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SUMMARY
AR

Renal digease is of major importance in the dog, in
terms of both morpbidity and mortality. However, while
the last itwo decades have seen great advances in the
knowledge of Human and certain experimental animal
nephropathlers, very few in depth investigations of canine
renal diseases have been published. In particular, despite
the promipence of glomerular injury in many canine
nephropathieg, this process has largely been ignored. Ia
Pari 1 of thig thesis, the literature on the most important
canine nephropathies,viz: interstitial nephritis,
glomerulonephritis, amyloidosis and suppurative nephrc-
pathies, was veviewed. An attempt was made to highlight
the most important gaps in our knowledge with particular
reference to pathogenesis of the leglonz and morphological
c¢hanges in the glomerulil.

The most common cause of renal failure in the dog is
¢hronic interstitial nephritis. In Part 2 of this thesis
the first debailed combined light, colectiton and lmunos
fluorescence microscople study was carried out on this
nephropathy ag it ig described in Bwitain. Tn addition,
elution studies were performed to invesgitipate further the
immunopathology of the kidney. The diagnosis of chronic
interstitial nephritis was found %o cover a heterogencous
group of dogs. 0f the 30 cases studled, 24 were probably

the result c¥ previous L,canicola infection. The

remaining 6 cages appneared less likely to have resulted

from L. eanicola infection, but no posiltive evidence

emerged to implicate another cause. Bowever all 3Q cases



were alike in vespect of immunopathology: neither
autoantibodiss noy immune complex deposition played a role
in the severe vrenal scarring that charascterized these
cases,

Recently a morphologically similar nephropathy, chronic
glomeruionephritis, has been described in the dog. 10
cases were studied with the same techniques as listed
above, and lnciaded in Part 2 of this thesis, for a
comparative evaluagion, In contrast to chronic inters
gtitial wnephritis, chronic glomerulonephritis is an
immunologically mediated nephropathy, in all cases
wideagpread deposits of immunoglcobulin and bound complement
were present iun the glomeruli. in 9 cases granulay
depogits were found, a pattern highly suggestilve of the
iovolvement of immune complexes. In the remalning case
linear deposits were present along the capillary walls, a
patiern suggestive of the presence of anti-glomerular
basement membrane antibodies, but this was not confirmed
by the elution gtudies.

Despite this difference in aetiiology, both nephro-
pathies were characierized by the Bame progressive scarying
and obliteration of the glomeruli. This process was
described ipn detaill in Part 2 of this thesis for the first
time in the doag. The major components of this process
were found to be a) thieckenlng, wrilnkling and duplication
off both glomerular and capsular basement membranes,

b) expanslon of the mesanglal cells and matrix, ¢) the
deposiiion of fibrin obliterating capillaries and leading
to the formaticn of capsular adhesions, d) the formafion

of collagen particularly in the urinary space,



Iibrin deposition appeared to play a major rocle in
the progression of glomerular scarring. This conrcept has
been supported by studies on several experimental animal
models, but nonc of this work had ever been carried ocut on
the dog or the results applied to canine nephropathies.
Therefore, Part 3 of this thesis was devoied Lo a combined
Light, electron and immunofluorescence microscopic study
of two experimental canine nephropathies characterized by
fibrin deposition in the glomeruli. Iin the first, a trang-
ient pericd of glomerular thrombosis, resulting from
disseminated intravascular coagulation induced by Liguoid
(sodium polyanetholsulphonate) injection, was followed by
mild focal glomerular scarring. in the second, seveve
diffuse glomerular scarring followed a prolonged period of
extengive fibrin depogsition ianduced by nephrotoxic seruam
containlng anti-glomerular basement membrane antibodies.
Thus in both experimental immunological and non-immunclogilcal
nephropathlies glomerular scarring, similar to that
encountered in both chronic interstitial nephritis and
chronic glomerulonephritls, followed thé depogition of fibrin
in the glomeruli, This gave credibility to the view that
Tibrin deposiiion plays an important role in the progression
of glomerulaxr injury and obsolescence 1in chronic

nephropathies of the dog.






Renal disease is of wmajor importance in both veterinary
and Human medicine. In Man, although the mortality rate is
not striking when compared with heart disecase, cancer and
cerebrovasculay disease, morbidity is high (Robbins 1967).
Thie, plus the faect That present day management of cases
relying heavily on dialysis and ftransplantation is expensive,
means that renal disease is a heavy burden on the world's
medical resources (Wing 1977). In the last twenty years a
vast amount of research has been published on Uuman and
experimental animal renal discase, and the use of wmodern
techniques'such a8 electron microsceopy and immunofluorescence
in this work has led to great advances in the understanding
of the pathogenelic mechanisms operating in the various
nephropathies. This is particularly irue with regard to
the role of immunological mechanisms and the reactions of
the glomerulus in glomerulonepbritis, the commonest human
nephropathy (Kerr 1875).

in veterinary wedicine, renal disecase in the dog is
one of the major problems that a small-animal practitioner
neets. Bloom's survey of 1939 (Table 1) and the records
of Glasgow Universiiy Veterinary Schoel (Table 2) show
that, not only is clinical renal disease common, it is also
a major cause of death. In addition, Bloom's 1954 figures
(Table 1) show that when sub-clinigal lesions are taken
into account a much higher overall incidence is found. The
figures summarized in tables 1L and 2 show that in contrast
to Man, chronic ilnterstitial nephritis is the most important
canine nephropathy in terms of both a sub-clinical lesicn

and as a cause of prenal failure. However these figures



were from higtological studies and no recent surveys using
the more modern lnvestigative technigues of electron and
immunef luorescence microscopy have been published, The
application of such technigues in recent years has led to
an increasing number ©of reports of glomerulonephritis
(Kuartz et al., 1971, Murray and Wright. 1974, Rouse aund Lewis
1975; Mtiller-Peddinghaus and Trautwein 1977a,%). Whether
these reporis reflect a genuine increase or just a greater
awareness that glomerulonephritis can occcur in dogs,
coupled with the increasing use of immunofluorescence and
electron microscopy in diagnostic work remalns,to be
determined, However, alibough glomerulonephritis is
probably more common than was once thought, interstitial
nephritis is sitill regarded as the commonest cause of renal
failure in the dog (Morrison and Wright 1976a).

The number of vecent studies on the whole range of
canine nephropathies is still small, andalthéugh‘much
experimental work has been done in laboratory animals
elucidating mechanisms of renal and in particular
glomerular injury, litile of this has been done in, or
applied to,the dog. Thus at present, knowledge of many
agpecis of canine renal disease, particularly concerning
the pathogenesis gnd details of glomerular injury, is
incomplete and considerably behind that of Man, This
thesis is8 an attempt to remedy this situation and the fivst
part is a resume of the salient features of the major
canine nephropathiez with particular emphasis on the
glomerular lestions. Becnuse of thig vemil, nephropathies

where the glowmerulus is not involved i.e. primary tubular






TABLE 1

Ineldence of Renal Disease in Dogs

VPPN At FEATIUATNGD 4 A i gl PP P e P e Sy bt TR Ll TP

Published FPigures

BIOOM (1939)

i} Incidence of clinical Renal disease

Number of dogs examined elinically 4,123
Humber of doge with c¢linical renal
disease 274 (6.6%)
Mortality rate in affected dogs 25.5%&1%;
274

ii) Diagnosis in YQ uraemic dogs

Interstitlial nephritis 62 (88.7%)
Suppurative nephritis 5 ( 7.1%)
Nephrosis Z { 2.8%)
Amyloidogis 1 { 1.4%)
iii) Incidence of Won~clinical interstitial nephritis
Number of dogs necropsied 200
Number of dogg with focal interstitial
nephritis 108 (54%)>
BIAOOM (1954)
i) Incidence of various renal lesions
Interstitial nephritis - in all necropsies 55%
in animals > 8 years 80%
in urgemic animals 9%
Pyelonephritis - in all necropsies 5%
Tocal emholie nephritis "not uncommon'
Glomerulonephritis "rare’™
Any loidogis "parve™
MONLUX (1953)
i) Incidence of various renal leSions
Number of cases with distincet reunal
lesions 305
Number of cases with "nephritis” 321 (81.3%)
Number of cases with metabolig,
neoplastic, degenerative or
congenital lesions 74 (18, 7%)

LT



1)

TABLE 1 (Contd)

O AT RS T TR

Diagnosis in 321 nephritic cases

Interstitial nephritis (including
guppurat ive nephritis and
apecific infections)

in2lammatory vascular disease
{glowerulonephritis, infavction
and "goelerosing nephropathy®)

WETTIMUNY (1.863)

i)

Diagnogsis in L78 dogs with a
histological lesion of nephritis

Chronic lnterstitial neplhritis

Acute ivterstitial nephritis

Primary plomerulay disease
(glomerulonephritis, amyloidusis,
lipidosis)

Pyelonephritis (Including 1 case of
tuherculosis)

Embolic unephritis

283

38

27
36

20

16

(88.2%)

(11.8%)

(54.5%)

(26.2%)

(11.2%)

( 2.0%)
( 5.1%)



TABLE 2

Incidence of Renal Disease in Dogs

Glasgow University Veterinary School

Pathology Department Records 1971-706

Total number of dogs necropsiled

Total number dying or destroyed with renal failure

% of dogs dying oxr destroyed with renal failure

Number of dogs with acute inteprstitial nephritis

7t 1" 1t

nephriiisa

t1 1t "
17" "” e

" Y ™"

e T tr

1" T L L]

TOT AL

>

T

b

qr

4!

sub-acute interstitial

chronic interstitial nephritis
chronic pyelonephritis

proliferative glomerulo-
nephritis

chronic glonmerulonephritis
nembranous gephropathy
amyloidosis

nephrosis

miscellaneous lesions

1633
110
6.7%

7 (6.4%)

3 (2.7%)
53 (48.2%)
7 (6.4%)

6 (5.4%)
9 (8.2%)
4%(3.6%)
7 (6.4%)
9 (8.2%)
5° (4. 5%)
110 (100%)

a 2 cases presented with the nephrotic syndrome.

b 2 cases of nephrosis complicating proliferative
glomecrulonephritis,

1 cage of nephrogis complicating chronic interstitial

nephritis,

1 case of cowbined pyelonephritis aund amyloidosis,
1 case of renal lymphosarcona,



PART 1

A REVIEW OF THE MAJOR NEPHROPATHIZE OF THE DOG




PRIMARY INTERSTITIAL DISEASE

Interstitial nephritis can be broadly classified as
being either acute or chronic, Acute cases are character-
ized by the presence of mononuclear cell infiltrates
confined to the interstitial tissue, while chronic cases
are characterized by progressive renal scarring (MeIntyre

and Montgomery, 1952; McIantyre 1954),

Acute Interstitial Nephritis (AIN)

The incidence of AIN is at present low in Great Britain,
probably as a result of wldespread vaccination against

Leptospira caplcola, the acknowledged causal agent (Morrison

and Wright 1976a). Bypically the disease is seen in young
(< 2 years old), male dogs from urban areas, and any breed
may be affected (McIntyre 1954).

Clinical signs vory from thirst and polyuria in an
otherwise normal dog to an acutely 111 uraemic animal (Bloom
1937, MelIntyre and Montgomery 1952, McIntyre 1954,

Wettimuny 1963). The latter doge are depressed, anorexic,
thirsty and olipurie, They often vomit repeatedly and have
a brown discolouration of the mouth. In severe cases
ulceration of the mouth and tongue may be extensive and
lumbar pain present; mortality in such animals 1s high,.

The pathological features are well known (Bloom 1937,
1939, 1954, Platt 1951la, McIntyre and Montgomery 1952, Monlux
1953, McIntyre 1954, Wettimuny 1963). Macroscopically the
kidneys are swollen and mottled with distinective pale areas
preszuv throughout the inner, and to a lesser degree the

outer, cortex (Fig. 1). In less severely affected animals



g v

Fig., 2

Acute Interstitial Nephritis

The kidney is swollen due to extensive
mononucleay cell infiltration in the
covitex and outer medulla.

case_&ﬁ.

TR WA

kidney is pale particularly in the area
of the cortico-medullary juanction, and
the cortex reduced in width. Small cyst
are scattered throughout the kidney mostly
in the outer medulla.

10






Fig., 3 CIN, Case 15

The most severe case of CIN seen in this study.
The cortex is reduced to a thin band, but the
kidney is normal in size due to: the extreme .
cystic dilation of the medulla,-

Fig, 4 “Inherited”_ﬁenal Diseage {(in a cocker spaniel}

W VT o S

The .kidneys resemble other cases of CIN except
for the extreme pallor reflecting extensive
renal calecification,

11






only a few scattered pale foci may be seen, These areas
are composed of massive cellular infiltrates composed of
plasma coells, lymphocytes and macrophages with only
occasional polymprphonuclear leucocytes, There is wide~
spread degeneration and necrosis of the tubules in these
areas but the glomeruli are unaffected,

Leptospirae can be identified in the urine (by dark
ground microscopy) and in the kidneys themselves (by silver
stalning methods) from cases of AIN (McIntyre and Montgomery
1952, McIntyre 1954) and good evidence has now been produced

to implicate 1. ¢anilcola as the causal organism, This

organism has been cultured from blood and urine of clinical
cases {(McIntyre 1954) and such cases are characterized by a
rising or high level (> 1:10,000) of serum antibody to it

(Mcintyre 139564), Protein eluted from affected kidneys also

contains high levels of such antibody while L. canicola

antigen can be identified in the kidney with immunofluores-
cence as intact and effete organisms, and apparently
phagocytosed by macrophages (Morrison and Wright 1976bh).
Despite this volume of evidence, conclusive proof involving
the consistent reproduction of the eclinical disease by
experimental infection with the organism is lacking, Many
attempts using various methods of culturing the organism and
various routes of inoculation, have been made (McIntyre 1954,
Jull and Heath 1959, Wettimuny 19263, Anderson 1967, Low

et al, 1967, Taylor et al, 1970) and although some of these
authors occasionally produced quite extensive renal lesions
(Anderson 1967, Taylox et al, 1970) the clinical syndrome of
renal failure due to AIN has never been reproduced

experimentally.

12



Further unanswered questions arise over the nature
and function of the cellular infiltrate. A recent immuno-
pathological study suggests it has two functions: loeal
production of anti-~leptospiral antibody by the plasma cells;
and phagoceytosis of cell debris and leptospiral antigen
complexed with antibody hy the macrophages (Morrison and
Wright 1976h). Whether or not some of the lymphoid cells
and macrophages are involved in cell mediated immunity has
never been investigated.

In addition, the possible role of autoimmnity 1s not
known. Torten et al. (1967 found the presence of serum
antibody directed against the renal interstitial tissue in 1 of
4 dogs which had been experimentally infected with

L.canlcola and they suggested that in the acute phase of the

digease kidney antigens could be released into the cireculation
go stimulating the production of autoantibodies which could
cause further renal damage. However, mo further evidence

has been published to support this possibility of an auto-
immune reaction, while Morrison and Wright (1976h) on the
other hand, failed to find any anti-kidney antibody in renal

eluates from 14 camses of AIN,

Chronic Interstitial Nephritis (CIN)

CIN ig vegarded as the commonest cause of renal failure
in the dog (see above). It rarely occurs in dogs less than
a year old and its ipcidence increages with age (McIntyre
1954), As with AIN, males are more commonly affected than

femaleg and there 1s no apparent breed susceptibility

(Mcintyre 1954),



The clinical picture is one of chronic renal failure
(Bloom 1937, 1954, McIntyre and Montgomery 1952, McIntyre
1954, Wettimuny 1963). Cases are characterized by
thirst, polyuria, gradual weight loss, pallor of the mucous
membranes, protelnuria and hypertension, If the animal

becomes uraemic (blood urea > 7.9 m.mol 1_1),

anorexia,
frequent vomiting (often containing bload), halitosis and
oral ulceration are then seen. In additilon, osteodystrophia
fibrosa is often present, and when severe this leads to
"vubber jaw" where the canine teeth can be moved in their
sockets (Platt 1951bh, Brodey et al, 1961).

Several detalled accounts of the pathology of CIN exist
(Bloom, 1937, 1939, 1954, Platt 1951a, McIntyre and
Montgomery 19252, Monlux 1953, McIntyre 1954, Wettimuny 1963,
Mackey 1965). The dominant feature is the replacement of
nephrons by extensive irregular areas of fibrosis
concentrated particularly around the cortico-medullary
Junction. This produces a firm, pale, contracted kidney
with a shrunken granular cortex (Figs. 2, 3). Microscop-
ically there iz extensive derangement of nephrons in these
areas of secarring while elsewhere the renal architecture is
relatively well preserved. Unlike AIN cellular infiltration
1z minor but small foci composed of lymphocytes, plasﬁa cells
and occasional macrophages are always present in the cortex
particularly in the areas of fibrosis,

Glomerulay lesions are a prominent feature of CIN but
they have only been briefly described in the literature
(Platt 1951la, Mcelntyre and Montgomery 1952, Wettimuny 1963,
Mackey 19265, Anderson 1968b). The typical lesion described

is one of scarring leading eveatually to complete glomerular
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obsolescencsa, The major Ffactor in this procesgs is the
progresgive accumiiation in the glomerulus of amorphous,
cosinophilic material: this has a staining reaction fow
{ibrin when Fivet formed but with time this alters and it
stains for collagen (Platt 1951la, Mackey 1965, Anderson
1968b). This material builds wp both in the tuft
obliterating the caplllaries, and in the urinary space where
it forwms capsular adhesions, BEventually thig resulis in a
non=-funct lonal glomerulus composged of a shrunken mass of
collagen staining material with few cells or capillaries.
As a result of this progressive destruciion of glomeruli,
those remaluilng show compensatory hyperivophy with enlavge-
ment of the tuft and dilation of the capillaries (Bloom
1954), A less common glomerular legsion is collapse and
atrophy of the tuilt accompanied by gross distension of
Bowman's capsule; coccasionally however, this may be the
dominant glomerular lesion (Mackey 1965, Anderson 19G8b).

A variety of changes are seen in the tubules and
collecting ducts (Bloom 1937, 1939, 1954, Platt 1951a,
Melintyre and Monbtgomory 1952, Monlux 1953, Wettimuny 1863},
in the cortex some tubules are compressed and atrophied,
others are hypevrirophied and others still are dilated and
Tined by atvophic epithelium 0 appearing cystic, Many of
the tubular basement membranes are also ithickened {(Plait
1951a)., In the medulla there ig often marked dilation of the
collecting ducts which way be lined by a single layer of
flattened atrophic epithelium or mmltiple layers of hyper-
plastic epithelium. Hyaline casts are commonly found at azll

levels of the pephvon, particularly in "ecystie" tubules and
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colliecting ducis. Granular casts arve less common while
leucocytes and erythrogytes arve only veyry occasionally
seen (Wettilmuny 1863),

Abnormalities occur commonly in the arteries and these
are asscciated with the presence of hypertension (Mackey
1965, Anderson 1968a). Two maln lLesions have been described,
Firstly, thepe is often hypertvophy of the tunica media and
hyperplasilia of the adventitial conneciive tissue of the
interlcbulay ayiteries; thickening and splitting of the
internal elastic laminae may accompany this change although
this 18 not a common feature (MeIntyre and Montgomery 1952,
Mackey 1965, Anderson 1968a). The other main lesion,
plasmatic vasculosis, can be present in the arcuate and
interlobular artervies and the afferent arterioles (Platt
1952, Monlux 1953, Bloom 1954, Mackey 1965, Anderson 1988a).
This lesion ig caused by the extrusion of eoginophilic
hyaline material into the walls of these vessels: thig
material stains for fibrin when first formed but with time
it undergoes a change in staining reacticon to that of collagen,
and occasionally deposiis have a mixed staining reaction.
(Mackey 1965, Anderson 1968a). The seveprity of the lesion
varies from a small subepithelial deposit lying on an intact
internal elastic lamina, through a largeyr mass causing foeal
necrosis of the tunica media, to rupiture of the external
elagtic lamina with liberation of the material into the
surrounding connective tissue (Mackey 1965, Anderson 1968a).

¥Finally, ecalcium deposits are often found it the kidneys,
particulariy in the basement membranes of the proximal

conveluted tubules, and Bowman’'s capsules, but all parts can



be affected (Platt 1951la, Bloom 1954, Ichijo 1966). Buch
deposits probably result from the disturbance in the renal
excretion of calcium and phosphate ions (Ichijo 1968).
Despite the high incidence of CIN there has been only
one nltrastructural study (frohn et al. 1973), However ,
doubts have been cast as to whither these were cases of CIN
(see below) so0 the ultrastructural features must be
regarded at present as unknown,
The aeticlogy of CIN remains‘an enigma, Most evidence
suggests that CIN follows a non~-fatal episode of AIN

assoclated with %L.canicola infection (McIntyre and

Montgomery 1952, McIntyre 1954). To support this concept
these authors described_s cases of non-fatal CIN which
died of renal fallure at varying times (4 months to 2 years)
after the acute illness. At necropsy these dogs were all
found to have CIN. In addition, a poorly documented sub-
acute interatitial nephritis has been described which is
considered to be an intermediate stage between AIN aud CIN
(Bloom 1954, Mackey 19635). Such cases have pathological
features 1in common with both AIN and CIN, with both an
sxtensive mononuclear cell infiltrate and widespread
interstitial fibrosis present,

However, doubt has been shed on the relationship

between L. canicola and CIN, as many cases of CIN have no

definite history of a prior acute phase (McIntyre 1954).

Moreoveyr, direct evidence ilnmplicating L. canicola infection

in chronic cases is poor. Leptaospirae are only rarely
seen Iin the kidney usling silver staining methods, and when

present are only found in small numbers (McIntyre and
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Montgomery 1952, Monlux 1953, MecIntyre 1954, Bloom 1954).

Reported titres of serum anti~),. canicola antibody are

also equivocal, MeIntyre (1954) always found a positive,
albeit low titre ( < 1:1,000) while Bloom (1954) stated
that titres were often negative. In addition, CIN is

common in Scandinavia where the incidence of L. canicola

infection is reputed to be very low (Persson et al, 1961a,
Krohn et al. 1971).
Begcause of thils lack of firm evidence to link cases

with a previous phase of AIN cauged by L. caanlcola,

coupled with the inability to reproduce the cliniecal
gyndrome with experimental infections (see above), several
workers have investigated the possible role of other
microbial agents.

Leptospira icterohaemorrhagiae has been implicated as

a cause of CIN by a Serological survey (Timoney et al. 1974).
These aunthors found a2 significant increase in the number of

animals with serum agglutinins to L, icterohaemorrhagiae in

a group of dogs with diffuse sub~acute or chronic interstitial
nephritis, compared with dogs with only small focal lesions

of interstitial nephritis or normal kidneys (23.4% compared
with 8.8%). However, Bush and Evans (1972) found no

increase in levels of antihodies to 1., icterohacmorrhagiae

in dogs with c¢linical signs of CIN compared to those
without such signs. In addition, experimental infection
of dogs produces only mild focal infiltrates of mononuclear
cells (Gleiser 1957).

Canine adenovirus (CAV) has also been implicated on
the basis of sevology. Both Bush and Evans (1872) and
Timoney et al. (1974) showed that dogs with evidence of
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interstitial nephritis had a serum titre to CAV indicative
of receant infection more often than those without. Bush
and Evans found such titres in 75% of dogs with clinical
signs of CIN compared wlth 40% of dogs with no signs of
nephritis, Timoney et al, (1974) found that 30% of dogs
with diffuse sub-acute or chronlc interstitial nephritis
at post mortem exXamination had such titres combined with

negative titres to L, canicola or L. icterohaemorrhagiae,

compared with 9.3% of dogs with only mild focal interstitial
nephrltis or normal kidneys. It is also known that the
virus persists in the kidney in about 70% of cases of both
natural and experimental infections leading to a foecal
interstitial nepliritis (Wright 1976), However, against this
evidence is the fact that repeated attempts to produce severe
interstitinl lesions leading to renal failure have always
failed (Wright 1976), In addition,Wright et al. (1976) in
a series of 8 cases of CIN found no CAV antigen in the
kidneys using immunofluorescence techniques, and antibody
eluted from these kidneys showed no activity against CAV.
Moreovey, Persson et al, (196la) found no relationship
between CAY infeetlon and nephritis in dogs in Sweden,

Fuarther controversy exists over the mechanisms acting
to produce the excessive scarring seen in the kidney in
cagses of CIN, To date two such procesises have been
proposed; hypertension and immune-mechanisms,

In Man, it has been recognized for many years that
hypertension ig a frequent secondary complication of renal
disease, and that it is instrumwental in causing furither

vascular damage and nephron igjusy in the kidney (Heptinstall
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1974). A simllar velationship probably exists in
interstitial nephritig in the deog (Mackey 1965, Anderson
and Fishey 1668), These workers found that hypertension
could be present in all stages of interstitial nephritis
and that the incidence inereased as the dogs passed from
the acute to the chronic state, in addition, this increase
paralleled the increase in incidence of plasmatic
vasculosis in the arterial systen. This lesion was seen
in all hypertengive chronic cases that were necropsied but
only in a proportion of the hypertensive acute or sub-
acute casges, suggesting that hypertension, once initiated,
produces further damage to the kidney.

The role of immunological mechanisms in CIN is not
clear at present. Krohn et al. (1971, 1973) from Finland,
proposed that immune complex deposition occurred in the
glomeruli in CIN and this led to progressive glomerulax
gearring. To support this concept they described 8 cases
in 1971 and 24 cases in 1973 where immunofluorescence
showed there to be granular and globular deposits of IgG
and complement (03) in the capillary walls and mesangium;
such a pattern is widely acknowledged to reflect immune
complex deposition (see below: glomerulonsphritis), In
contrast, in an immunofluorescence study of 8 cases of CIN
from Britain, Wright et al. (1976) found only ver&
occasional deposits of Igh in a few glomerull and no 03; a
pleture that probably reflected non-specific trapping of
plasma proteins in areas of structural damage. Moreover ,
in the same paper Wright et al. described 8 cases of chronie

glomerulonephritis (see below) which were distinguished from
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CIN by the presence of extensive deposition of 1gG and 03
in the glomerull. Krohn et al.'s cases are very similar
to these and would appear to be more accurately classified
as glomerulonephritis and not interstitilal nephritis.

In conclusion, although most evidence suggests that

L. canicola is the cause of CIN, this is far frow conclusive,

and other organisms may well be able to initiate this
nephropathy as well, Secondly, the mechanisms producing
the progressgive destruction of nephrons are unclear.
Hypertension certainly occurs in association with inter-
stitlal nephritis, but its precise role in the progression
of the disease is not known, There is conflicting evidence
over the possible role of immune complexes, while the role

of cell-mediated immunity has never been investigated,

Inherited Renal Discase

Certain cases of nephritis, which were chronic inter-
stitial in type, have been classifiled separately in the
literature from CIN as they appeared to have an inherited
basis, Such cases were first described in the Cocker
Spaniel (Krook 1957) and more recently in the Norwegian
Elkhound (¥Finco et al. 1970, 1977, Finco 1975) and the
Samoyed (Bernard and Valli, 1977). In addition, several
case reports have described very similaxr nephropathies in
the Alaskan Malamute (Kaufman et al. 1969, Smart and Fletch
1972, Burk and Barton 1978), the Keeshond (Klopper ot al.
1975) and the Lhasa Apso {Osborne et al, 1972); however,
the lack of information in these reporitsz describing renal
disease in related dogs,means an inherited disorder may not

have been present.
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Finally,on the basis of generalized renal disease
occurring in young dogs, a similar inherited renal disease
has been suspected in German Shepherd dogs (Alsatians),
dachshunds, minlature schnauzers and shih~tzus (Osborne

et al. 1972).

Although a different discoprder may be present in each
breed, the c¢linical and pathological descriptions in the
Literature ayre veyry simlilay, Affected animals develap
chronic renal fallure at a young age (several months to
five years) and at necropsy a chponic intepstitilal nephritis
(Fig. 4) is found (¥Krook L1957, Finco et al. 1970, 1977,
Bernaprd and Valli 1977). There is wldespread obliteration
of nephrons by severe diffuse penal scarring of both cortex
and medulla but there is no focal concentration around the
cortico-medullary juneciion. Renal calcification is often
severe while mononuclear cell infiltration is minimal,
Glomerular scarring is severe, with obliteration of the
tuft by excess mesangial matrix and basemenit mewbrane,
thickening of Bowman's capsule, formation of capsular
adhesions and fibrin deposition, prominent.

The lack of functiounal nephrouns iun young dogs prompted
early authors to descyribe the nephropathy as renal coptical
hypoplasia. However, a recent study of Norwegian Elkhound
pupplies from affected byreeding lines has shown that, in this
breed at least, the kidney 18 normal at birth and then
undergoes progressive scarpring, hence hypoplasia is an
inaccurate teprm, Because of the familial pelatiocunship of
affected animals, the nephropathy ian Norweglian Elkhounds and

Samoyeds has been termed familial renal disease in
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preference 1o renal cortical hypoplasia. The genetic
basis for these familial relationships has not yet been
elucidated, but it is probably a recessive trait in the
Norwegian Blkhound (Osborne et al, 1972).

The pathogenetic mechanisms operating in thig type of
nephritis are a complete mystery. Renal hypertension
probably occurs although its role in the progression of
the nephropathy is not known. Only Persson et al {(1961b)
have measured blood pressures (in 10 affected cocker
gpaniels) and although they judged the values obtained to
be normal, others would regard them as abnormally high
(8pangler et al., 197Y). Two studies of 21 affected
Norweglan Elkhound dogs failed to yield any positive
resulis; there were no significant pathogenetic alterations
in blood or urine biochemistry (Finco 1275) nor were
immune complexes or auto-antibodles present in the kidneys

('inco et al, 1977).



FRIMARY GLOMERULAR DISEASE

Glomerulonephritis

Diseases of the kidney in which the primary and most
significant lesion is an inflammatory reaction in the
glomeruli are termed glomerulonephritis (GN) (Robbins 1987).
It is now widely accepted that most if not all forms of GN
are mediated by immunological mechanisms (McCluskey 1974).

GN was once thought to be rare in dogs. Monlux (1953)
in a survey of 321 nephritie dogs classified only 9 cases
as GN and Wettimuny (1963) reported ounly 3 cases in a
survey of 178 dogs with renal disease, However, the
advent of electron and immunofluorescence microscopy has
led to a much greater knowledge and understanding of kidney
pathology, and GN 1 now known to be a more common lesgion.

Several case reports (Murray et al, 1971, Halliwell
and Blakemore 1972, Larkin et al. 1972, Deschepper et al.
1974, Osborne et al. 1976) and five series reports (Kurtz
et al, 1971, Murray and Wright 1974, Wright et al. 1976,
Lewis 1976, Miller-Peddinghaus and Trautwein 1977a) have
shown that GN is the cause of a silgnificant amount of
¢liniecal renal disease although the actual incidence has
not yet been established. GN also occurs in association
with various systemic diseases in the dog: experimental
bacterial endocarditis (Highman et al. 1959), pyometra
(Obel et al, 1964), systemic lupus erythematosus (Lewis et
al. 1965, Osborne et al. 1973), experimental and spontaneous
canine adenovirus (CAV) infection {(infectious canine
hepatitis) (Wright et al. 1974, Morrison et al., ¥975),

experimental Dirofilaria immitis infection (Casev and
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Splitter 1975), various malignant neoplasms (Hottendorf

and Nielsen 1968, Muxray and Wright 1974, Miller-Peddinghaus
and Traatwein 1977b), and acute pancreatitis (Murray and
Wright 1974, iewis 1976). In most casesg, however, GN
appears to play a relatively minor part in these discase
complexes,

Recently several reports have indicated that GN may be
common in dogs that are clinically normal or just have a
proteinuria (Stuart et al 1975, Rouse and Lewis 1975,
Miller-Peddinghaus and Trautwein 1977a,b). However, the
stated incidence varies cousiderably. Stuart et al. (1275)
in the U.8.A. rveported a 25% incidence of proteinuria
asgoclated with varying degrees of GN in a research colony
of otherwise normal 4-6 year old Beagles. Rouse andg
Lewis (1975) working in Canada veported GN to be present
in 23% (16) of 71 stray dogs examined; only 2 of the 16
showed proteinuria, In comparison the German workers
Miller-Peddinghaus and Trauvtwein (19773b) reported a
massive 90% incidence of GN in a group of 1Ol dogs,
composed of 72 animalz submitted for euthanasia (36 of
which had slight proteinuria), 15 animals with hiochemical
evidence of a nephropathy and 14 control animals from
various experiments. This wide variation in the incidence
of GN may truly exist between North America and Gerwmany,
but it may just reflect the different types of environment
from which the dogs were gathered. In addition,it is
possible that MUller-Peddinghaus and Trautwein (1.977a,b)
overestimated the incidence, ag it is not clear from their

Tigures whether an immunologically mediated lesion was



present in every case. Moreover 71 (80%) of their 91
cases had a concomitant interstitial or pyelonephriiis
(Miiller~Peddinghaus and Trautwein, 1977b). Although they
Jjudged that there wag no correlation between the type of
glowerular lesion and degree of interstitial or pyelonephritis,
it is possible that in some instances the glomerular lesion
wag a secondary event. Such cases would not therefore be
covered by the definition of GN (see above).

A detailed classificatilon,comparable to that found in
Human GN, igs not possible at present. Cowpared to Man very
few cases have been described and wost of these have been
diagnosed at necropsy. Thus, knowledge of the c¢linical
aspects of GN ie particularly sparse, but to date, three
broad categories have emerged :-

PFroliferative Glomerulonephritis

Chronic (exudative) Glomerulonephritis

Membranous Nephropathy

Such a classiifiication although made on purely morpho-
logical grounds appears to reflect distinet elinical
differences as well, Recently Miller-Peddinghaus and
Trautwein (1977a,b) further subdivided proliferative GN
and membranous nephropathy on morphological grounds.
However, further studies are needed to show if such groups
do actually veflect different clinical entities, which would

make this more complex classification worthwhile to retain.

Proliferative Glomerulopephritis

Most reports indicate that this is the commonest type
of GN, Murray and Wright (1974) classified 37 of their 42

cases (88%) in this group, and Miller-Peddinghaus and
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Trautwein (1277a), although using a more complex classification,
described 46 casmes (51%) characterimed by some degree of
proliferation ocut of a total of 91 cases of GN, Such
figures do noit take into account that it is also the type
seen in assocciation with pyometra (Obel et al,1964) and
systemic CAV infection (Jorrison et al. 1975).

Mozt reports are of necropsy material only, so the
clinical picture is at present vague (Xutz et al. 1971,

De Schepper et al. 1972, Murray and Weight 1974, Stuart

et al. 1975). Proteinuria of varying amount is almost
always present, and this can lead to hypoalbuminaemia. 1In
only one reporied case however, was this severe enough to
produce ocdena and ascites as well (De Schepper et al. 1972);
this combination of proteinuria; hypoalbuminaemia and

ascltes and/or oedema is called the nephrotic syndvome, 1If
the glomerular lesion is very extensive uraemia results.

The characiterisiic pathological feature of thiz group
ig glomerular hypercellularity resulting from mesangial
proliferation; +this may be augmented by the‘presence of
polymorphonuciear leucccytes in the glomerular capillaries.
Accompanying this proliferation i8 expansion of the mesangiil
materilx (Murray and Wright 1974). Depending on the extent
and pattern of the hypercellularity three types, diffuse,
segmental and foecal occur (Morrison and Wright 1976a)., In
the diffuse type, mesangilal proliferation is present in
all parts of every glomerulus, while in the segmental form
only a portion of every glomerulus is affected, and cases
where only some glomerull are involved form the focal group.

What the clinieal significance is of this variation in
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legion severlity is not known, In some cases, there is
thickening of the capillary loops as well and some authors
have classified these separately as mewmbrano-proliferative
GN (Miller-Peddinghaus and Trautwein 1977a), Whether this
variation reflects a particular aetioclogy has not been
investigated, in Man such cases are agsociated with the
presence of a particular complement-activating factor, ~ the
Cq nephritic factor, in the serum (West 1976).

Unlike interstitial nephritis there have been both
electron and immunofluorescence microscopic studieg on GN in
the dog. in proliferative GN the mosti striking and
important ultrastructural features are a) electron-dense
deposits in all parts of the glomerular basemeni membrane
{(GBM) and in the mesangium, b) proliferation of mesangial
cells and production of excess mesangial matrix, e) thick-
ening, wrinkling and splitting of the GBVs and d) "fusion®
of the epithelial cell foot processes. (Kurtz et al. 1971,
Murray and Weight 1974, Stuart et al. 1975).

Tmunof luorescence microscopy has shown that prolifer-
ative GN is asscociated with deposition of granules of
immunoglobulin with bound complement, in the mesangium and
along the GBMs (Kurtzm et al 1971, Muarray and Wright 1974,
Stuart et al 1275, Rouse and Lewis 1975, Mliller-Peddinghaus
and Travtwein 1977a). Such granules appear to correspond
to the eleciron dense deposits seen with electron
microscopy and almost certainly represent immune complexes.
Deposits of fibrin and albumin have also been identified in
the glomeruli using immunofluoresceunce (Miller-Peddinghaus
and Trauwutwein 1977a) but thelr significance was not

commented on,
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Membranous Nephropathy

Estimates of its incldence vary from 12% (Murray and
Wright 1974) to 29% (Mlller-Peddinghaus and Trautwein
1977a) of all GN cases.

Again, clinical details are sparse although several
well documented individual case reports do exist (Halliwell
and Blakemore 1972, Larkin et al. 1972, Osborane et al.
1973} . When described the major clinical feature has been
mnassive proteinuria and hypoalbuminaemia which often led to
ascites and/or oedema (i.e. the nephrotic syndrome).
Recovery has been rveported (Osborne et al. 1976) whilst
others progressed to renal failure (Halliwell and Blakemore
1972, Murray and Weight 1974), Iin America it has also
been described in association with systemic lupus
erythematosus (Lewis et al. 1966, Osborne et al.1973) and

Dirvofilaria immitis infectiong (Casey and Splitter 1875).

The characteristic pathologilcal feature is the diffuse
thickening of the glomerular capillary walls, resulting in
enlarged gilomeruli which consequently may be prominent on
the cut surface of the kidney (Flg. 5) (Murray and Wright
1974, Morrison and Wright 1976, Miller-Peddinghaus and
Trautwein 19%7a}. Electron microscopy shows this thickening
is caused by {the presence o0f electron dense deposits on the
subepithelial side of the GBMs, and the encircling of these
by the formation of new basement membrane (Murray and Wright
1974). The other prominent ultrastructural lesion is the
widegpread "fusion” of the epithelial cell foot processes
(Murray and Weight 1974).

immanof luoresecence microscopy shows that this form of

GN ig also associated with the deposition of fine granules
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Tilg, & Membranous Nephrvopathy

The enlavged glomeruli stand out very clearly on
the cut surface of the kidney.

Fig. 6 Chronle Glowerulonephritig (CGN), Case 39

Typleally, interstitial fibrosis is not as severe
in CIN nor concentrated at the cortico-medullary
junction, and the cortex is normal in width.

N.B. the pale focl in the outer medulla (arrow)
ayre areas of calcification. _
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of immunoglobulin with bound complemsnt in the glomeruli
particularly along the capillary walls (Murray and Wright
1974, MUller-Peddinghaus and Trautweln 1977a). The
latter authors also Found fibrin and albumin ia the glom-
eruli in some cases of membranous nephropathy but their

significance wag not discussed.

Chronic Glowmerulonephritis (CGN)

Recently Wright.et al (1976) delineated this third
group, which clinilcally and morphologically were very
gimilar to CIN. Cager present in chronie renal failure
with proteinuria and have wideSpread renal scarving
vesulting in pale, granular kidneys (Fig. 6). In contrast
to CIN, the dominant microscopic feature is widespread and
extensive glomerular scarring accompanied by extensive
fibrin deposition. Although there is significant inter-
stitial fibrosis it tends to be finely deposited as opposed
to the heavy, 1lrregular areas of searring typical of CIN.
Immunof luorescence again shows that this form of GN is
associated wiih the deposition of immunoglobulin, Irregular
granilar and giobular deposits of immunoglobulin with bound
complement are present in the mesangium and less often in
the capillary walls. fammunofluorescence also confirms the
presence of widespread f£ibrin aeposition in the glomeruli.

Recently Mi{ller-Peddinghaus and Trautwein (1977a)
described cages of "mesangial-sclerosing GN". Such cases
would appear te be very similar to those of CGN as the
major lesion wag again glomerular scarring (synonymous with

mesangial sclerosis).
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éetiologg

Much evidence has now been produced to implicate
immunological mechanisms in the aetiology of GN in Man and
animals, including the dog, Two distinct mechanisms whereby
antibodies cause glomerular injury are now known (Germuth
and Rodriguez 1273, Wilson and Dixon 1874), Pirstly, if
antibodies combine with non-glomerular antigens in the
blecod, circulating immune complexes can form and these then
deposit in the glomeruli, Secondly, antibodies can be
produced which have specifilcity for GBM. Either type can
cause injury by activating several interrelated mediator
systems, including the complement cascade, polymorphonuclear
leucocytes, kinlns, vasoactive amines and the blood
coagulation cascade (Wilson and Dixon 19%4).

Since hoth mechanisms use similar mediators to cause
tissue injury, similar morphological changes will be seen in
each; differentiation therefore has to rely on other
technigues such as immanofluorescence. ilesions mediated by
immene complexés are characterized by the deposition of
granuies of immunoglobulin in the glomeruli,while lesiocns
mediated by anti~-GBM antibodies are characterized by the
smooth lineay deposition of inmunoglobulin along the GBIM.
Although both types have been produced experimentally in the
dog (Wright et al, 1273b, Barabas and Lannigan 1976) oaly
immuine complex mediated lesions have so far been positively
identified in spontaneously occurring canine GN.

It is thought that, depending on their size and
solubility, complexes will localize in different paris of
the glomerulus and 80 give rise 1o different morphological
types {(Germuth and Rodriguez 1973). Hwall highly soluble
complexes lodge in the subepithelial side of the GBM and
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50 produce a membranous nephropathy. Larger, less soluble
complexes lodge in the mesangiuw as 'well as the GBM, and
provolke a proliferative response oy, if the coagulation
cagcade 1ls activated, a scarring reaction.

A most iumportant question still Lo he answered is what
is the nature of the antigen in the immine complexes? Only
in the case of the transient proliferative GN which follows
CAY infection has this wmost important guestion been
answered. CAV antigen has been identified by immunc-
fluovescence in the glomerull, in the same pattern as the
IgG gramules, and antibody eluted Lrom such kidneys shows
affinity for this antigen (Wright et al., 19274, Morrison
et al. 1875). Iu addition, circulating complexes of virus
antigen and antibody have been detected in sera of infecied

dogs (Morrison and Wright 1976c¢).

Amyloid Nephropathy

Amyloidosis is o disease charactevized by the extra-
cellular accumulation of an amorphous, cosinophiliec protein
material. Casles aré classified eilther primary, where no
underlying disease is present or secondary, where it
complicates various ehronic inflammatory lesions. in the
dog, the primary form would appear to be the more common
{8lauson et al. 1970).

In the dog amyloidosis is usually a disease of the
older animal with no apparent sex or breed disposition
{(S8lauson et al. 1970). Tts incidence as a primary cause
of c¢linical renal disease is low, Bioom (1939) reported
it as the cause of renal failure in 1 out of 70 dogs (1.4%),

while Wettimuny (1963) found amyloid or amyloid-like lesions
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in 12 out of 178 aephritic dogs (7%). Although deposits
are Tound throughout the body it is the renal deposits that
give rise to the major cliniecal signs (Osborne et al. 1988,
Slauson et al, 1970). The major fealture is massive
proteinuria which may be sievere enough to produce the
nephrotlc syndromne, Other clinical signs often pregent
are weilght loss, weakness and depression, thirst and
polyuria (reflecting progressive renal fallure). In the
most sSevere cases signs of uraemia (sece nbove: CIN) may
also be seen.

The majoxr renal deposits ave present in the gloweruli
(Osborne et al. 1968, Slauson et al. 1979). There is a
specirum of involvement Ffrom mild focal deposition in the
mesangium and GBM to complete obliteration of the glomeruli.
Where a glomerulus is so damaged, tubular atrophy and
replacement-{ibrogis occurs. Amyloild is also commonly
found in the interlobular arteries and aifereunt arterioles
whereas it is only occasionally present in the interstitium,
This infiltratiocn gives the kidney a pale~tan and waxy
appearance often with abnormally prominent glomerulil,
Additional impalrment to renal function ¢an occuy due to
infarction, as cases of amyleidogis have a tendency to
thrombosis (Fiauson et al. 197Q).

The chemical nature and forwation of amyloid ig still
obgcure and the subject of much controversy despite a vasi
amount of research, However, it is generally accepted
that amyloidosis results from a defcctive immune system and
moat of the protein in amyloid deposits iz composed of
fragments of iwmmunoglobulin Light chaing (Osborne et al.

1872, Jones 1873).
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SBUPPURATIVE RENAL DNISEASH

Pyelonephritils

Pyelonephritis is defined as a combined suppurative
inflammation of the renal parenchyma and pelvis (Bloom
1954, Osborne et al, 1972).

Published work on canine pyelonephritis is meagre and
confusion has occurred in two areas,. Firstly, some
authors (Honiux 1953) narrowed the definition only to cases
where infection was judged to have ascended via the ureter
£from the lower genito-urinary tract. Others (Bioom 1954,
Wettimuny 1863, 1967) included cases of possible
haematogenous origin as well, although if{ the pelvis was
not involved in such cases they were classiiied separately
as suppurative or embolic nephritis (see below).

A second area of confusion has arisen because some
authors (Monlux 1933, Bloom 1954, Webttimuny 1263, 1967) liniit
their descripition to cases where polymorphonuclear leucocyte
infiltration is a prominent feature whilst others (Christie
1973; Crowell and Finco 1975; MUlier-Peddinghaus et al.
1977) extend the definition to cover cases (presumably
chroniec) where plasma cells and lymphocytes are seen in
absence of pelymorphoruclear leucocytes. This latter
viewpoint can lead to inaccuracies because plasma cell and
iymphocyte infiltration are present in CIN as well as
chronic pyelonephritis. In fact, it can be impossible to
differentiate between a focal CIN and chronic pyelonephritis
(Crowell and TFinco 1973). However, a major distinguilshing
feature of most cases of pyelonephritizs 1s the gross
irregularity of the lesions, Pirstly, only one kidney may

be aifected and where both are involved one is invariably

more severely damaged than the other. Secondly, in an
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affected kidney, lesions are focal so that segments of
normal tissue apre present between damaged areas.

Taking the above into account, it would appear that
pyelonephritis is uncommon., Bloom (1254) reported an
incidence of 5% in all necropsies with an increasing
incidence with age and Wettimuny (1963, 1967) found an 8.5%
incidence in 178 nephritic dogs agdin with a prevalence in
older animale and with a female: male ratio of 2:1.

The clinical signe of pyelonephritis have only been
scantily described (Bloom 1954, Wettimuny 19263, Osborne
et al. 19872, Bush 1976). Often the degree of renal damage
ig mild so that pyelonephritis is first diagnosed as a
chance finding alt necropsy. In addition, clinical signs
of renal disease can be obscured by associated lesions
e,g. infection of the lower genito-urinary tract. Where
suppurative lesions are extensive the following may he
seen: fever, vomiting, lumbar and loin pain, bacteriuria
and increased frequency of urination. 1f a sufficient
amount oOf renal tissue is invelved signs of renal fallure
(uraemia) will appear.

Pyelonephyritis is classified either as adute or chronic
(Monlux 1953, Bloom 1954, Wettimuny 1963, 1987). In acute
capes the kidneys are mottled with gmall abscesses and
somet imes haemorrhages and streaked by vadial spread of the
inflammatory reaction. Microscopically, this stage 1is
characterized by a massive focal polymorphonuclear leucocyte
lnfiltration with scattered colonies of bacteria, distorting
and destroying the tubules and glomeruli. Many tubules

are totally destroyed or show epithelial degeneration, while



others are compressed by the cellular reaction, Many are
dilated with protein casts or foci of polymorphonuclear
leucocyies. In contrast, the glomeruli are relatively
gpared. There may be a marked celliular infiltrate around
them but only in a few is the structure iltself infiltrated;
Bowman 's space iz then filled with polymorphonuclear
leucocytes and necrotic debris from the partial or total
destruction of the ftuft.

in chronic cases, areas damaged by the acute reaction
have been replaced by fibrosis giving the kidney an irregular
contracited appearance (Fig. 7). in these scarrved areas,
plasma cells and lyuphocytes are the dominant infiltrating
cells with few (if any) polymoxphonuclear legucocytes. If
however, infection ig still present areas of acute inflam-
mation are scen interspersed with these areas of scarring.
Géomerular lesions are prominent in these areas of fibrosig
and many glomeruli are veduced to shrunken, non~functional
hypocellular, hypovascular masses compcosed of thickened
basement mewmbrane and mesSangial matrix. Tubules remaining
in the scarred areas are also alfected; tThey are shrunken
and distoried, lined by atrophic epithelium and often
contaln protein casis.

Pyelonephritis is caused by bacterial infection, the

most commonly isolated organisms belng Lscherichia coli,

Proteus vulgaris, Staphylococci and Streptococci (Bloonm

1934, Osborne et al.l1972). Four rouites of infection are
theoretically possible: via the blood gtream, ascending
via the ureter, dlrect invagsion from adjacent tissues, and

via the lymphatics. The last two are thought to be very
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fig., 7 Chronic Pyelonephritis

Note the irregularily resulting from focal
radial scavring (pale areas) and streaks of
acute inflammation (dark areas).

'ig, 8 Embolic Suppurative Nephritis

Small foci of inflammation are scattered through
the coriex reflecting the haenmatogenous spread
of infection. :
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uncommon and most cases are probably due to ascending
infection (Bush 1976). This is known to be the case in
Man (Belman 1978) and pyelonephritis in the dog is
assoclated with conditions leading Lo urinary obstructlion
and stasis, and with bacterial infections of the lower
genito-urinary tract (Bloom 1954, Wettimuny 1963, 1967).

In Man, vesicoureteral reflug caused by infection of
the Dladder is the most imporiant method of producing this
ascending infection (Belman 1975). In the dog, howevery
the rvole of veslcoureteral reflux is less clear. Several
studles have shown that experimental infection of the dog's
bladder can lead to reflux (Schoenberg et al. 1964, Somner
and Roherts 1966). I addition, other studies have shown
that when iwnfection occurs in a bladder where uanilateral
reflux has previously been induced hy surgery, pyelitis
(Inflammation of the renal pelvis) or pyelonephritis
follows on the vefluxing side (Scott 1964, King and Idriss
1967, Lenaghan et al. 1972). However, its role in
spontaneously occurring pyelonephritis is not known, Only
one study has been made into this but no celear corrvelation
between bladder infection, reflux and pyelonephritls emerged
(Christie 1973).

Ne immunofluorescence or electron microscopic siudies
of canine pyelonephritis have bean reporied, but such
studies in Man indicate that in some cases of chronilc
pyelonephritisg, glomerular scarring is associated with the
presence of immune complexes and/or atypleal forms of
bacteria in ﬁﬁe glomeruli (Beregl et al, 1974, Kincaid-
Smith 1975a). In addition, chronic pyelonephritis in Man

ean be complicaied by the generation of renal hypertension
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which leads to fuprther renal damage (Heptinstall 1974),
It is probable that such a yrelationship also exists in the
dog; Xatz et al. (1254) and Weiser et al, (19277} found

raised blood pressures in dogs with pyelonephritis.

¥abolic Suppurative Nephritis

It is usual to distinguish from pyelonephritis cases
where the suppurative lesions in the kidney results from a
septicaemia {(Bloom 1954, Wettimuny 1963). A variety of
names have becn applied to such lesions: suppurative
nephritis (Monlux 1953, Bloom 1954), enbolie or pyaemic
nephritis (Webtimuny 1963), ewmbolic suppurative nephritis
(Jubb and Kennedy 1270).

Such cases are not common in the dop (Bloom 1954), with
Wettimuny disgnosing the coundition in 2 out of 178 nephritic
dogs (5.1%). ' Henal symptoms are the game ag those of
pyelonephritis but are often overshadowed by those of the
associated septicaemia (Bloom 1854, Wettimuny 1963),

Similarly, the Ridneys are mottled and streaked with
foci of acute inflommation, but infarets both old and new
may be present as well (Bloom 19584, Webttimuny 1963). The
haematogenous route of infection is reflected in the
consistent finding of acute inflammation in the glomeruli
(glomerulitis) and the common finding of acute vasculitis
(Wettimuny 1963). Affected glomeruli are infiltrated with
polymorphonuoiecar leucocytés, and ‘the tuft may be partly or
totally destroyed filling Bowman's gpace with neerotic
debris. Foci of bacteria may also be present in the
glomerulil. The iundlammatory reaction spreads from these

glomeruli and vessels into the suriocunding interstitial
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tissue and tubules producing mmltiple small abscesses

(Fig. 8) (Bloom 1954, Wettimuny 1963).

As stated before, such lesions are part of a septicaemia

with staphylocogeil and streptococci being the most commonly

involved bacteria (Bloom 1954), In those cases with

infarction, infected emboli are algo of importance in

producing renal damage (Bloom 1954),
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DISCUSELON

The above sunmary reveals many gaps in our knowledge
of canipe renal dlsease. Although the glomerular changes
in GN have recelved atiention from several research groups
in the past few years, the equally important glomerular
lepiong in CIN kave been virtuwally ignored. Fuethermore
neither of the modern investigative techniques,
tmmuncef luacrescence o electron microscopy have been used
to gtudy in any detail the discase as it is recognized in

Britain and three major questions still remain unanswered:-

1) What ig the causal agent (8) of the initial AIN?
L.canicola dnfection very likely leads to CIN but some
cases poasibly follow infection by other organisms.

2) What factor(s) preduce the progressive renal scarring
that leads to renal fallure? There is gome evidence to

inmplicate renal hypertension but the possible role of

immuine mechanisms is not known.

28
Nt

What are the morphological details of this process? There
have been several histological deseriptions cf CIN but
glomerular morphology has received only scanty attention
desplie the prominence of glomerular fibrin deposition
and scariing, Moreover, the ulirvastruclural features
are nov kumown,

Therefove, 1t was judged that a new study using a
combinaiion off Light, electron and immunofluorescence
microscopy, and elution technigued, was needed to attempt to
answer these questions. In addition, a recent report has

shown that cases of CGN svre very similar to those of CIN and
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it is possible that such cases were classified as CIN in
the past. Therefore it was considered worthwhile to make
a comparative study of these two nephropathies making use

of these modern investigative technigues.
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PART 2

A COMPARATIVE MORPHOLOGICAL STUDY OF CHRONIC

INTERSTITIAL NEPHRITIS AND CHRONIC GLOMERULO-

NEPHRITIS
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MATEREALS AND METHODS

The 40 dogs studied all showed clinical and/or
biochemical siigns of chronic renal failure at the time of
death or euthanasia, Some animals had additlonal extra-
#anal conditions but these were judged to be of minor
importance compared with the renal lesions, Cases of
renal failure from other causes e.p. nephrosis, amyleid
nephropathy, proliferative GN, membranous nephropathy, AIN,
pyelonephritis and "inherited” renal disease were excluded
on c¢linical and pathological grounds, The dogs wnnder
study were subjected to detailled light, immuncfluorescence
and, when possible, electron microscopic investigations as
described below, 6 normal puppies, which also acted as
controls in the experiments in part § were studied for
comparison of normal renal structure. In addition,
elution studies were carried out in 28 cases. Contyols
for this latter study consisted of 22 animaly comprising
6 normal animals, 2 cagses of amyloid nephropathy, 6 cases
of GN, 3 cases of pyelonephritis, 2 cases of nephrosis,
and 1 case each of diabetic glomeruliosclevosis, focal
interstitial nephritig following sepiicaemia and "inherited”
renal disease in 2 cocker spaniel, On the basis of these
situdies, the 40 cases were classified ag CIN (30 cases) or

OGN (10 cases),

Light Microscopy

Pleces of kidney from each case were fixed for seven
days in 10% neutral buffered formalin, post fixed for 24
hours in mercurvic chloride formal, dehydrated, c¢leared

and embedded in paraffin wax. Sections were routinely cut
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at 4 pym and stained with haematoxyliiln and eosin (H & E).
Selected sections from each case were then stained with
periodic~-acid Schiff (PAS) to show basewent membranes, von
Xossa to detect calcification, and the following stailns to
demonstrate fibrin: Gram Weigert, Martius-scarlet blue (MSB),
Masson 44/41, Obadiah, Picro-Mallory V, phosphotungstic

acid haematoxylin (PTAH) and yellowsolve, The respective
staining reactions of fibrin and collagen are given in Table
3. Collagen is included as aging of fibrin deposilts has
been reported to be accompanied by a change in stalning

reactlon to that of collagen (Lendrum et al 1962).

TABLE 3
STAIN FIBRIN COLLAGEN

Gram weligert Purple NSR

MSB Red Blue
Masson 44 /41 Blue black Pale blue
Obadiah Blue black Red brown
Picro~-Mallory Red Blue

PTAH Purple Brown
Yellowsolve Red NSR

NSR no specific veaction.

At first all the fibrin stains were used, but as
studies progressed 1in conjunction with the ligquoid experiment
(see part 3), it was found that MSB gave the most clear
staining of fibrin and collagen coupled with ease of
production and consistency of resulis, This wag therefore,
used almost exclusively in the later cases, In some cases
serial sections were cut and stained with MSB to study the

progression of glomerular lesions, and the effect of



glomerular damage on the connecied tubule.

in each case two semi~guantitative examinations of the
glomeruli were carried out. Firstly, the total glomerular
damage in a case was estimated by counting glomeruli from
2 or more sectlons so that at least 100 were examined. At
least 2 sections were used in an attempt to compensate for
fTocal variations in the pattern of glomerular scarring.
Each glomerulus was classified as either normal (non-
scarred), < 50%,> B50% or 100% of the tuft scarred and non-
functional, Bcarring produces two types of glomeruli,
eystic and contracted (described in detail below). To
give an estimate of the incidence of each, the morphological
type of the totally scarred obsolescent glomeruli was noted.
Secondly, to investigate the various morphological
alterations comprising the scarring process, the same
sections were re~exXamlned and the incidence found of all
the various legions in those glomeruli with less than 100%
secarring.

To accurately couvey the extent of renal lesions: to
the reader the following terminology is used:-

1) with reference to a single glomerulus

focal - only part of a tuft involved
Global - all of the tuft affected

2) with refercnce te all the glomeruli

Focal - only a proportion of glomeruli affected with
either a local or global lesion

Segmental -~ a2 localized lesion in all glomeruli

Diffuse ~ a global lesion in all glomeruli. The
severity of the lesion may vary from tuft to

tuft and hetween areas of the same tuft.
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3) Extra-glomerular lesions

Lesions of tubules and collecting ducts, arteries and
arterioles, and the interstitium  are graded on a scale

from 1+ to 4% depending on incidence,

flectron Microscopy

When post mortem eXamination was carried out at the
time of death, tissue was taken for electron microscopic
examination. Bmall blocks of kidney less than 1 mm thick
were fixed by ilwmersion in a paraformaldehyde glutaraldehyde
mixture st 40 for 4 tc 6 hours and post fixed for 1 hour in
1% osmium tetroxide (Karnovsky 1965), Following dehydration
in an ethyl aleohol series the tissues were treated with
propylene oxide and embedded in araldite Bections 1 um
thiek were cut on L.K.B, Mark IIl Ultratome, mounted on
glass slides and stained with Mallory's borax methylene
blue. Areas on these slides of particular interest were
marked and ultrathin sections (0.5 um) cut. These were
mounted on copper grids, stained with 20% uranyl acetate
in methanol and lead citrate (Watson 19258), and examined
with an A.8.1. 6B elscitron microscope, Where possibie at

least three glomeruli per case were examined.

Imnunof luorescence Mlcroscopy

In each case frozen sections of kidney 5 um thick were
cut, washed in phosphate buffered saline (PBS8) at pH 7.2
for % hour, and fixed in acetone for ten minutes. These
were then stained for § hour with antisera agailnst canine
IgG, IgM, f 1C globuliua (C3) and Fibrinogen (Cappel

Laboratories, Downingtown, U.S,A,) and L. canicola (Difco
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Laboratories, Detwoit, U.8,A4.) all prepared in rabbits, and
against canine adenovirus (CAV) from infected dogs (Weight
et al. 1973a). All antisera were conjugated with
fluorescein isothiocyanate (FITC). After washing in PFBS
for another % hour, sections were examined by a Leitz
"Orthoplan” microscope equipped for incident light
fluorescence. Coutrols involved the testing of each new
bateh of sera against a2 known positive section:-
For IgG, IgM, C3 - kidney irom a case of membranous
nephropathy
For fibrinogen - kidney from a llguoid ireated dog (see below)

¥For L. canicola -~ kidney from 2 case of AIN

For CAY -~ liver from a case of infecticus canine hepatitis.

Blution Studies

The protein in one kidney was eluted following the
method of Lambert and Dixon (1968). The capsule and
medulla were premoved, and the remaining renal cortex minced
with scissors and washed repeatedly with cold (4°C) PBS
{(pH 7.2) to remove blood, The minced tissue was then
homogenized using a Colworth Stowmacher (Seward, London,
England) followed by a homogenizer (S8ilveyson, Chesham,
England). The homogenate obtained was centrifuged in the
gold at 3,500z for fifteen minutes and the packed sediment
washed twice with PBR at 4°C. This was then suspended in
Q.02M citrate buffer (pH 3.2) at a concentration of 20 ml
of buifer pev gram of washed sediment, and incubated at
room temperature with constant stirvring for 1& hours, The

sediment was removed by centrifugation in the cold at
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3,500 g for fifteen minutes, and the eluate dialysed for
two days with PBS (pH 7.2). This was then concentrated by
surrounding the dialysis tubes with 20M carbowax (polyethy-
lene glycol), (Searle Diagnostics, High Wycombe, Britain)
and resuspended in PBS.

The proteln concentration of the eluates was measured
by Lowry's technique {(1951) and the eluates werer tested for

anti-L,canlcola, anti-L.1cterohaemorrha§1ae, ant i-CAV and

anti-kidney antibodies. An agglutination-lysis test
using live antigen was used for the first two and an
indirect immunofluorescence test for the second two. In
this latter test, frozen sections 5 pum thick were cut of
liver from a case of infectious canine hepatitis (confirmed
by direct immunofluorescence), and of normal kidney {(from
a dog with no clinical or pathological signs of renal
disease). These were washed for % hour in PBS (pd 7.2)
and fixed in acetone for 10 minutes. Then they were
exposed to the eluate, washed in PBS and stained with FITC
conjugated antiserum produced in rabbits against dog
immunoglobulin (Sera Services Ltd., Maidenhead, Britain),
all for } hour. After a final wash in PBS the sections

were examined as described in the immunofluorescence studies.
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RESULTS 1, CHBRONIC INTERSTITIAL NEPHRITIS (CIN)

All 30 dogs had a history of terminal chronic renal
failure. The various clinical siguns shown 1in Table 4, viz:
weight loss, thirst, anorexia, vomiting, halitosis, oral
ulceration, inelastic pulse and pale mucosae, were typical
0f those described in detall by McIntyre (1954) and
Wettimuny (1963). The details of age, gZex, and breed, with
pertinent biochemical and serological findings, are given in
Tabhle 5. The age vange and male predispogition were in
agreement with previous reports (Mcintyre 1954, Wettimuny
1963). Thug, the disease was one of adulihood, the youngest
case belng 1% years old, and approximately four times as
many males were affected than females. Although a range
of breeds was noted, including some relatively uncommon ones
such as Elkhound and Shih-~tzu which indicated any breed
could be affected, there was a great preponderance (40%)

of crosshreds,

Gross Patholq&x

1) Extra-renal lesions (Table 6)

Uraemic lesions were found in all the 29 dogs where a
full post mortem examination was done. The most common
legions were necrosis and ulceration of the oral and gastric
mucosae, (22 and 21 cases respectively), and calcification
and necrosils of the intercostal muscles and parietal pleura
(17 cases),

Oral lesions ranged from a brown disceolouration of the
tip of the tongue to ulceration of its anterior and lateral

borders. This was often accompanied by ulceration of the
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gums and cheeks, especially where these made contact with
the canine teeth. Ia the stomach, lesions ranged from
amall localized pin-head gized ulcers to mulitiple confiuent
arcas of ulceration, Ulceration was invariably accompanied
by haemorrhage, with the stomach often filled with
sanguineous fluid, Less often (8 cases), necrotic lesions
were present in the endocardium o the lelft atrium; similar
leslions were also found in the'pulmanary artery {(cases?2Q,
22, 27), right atyxium (cases 10, 29) and lef{ and rilght
ventricles {(case 20). Grossly, these areas appeared as
pale yellow crumbling deposits on the vessel or heart wall.
in addltion, scar tissue was seen in the right atrium of
case 6 suggesting a healed stage of this lesion.

Although left ventricular hypertrophy secondary to
hypertension bhas been reported to be failrly common in CIN
(Platt 1982), this lesion was only secen in 6 cases.
However, only a visual assessment was made and quantitative
measurements may have revealed a muich greater incidence.

Parathyroid hyperplasia was present in 13 cases but
oenly § of these had gross evidence of asteodystrophia

fibrosa (i,e. 'rubber jaw™).

2) Renal lesions

in all cases the kidneys were severely scarred (Figs.
2, ). Chavacteristically they were shrunken, pale and
firm with an Jjrregular granular suvriace. The capsule,
although thickened, stripped off easily. In all but 8
cases the cortices were reduced in width (Table 7).
Cystic chahges were present in all cases,ranging from an

occasional small cyst in the cortex and medulla,to wide-
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spread cystic dilations in the outer medulla, One case

(L1) was notable in this respect, having very many small

cysts in both cortex and medulla.

Light Microscopy

g e

The higtopathological findiags, excluding glomernlar
lesieons, are summarized in Table 7, Because of the
particular ianterest in glomerular morphology this is dealt
with seporately in greater detail. The wmost promineunt
extra~-glomerular lesion was marked intervstitial fibrosis,
and two groups could be distinguished based on its pattern
and degree, 24 dogs (cases 1-24) had tThe "classical"
distribution with severe focal or diffuse scarring in a band
around the cortico-medullary junction (Fig. 9). In addition
in these animals, there was usually diffuse fibrosis of the
mwedulla, .and either diffuse or radlal strands of fibrosis
in the covtiéx, in the remaining 6 dogs (cases 25-30)
scarring was less severe, and fibrous {issue was spread
in fine strande diffusely through coriex and medulla with
1o obviocus focal councentrations; . the 3 dogs with cortices
of normal width formed part of this group. This pattern
and degree of scarring was similar to that seen in most
cases of CGN (see below). In every cage, scattered through
the cortical intersgtitium particularly in areas of fibrosis,
were sSmall foci of lymphocytes, plasma cells and macrophages,
In 4 cases (marked P 1n Table 7) a very few polymorpho-
nuclear leucccytes were also present, usSually around the
pelvis, in all cases such infilirvation was very small and

probably reflected a pyelitis or pyelonephritis secondary
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to an interstitial nephritis. Grogss irregularity of the
kidneys sgidound in primary pyelonephritls was not seen in
any of these 4 animals.

Tubular laglons were related to the degree and pattern
of Fibrosis. In the cortex the tubules that still
remained in the scarred areas were compressed, atrophied
and partially or completely denuded of epithelial cells,
and had thickened, wrinkled basement membranes. Outwith
areas of secarving the tubules were often hypertropbic, but
varlable numbers of them also showed degenerative changes
wiith the lining epithelium reduced to a low atrophic layer.
Cystic dilation of the collecting ducis was a common and
promineni. feature. The normal cuboidal lining cells were
sometimes replaced by flattened, atrophic epithelium but
more often there was hyperplasia’with columpar cells piled
up into several layers. Only very rarely was such
hyperplasia seen in the cortex. This cystic lesion of
the c¢ollecting ducte was most prominent in those cases
with heavy focal or diffuse fibrosis at the cortico-
medullary junction, Those 6 cases (25-2Q0) which had
diffuse fibrosis throughout the kidney had little or no
cystic change in the collecting ducts. Many surviving
tubules and collecting ducts contained hyalipe and
ccecasionally granular protein casts.

26 dogs had lesions of the arcuate and interlobular
arteries, and afferent arterioles. The wost common lesion
was an apparent spiralllng or tortuous passage of the
vessels where they passed through areas of scarring. This

change was absent or mild in those 6 animals (cases 25~30)
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where there was diffuse but relatively mlld fibrosis. In
20 dogs lesions of plasmatic vasculeosis were present. In
these animals plagues of featureless eosinophilic material
were found in the intima and media of the affected vessels.
In the mildest lesion, foel of this materlal were present
in the intima with the internal elagtic lamina intaet. In
nore severe lesionsg the elastic lamina had ruptured and the
media was also affected. Rupture of the external elagtic
Ltawmina with extrusion of the plamsmatic material into the
adventitia was not seen, The staining characteristics of
this material varied. The majority of deposits stained
solely for colilagen but some deposits stained wholly for
fibrin or had a mixed fibrin/collagen reaction, Finally,
arterial walls were thickened in 19 cases due to hypertrophy
of the smooth muscle of the media and hyperplasia of the
adventitial connective tissue.

Calcification of the kidney was common (23 cases). In
the majority of cases the most widespread deposits were in
the basement wmembranes of the promimal convoluted tubules,
with smaller deposits free in the tubular lumina and in
Bowvman's capsules. Only occasionally were deposits present

in the collecting tubules and interstliivn,

Glomerular Lesions (Tables 8, 9)

In every case of CIN virtually all glomeruli were
damaged to some exXxtent and all paris ~ glomerular tuft,
urinary space, and Bowman's capsule could be affected. In
any section a vange of glomeruiay morphology form normal to
complete obsolescence was sSeen and a comparison of the range

allowed the dynamic process of glowmerular scarriang to be
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visualized. Thig range of morphology will first be
briefly described and then the individual lesions of each
part of the glomerulug will be discussed in detall,

Only a small percentage of glomeruli were not scarred
(Table B) but these were abnormal in that they were
hypertrophied to a8 much as three ftimes uormal size. This
was interpreted as an adaptation of the nephron to attempt
to compensate for those that had ceased to function.

In a variable number of glomeruli sScarring was mild
with <« 50% o the tuft obliterated (¥Fig. 13). These were
stilll functionally viable, serial sections revealing a
normal or hypertrophic proximal convoluted tubule attached.
These glomerunli also often showed a degree of compensatory
hypertrophy. In the capillary tufts there were varying
degrees of mesangial expansion and hypercellularity,
thickening, wrinkling and duplication of the GBMs, capsular
adhegions and sometimes fibrin deposits. Acconmpanying
these tult changes were varying degrees ol digstortion,
thickening and duplication of the capsular basenent
membranes (CBM)

Once the scarring process had obliterated more than
about half of the capillaries there was ofteun evidence of
functional derangement. Barial seciions showed that the
glomeruli were often shrunken and smaller than normal and
that there was degeneration of the epithelium of the
proximal convoluted tubules, In the majority of instances
the CBM had shrupnk with the tuft but in others it remained
dilated producing a cystic appeavance (¥Fig. 29).

Many glomeruli were completely obliterated by the

scarring process (Pable 8). Serial sections showed that
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such glomeruli were nov-functional, the related tubule
being obliterated by fibrous tissue. The capillary tufts
of these obsolescent glomeruli were yeduced {to a nodule of
collapged, wrinkled, thickened GBM and mesangial matrix,
which contained feow, if any, cells or patent capillaries;
occasionally however, an arteriole appeared to persist (Figs.
16, 17). Usually the BM had collapsed around this mass
and such glomeruli appeared to progressively shrink and
disintegrate as some very small knots of GBM, matrix and
portions of CBM were seen. These wexe hard to distinguish
from the surrounding fibrous tissue with H and ¥ but PAS
highlighted them well (Fig. 17). Lesg often the (BM
remained intact and distended with pale ecosinophilic fluid,
thus forming a cyst in which the remnants of the tuft could
completely disappear (Fig. 12). Iin moght cases cnly a
rmall percentage of glomeruli were 8o affected but in one
cagse (11} this was the predominant morphological type. 1t
is possible that such glomeruli result from occlusion of
a 8{ill functiloning nephron by the interstitial reaction.
The severiity of glomerular damage in any one ares was
related to the degree of interstitial fibrosis, and most
glomeruli in the radial cortical scars were often obsolescent
(Fig. 11). In contrast outwith such areas, a few glomeruli
would be normal, most were scarred but still functional and
only a few obsolescent. In those cases with diffuse
fibrosis of the cortex, there were ne foecal variations in

the concentrations of the various morphological forms.
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1) The Glomerulayr Tufi

(2) The mesangium

A constant part of glomerular scarring was the
formation of excesg wmesangial watfrix, a material which was
PAB positive and also stained for collagen (Figs. 13, 14,
18, 19). In its mildest form the mesangium was locally or
globally thickened so accentuating the tuft lobulation., A
more severe sStage was the localized occlusion of capillaries
by the expanslon of the mesangium, while in some glomerulil
virtually all the capillaries were obliterated. In some
glomeruli t{he formation of mesangial matrix seemed to
follow fibrin deposition in the tuft (see below).

Changes in the cellularity of the mesangium always
accompanied the changes in the matrix. I'ocal hypercell—
ulority was present in every case, usually involving
localized areas in the less severely damaged glowmeruli (Fig.
18, 19) (TPable 9). In some glomeruli, localized areas of
hyporcellularity appeared to be produced by ituft collapse
but in others a gemilne overall increasse in the number of
cells was present, The position and morphology of the
extra cells appeared to be mesangial, However, mitoses
were never seen ond this raised the posgibility that they
may have originated from circulating wononuclear cells
rather than by proliferation of fixed mesanglal cells,

In contrast, in the more severely scarred glomeruli
the mumber of cells was often reduced and, in totally
cbliterated glomeruli, few and occasionally no cells

remained.




(b) The glomerular capillaries

Lesiong of the GBMs, best showan by PAB, were very
common {(Table 9), In the mildest lesion, a siangle or a Tew
peripheral capilliaries were thickenad (Fig. 13). In more
severely aifecied glomeruli not orly were more capillaries
involved but some were obliterated by this process. This
obliteration was accompanied by loss of the lining
endothelial cells. fhere many capillaries had been
chliterated and collapsed, the glomeruius was left with a
"gimplified" sppearance, composed of a fow large distorted
capillaries with very thickened, wrinkled walls but patent
lumina (Fig. 15), In the severest form the glomerulus
was veduced %o a mass of collapsed, wrinkled and thickencd
GBM with few, if any, patent capillaries (Figs. 16, 1?).
Qccasionally some capillary loops had doubled layered
GB8Ms, a change which could have reflected either splitting
or the formation of a new smeparate membrane. In some
capillaries, particularly at the periphery ol the tuift,
GBM thickening appeared to be a result of fibrin deposition.
Along with expansion of the mesangial matrix, thickening,
wrinkling and duplication of the GBYs followed by their
collapse, were the major factors leading to glomerular
obliteration. Moat glomeruli had a combination of both
but the relative proportions varied; 1in some mesangial
expansion was the more prominent in olhers abunormalities

of the GBMs were the main features,

{(c) Visceral epithelium

The obliteration of the tuft by the aforementioned

processes was accompanied by loss of visceral epithelial
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cells, In sone severely damaged glomeruli these cells
occagsionally became cuboldal and orleniated cloze together
producing a bypercellulsr ring around the tuft. Hyper-
cellularity due to proliferatlion of these cells was never

seen.

2) Bowman's Capsule

(a) The capsular basement membrane (CBM)

Thickening of Bowman's capsule due to formation of
new bhasement membrane was a very common feature; leslons
were best shown with PAS. Most commenly, the CBM was
locally oxr globally thickened and 1is normal sSpheyical
shape distorted (IMig. 15). Less often, distinct new layers
of CBM formed internal to the original (Fig. 14). These
were usually pregent in the more severely scarred glomeruli
and tended to form towards and around fthe junction with
the proximal conveluted tubule. (It is possible that, in
gsome instances;cthese extra layers were formed by a process
of splitting of the original CBM rather than by synthesis
of new separate layers, Retween the layers there was
often fainily PAS positive waterial containing occasional
cells, Where many Llayers had built up in the more
severely scarved glomeruli, the urinary space was reduced
in volume, in such glomeruli the original CBM appeared
to be  disiastegratiy as breaks and missing segments were
often soen. In obsolescent glomerult the capsule could
remain intact and digstended forming a cyst (Fig. 12). In
mogt instanceg;however, the capsule had collapsed arcund
the shrunken tufit and had partially or totally
digintegrated (Figs. 16, 17).




Two lesions which had to be digstinguished from this
were, filreily, Thickening of the c¢apsule due to the
depogition of calelum salts (not common), and secondly,
apparent thickening and duplication of the capsule due to
concentration of interstitial fibrous tissue around 1t
{common). Thig £ibrosis was always esxternal to the

original CBM aund only faintly PAS positive.

(b) Capsular (parietal) epithelium

4 comnon feature was hyperitrophy of the parietal
eplithelial cells, The cellq closely packed together,were
gwollen and occasionally cuboidal, and had prominent nuclei,
Proliferation of the parietal epithelial cells was unever
preseunt, although crescent shaped hyperceliunlar areas were
seen in the capsule and urinary space of a few glomerull,
Close examinaiion revealed these to be the result of tuft
scarring. Where a whole lobule had become adhesed to the
tuft, the parvietal epithelium extended to cover the mass.
Thisg left a reduced but functional portion of the tuft,
and a crescent shaped mass of mesangial matrix and GBY,
containing occasional cells, attached to Bowman's capsule,
In addifilon, tuit scarripng could distort the hilar region
in sueh a way a8 to produce a hypercellular crescent sShaped
nags, Invobsolescent glomeruli parietal epithelial cells

were decreased in number or completely absent.

3) Urinary Space

Partial or complete obliteration oif the urinary space
was a conmon sequel to glomerular damage. Where scarring

of the tuft was mild there were localized arcas of
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obliteration due to the thickening of the CBM and the
formation of capsular adhesions. In severely scaryved and
obsolescent glomeruli the urinary space was filled, in the
majority of instances, with eosinophilic material which was
faintly PAS positive and stained Ffor collagen (¥ig. 18).
In some, this material formed a thin layer internal to
Bowman’s eapsule but usually it completely occluded the
vurinary space. An occasional: éell could be seen
embedded in this material. In those obsolescent glomeruli
where the capsule had disintegrated this material merged
imperceptibly into the surrounding intepstitial fibrous
tissue. On the other hand, in those glomeruli where tuft
shrinkage wag accompanied by a cystic dilation of Bowman's
capsule, the'urinary space was £illed with pale eosino~

philic Fluid,

4) TFibrin Deposits

The process of glomerular fibrin deposition is dealt
with separately as all parts of the glomerulus,viz; tufi,
urinary space and Bowman's capsule,could be involved.
Although positive results were obtained with all stains,
those which depict "old" fibrin e.g. MSB and Obadiab's
mathods gave the best and most consistent results.

Pibrin was present in a focal distribution except in
cage 10 where it was absent (Takle 2). The degree of
deposiition varied from a small globule in a very few
glomerull (cases 5, 11) to large multiple deposits in many
glomeruli (cases 4, 14, 21, 27). In addition to these
deposite in fueectional glomeruli, obsolescent glomeruli

occasionally contained fibrin. Glomeruli where tuft
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collapse was accompanied by cystic dilation of Bowman's
capsule rarely contained Fibrig.

As stated above all parts of the glomerulus could
contain fibrin. The most common site was the capillaries,
particularly those at the periphery of the tuft where
globular or crescent shaped masses were present (Fig. 21).
Although deposits often appeared to be intracapillary, when
serial sections wexe cut it was found that often a mass of
fibrin lay partly within a capillary and partly liberated
into the urinary space. Such exudation appeared to
rapldly lead to the formation of capsular adhesions. in
most instances deposits were asscciated with adhesions and
only very rarely was fibrin seen lying apparently free in
the urinary gpace. Occasionally such liberated fibrin
penetrated between the layers of the CBY, and in a few
instances, inte the periglomerular tissue as well. In
a few glomeruli collections of globules staining for
fibrin were seen apparently inside epithelial cells
(usually viseceral); this was taken to indicate phagocyiosis
and degradatlon of liberated fibrin by these cells.

The change in stainlng of deposits from fibriﬁ to
collagen, previously noted with regard to the arterial and
arteriolayr deposits, was seen in the giomeruli, Often
fibria was surrounded by or confluent with collagen staining
material (Fig. 21), and serilal sections through fibrin
deposits showed a gradual change of staining reaction from

Librin to that of collagen. In some areas thils transfor-




matlon appearved to be agsoclated with a non-gstaining phase,
with areas of fibrin separated from the surrounding
"collagen' by a clear Zone (Fig., 21}, The final result
of this transiormation was that many of the adhesions
present stained solely foxr collagen, while in the tuit
itself fibrin deposits were replaced by material
indistinguishable (with the stains used here) from
mesangial matrix and basement menbrane. Thus the
impression waz gained that, in some instances at least,

mesangial expansion and GBM thickening were the result of

fibrin deposition,

Electron Microscopy

A) The Normal Canine Glomerulus

There are only a few descriptions of the normal
ulitnastructure of the canine glomertlug (Movat and Steiner
1961, Crowell et al., 1974), Consequently it was considered
important to establish the normal morphclogy using the same
fixation and embedding procedures thal were applied to the
cases of chronic nephritis, Thereiore 6 nprmal control dogs
irom the liguoid experiment (8ee Part 3) were examined
with the electron microscope and a typical glomerulus is

shown in Fig. 22,

1) The Glomerular Tuft

a2} Epithelial cells

The visceral epithelial cells were composed of a
main cytoplasnic mass, cytoplasmic processes (trabeculae)

and terminal foot processes (pedicels). The mmeleus and



most of the cell orpganelles were present in the main
cytoplasmic mass. The nucleus, marginally the largest

in the glomerull, was usually round but could be indented.
Mueh of the chromatin was condensed at the puclear borders
and both nuclecll and nuclear pores were prominent. The
following organelles were present; mitochondria (Swollen
and distorted by paraglutaraldehyde fixation), a small
Golgi apparatus, smooth and rough endoplasmic reticulum,
free ribosomes and ceceasional vacuoles. A few nicrovilli
cgould also be present and microfibrils and microtubules
were scattered randomly through the c¢ytoplasm, The
scanning electron microscope has vevealed that the trabeculae
are avranged in primary, secoundary and tertiary orders
(Arakawa and Wokunaga 1972). However, this could not be
appreciated with the transmission electron microscope, and
depending on the plane of section, many appsrently
haphazard arvangementis of the trabeculae were seen. ALl
the organelles wentioned above, with the exception of the
Golgi apparatus, weve found in small nuwbers in the
trabeculae. The cells terminated in bulb shaped foot
procasses which usually arosce from the tertiary trabeculae.
The foot processges wore placed on the lLaming vara externa
of the GBM and were separated from their neighbours by a
small space bridged by a thin fillration slit membrane.
S8canning electron microscopy has also revealed that
nelghbouring fcot processes arise from different epithelial
cells (Arakawa and Tokunaga 1972). The foot processes
lacked any organelles with the exception of numerous

nicrofibrils and a few vacuoles, The microfibrils were
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congentrated at the perlphery of the Yoot processes
resulting in a greater eleciron density of ‘the cyloplasmhere
than in ihe zest of the cell. Occaslonally, as a result

of plane of section, the foot processes, instead of being
bulb shaped, were wmuch broader, Thig was easily
distingulghable Lfrom "fusion™ of the foot processes,which
was present in pephritic glowerull, where virtually all

foot procesgeg encompassing a capillary loop were spparently

replaced by long segments of cytoplasm (see below),

b) Glomerular basement membrane (GBIM)

The GBM formed a contihuous band which separated the
epithelial cells from the mesangium and the endothellum,
It was composged of fine fibrillar material which formed
three distinct Laversg; the inner and outer relatively
electron translucent areas, the lamina rara interana and
the lamina wvava cxterna, and the middle relatively electron
dense layew, the lamina densa. The lamine interna and
oxterna were of approximately equal widéth and were three
or four times thinner than the lamina densa. However, in a
Tew capillaries portions of the lamina rara 1lnterna could
be drregulariy expanded to two or three times their normal
width, Very occasionally the GBM appeared to be double
with two laminae densae separvated by an electron translucent
area. Such aveas were usually present at mesangiuan/
capillary borders nearx the glomerular hilus and were

pogsibly arvifacts.

¢) Endothelial cells

The endoihelial cells were composed of a main

cytoplasmic mags positioned in the axial region of the
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capillary neav the mesangilum, and a layer of attenuated
fencstrated cytoplasm which lined the rest of the capillary
wall, The nucleus and viritually all the cell corganelles
were placed in the wmaln c¢ytoplasmic mass, The nucleus

was round and very like that of an epithelial ecell except
that 1t was smaller. Less mitochondria were present than
in eplthelial celly and free ribosomes were more prominent
than rough cndoplasmic reticulum. in addition, smooth
endoplasmic veticulum, Golgi apparatusg, pinocytotic
vesicles, and scattered microfilamenis were present.
Tangential sections revealed the "sieve" 1like structure
produced by the fenestrae in the peripheral cytoplasum,

This cytoplasit usually Lay f£1at on the lamina rara externa
but in places it could e curled up and positioned slightly
digstant from the GBW, This latter #inding was also

considered to be an artifact,

d) The mesangium

The mesangiun congisted of siellate shaped cells
enbedded in & Tibrillar matrix. The cells were morphol-
ogically veyry similayr to the endothelial cells except that
the nucleus tended to be larger and more irvegular in
outline, while the peripheral ecytoplasm was very filamentous
and occasionally contained electron dense bodies resembling
lysosones. The matyixz vas composed of many fine non-banded
fibrils,and was similax in electron density and structure
to the lawmina vrara interns with which it was continuous,
Collagen fibrils were absent from the megangium, The
megangium wag separvated from the epithelial cells by the

GBM, and fyom the capillary lumina by the endothelial cells,
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Occasionally however, segments of mesangial cytoplasm
extended between adjaceni endothelial cells making dirvect
contact with the capillary lumen, Usnally two capillavies
vere separated by a mesangium containing only one cell, but

occasionally two and very varely three ¢ells were present.

e) Capillary ilumina

The ecapillary lumina usually contained a fine granular
precipitate of plasma and in some Instances a variable
number of red blood cells. QOeeasionally a single lymphoeyte,
polymorphonucicar leucocyte or monocyte was also present in

the lumen.

2. Bowman's Capsule and Urinarvy Space

Bowman's capsule was formed by a basement mewnbrane
(CBM) and a esingle layer of epitheiial cells. The CBM
consigted of a single moderately dense band of a variable
thickness, composed of fine and fibrillar material, Usually
it was homogenentus but there were a few aveas where siight
layering or eplitting could be discerned. Collagen fibrils
were never present in the CBM or belween it and the capsular
epithelium,

The capsular (parietal) epithelial cells were narrow
elongated cells. The oval nucleus wags placed in the
middle and widest part of the cell, and had much of iis
chromatin clumped at the mueclear border. Mitochondria,
Golgl apparatus, smoobth and rough ouwndoplasmic reticulum,
free ribosomes and occasional vesicles were present in the
cytoplasm. The cytolplasm was very filamentous particularly

near the border with the CBM, Microvilli were sounetimes

89




formed by these cclls.

The urinary apace was always patent and fvee from

debris.

B) Chronle Interstilial Nephritis

Glomeruli fyrom 8 cases (4,10,11,16,23, 24,26,28) wevre
exanined with the electron microscope, An attemplt was
made to examine glomeruli in varying degrees of cbsolescence
a0 that an overall ultresstructural picture of the scarvring

process could be built up,

1) The Glomerular Tuft

Electron nmicroscopy confirmed the histological finding
that the major tuft changes were mesangial expansion, and
GBM thickening and wrinkling, Varying amnogunts of excess
mesanglal matrix were present in all glomeruli examined,
resulting in navrowing of the capillaries (Figs. 23,24).

In most instances the matrix was similar in texture to that
in normal glomeruli but less homogenous in character
(compare Figs, 22 with 23,24), In addition, in the more
severely scarred glomeruli it could also contain occasional
collagen fibres and/or collections of myelin figures,
clectron dense bodies, vesicles and granules, Changes in
the megsangial cell was also present. Although uneguivgeal
mesanglal hypevecellularity (more than 3 cells) was never
seen, it was mere common to find 2 or 3 wesangial cells
present ln one area than in a normal glomerulus. In
gseveral capilliaries there had also been circumferential
interpogition of these cells between the GBYM and endothelium

{Tig. 24,32). This regulted in a thickened capillary wall
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containing segments of wmesangial eytoplasm and matrix. In
contrast, in the more severely scarrved areas mesangial cslls
were often atrophic and reduced in number. Those remaining
weye composed of & small amount of abnormally dense cyto-
plasm containing myelin bodies, slectron dense lysosome-like
bodies, and increased numbers of vacuoles but reduced
numbers of other organelles. Presumably death of these
celis leaves .ihe collections of cellular debris that were
seen embedded in the matrix.

Thickening of the GBM took z variety of forms. in
gome the lamina densa was particularly thickened, in others
the lamina rara interna was markedly increased in width.
Another common lesion was an inerease in thickness of the
GBM accompanisd by obhliteration of distinction into lamina
densa and laminae yarae (Fig. 25). Somet imes these
thickened GRMs were very vacuolated (Fig, 26), or contained
collections of myelin figures and granules presumably
resulting from cell necrosis. Wrinkling often accompanied
the thickening and in general the greaiter the thickening
the more marked the wrinkling. Ogeaslonally this
irregularily was accentuated by the formation of nodules
of bhasement membrane on the epithelial side of the GBM.
Somet imes areas of duplication were present with a double
Lamina densa sepavated by a relabively electron translucent
zone, Finally, the capillary walls could also be thickened
by mesangilal cell interposition, described above, and in
a few instances by fibrin deposition (ses helow). No breaks
in the GBM werse ever seen in the glomeruli examined.

Abnoemalities were also present in the epithelial and
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endothelial cslls, Degonerative changes in the
endothelial cells were very like those seen in mesangial
cells, and such degenevate cells would often lie partially
detached from the capillary wall and have very irrvegular
cell borders. Changes in the epithelial cells were wore
complex, Along streteches of thickened GBM virtually all
Foot processes were replaced by broader segments of
cytoplasm, which were usually abnormally dense (Fige.25,
26). Becanning elccitron micyroscopy has revealed that this
apparent "fusion' of foot processes is, in fact, a
reflection of thelr reiraction and swelling, and is an
indication of a glomerular protein leak (Arakawa and
Tokunaga 1972). The epithelial cells often pogsessed
excess numbers of vacuocles which could contain dense
material, and increased numbers of microvilli could be
formed at the cell surface. As degeneration advanced

pome GBIs were covered in jJust a thin sliver of fealureless
cytoplasm (¥ig, 26), Finally, in the more severely scarred
capillaries the eplthelial cytoplasm had become compleiely
detached fyom the GBEBM, the space being f£illed with pale
amorphous grvanular and fibrillary waterial (Fig. 27),. o
evidence of proliferation of either epithelial or endothelial
cells was seen, nor was infiltration with any circulating
mounonuclear <¢ell present.

In the chsclescent glomeruli examined many of these
changes in tuit morphology could no longer be discerned.
All that remained was a small knot of collapsed, wrinkled
lamina densa enclosing a mass of pale,granular and fibrillaw

material (Fig. 238). No distinet mesangial area counld be




seen nor could lamina rara interns Oor externa be
digtinguisghed. The very few glomerular cells lefi were

atrophic and patent capillaries wire absent.

2. Bowman's capsule

The CBM was abnormal in every glomerulus oxamnlned.
Typically 1%t was idrregularly thickened and divided into
many layers.. composed of dark fibrillar wmaterial (Figs.
27,29a,30), Embedded in these layers were many small
dense granules (Flg, 29b) possibly the ultrastructural
equivalent of the calcium depogite seen with the light
nicroscope. In two glomerull examined gaps were found in
the CBM. These were now filled with the sawme maiterial as
that present between different layers of CBM. This
material was composed of pale granular and fibrillar slementd.
A variety of banded and noun-banded fibrils of varying
diameters were seery including coilagen filbres. Thin strands
of cytoplasm were alsgo present belween the layers of (BM.
These were ustially composed of fib¥illar cytoplasm
containing vacucles of varying sizes, electron dense
gravuleg ..-occasional mitochendria and small amounts of
endoplasmic reticulum, The fibrillar pature of the
gytoplasm suggested a parietal epithelial cell origin. The
electron denge granules in the cells and those in the BM
appeared identical. Occasionally a fibroblast-like cell

contalning prominent cudoplasmic reticulum was also seen,

3. Urinary 8pace

Tilectron microscopy revealed that the eosinophilic

material seen obliterating the urinary spaces of obsolescent
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glomerull was largely collagen (Fig. 28). In addition,
other banded and non-banded f£ibrils and granular elements
were also present, Segments of atrophic cytoplasm were
scattered through this material. Isually these were
composed of fibrillar cytoplasm containing myelin figures,
electron dense bodies, vacuoles and occasional swollen
mitochondria. Presumably these were effete epithelial
cells, Although collagen fibres were Found in the urinary
space no Tibroblasts were seen in the glomeruli examined.
Scattered thiough these obliterated urinary spaces were
collections of myelin figures, granules and vesicles. No
glomeruli with cystic dilation of Bowman's capsule were
present in the sanples examined with the electron microscope.
Several capsular adhesions were secen, formed either by
the GBMs and CBMs attaching directly to each other, or via
a "bridge” of fibrillar basement membrane-~like material
(Figs., 30, 3L). Both visceral and parietal epithelial
cells were absent from the area but foci of myelin figures,
granmiles and vesicles could be present in the "bridge'.
In several instances in case 24, the capillaries involved
in the adhesilons were expanded with an electron dense

granular material (see below).

4. Fibrin Deposits

The 'characteristic® fibres of fibrin with a period-
icity of about 230°%4 (Kay and Cuddigan 1967) were never
seen, However, in two cases (23,24) deposits with different
characteristics were present in the capillaries and

agsociated with capsular adhesions, and it is possible that




these were fibrin or a derivative of fibrin (see discussion).
In cage 23, ithere was obliteration of several capillaries
and thickening of oither capillary walls by a predominantly
electron translucent gramular material (Figs. 32,33) Usually
small foci of dense granular and non-banded fibrillar
material were present in these areas as well, in addition
occasional banded elements of unknown couwposition were also
present (¥Fig, 33). Mesangial cells were seen invading
these materials leading to éireumferenti&l interpogition
kevween GBM and endothelium. In case 24 a different
pilcture was seen (Figs. 30, 31). Several peripheral
capillary loops associlated with capsular adhesions were
engorged with electron dense granular matevial, The lamina
densa could gtill be distinguished surrounding this material,
unlike the lamina rara interna and matrix. Only small
gegnents ol atrophic endothelial and mesangial cytoplasn

remained embedded in this gramilar material.

Yumwunof luorescence Microscopy (Table 10)

1. Glomerull

a4

Deposits of fibrin were the most prominent finding.
Gmall fluorescing granules and globules were present in just
& few glomeruli from 15 cases. lMost deposits were
associated with capsular adhesions but intracapillary
fluorescence was also seen (fig. 35). The amount identified
by immunofluOrgscence was never as great as that suggested
by the light wmicroscopic fihrin stains. Indeeg coertain
cages ¢.g. 21, 26, which had falrly extensive fibrin
deposition in histological sections were negative using

immanof luorescence,
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In 9 cases small granules ¢f immunoglobulin (igh and/
or 1gl&) were found; again only a few glomeruli were
involved, Usually this seemed vo result from non-specific
trapping of serum proteins in the exudative lesions, ihe
deposits bheing in the same position as £ibrin, In three
cases (16, 20, 24) complement (Cgy) was algo present in
these arcar and granules of immuncoglobulin and complement
(CS) gramiles were occasionally found distant from fibyrin

deposits as well (Fig., 36).

2, Arteries znd Arterioles

f'oci of fibrin were present in the iatima and media of
these blood vessels in 8 cases (Fig. 37). Usually only
one ovr two vesseéls per section were affected. Although
confirming the 1light microscope findings there was, however,
a poor covielastion between the two, Only in 5 cases (4,6,
24,27,30) was fibrin identified by both methods. Other
cases were positive only with immunofluorescence (5,7,8)
or only with light microscopic stains (14,15,21,25), This
avparent lack of corrvelation probably reflectad the very
focal nature of these lesions,

In 7 of the 8 cases positive with immunofluorescence
igG was also present in the same lesiong, while in another
4 cases edther IgM or IgG was found in the absence of
fibrin. Cq was present in two instances, alone in case

23 and accompanying f£ibrin and IgG in case 24,
3. Tubules

In 11 cases there were areas, virtually always in the

cortex, where ithe tubular basement membranes atained in a




linear pattern Top 03 (Fig. 48). Usuvally the total number
affected was small, No IgG, Igh oy fibvin were ever found

in this loeation.

4, Interstltium

Although some plasma cells were seen with light
micyroscopy Iin the interstitium in every caseg only in 5 were

such cells ideantified by immunofluorescence,

5. Cauniune adenovirus and L. canicola

These antigens were not found in the glomerulil, tubliles

or lunterstitium of any case.

EZlution Btudies (Uables 11, 12)

Blution studies were cavried out on tissue from 22 CIN

cases. Anti-L, canicols antibodies were present in 12 of

these eluates compared to only 4 out of the 22 controls.
Moreover, the lovels were usually much higher in the CIN
eluates than in the controls, ALl 12 positives came from
caties with the "classical' pattern of scarving {(i.e. heavy
focal or diffuse scarring around the cortico-medullary
juncticn), No coryelation between serum and eluate titres

of anti-L.canicola antibodies was evident in either CIN or

control animals, Anti~L, icterchaemoryhagiase, anti-CAYV,

and anti~kidncy antibodies were not found in any CIN op

control eluate.




Eig._Q

Chronic Interstitial Nephritis (Q;N), Case 19

Severe renal scarring is presgsent around the
cortico-medullary junetion, with many tubnles
obliiterated by large areas of f£ilbrous tiassue
(*). Co., Cortex, Me., Medulla,

(MSB 32 358)
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fig. 10

Norial Canine Glomerulus, Case 84

This puppy glomerulus is slightly more cellular
than a normal acdult glomerulus. Note the patent
capillary Ioops with thin walls; the obvious
urinary space and the thin even Bowman's capsule.

(M & B x 350)







CiN, Case 3

Fig,

12

9 obsolescent glomeruli of the “contracted"

type ave shown, The tufts are reduced to
collapsed, shrunken masses of GBM and mesangial
matrix, and patent capillary loops ave virtually
absent. The capsular basement membranes (CBU)
have. collapsed around the tufts, and in most
instances are disintegrating.

L (P48 x 110)

CIN, Case 11

Obsolescent glomeruli of the Yeystie' type

are preseat (¥). Bowman's capsule remains
dilated whilst the tuft collapses., Note also
the cystic dilation of certain tubules (arrow).

3 & & % 85).
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Flg,

1.3

Cill, Case 22

Glomerulus with < 50% of the tuft scarred
abliterated. Some glomerular bhasement membranes
(GBVs) are irrvegularly thickened (open arrow)
and there is lacalized mesangizl expansion. A
apﬁﬁlar adhesion is also preseni {shaded arrow)

(PAS X ?50)

CiN, Casie 21

Glounerulus with > 80% of the tuft secarred. All
GBNs ave thickened and there is widespread areas
of mesangial expansion. ¥ote that one part of

the tuft has been complotely chliterated by the.
scarring process, and is reduced to a hypocellular
mass of DAS positive material {*). The CEM is also
1rregu1quy thickened and duplicated (arrow).

(BAS x 250)
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Fig. 15

CIN, Case 29

Scarying 1n this glomerulus involves the global
thickening, wrinkling and collapse of the GBMs.
A reduced number of distorted capillaries remailn
giviag the tuft a "simplified"” appearance.

(PAS & 250)
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Fig. 16

Cilf, Case 3

Fig. 17

Two cobsolesceni, 100% scarred glomeruli are meen;
the tufts are reduced to a koot of GBM and
mesang Lol matrizx and only a few capillary loops
remain open, The CBMs, collapsed around the
tufts, are irrvegularly thickened and duplicated
and are gstariing to disintegrate (arvows). The
vemains of the urinary space are ifillled with
Faintly PAS positive materlal ().

(PAS x 280D)

CIN, Case 15

ghaolescent glomeruli appear to progressively
shrink and disintegrate., Thig glomerulug is
very small and only a small segmenf of the

CBH ecan still be clearly distinguished . (arrow).
An arteriole~ilke struciture (*) appears to be
pergisting in the tufg. T

(PAS x 400) N\
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Fig. 18 CiN, Case 29

Global mesangial expanéion and local
hypercellularity {(arrow) are presgent in
this glomexrulus.

(MSB % 400)

Pig, 19 CIN, Case 16

Global mesangial expansion and hypercellularity
are present accompanied by the widespread
format ion of capsular adhesions.

(1 & £ x 250)
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The CBMs of these 5 glOmeruli are all thickened,.
Note that this thickening is not accompanied by
any incvease in cellularity O:F the CBM or

Pig. 20 CIin, Case 25
parzetal epithellum
CIN, Case 14

Tig, 21

A typical pattern of Eibrin depogiition (red
material)., Most fibrin is present as globular
deposits in peripheral capillaries associated
with capsular adhesions. Note that most
deposits are surrounded by a pale staining
zone beiore merging into areas of collagen_
(hlue) staining material. &

(MSB = 400)







Fige,

22

Normai Canine Glomerulus, Case 83

4 capillary loops (C) are shown in this field, all
of which contain a fine granular precipitate of
plasma, Capillaries are separated from each other
by the mesangium which is bomposed of mesangial
cell& {(11) apd matyix (m). The capillary walls arve
comprised of an imner layer of fenestrated endo-
thelium, a continuous bagement -membrane and an
outer layer of epithelium. The bagenent ‘membrane
is usunlly of even thickness bui irregularities
(*)can be present near the mesangial/capillary
bordor. The epithelial: cytoplmsm forms distinct
bulh shaped foot processes that rest on the -
basement membrane (open. arrow), but due to plane
of sccetion much hroader sagments of cytoplasm may
be scen (shaded arrow). E. fnddthelial Cell
Lp.,Fthhollal Cell, U. Urlnary space.

(Electron microscopy x 10 QGO)
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Fig, 23

CIN, Case 23

Tip, 24

Three mesangial cells (M) are present in one
area. The cells show signs of degeneration
with myelin bodies {open arrow), vacuoles and
denge lysosome-like bodies (shaded avrow)
present. Excess mesangial mwtrix {m) is also
proaenu. C., capillaries, L

(Electron mtcroscOpy x 10 Q00)

Do

CIN, Case 23

A capiliary loop (C) is narrowed due to a
combinatlon of axial (arrow) and circuin-
forential expansion of 2 mesangial cells (M)
and matrix (m).

(Electron mieroscopy x 20,000)
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CIN, Case 24

The glomerular basement membrane (GBM) of this
copillary (C) is irregularly thickened and a
clear distinction of the lamina densa and
lamina rara interna cannot be made., Epithelial
cell foot processes (*) are fused indicating a
glomerular protein leak, U, Uridnary space,.

(Electron microscopy x 30, 000)
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Tig., 26 CIN, Case 28

Thickening and vacuolation of the glomerular
bagement membranes (GBM) are very prominent
in thege three capillaries (C). Note also
that the epithelial covering is reduced to
a continuwous, dark, atrophic layer (arrow),
U. Uprilnary space. '

(Electron microscopy x 10,000)







fig.

27

CIN, Case 28

Pari of sn obsolescent lobule from the same
glomerulus shown in Fig. 26, The capillary
lumina (C) avre completely obliiterated by
vacuolated, granular basement membrane-like
material, surroundcd by a collapsed, wrinkled
lanmina densa. Endothelial and mesangial cells
are absent but distorted epithelial cells (Ep)
still remain. The epithelial cytoplasm no
longer rests on the GBM, the space between the
2 being filled with a flne granular and
£ibrillar material (*). The capsular hasement
membrane ((BM) is also thickened.

(Bleciron microscnﬁj x 10,000)
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¥ig. 28 CIN, Case 16

Ultzastructural appearance of a glomerulus
gimilar to that shown in Fig, 16. The tuft is
reducded to a collapsed, thickened GBM which
encloses pale,granalar and fibrillar wmaterial.
A digtinet mesanglal reglon can no longer bhe
digiinguished but occasional strands of
atrophic mesangial cytopiasm (M) can be seen.
Collagen fibres are seen in the urinary space
(open avvow) aund occasionally in the tufi
remnants (shaded arrow). Atrophic epithelial
cella, containing many den e bodies, are also
pres eaL (mp) e hy

(Electron m10£oscopy ; 15,000)
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Pig. 29(a) CIN, Case 24

A typical thickened capsular basement
membrane (CBM) is shown. Irregular dark
strands of basement membrane lie in a
haphazard arrangement interspersed with
~occasional strands of atrophic fibrillar
cytoplasm and paler granular and fibrillar
material (open arrow), Collections of dense
granules (shaded arrow) are also seen. Pep.
Parietal epithelial cell.,

(Electron microscopy x 10,000)

Tig, 29(h) High power electyron micrograph of the dense
granules in the CBM. No obvious structural
organization is visible. It is possible that
these are small deposits of calecium salts,

(Electron microcsopy x B0,000)
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Pigs.30,31

CiN, Case 24

Two areas from.one glomerulus are shown.

In both a capsular adhesion {(A) formed

by strands of CBM and other fibrillar
elements is present. The capillaries (C)
invelved are engorged with g dense granular
material obliterating everything except

-gecasional strands of atrophic cytoplasm
and the surrounding remalas of the GBM

(arvow), The position of this material in

o peripheral capillary associated with a

capsular adhesion suggests it is or is
derived from fibrin. M. mesgangial cell,
By Tondothelial cell, CBM, capsalar basement
nemprane. :

(Electron microscopy x 6,000)
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Fig, 32

CIN, Case 23

Two capillaries (Co, C,) have heen completely
obliterated and ithe waql of another (C )
thickened hy a mass of predominantly pale
granular material. Dense granular and fibrillar
elenenis are also present (shaded arrow) as are
occasional banded fibrils (open arrvow), This

type .of appearance has been reported to be' a

feabure of nephropathies where :active deposition
and 1ysis of fibrin is- OGCUPang (Xincaid-Smith
1972). FEndothelium can no longer be identified
in ¢capilliarvies CP and C wh11e in C, the
endothelial eell”™ (X)) is dark and atrophic and
appears to be involved in the phagocytosis of
granular material {*). Mesangial cells (M) are
