h art in the e c e is the in ite 'of amyloid infiltration, 

small bloodv ss le in other· organ · often are lso atf et d and 

l!d1eelma,nn (1955) points out that there 1 no sharp distinct.ion 

b tween this senile cardiove.soular· amylo1do .is and the cases ot 

g n r lised typical amyloido is with heav;y cardd.ova cular 

involv nt. Incidentally, tbi conclusion 1 substanti tion ot 

§Qy a 's (18?6) tentative rem rkal In short w'"' may conclude that 

t h h art is mo~e ~b n oth r organs d1spoa d to typical amyloid 
parti~i2ation in, 

infi tration ,. as 1 · appar nt ():'om i .t1 trequentvcase of general-
.i..mm_l Y.filIL@J:....) . 

;J. d prim ry mylo ido i and lso fro 1 ts eoli tarnncasea 

h r · other organs r little rtecte~· ln tbest latter cases old 

ge m rg s t etor in th as yet le ly un·known patb.ogenesia 

of the condition. 

thi context some other ·report.a relating emylo id iO ageing 

hould b · ent1oned. · In 1927 ninx aaae~tetl t.bet t.he substance 
j 

occurring in the brain in senil p.laques and in the lesion ot 

Alzh imers dis a ·e a.re ident.ic 1 or aimil r tQ e.myloid. This 

ob ervation h s be n support d or op osed by s v ral authors, as 
. e.a. 

cited by 111mehf?{1954) . Ree ntly DiYJ!:X (1956) h a umrn rized hi• 

findings ~egarding cerebral amyloid in g d subj et • Besides 
' 

s nile plaques and Alzheim r lesion t this includ eh ng in 

m ning l vessels nd p r!eellular depo ite in the choroid ple~ua. 
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In the akin myloid deposits in relation with old age have 

b n oba rved by FrGdenthel (1930) and by W.& (1952) •· In th•a• 

c see; however, other pathological prooeese wer al 1n\rolv d·· 

!Qxl· (1952) re rded th amyloid change as en e.xpr ••ion of 

bolic disturbance in the ground ub tance caus d by cutane• 

ous arter1oscl rosis. 

Ge411rst14t (1938) claimed that the o-c lled hyalin• 

d g n r tion of .Lengerhan • 1 lets 1n th p ncreae constitut•• 

a loc 1 mylotdosi • Th1 lesion usually occurs above th age 

of 50 year , and is not nee esarily aecompani d by di b tee. 

Ge1~9rst1cu, (1938) 1 whose obee,rva tions were confirmed .o. by 

yan Beet ( 939) and At.IX, (1943)t deecr1bed peric pill&l'*y d posit• 

in tb isl t, which gave positive a~ylo1d staining r ctions •nd 

hich c us d trophy of the isle ~c ll•• Gtlltrsted\ (1938) tound 

a 46,3 % :Incidence in a series of 110 autopsi a on pel"sons 

b tw en 60 n4 90 years including only 3 diabetics• Ven Bte~ (1939) 

found 12 ,5 Ji insular myloid ill ii6 non-diabetics ov r ~ yeare, 

~ ...... (1943) 16,6 ~ in 114 non•dieb tic over 50 y ars old• The 

latter utho:rs sugg t rel tion with scl•ros1a ·or small pan-

ore tie veae 18, uch as 1 also descr ibed by uthor which do 

not ·reco 1z . the. amyloid. nature o t these l ions (Moagh90aiU 

1956) • Gclleratedt, (1938) f'ouna no rel tion betwe n insular 

myloid and vascular sclero 1s and deeoribes the condition ae 

an instance of senile myloidosis. 

Another instance 1e the condition d scribed in the seminal 

vesicles by Ptu!••ll (1941). In g neral1eed amyloidosis th 

semin l v siclee m y sho va cular and periv ecul r infiltration. 
~-· ~ . 

l n cas of isol ted mylo~dosis of the e inal vesicles, 

how ver, the m terial occur in strands an patches dir c:t.ly 

bene ·th · th epithelium, s has lso been described by Lub1i:1ch 

(1930) • Bur••l.1 (1941) found that this l tter condition· io 



- 32 -

fairly frequent. in old r ubj cte, l 19 1no1denc being f'ound 

bove t,be age of 50 y ars. Th f'requency bet. • n 76 nd 9 years 

C 4,2 ) was aignifie ntly her than between 4 ·· nd o years 

(7, 7 ~). The author discuss d nd excluded possibl c use lik 

infl atio·n m •C 11 proliferation t nn t so 
unkno g •dtp ndent eh nge in loc l protein boli m. 

In p ing ent.1on m$y be made ot 2 ee. s ot i ol_EJttd amyl• 

oido i an n crosta ot the re~al p p111a in g d P.etiente wit.b 

py lon phriti ( 1J,lgre11 a.nd Redel]., 1940 ). The author discuaa 

th · po ibl r l tion witb s .nil myloidosia, but d tinit 

conclu ions could, of course, not be drawn fro e rare ea ea• 

~u 1sing w m y conclud that in hulJSn pathology tb r e 

v l indicatione et yloidogenio tendenoiee 1n old ge• eat 

documented is th eeee ot cardiac mylcidosia (fft1ast1mann 1955). 

1 co ition ergee into the w 11 •• bli hed p thological entit7 

of pr ry yete ic mylcidosis with heavy c rdi e involv ent. 

The l tter dis·eas m y be r garaded as mor extensive &nd ott n 

r 11 xpres ion ot the. aenil• eondition analysed b7 W1101-

Ul!1Ul. (1955). eth r nil• ea iec a yloido ie and th · other 

1 ion n ion d bove occnu- comb1t>ed or ind pendentl7 1 unknOwn, 

b c us ystem ti co bined invee.tiga tione on all organs cone rned 

h . v not yet been on • It is po•aible that variou pattern ot 

nile emylo dos1 exi t t comparable to the strain 4itfe:rencea 

ound n senil ic ( 5), ntion should be m d of e fo ot 

gen r lise my lo idoe 1 frt uent in ortug l which in o e r ape et.a 

how recocious nd extreme m nitestations ot lesion b1ch in 

t r form may occur ee a en l condition• ln this di ease, 

hich probably ·i en ticlly cond1tiontd 9 ' w1deapr d amyloJ.dosie 

i found at young agee, wi tb tnvolvement of the peripheral nerwua 
" 

y tem. Tb heart 1 lso h vily n:tiltr t.ed, nd it or in-

ter st. tb t the c ntr l nervou system le ions imilar to 
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senil pl qu s re observed. lntil tretion of p ncre tic isleta, 

howev r, e as y t not oba rved1 and in. the semi 1 vesiclee 

th amyloid depo its w rt ot the perivasculer type (da SilX& ff9tta 

1955 ) •. 

Fin lly it houl o · stresstd that the uae ot t he term senile 

amyloido is does not 1 ply any causal· explanation• t only indicate• 

th t in the e cond1 t.iona the aa yet unkno.wn aetiological fact.ore 

beco e cper tive or anitest tn old age. Tb t these taotora the•• 

elve r no trictly ege•dependen.t 1 demonstrated by the forms 

or arly "primerytt amyloidosis cited above. In this r spect too, 

tb "tu tion i i ilar to t. is tound in mice, tor 1n this 

p ei th er1. ntally induced emylo1dc ie may be regarded •• 

precocious v&ri ty o t the a nil cond1 tion. 
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On atnil yloido is in other animal than in ice littl 

1 · 'known~ Thie. i not. becau no mylqid occurs. but r th .r becau•• 

tb g• of t he an a.ls concerned otteo 1 un nown. or ov r, 

report on old nimals g nerally · r care , whil · finally in 

many pecies 1 t is uncert.ain at wh t g . th 

o i pplic bl 1 s data on long vity 

t X"W. e nile MAllo£4 

re 1 eking. The toilo• 

d t ay, · how•v r, be relev nt to the pr sent theme. 

n r•v1ew on · my101cros1 in · nim 1 , Wlrrt c1eaa> entiona 

11 c of amyl0id0.sis in dog t in 6 of hich no cau tiv . di• 

ea · ••• found. o t ot theae nirn la were of adv~ctd ag , llld 

the kidneys wer it of pr terenoe, though. the liver, the apleen, 

nd tn a t w caee · th adrenale were lao involved.. 

h author (HJ«r-n,1933) deao.ribee som case of 

prim ry yloidosia in hore••• with marked cutaneous depo 1 -. 

ppar ntly spontaneous myloid~ . ic le ion si il r to the well 

known c9ndition 1n horses used for the pr duction. of antisera 1 

w re fi er•ly k.nown to occur a.n c•riain r gions · of Russia (AQd\ 

1928). 

n cattlt 1 amyloido is, aJ,nly of the ~idn YSt is quit 

fttequent. The anim 1 usu lly of aovaneed • nd whi 1 tile 

condition ott n i aecribebl to mutit:i.s or other di a •t in 

ome cases no c u tive di ease is fbund ,(Pi:w•ur« 1930, BJlrn 
'1933}. 

Other d t from H.11JtP 's (1933) pap.er include n old otte:r 

with gener 11 ed mylo .idosia, no c uae being e ted 1 and a 14 

y . re old tome tin which entertti nd c b · s w re held to ba•• 

o use amylo ido i • ln t.hi connection the cas o t R;t>ar'h (19~ . 

may b mention d who tound amylo d i .n th islets o t :ng rhana 

and ln m ll p ncr tio art r1es in a 10 years old tome t, no 

oth r org ns beJ,ng atfected, 
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rimary amyloi :oeis h been reported a a c us ot d t.h in 

t nrece (Qaman Hill 1955). The liver show d heavy d poaits nd the 

ki n s w r 1 o involved. 

Gil lman and @ilbtt\ (196 ) give xttn 1ve d script.ions ot 

ri ry syet m ic amy o ido i in 4 fe l baboon • The e of these 

nim ls varied .betw n around 6 end 13 year • lt is ot inter• t th \ 

in th ~ cas•e t here was mark.e cardioYPlecular involv ent. The 

aut or d cu th e\iologica.l poss bilitie and suggest that in 

thi eie cyclic n por.t · nd r distribution ot interstit.ial 

rot~in , aeoci t with the c clic a•ell and subsequent involu-

tion of th sex kin of th fe al an ale, ay involve a disposition 

to di turbanee n protein etaboli ot bich myloid deposits •81 

be outcome. 

re thes rsndo d.a it appear th t ·1n various anim ls 

yloi oai b found without known c ua tlvf dise se, and that 

th condition is often not narplJ dtmaro te tro a con ry emyl­

oidosis, er. th o aes ot dogs, hors • and cattle a cited boVt• 

H r .too, the te rimar;y amyloi o is ju t ndic te our ignorance 

o.f the u l :rel tions in uch case · . Fin lly here too indications 

r round, though lighter than in hl.iman nd mou e thology tor 

t.h r on e ted bove, hat. old age y in ome of th se c aes 

he involved in the as yet ·unknown etiology. 
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~. Concluaiona. 

e v e cr1bed and cit d inst nces her in g ing 

org nisms unexpl in d d rang nta of protein m boli m l d to 

infiltration in v rious tissues for which mylo1do is is the 

only fitting di gno 1 • 

t h been pointed out that the term a ylo d, though of'ten 

instinctively oeietecl with the diseastt econd ry to chronic 

tub rculosi te. , in fact covera a w.14 spectrum ot conditions 

of v ri d fin par ly unknown et1oloa. Though th anatomical 

distribution nd the chemical char cter1st1c or the d posits in 

t¥t~ b a~fikii¥oil~f~ha' dl~e ei'irr.i~~C~igtp~~~Ctkfi~i\1&~i1i?5isMt 
b twe n he differ nt types of mylo id die s , to ao e degrt• 

justify th~ use o oommon d nominator. Thi i nece sitated, 

mor ov r, by th pr nt lac of a mor disc.rimin t ng nomenclaturt~ 

du n part to th limit t:lone ot our routine opt c l nd 

tinctori l m thod , 

Ot the various types or myloido is some are d · stinguished 

by th eombin tion of unknown etiology and a h b ag ot the 

bjecte concerned. That this oo~bin tion i far from rare, ia 

w 11 st.ebli hed in n and in ice, h l in oth r· nim l ita 

occurrenc is probeb e too. To these case , in which as yet unknown 

c us 1 f ct<>r J" eo ehow linke to proce ses of ing, th 

term enil myloidosie is. ppl1cable• In its · dev lopment 9 as in 

any biologic 1 or tholog ical prcces , genetic l f . et.or of 

course· pl y part. Genetic 1 d f'terence t ft r all, cau e mice 

to develop uoh condition fter 2 and en t"ter 80 years• Genetic al 

factors too are · involved in t h anatomic 1 distribution or the 

ubs nee in. d iff ren st ins of mic · or differ nt human invidua11 ~ 
~och 

Genetic 1 factors, tin lly, c us ice to b o'YffiOr liable than 

oth r 1 ho tory mm 1 or man to dev lop myloidosis, wheth r 
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a tter experim ntal tre tm nt or ,. apontan ously'• in old. e. 

ln bre ding in ic has provid d us with ome train in 
~ 

hioh th tendency to dev lop enile yloidosi is gen tic lly 

c cone ntr t d to con titute a m jor caus of d th, while 

in oth r s rains uch tendenci e r practically eliminated• 

It i to b x tted th t comp _rativ •tudies on uch at~ in 

will h -- 1p · to n ly the etiolo y of senile amyloidoeis and the 

variou orm it may assume. Thie 111 be quit con 1 tent itb 

th l ing rol which ic have h d in amyloid re earch since 189~· 
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An nalys1s of the gene 1 histological ~nd t1nctor1el 

queliti a of widespr ad protein deposits of unknown causation 

in old mou ti sues, reeult ' d in the d iagnoses amyloid intil• 

tretion (I 3). Th hi tologic 1 characteristics ot this intil• 

tr•e tion r de cribed tor various organs (I 4) , and data ere 

given on the frequency of the lesions in some nbred strai na ot 

mice <I 6). It appears tbat in some atr ins my oidosi ie a 

maj or cause of death in old age, while in others the findings 

ar slight and incidental only. The rel tiona between 'this een1l• 

amyloidoeie end experimentally indUoed amyloidosi in y~ung ice 

are iecuased (I 6) 1 nd it i concluded th t no strict distinction 

between both condi tione exists and that the latt r ay to 011• 

degree b regard d ae a precocious to"2 ot th tormer. 

imilar :ttel tions y be tound • H1i1\ in other species: 

various forms or s nile myloidosia in an r discussed, and it 

is pointed out that some of these are closely related to cer in 

forms ot pr1 a y systemic amylcidoste at younger ages (I ?) • The 

r l tion between primary an~ secondary amyloi osi are lso. 

d i cue ed and it is concluded that the ten11 a yloidosis covere 

a 1de r n of di~ r nt con itions which are linked, however, 

by var ious trabsition 1 form • In this r ng senile emyloidosia 

h e it plac a a variety in hich ae yet unkno n caueel tactore 

ar linke to proceas a or geing. Such senile myloidosis occurs 

in m n, in mic , nd probably in oth~r nimels too {I 8), but in 

mice 1 is or f;t-equent nd ore s enable to re ea.Pch than in 

other mammals (I 9). 
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. TIQl• .1. 

Incidence or grossly d . onetrable renal amylo1doa1a in (<>20 x · tl'1 

· hybrids at various age levels. 

Ages 

o .. fa • 
6-12 m. 

12-18 ID• 

18• 22 • 
22-.24 m. 
24- 26 ·a,_ 
26·28 m. 
28- 30 m. 

Number o t miot 
obaei-ved1 

25 
20 
10 

a 
21 
62 
28 
14 

Q I 

Pereenteg•. ·•bowing gross 
papillonepbritis or papillary 

mylo.id 1nf11 trat1on in 
on1 OJ! bot?} kidQtYS' 

o• 20 S Killed expertmtn\ally, 
20 s 

50 ~ 
86 % 
87 ' Died or killed 
96 i in extremis. 

100 j 



lncidence of myloid in the drenale ot (02-'J x DBAt)F1 h1brida 

at various e levels~ 

A $1 Humber of ice P rcentage with 
ob erv.cts adrenal yloido i I 

e- 6 m. 7 0 
6•12 m. 10 0, 

12-18 m. 13 31 % 

18-22 !lh - -22-24 m. 13 54 J' 
24•26 tn. 76 ' 26-28 m. 4 87 ~ 
2 O m. 25 96 



Incidence of groeely d onatrable renal emyloidosia in inbred 

mice over 18 m. ol • 

tr in or Number o t m ic• 
hybridizationt observtdt 

Og.o 65 

(~0xDB-'f )Fl 121 

l'JBAt 25 

(C57BLxDBAt)F1 25 

c57BL ·10s 

CBA 58 

A 44 

Percentage showing groee 
papillonephritis or pap1llery 
amy1o1d infil tr tion in 
001 or bo\h kicJn•xl: 

17 % 

88 ' 
0 % 

&;.. $ 

56 % 

5 i 

48 ~ 



Fig. 1 

Fig. 2 

Fig. 3 

Fig• 4 

Fig. 6 

Fig. 7 

Normal renel papill in an adult (9 m.) mouse• 

( Strain O~wt beematcxylin azophloxin, 200x ) 

Aroyloidotic renal papilla in a senile (25 m.) mouse. 

( Hybrid F1Co20xDBAr), Mallory ' a connective tissue 

stain, 150x ) 

ouse kidneys cut longitudinally and stained in 

dilute Lugol'& solution. 

( Hybrids F1 <~oxDBAr), 2,sx ) 

l ; Joung (S m.} mouee with normal renal papilla• 

2-4: Old mice (20-26 m.} with papillary amyloidosia 

and incre sing degrees of 'pepillonephritis"• 

2 : o gross cortie 1 le ions. 

3 1 Cortical atrophy and small glomeruler capsule-cyst.a 

4 : Severe cortical atrophy. 

0 Papillonephr1tis" in a 24 m. old mouse. yloidotic 

papill and wedge-lilt corticel atrophy with some 

glomerul r capsule-cysts. 

( Hybrid FiC02()XDBAf}, allory's connective tissue 

.st in , llx } 

Amyloid infiltr tion in the adrenal of a 25 m. old 

male mouse. 

( Strain c57BL, heematoxylin azopbloxin, 150x } 

Corticomedullery junction in norm 1 adren l of an 

adult (10 m.) male mouse• tdullary side marked • 

( Hybrid F1 <c57BLxDBAt>t haematoxylin azophloxin, 600x) 

Corticomedullary junction ith incipient myloid 

infiltration in a senile {26 m.) m le mouse. 



Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

ig. 13 

ig. 14 

Compression and atrophy ot cortical cells. 

( Hybrid F1 <02oxDBAt) 1 haem toxyl n azophloxin, 600x ) 

Amyloid intiltr tion in the adren 1 of a senile (28 m.) 

remele mouse . 

( Hybrid F1 <o20 xDBAr>, haemstoxylin Congo red, 150x ) 

Corticomtd6llary Junction with perimedullary reticular 

zone without amyloid in a 20 m. old rem le mouse. 

( .)tr in c57BL, h matoxylin ezophloxin, 600x ) 

Perimedullary r iicular z6ne with incipient amyloid 

infiltration 1n a 25 m. old re le mouse. 

Perieapill ry myloid leaves cortical cell intact• 

( Hybrid F1 Co2ox:DBAr) , haem toxylin azophloxin, 600x ) 

Amyloid int'iltr tion in corpus luteum or a 27 m. old 

mou e. Compression and trophy of lutein cells. 

( I ybrid F
1

Co2oXDBAr)• ham toxylin zophloxin, 320x ) 

C;rystallo1d patch or e yloid in testicular interstitium 

of & 26 • ol ouae. 

( Hybrid 1 (o2oxDBAt) t haematoxylin ezophloxin, 1500x ). 

Amyloid infiltration of testicular interstit um in a 

27 • old mouse. Amyloid caua a compression and trophy 

of Le i cells. ell arterioles are involved, while 

segment ot sem1nir.trous tubule is ho free ot emyloid. 

( Iybrid. 1 <o2oJCDBAr>, · iallory • s connective tissue 

s in, 600x ) 

ncipient amyloidosis in the spleen ot 23 m. old mous• 

The diatI'ibution is typic lly perit'olliauler, as con• 

traste to the usu l pattern in human yloidosia• 

( Strain c57BL, ha• toxylin azophlox in, l50x ) 



Fig . 15 

Fig. 16 

Fig. 17 

egment of an mylo1dot1c fo1liole in the spleen in 

a human case of pulmonary tuberculosis with gen ralia•d 

aecond ry amyloidosi • Amyloid surrounds the follicular 

rt ry end infiltrates the l.ymph follicle , es contrasted 

to t he foll1oular localisation in mice• 

( By courte y of Prot. Tb. v n Rijasel , Laboratory ot 

tholog1cel An tomy, Sta~e University, Leiden. 

Ha metoxylin eosin, 150x ) 

Remnant of lymph follicle in heavily amyloidotic 

pleen of. 29 • old mouse, howing intact foll cular 

rtery. C Hybrid F1 <o2axDBAt), combined elastin 

v n Gieson t in, 600x ) 

Amyloid int1ltrat1on in the liver of a 24 m. old mouse. 

Amyloid typically surrounds the portal venules, s con• 

trast ·d to the pattern in prim ry amyloidosis in man. 

The hepatic arteries er not discernible at this magni-

f1eation. f1cation. ( Hybrid F1 (c57BLxDBAf)' ham toxylin azo­

phloxin , 150x ) 

Fi • 18 Li .Ver trom ea e of hu an g eneralised primary amyloid• 

o 1 • Th · hep tic art•rioles show myloid infiltration 

while the rtal venules r main fr••· ( By courtesy 

of Prof. Th. v n RiJss 1,. Baematoxylin eoein, 150x ) 

Fig. 19 

Fig. 20 

D t il o eri ortel area in the liver ot a 24 m. old 

mouse, sho ing ubendothelial amyloid in the portal 

venule • while the hepatic artery reme in intact. 

{ Hybrid F1<o
20

x DBAt)' combined elastin Congo rtt4 

ta.in, 600x ) 

ormal duodenal villus of a 4 • old mouse. 

( Strain Att allory's connective tiesue stain, 600x ) 



Fig. 21 

Fig• 22 

Fi g . 23 

Amylo.idotic d:Uodenal villus of a 29 m. old mouse. 

( Hybrid F1 Co20xDBAt)' Uallo~y's connective tissue 

stain, _eoox ) 

I leum ot a 28 m .. old mouse with heavy amyloi&>eis of 

the villous stroma . 

C Hybrid F1 (o20xDllA~), baemstoxylin Congored, 150x ) 

Strain ditterences in organ .aistribution of senile 

amyl eidos :ls.s. nat from groups o.f mice over 18 m. old. 


