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SUMMARY

familiafity‘with nofﬁél glomerular anatomf is an essential

" prerequisite to uﬁdergfasdi£§ the pathégehesis Qf glémerulbnephritis
and interprefation,of glomerulaf abnormalities»detected by light
microscopy, immuﬁoflﬁorescencé-and electron microscopy;
Glomerulonepgritis'ié novw recognised to be an important canine

| ﬁéphropathy and it is clear that it is the formation of immune

complex deposits in the glomerular filter that is responsible for

virtually all types of’glomerulonephritis seen in man and animalse.

1In Chapter .3 of the-present work, an attempt was made to
highlight the most important géps in our unde?gtanding of the
hofmal dog glomerulus with particular reference to a number of
importént parameters suéh as methods of fixééion and embedding,
fhickness of sectionbandﬂvariation in glomerular size betwegnbinner

and outer cortical levels,

Chapter 4 provided a detailed study of sequential autolytic
changes in the dbg glomerﬁius;" ﬁndér cdntrolled expgriéental
conditions,’glomerular changesAin‘dogS'kil;ed from two minutes up
to five days after deéth,were‘récorded using éomﬁined light,
transmission and. scanning electron'microécopf. | ihis étudy showed
that; while autol&fic changes parficularly ﬁﬁeﬁ observed with the
electron\microscope; oc¢urred verf rapidl&,after ﬁeatﬁ, nevertheless
‘there was a éignificaﬁf amount of ﬁytologicai ﬁreéervatibn a; late

as three dayse.

In Chapters 5 and 6, a series of experiments were carriedl
out to study the response of the dog glomerulus>té various forms of

imunological injury.



Chapter 5 provided an in depth study of exﬁerimentally- '
induced nephrotoxic (anti-glomerular basemenflmembrane) nephritis
in dogs with'partiﬁular reférenée‘tq tﬁe sequential changes_

" occurring in thevglomeruli from 30 minuteé after receiving anti-GBM
rabﬁii serum up té the termination of the experiment at 80 days.
Using cqmbin?d histologic;-immunofluorescence and ultrastructural
methods the present ss.'tudy revealed the remarkable ability of the

canine glomerulus to recover from a severe immunologically-mediated

attack;

ﬁuring the last three decades,'the increasing utilization
"of immunological techniqueé in the study of renal disease has clearly
estabiished thaf giomerulonephritis, the most important renal
disease of man anﬁ his closest animai associates the dog and cat, are
immunological in origin.‘ In Chapter 6, a series of serum sickness
experiﬁents were undertaken, for the first time using the dog as an
experimehtal animal, to induce a number of different forms Qf immune
cqmplex glpmerulonephritis; namely Yone-shot! serum sickness and

accelerated serum sicknesse.

Furthermore; as membranous nephropathy is tﬁe most common
form of sp;ntaneous immune cohplex glomerulonephritié in the dog, a
lesion Whicﬁbdoesbnot occur with tﬁe above tWO.eﬁperimentai méthods;'
an attempt waé made to ﬁake use of charged anfigéné (cationized
bovine serum albumin) in a chronic serum sickness experiment.
Overall, the immuﬁofluorescenée,vhistological and ﬁltrastfﬁctural
feétures encountered in this experimgnt reéembled cloéely tﬁoée

described in spontaneous cases of canine membranous nephropathy.
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ABBREVIATIONS USED IN THE PRESENT WORK

.GN Glomerulonephritis.

 TEM : Transmission Electron Microscope (or Microscopy)e
SEM = Scanning Electron Microsqdpe (or Microscopy);
BSA :  Bovine Serum Albumin.
GBM : ;lomeruiarvBasement Membrane.
PBS : Phosphate Buffered Saline (pH, 7.3).
NTS : Nephrotoxic Serume
NTabs :  Nephrotoxic Antibodies.
NTNl ; Nephrotoxic Nephritis;
NBF :  Neutral Buffered Formaline.
TBM : Tubular Basement Membrane,
PAP : Peroxidase-Anti Peroxidase technique.
EXPLANATORY’TERMS
Focal - Only some glom;ruli aﬁfecteda
Diffuse : All glomeruli affected.
Segmental ~ : Part of a glomerulus affected, -
Globai | : All of a glomerulus affected.
Obsolescence : Shrunken scéfred glomerular tuft with no

pétent capillaries.



CHAPTER 1

GENERAL INTRODUCTION AND REVIEW OF

‘THE LITERATURE

“It will never be possible for us to be compietely ourselves until we have
resolved the problems of the animal in relation to man.... ”
J. BOUTONNIER

R



Diagram of a normal dog renal corpuscle

5 AFF = Afferent arteriole PEP =Parietal epithelium

EFF =Efferent arteriole = PP =Primary process
O End =Endothelialcell + RBC = Redblood cell
"~ -+ FP=Foot processes VEP = Visceral epithelium

S
;

M = Mesangial cell US = Urinary space



The renal corpuscle of the mammal, with its functionally
vitalvglomerulﬁé; héé fascinated anaf&misté; clinicians and
patthogists for decades: éinée'?he introduction of the hodern~v
light microscope; aﬁd ﬁofe‘fecently of the ffanémiséion and ;caﬁning
electron microécopeé; a v#ét literatufe dealiﬁg with many diverée
aépects of glomerul?r ;tructure ha; accumulaﬁed; fhese extensive
morphological étudieé have allowed a general under;tanding of the
~ functional role of glomeruldé not_onlf in the filtration of ufine

but also with respect to the mechanisms involved in renal failure.

It is not the intention of this dissertation to review all
- the histological and ultrastructural features of the mammalian

glomerulus; +the literature is now so extensive that this wouid not

be possible. v Only a brief summary of the.major morphologic
characteristics of the glomerulus are given in order +to set the

scene for the present work.

The fenal QiOmefulus of the mammal:

In 1669 Marcello Malpighi (éited by Mueller anﬁ syracuse,
'1§58) aﬁbltélian biologisﬁ who became the foﬁhder of microscopic
anatomy,‘fir$t~déscribed clearly the curious spherical tufted
arréngement of capillaries’in the renél cortex; these camekto be
known ‘as "Malpighian" or "renal! corpuscles. It was not until 200
_years later in 1842, when William Bowman showed that each éorpuscle
was enveloped by the expanded end of a renal tubule to form a
- capsule (Bowman's capsule) around the capillary tuft, fhat‘it
became clear that it was into the space enclosed by the capsule that
urine was produced from capillaries and subséquently carrie& away by '
the’reméining tuﬁular portion; Three years 1atef in 1845, Gerlach

fbund cells covering the outer surface of the capillaries and

3



concluded that fhey‘were derived from the capsule. Another early
report was that by Vaughan (1879) who carried out an examination of
sections of kidney with a hand lens and noted numerous minute red

dots inrthe,corticaliportion, the Malpighian bodiese

Since these early éfeps in our undersfanding of glomerular
moréhology3 *there have been extensive iﬁvestigétions of the normal
histology and ultfésﬁructﬁre.of the mammalian glomerulus; fhese
include those by McGregor (1929), McManus (1948), Pease and Baker

, (1950), Smith (1951)., Trabucco and Marquez (1952), Mueller et al

(1955), Pease (1955), Rhodin (1955) and Mueller and Syracuse (1958).’

Most of the progreés made in recent yeafs in the study of
the functional ﬁorphology of the glomerulus hés,been due to the
. technical possibilities offered by tﬁe transmission electron
microscope (Rhodin, 19553 Yamada; 1955; Far@uhar_gi_gl, 19613
Graham‘and Karnovsky, 1966;A Jorgensen and Beﬁtzon; 1968; Latta, 1970
and Verkatachalam et al, 1970). Despite the complicated
arrangement of the glomerular cgpillgries; a general accebted plan
of the renal‘corpugcle ha; been put forward by Boyér (1956), Elias
et al (1960) Murakemi et al (1974) and Murakami (1972).  The major
structural components thaf are organised to form the renal Qorpuscie
_are'ﬁhe capillary endothelial cells; meéangialycells and matrix,
- glomerular baseméntvmembrane (GBM) and visceral and parietal
epithelial cells. A brief acéount of the major characteristics of

these structures is now given:

a) Endothelial cells:

 _The thin cytoplasm of glomerular capillary endothelial cells

intimately apposed to the GBM is characterized by large pores or



- fenestrae whichvwére firgt recognised by Héllv(1954); these vary
 from 5004° to 1000A° in diameter (Farquhar et al, 1961). Although
6OFA°rthick diaphragms have beenio§§erved bridging the fenéstrée of
mouse endothelium (Rhodin, 1962); these have not been recognised in
other species (Farquhar _g_a_g, 19613 ‘La'tta',ﬂ 1970)e  The main body
of the éndothelial qell occﬁbies the axial portion of the capillary
loop and is directly contiguous with adjaceﬁt mesangial cells
witﬁout an intervening basément membfane; %he thiﬁ'fenestrated
portion of the cytoplasmvforﬁs a thin layér afound the peripheral

region of the capillary.

In‘the mouse, Yamada (1955) reported that the cytoplasm
adjaéent to fhe nuclear region contains mifochoﬁdrié; Golgi-b&dies
" and a sparse endoplasmic reticulum and; in addition, avchafac{eristic
féature is the presence of numerous depsely packed vesicles and

caveolaeo
b) Mesangium:

The mesangium of “the glomerulus has been the object of
'Jcon51derable ultrastructural definition and controversy. The term
"mesangium" was introduced by Zimmerman (1933) to designate the
structure that he assumed sefved;as a—éupnorting "mesenteryﬁ for the
renal glomeruiar capillary tuft. After years of dispute regarding
the structural nature of the glomerular mesangium it is now
,«apprec1ated that this supportlng structure con31sts of an
1ntercap111ary populatlon of dlstlnctlve glomerular cells; Yamada
(1955) reported that the cytoplasm of mesanglal "1ntercap111ary" cellg
contains mliochondrla, endoplasmlc retlculum, mlnute ve51cles, and
numerous dellcate fllaments which arrange thewselves along the axes

A of the cell processes and thus suggests a 51m11dr1ty with smooth

5



muscle cellse.

"Recently, Bﬁrkholder»(1982) has‘reviewed the numerous
functions attributed to mésangial cells; thése include fibrocytic
activity, smooth muscle contractility; phagocytosis; receptor
activity for selected hormones anﬂ peptides; proétaglandin
production, ;ynthesfs of mesangial matrix and proliferation in
response to injurye. Mesangial cells are bounded laterally by the
GBM and are contiguous at the éxial region of the capillary loops_‘
with the éndothelial cellso In the normal animal, cytoplasmic
-pfojections often protrude between the endotheliai éells into the
capillar& iuﬁina‘(CrOWell Ei_él; 1974); Normally, mesangial
matrix comprises‘if a narrow baﬁd of amorphéus fibrillar; basément
membrane-like méterial of unkmown origin and\biochemical composition
(Osborne et _al, 1977); It has been suggested, however, that
mesangial matrix is formed in part from deposition of old GBM in the
mesangium following its turnover and renewal (Walker, 1973); The
absence of_reactivity of the mesangium wifh antibody to GBM antigens
indicafes that it is immunologically‘distinct,from the GBM

(Scheinman et al, 1974).

~

Mesangialvcells are cqntinuous wifh "Lacis!" or pseudo-
meissnerian cells of theAjuxtaQIQmerular apparatus; they also show
many similarities in fine structure; Meééngial cells may sﬁpﬁlement
both "lacis"vcélls and graﬁular epitﬁelioid cells in controliing

glomerular blood flow (Latta et éi, 1962),

¢)  Glomerular basement membrane (GBM): .

The GBM is sandwiched between endothelial cells and visceral

.epithelial cells in peripheral portions,of capillaries and between
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It apbears to be cbmposed of three layers Qhen examined by the
eleétron hicroscope (Crowell‘gz_éi; 19743 Churg aﬁd Grishmén, 1975);v
Imuediately adjacent to the enddthelium thefe is an électron—lucént
innervlayer; the lamina rara interna; The bulk of the.GBM; however;'
is composed of an electron-dense middle layer, the lamina densag the
outer layer; the lamina rara externa is electron'- lucent and lieg

beneath the visceral epithelium.

The total thickness of the GBM varies from 700 to 1000 A° in
mice (Yamada; 1955)§ 1200 - 1500 A° in rats (Farquhar et al, 1961),}
1200 to 1900 A° in rabbits (Latta, 1970), 1000 - 1300 A° in the dog
(Movat and Stéiner, 1961) and 1000 - 1900 (Crowell et al, ‘-1974),
2400 - 3200 A® in the mnkey (Latta, 1970) and 3288 A° - 3500 A% in

man (Jorgensen and Bentzon, 1968).

The composition of the GBM from several speéies of animals
has been extensively reviewed by Kefalides (1972). Chemical studies
| have established that the GBM Haé coilagen and glyéqprdtein éomponents;
The collagen moiety differs from interstitial collagen. _The |
carbohydrateé of the glycoprotein make up 10 per cent of the GBM dry
Qeigﬁt and are characterised by two mqlecu;af structures; disaccharides
and heteroﬁolysaccharides; ihe peptide_fortion is forined by én
amino acid sequence_similar tp that of basement ﬁembranes in othér

organs (Albini et'al,‘1979)..

d) Visceral epithelial ceils:

"Glomerular capillaries are invested with aklayer of epithelial
cells (podocytes) characterised by an elaborate layer of primary,_'

secondary and tertiary cytoplasmic processes vhich extend to the GBM;



tertiary cyteplasmic processes are cormonly called "foot processes”.
These abut on to the GBM and between each process there is a thin

diaphragm 200 - 300 Ao wide "slit ﬁeﬁbrane"f (Yamada, 1955).

Viseeral epithelial cells are in direct comtimation with

the-squamoas; felatively simple; parietal epithelial cells which
- . > B . . A

line Bowman's space (Osborne et al, 1977).  In addition to their
hypethesised function in the’synthesis_of oae or more ccmponents
of the_éBﬁ and regulation of pefmeabilitf; the preseace of
microfilaments in the cytoplasm of visceral epithelial cells has
suggested that they also have a contractile functlon (Karnovsky and
'Alnsworth 1972). Among the cytoplasmlc organelles arc the Golgl
apparatus, centrloles and a few mltochondrla all of which are 1ocated
near the nucleus: Farquhar éf'éi (1961) has descrlbed the endoplasmlc~‘

reticulum as having large dlstended 01sternae containing basement

membrane-like material.

. in recent yeafs; the introduction of'scanning electron
mierescopy (SEM) has helped to illuminate the topography of the fenal
7 glomerulus partlcularly with regard to the peculiar 1nterdlgliatlng
arrangement of the foot processes of v1sceral eplthellal cells. The‘
prlmary; seeondary and tertlary arraneement of the cytoplasmic
processes of visceral eplthellum haS'been descrlbed in various

mmallan spec1es (Arakawa, 19703 Fuqlta et al, 1970; Arakawa, 1971;

Andrews and Porter, 1974- Andrews, 1973, Splnelll, 1976).
Furthermore, studies of vascular casts of glomerular capillaries with
the scannlng electron microscope take advantage of the exceptional
depth of field ofAscannlng electron mlcrographs to illuminate the

spatial orlentatlon of the glomerular caplllarles (Hurakaml, 19723

Splnelll, 19763 Anderson and Anderson, 1976).

-
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e) Parictal epithelium:

Tﬁe epifhelium of ﬁowman's-capsule is é layer of thin,
flaftened celis intimately apposed-fo tﬁe capsuiar basement ﬁembrane;
The cell junctions are distinct (MCGregor, 1929) and this layer of
. cells is continuous with the eplthellum of the prox1ma1 tubule and

with the visceral epithelial cells covering the capillaries.

Electron microscoéic studiés of these cells have révealed
that they have few cytoplasmic organelles and, apart fr§ﬁ a Few
mitéchondria scattered throughout the c&toplasm, they do not have
the 1ntrlca%e organlsatlon of internal structure which characterlces

'thebcells of prox1ma1 tubules(Mueller et al, 49553 Yamada, 1955) .

Peripolar cellé have recently been deécribed by Ryan ét et al
(1979) as dlstlnctlve granular parietal cells en01r011ng the orlflce
of the proximal tubuleo The function of these cells is still in
dispute but they may be involved in juxtaglomerular complex
activity or they may:have some regulatory role on the glomerular
filtrate which flows past these cells on its way to the proximal

tubuleo . -

Régarding the relationship of glomerular number and'diameter
%o‘body size; Kunkel (}930) noted'that interspecies differénces exist
in the number of glomeruli;in the kidnéy of mammaié; On the otﬁer.
- hand; Smith (1951) concluded‘that the number of Qlomeruli‘in the
kidney of adults within a species was relativgly conétant and tﬁat tﬁe
correlatlon dld not exist between mmbers of. glomerull and body
welght. This is in contraat to the earller work of Rytand (1938)7uho
stated that the number and size of mammalian glomeruli are related to

kidney and body weighte



The renal glomerulus of the dog:

In ferms of investigafion of renal fgnction, the dog hasvbeen
and ;till is uged probably more than any otﬁer mammalian speciese
Yet the majority of morpholégic studies of the renal glomerulus have
been.carried out in thé rat, mouse and man (Arakawa; 19703 Spinelli,

19765 Osborne et al, 1977).

Furthermore;‘the recent surge of interest into spontaneous
glomerular disease of the dog (Murray and Wright; 19745 Mueiler—
Peddinghaus and Trautwein;;1977; Wright et al, 1981) has
highlighted the importance of a real undefstanding of normal
glomerular structure in this épecies; not bnly‘at the light
microscopic 1evé1 but also in view of the increasing use of the

transmission and scanning electron microscopese

Some aspects éf cahiﬁe glomerular mérphology such as size
and overall number have been studied and there are reports, mostly
brief and incomplete, of the nofmal histological and ultrastructural
featureso The number of glomeruli in the'kidney‘of,a dog for
Vexample hasteen calculated by varioug‘ﬁorkeré to be 125;000 -
142,000 (Brodie;k1914); 5004000 (Vimtrup; 19283 Kunkel; 1930);
408,100 (Rytand;';938); 4154000 (Smith, 1951) and 630,000 (Sellwood

and Verney, 1955).

There is aléoVSOme dispute as to whether or not the number
“of glomeruli is related to body weighf; Thug; Kunkel (1930)
feporféd that the numbgr and size of gloﬁeruli varied in doés of
different weight but there 3is no constant\relationship between thé
numbervof glomeruli and kidney weight or body weighﬁ; Thié view was

challenged by Smith (1951); he concluded that both kidney size and

10



number of glomefuli are relatedwfp‘body size. However, Finco and
Duncan (1972) f§und a significant correlation did nﬁt exist between
. glomerular nmumber andibody weight or bodybsurface. 1 appears that
the mean diameter of juxiamédullary glomeruli of fhe dog is slightly
greator than that of cortical glomeruli (Horster et al, 1971).

»
-

6n the whole, however; there is relatively little published
informétion on the histological and ultrastructural featureé of the
nérmal dog glomerulus; there are only a few brief ultrastructural
fépﬁrts in thebrecent literature (Wright‘gzhgl, 1973b; Osborne
sﬁ;gl,-1977). .Mueller'gi_gl (1955) ih an eariy ultrastructﬁral
study, described the interdigitation of thé foot processes of
ViSceral.epithelial cellé which bveflie and iﬁsinuafe between the
kioops of each capillary; They also reported fhat the basement
membrane of the dog giomerulus was a single homogeneous membrahe
2,060 fo 2400 A° thick; ‘ They claiméd that the glomérular
capillaries divide at the vascular pole into four, six or eight
primary branches which»enter tﬁé glo@erular space and emerée without
any anastomosis between the individpal primary'branches. Each
primary branch &ivides several times and subéequently re-unites and
returns to thevvaécular édlevﬁhere’it unites with other primary
branches to exit aé thé efferent arferiéle; _ ihey claimed that there

are no differences between the dog and human glomerulus.

4 Ebvat and éteiner (1961), in a more detailed ultrastrucfural
‘studj; attempted to esfablish some baseiine‘information on thé normal
dog,glomerulus; They stated‘thgt'viscéral‘epithelial ceils‘consiét

of a main cytoﬁlasmic mass which contains the nucleﬁs and the
méjority of organélles." Large cyﬁopiasmic_extensions arose from‘@%é

cell body and gave rise to numerous foot processese. They described

N



thé endothelial cells lining the capillary lumina and notéd fhat the
main cytoélasmic maésrof these cellé éontaiﬁed the nucleus. In.
contrast to the~viscera1 epithelial cells; smooth surfaced’

(pinoc?tic) vesicles were seen in large numbers. The attenuafed
portion of the endothelial cytoplasm arises»frcm tﬁe main cytoplasmic
mass and coqﬁains numerous perforations or fenestrae; With regérd to
the relation of endothelial cells to the GBNM, this was fourd to be
constént in the region of attenuated (peripheral) portion of thé
cytoplasm. The relation of the main cytoplasmic massvio the basement
membrane, however, was less constant. Heré the lamina rara interna
was often focall& widened indenting the endothelial cytoplasme This
'was considered to be of importance in the interpretation of pathologic
changes in this areac Three layers of the dog alome“ular basement
membrane were déscribed; A lamina densa, measuring between_??O A°

and 830 A® in width and lamina rara externa 200 --‘25OFA0 in wid%ﬂ>and
lamina rara interna énly a few A° units thinner than thaf of the lamina

externac

From the available literature it is apparent that much has
still to bé‘established with regard to the normal histological»and.
| ultrastructﬁral features of the normal dog glomerulus and that wﬁat
hay be true éf_the glomerulus of the rat or man higﬁt not necessarily
- apply to the dog. Furthermore, the increase in interest in primar&
1mmunologlcal glomerular dlsease in the dog makes it necessary- to
study, under controlled experimental condltlons, how tﬁe dog |

glomerulus reacts to such 1mmunologlc injurye

The purpose of Chapter 3 of the preéent work was not only to
provide a brief description of thé_general:morphologié‘features of thé‘

canine glomerulus in the adult and neonatal dog but also to compare

12



the importance of preparatiﬁe techniques such as perfusion as

distinct to immersion fixatione

Chaptef L was designed to study the sequential changes
occurring in the dog glomerulﬁs due to autolysis, using combined

light, transmission and scanning electron microscopye.

»
-

'&n Chapters 5 and 6; the reaction of the dog glomerulus to
experimentally-induced immunologic injury'is described; . Chapter. 5
deals with anti-GBM (nephrétoxic serum) nephritis while, in
Chapter 6 various models of experimentallyfinduCed immune complex

glomerulonephritis are'comparedo
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CHAPTER 2

'GENERAL. MATERTIALS AND METHODS
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i. Source of animals:

Litters of Collie-cross puppies aged 14 -~ 20 weeks were
_ obtained from commercial sources. On arr1Va1 they were 1mmunlsed

against canine parvovirus, distemper virus, leptospira canicola,

leptospira icterohaemorrhagiae and adenovirus subtype I, using

»

standard commercial ‘vaccines. They were observed for at least three

weeks before being used for experimental purposes.

20 Method of euthanasia:

Dogs wére given a neurolepfanalgesic "Immobilon SA" (Reckitt
.and Colman Pharmaceutical Division; Hull; England) and subsequenfly
euthanized by an intrévenous injectioﬁ of sodium pentobarbitone
(Euthatal, Méy aﬁd Baker, Dagenham, England). As soon as deep
anéesthesia was achieved, exsanguinafion vas performed by gevering
the axillary artery. The abdominal wall was then incised, thé

‘kidneys exposed and portions removed for further study.

3. - Light microscopié studies:

Sméil blocks of cortex were fixedbinlio% neutral buffered
formalin (NﬁF)'for four days aﬁd suﬁsequently pogt fixed for at least
two days in mércuric chloride formol;J The kidn;y tissue was {heﬁ
dehydrated cleared and 1mpregnated ‘with paraffin wak; éectibns
two to three jm thick were cut and stained routlnely with
haematoxylln and eosin (H&E). Other stains used on occasion weré
Martius scarlet blue (cqllagen and fibrin) and periodic acid-schiff

{(basement membranes).
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L, Scamming electron microscopic studies:

Sliqes of kidney cortex 1ess than two mm in thickness were
gently washed in Oéin cacodylate buffer in order to remove surface
blood and then immerséd in_KaanVSky's.fixative_(paraformaldehyde—
glutaraldehyde) for 24 hours; the spgcimens were then washed in 0.1 M
cacodylate bhffer for four hours before dehydration in a series of
acetones (70%, 90%, 100%). The specimens were then dried in a
Polaron critical point dryer, mounted on stubs; and coated with gold
in'an Emscope sputter coater for fouf minutes; Specimens were then

viewed in a Philips 501B scanning electron microscope.

‘5. Transmission electron microscope studies:

Small portions of cortex were diced into small pieces, fixéd
in paraformaldehyde-glutaraldehyde, washed with O;i M cacodylate
bﬁffer and post-fixed in 1% osmic acid. $pe§imens were then washed
with distilled water, dehydrated in a series of acetones (70%, 90%,
100%) and subsequentlyrplaced in two changes of propylene oxide for
zo-minutes each; The specimens weré then placed in propylene oxide/
Emix resin/(50:50) for one hour, Emix resin for four hours, and‘the

4specimens‘embedded in resin and polymerised at 60° overnight; Sections
one pm thick were cut in an 1XB pyramitome and stained wifh toluidine
blue; Qpce glomeruli had been identified; ultrathin sections weré
cut in an IKB mark III ultramicrotohe, stained with ufanyl acetate and

lead citrate and examined with an Hitachi HS8 electron microscopes

6. Kidney perfusion method:

Immediately following exsanguination the renal vein was
[SASY ' .
clamped by means of{ artery forceps and a carnula (No. 12 guage) was

¥

inserted inte the renal artery. 40 ml of Karnovsky's fixative was

16



slowlf injected manually through the cannulg at a flow rafe of 2 ml
per minute; As éoon‘gé the fixative w%s observed emerging from the
renal vein; the vein was.sevefed a?d peffﬁsioﬁ ;ontinued for five
minute$; During'peffuéion the kidﬁey:raéidly became blanched and
firm; Fgllowing berfﬁsiq£véméll bl;;ké of éortex viere tragsferred
to 103 NBF for histological studieévand glicéékplaced in Karnovsky’s

fixative for SEM. Small portions of cortex were diced into small

pieces and immersed in Karnovsky's fixative for TEM.

e Preparation of arterial casts:

Corrasion casts of kidnevaere preparedrby inserting a
.cannula (gauge N ; 12) into the renal artery and flushing oﬁt the.
renal circulatioﬁ wi#h PBé (approximateiy éb‘gl at rocom temperature
at a flow rate of 2ml/miﬁ}g 15 - 20ml of a‘mixture of Tensol cemeﬁt
and No. 7 component A and B (ICI Plastic Division, Welwyn Garden City,
Hérts, England) in a>ratio 25/1 was then injected slowly through the
cannula. When filling was complete, the kidney was transferred to
an-incubéfor at 37°C for four hours and then placed in a 30% SOIution
of potassium hydroxidé for three days.v Once the digesfion process
was completed, the kidney was placed in a bath of running water in.
ordervto remove any crystalizéd’KOH; After drying at 37°C overnight,
small pieces of cortex were carefully removed for examination with

the SEM as described above.

8, Immunofluorescence methods:

Cryostat sections of kidney foui'pm thick were washed for five
minutes in PBS and subsequently fixed in acetone for a further five
minutes. They were then stained for 30 minutes in a moist chamber

with rabbit anti-dog IgG, sheep anti-rabbit globulin, goat anti-dog

17



complement (03) or goat anti-dog fibrinogen all labelled with
fluoresqein isothiocyanateo — After wéshing with PBS for 10 minutes
the stained sections were examined using a Leitz Orthoplan

microscope equipped for incident light fluorescence.
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" CHAPTER 3

A HISTOLOGICAL AND ULTRASTRUCTURAL

STUDY OF THE NORMAL DOG GLOMERULUS
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Introduction:

ihevpurpose‘of this part of tﬁe work was to carry out fofv
the first time a combiﬁed iight microscopical and ultrastructural
investigation of the normal dog glomerulus taking particular
account of a number of important parameters sucﬁkas method of
fixation'and‘embeddihg; thickness‘of section and variations between
inner and outer cérticalllevéls. In addition the main features of
the normal glomerulus were studied Qith»the transmission énd scanning
electron micfoscopes; With respect to the latter, a numbgr of.
arterial casts were prepared in order to study the overall
organisation of the glomerular capillaries; Also‘inéluded in this
section is a study of the normal post-natal develqpmenﬁ of the dog

~glomerulus.

Despite fhe extenéive literature on the development of the
neonatal mammalian glomérulus (Hall and Roth, 1956; Kurtz, 1958;
Potter, 1965) little work has been done on nephrogen%is in the doge
Eisenbrandt énd Phemisfer (1977) despribed the histological features
of nephrogéﬁ%is in dogs from two to 200 days after birth and ciaimed

-

" that nephrogengis had diminished by eight days, and was absent by 1%
dayse. They mentioned that the histologic appearance of kidneys at
<70 and 200 days of age was similar to that of normal adult kidneys;

Apart from this report, there is no sequential study of the post-.

natal development of the canine glomeruluse.

Materials and methods:

. These are given in detail in the general section on materials

and methods in Chapter 2.

The kidneys from 15 five month old dogs arnd 10 nevwborn puppies

20



formed the basis of this study. In every case, the kidneys were

shown %o be histologically normal and immunofluocrescence tests for

. the presence of canine IgG and C, proved negative, The number of
o 3 .

kidney specimeng used in the investigation of each morphologic

parameter is given belowo

In the five'month old dogs one kidney from each animal was

used for light microscopy either using immersion or perfusion

fixation. The contralateral kidney was used for ultrastructural

studies or for producing arterial castse.

An opportunity arose to

study two litters cof newborn Collie cross puppies. In éll, 10

puppies were killed by intracardiac injection of sodium pentobarbitone

at four hours (2), 36 hours (2}, three days (2), seven days (2) and

15 days (2) after_birﬁh. Only light microscopy (immersion fixation)

was carried out in these animalse.

Immersion Fixation (Light Microscopy)
Perfusion Fixation (Light Microsco py)

Immersion Fixation (Electron Microscopy,
’ TEM and SEM)

Perfusion Fixation (Electron Microscopy,

TEM and SEM)
Plastic Embedding (Light Microscopy)
Arterial Casts (SEM only)

Neonatal Puppies (Light Microscopy only)

21
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Results:

Light microscopy:

1. Light microscopy (immersi§n fixation):

Fig; 1 shows a typical renal corpuscle from an immersion
fixed kidney;sectio¥ three pm thicke This is a deep cortical
glomerulus. Note the patent capiliaries, and easily differentiated
visceral epithelial, endothelial and mesangial cells; In contrast
a six pm tﬁick kidney section (Fig. 2) shows a glomeruius with closed
capillaries and the glomerular tuft seems to be hypercellulaf with

darkly stained nuclei which are difficuit to identify.

-

vIn the outer cortex, the glomérular caﬁillaries are often
- closed with resultant difficulty in identifying the various glomerular
cell tyﬁesv(Fig. 3); In the'mid cortex; soﬁe glqmeruli show patent
loobs while in others some capillariés are open and some are closed

(Fig. l-i:)o

2. Light microscopy (perfusion fixation):

In perfused kidney sections; the renal corpuscle often has a
wide urinary space; The lumina ?f gapillaries are usually patent
and largely empty; allowing good differentiation befween endothelial;
visceral epithelial and mesangial cell type; (Fig; 5); In the
Present étudy no£ all glomeruli ar;; however, perfuéed e;enly;

particularly the outer cortical glomeruli (Fig. 6).

" 3. One uym plastic sections (non—pérfused):

The renal corpuscle in plasiic sections often shows

diminished or obliterated urinary space, The capillary lumina are

22



usually patent and it is relatively easy to identify the glomerular
cell types (Fig. 7)o Fig. 8 depicts an outer cortical glomerulus

with prominent visceral epithelial nucléi. '

rd
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Fige 1

Figo 2e A

A mormal dog glomerulus: deep cortex,
immersion fixation, three pm thick,
showing patent capillﬂariés; visceral
epithelial cells, endothelial cells
and me§angial cells can easily be

jdentifiede H & E x 300

A normal dog glomerulus: immersion
fixation, six Fm‘thick, showing closed
capill aries and the glomerular tuft
seems to be hypercellular with darkly
stained nuclei which are difficult to

identify. H & E x 300
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Fig. 3¢ Normal doé glomerulus: outer cortex,
the glomerular capillaries are closed
and it is difficult to identify the

various glomerular cellso H & E x 300,

Fige 4o Normal dog glomerulus: mid cortex
showing some patent loopse

.H & E x 300,

25



I
<%
L ® &
* o » *

«

o° ~

vl

£)



Fige 5o. Normal dog glomerulus: from a perfusion
fixed kidnéy section thfee pm thicke
The lumina of capilliaries are patent
- and largely empty; the endothelial cells
epithelial cells and mesangial cells

are easily differentiated, H & E x 300,

- ) . -

Fige 6a NOrmél‘dog glomeruli: from a perfusgaﬂ;
- fixed kidney section, showing three outer
cortical‘glomeruli, one perfused evenly, a
second partially ferfused and the third |

not perfuseds H & E x 180,
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Figo :

_Figo

Te’

8.

Ng}mal dod glomeruli: non perfused,
showing patent capillary lumina, easily
identified epifhelial cells, endothelial
cells and mesangial cells, one pem plastic

section, Toluldlne blue x 250.

Normal dog glomerulus: non perfused,
showing prominent nuclei of

epithelial cells, one Fm plastlc

section, Toluldlne blue . x 300.
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Transmission electron microscopy:

Particular attention was paid to the four major components.
of the dog glomerulus namely (a) visceral epithelial ceils
(b) endothelial cells (c) the mesangium and (d) the glomerular basement

menbrance

»
Y

(a) Visceral epithelial cell:

From the main mass of the epithelial_cell body in which the
nucleus and the majority of organelles are loéated; a number of
_large primary cytoplasmic progesses give rise to numerous secondary
branches. The tertiary or foot Processes are regularly arranged
along the basement membrane; The single unit membrane, namely ther
" slit membrane, is often clearly noticéable between neighbouring
pfocesses (Figse 9 and 11); Cytoplasmic organelles are largely
confined to the perinuclear region and to primary and to lesser
extéht'secondary processeseo Mitochondria are not_coﬁspicuous
whereas’a ﬁrpminent Golgi apparatus is often presént. Thé latterv
conéists of flattened smooth surface& sacs appearing aé tubes in

longitudinal and as vesicles in transverse sectionse

.The endoplasmic reticu}um-ié spérse.and consists of
occasional flattgned rough and smooth surfaced Veéicleé, the former
having an outer coating of fibosomes; fragments of endoplasmic
reticulum are often found as far distant from the main cytoplasmic
mass as the foot processesc in addition aggregates of ribosome$~are
kcommonly observed throughout fhe c&topiaémic.processe; of the cell,
Clusters of fine microfilaments aﬁd occasional microtubules are also

seen throughcut the cell and exfending as far as the foot proceéses.
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Fige 90 A sectian of normal dog glomerulus:

: re;eais the relationship of epithelial
cells to the basement membrane. Foot
processes are implanted on the lamina
rara externa; Epitheliai cell cytopléSm
shows sparse rough éndoplasmic reticulum.
and a prominent Golgi body; ﬁote the

slit membranes between neighbouring

processes (arrow)es TEM x 15.000¢°

Figo 10. Endofhelial cell: the cytop}asm shows
rough-surfaced endoplasmic reticulum.
Note the fenestrated'attenuated
cytoplasm closely adherent to the GBm;

TEM x 11,000,

29
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Fige 110 ihis nicrograph reveals the prominent "
basement'membrane with its lamina rara
externa, lamina densa and lamina rara

~interna. The fenesﬁrated cytopla§m’
of the.endothelial cell, the foot
processes with their slit membranes
can be seens - C = capillary lumina,

EP = epithelial celle TEM x 16,000.
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(b) Endothelial cell:

Endotheliai cells lining the capillary lumen consistyvof
a main cytoplasmic mass containing tﬁe nucléus and most of the
organelles bulgiﬁg inta the axial portion of the loop and é very
thin attenuated pofiion of cytoplasm which arises abruptly from
the méin cyt;plasmié maés and extends out to cover the peripheral
part of the capillary luminal surface (Fige 10). ﬁumerous gaps.or
fenestrae are presehf in the attenuated poriion of the endothelial
cytoplasme The fenestrae are not bridged bf a membrane and the
plésma‘of the capillary loop appeared to have direct access to the
lamina rara interna of the GBM (Fig; 11)s  The mitochondria
appeared to be smaller than those of £he epithelial cells and are

" found in small numbers throughout the cell, even in the fenestrated

portione

The rough surfaced endoplasmic reticulum with its associated
clusters of ribosomés is sparse and mainly confined to the méin cell
mass.‘ Oécasional membrane-bound dense b§dies are found and many
small pinocytotic vesicles could always be szene. Golgi bodies are

"only rarely observed.
(c) The mesangium:

- Between 9ach~capillary>1obp usually only one of two (rarely
three) contiguous mesapéial cells afe found (Fig. 12); the cells are
bbounded laterally by the GBﬁ aﬁd, at the axial portion of the loops,

- by the cell body of endothelial cells. Frequently mesangial
cytoplasmic procesées projected through the endothelial cell to.bulge
out into the capillary lumeﬁ (Figo 12)s Mesangial cells éhow a few

mitochondria, scattered islands of endoplasmic reticulum mostly
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. Figo 12. A micrograph of avn‘ormal dog glome‘rulus:‘
note the e‘hdothelial cell (E), meséngial.
cell (M) and epithelial cell (EP),

Some mesangial cyiioplasmic processes
~{arrovw) bulge out into the capillary lums;ne,

TEM x 6,000






bounded with ribosomes and ocpasional rougd or irregular electron
dense membrane-bound granulés. Bundles 6f thinbfilaments are élso;
' to be seen in the irregular processes of mesangial cellﬁwhile the
surrounding mesangial matfix contains fluffy amorphous . basement
membrane~like material as well as fibrillar material (Fige i3)e

- (d)  The gl;merulaflbasement membrane:

The prominent GBM with its three layers namely; a central

- thick eleétron dense lamina densa, an outer electron lucent lamina
rara exierna on ?hichvthe foot processes are implanted and an inner
electron lucent lamina rara interna on which the attenuated part of
the endothelial cell§ are lying is easily identifiable (Figo 11) e
_Towards the axial region of the loops thé lamina rara interna often

shows irregular expansionse

Scanning electron microscopy:

At low magnification, the cut surface of the renal cortex
reveals numerous renal corpuscles as well as empty corpuscles (Fig; 14) .
'For the most part the renal corpuscles are infact whereas.sectioned-
glomeruli are less obvious; Fig; 15 shows an intact renal corpuscle

with its glomerular capillary tuft.

At higher magnification, the détailed arrang;menf of the
visceral epithelial cells bécomes evident (Fige. i6). The podocytes
1 with their interdigitating_procésses covér all thé oﬁter surface of
the caﬁillary loopse The cell bodies or nucleaf portions of the
podocytes are identified as m;re or less smodth-surfacedvbodies
attached to the wall éf the capillaries.  Most of‘the viscerél

epithelial ceils lie between adjacent capillary loops extending their
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processes to surround and encompass the surface of the capillariés.
The surface of the main cell body containing the nuclear portion is
often rather uneven, showing occasional microvillous projections’

(Fig. 17).

From each cell body several primary cytoplasmic processes

»

-

radiate arcund the capillary loops. At right angles from its
lateral side each primary brocess givegrise to thinner secondary
_branchese. Both priméry and.secondary processéi{?ise to tertiary
processes (foot processes) (Fige 18). The foot processes are
anchored to the éBM and correspondc. to the triahgular profiles of
foot processes seen with the TEM. They are very irregular in
length, width and‘shape; are occasionally branéhed and issue at
‘random angles, The spaces between each proéess, hqwever; remain
constante In some specimens; the surface of the capillary
endothelium is exposed to reveal the interior of the capillary
(Figo 19) . The inner surface of-the capillary wall is covered with
flat fenestrated endothelium (Fige. 2Q). Bands of non-fenestrated

endothelium are often seen running transversely across each capillary

‘loop, rather akin to the hoops of a barrels

~

Tensol casts of renal glomeruli successfully indicateir the
afferent arteriole arising from the interlobular artery and diviﬁing
into tightly knit capillary braﬁches (Fige 21) usually three - four
in number; numerous interlobular anastomoses are observed; Extensi?e
branchinngf these primafy'capillariés is observed (Fig; 22); The
smaller efferenf vessel emerges from ﬁhe vascular pole of the
' capillary tuft to divide into a network of peritubular capillaries

(Fig. 23).
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In the present sﬁudy no direct shunts between afferent énd
efferent arterioles were demonstrated, The diameter of the
afferent arteriole is approximately twice thaf of the efferent

vessel.
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Fige 13. Mesangial cytoplasm showing a few
mitochondria and rough-surfaced
reﬁiculum; Note the fluffy.amorphous
basement membrane-like material of o

the mesangial matrix (mm)e. TEM x 16,000,

Fige 14e A low-power scanning electron micrograph
‘of the cut Surface of a normal dog
 kidneye. Bowl-like depressions (asterisks)
are empty Bowmgn‘S'capsuleé;.'

SEM x 120,
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Fige 15 A closer view of a renal corpuscle.
The capsule of Bowman encircles the
glomerulus leaving a space (urinary

space) . SEM x 1200.

AFigo 16. A higher magnification of a
“ glomerulus showing the détailed
arrangement~of the visceral
epiﬁhélium. A section through a
capillary wall reveals the lumen
and its endothelial lining;

SEM x 5000,
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‘Fig. 17 A closer view of the capillary surface

Figo 180

. with its wisceral epitheliallcell body,

note primary cytoplasmic processes;
seéondary cytoplasmic processes and
foot processes; the latter may arise
directly from either the primafy or
secondafy procesées. ﬁote: occasional
microvill ous projections on tﬁe

epithelial cell body (arrow). SEM x 5000,

Surface view of a normal dog glomerulus.
Note the podocyte cell body (CB) with
its interdigitating foot processeso

H

SEM x 10,000.
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Fig. 19.° No;mal dog glomerulus. The surface of
the cabillary endofhelium ié exposed
to reveal the fenestrae of the
attenuated part of the endothelial
cytoplasm; ﬁote the few microvilli

~on the epithelial cell body and on

some primary processes. SEM x 10,000,

(Higher power of Fig. 16).

~

- Fige 20. A hiéh—power viéw of the inner sﬁrface~
of a glomerulgg:capillary of a dog
uniform pores corresponding to
fenestrée ﬁith unfenestrated ridges
coursing over the endothelial

surfacee SEM x 40,000.
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Figo 21. Tensol cast. Low power view showing
interlobular artery (I) afferent
arteriole (A) and efferent arteriole (E).

SEM x 120,

Figo 22 A tensol cast of normal dog glomeruluse
Note the afferent arteriole (A) and-

efferent arteriole (E). SEM x 320.
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Figo 230 .

Tensol: cast of normal dog glomerulise .

The efferent arteriole (E)} can be

seen to break up into peritubular

capillaries (FC). SEM x 180,
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Neonatal puppies:

At four hburs the nephroéenic zone is seen to be very wide
extending to the mid-cortical regioﬁ wheré some primitive glomeruli
characterised by prominent cuboidal viécéral epithelium and few
patent capillaries can be observed; ' In the deep cortex;-a few;
well de?eloﬁéd functioning glomeruli with patent capillaries are
present (Fige 24). In the buter cortex below the capsule rumerous

metahephric caps, vesicles and S-ghaped developing glomeruli are seens

At three days, the‘nephrogenic zone is still wide and extends
to the mid cortiéal regione Tﬁe outer cortex shows various stages
of developing nephrons including caps -of metanephric cells overlying
thé émpuliée, oval masses of metanephric cells, vesicles, and S-
shaped structures (Figo 25)e @ Scattered thr;ughout the mid coftex
and outer cortex, a number of functioning glomeruli can be detected,
all characterised by basophilic cuboidal visceral epitheliums. As
these glomeruli contgin few patent loops, they appear hypercellulars,
fn the deép corfex more fully developed glomeruli are seen although
in terms of the overall number of glomeruli in any one section these
‘mature giomeruli are in the minorify accounting for less than 25 per

cent of the total,

By seven days the nephrogenic zonevis narrower and
confined to the outer cortical region (Fig; 26). ihe mid and outer
corti;al region still contain some developing hypercelluiar
glomeruli with few patent capillaries. waever;‘many more mature
glomeruli with patent capiliaries can’now be seen in the deep_cortical 
" region although some ;till appéar hypercellular. These mature
functioning glomeruli comprise approxiﬁafely 50% of the total number

of glomeruli,
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By 15 days the nephrogenic zone has disappeared (Fi'go _27)
aﬁd the péfcentage of i‘unc‘!:io'ning glomeruli has increased 'to‘mor"e '
than 50% of the total number of glomemli; Mény less welll
developed hypercellular glomeruli; however, are still to be found

scattered throughout the outer cortex and mid cortexe.

»

- . . .
By 21 days, mature well developed functioning glomeruli
predominate but even at this time approximately 10% of glomeruli
still show prominent cuboidal visceral epithelium and with few

patent capillaries (Fige. 28).
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Fige 24."Réhal cortex frém a four hour old puppye
The ngpﬁrogenic zone is subjacent to the
capsule; ﬁote the collecting tubules (C)
with the terminal ampullae, the
metanephric mesanchyme (M), and égshaped
developing glomerulus (S); A few
functioning deep cortical glomeruli -are

alzo present. H&E x 120,

Fige 25« Renai cortex from a three day old 609.
‘ ﬁofekthe various stages of developing
nephrons and collecting tﬁbules (c),
metanephric mesgnchyme (M).and é-shaped

structurese. H & E x 120,
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Fig. 260

Renal cortex of a seven day old doge.
Note that the narrow nephrogenic zone is -
confined to the outer cortical regiono

H & E x 120,
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- *
Fige 27. Renal cortex of 15 day old dog. The

- .outer cortical glomeruli are still

hypercellular, H & E x 80, \

Fige 28. Renal cortex of 21 day old dog. An
outer cortical glomerulus (arrow)

shows prominent visceral epithelium.

H & E x 120.
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Discussion:

The criteria for Jjudging the quality of kiduey fixation are
based on empirically determined principles which have become

accepted as consistent with good tissue preservation.

?hene are tqo methods of fixation used to successfully
Preserve renal.structureé a) immérsiop fixation and b) perfusion
fixatione. The comparisonrméde in the present study showed that
although both methods produced good fixation for both conventiﬁnal
light microsbopy andvelectrbn microscdpy, perfusion fixation appeared
té be sSuperior to immersioﬁ fixation iﬁ respect to patency of the
glomerular capillaries which alloﬁed better differentiation of
glomerular cells on light microscopy; The disadvantages of
perfusion fixation was that the capillary lumina andAurinary space‘
were sometimes artificially widened and, while most glomeruli were
evenly pérfused, some particularly in the outer cortexbdid not

seem to be perfused at all.

The cruciai role of section %hickness in the study of the
"fenal glomérulué was underlined in the presenf study. = In abthick.
kidney section;fsix P thick'the glomeruli appeared to be ‘
hybercéllular and it’vas not”always’possible to identify the ?arious
 91omeru1ar cell types; On the other hand three jm paraffin
$ections allowed good visualisation éf the glomerular capillaries

and cellular differentiation was relatively easy.

The use of one pm’plastic sections while offering optimal
thin preparations for study had two major disadvantages. First, the
‘overéll surface area of the section was small and only a relétively

- few glomeruli were available for examinationo Second, and although
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not the subject of study in the present work the restriction to a
relatively few staining procedures could in some instances be

disadvantageous.

The present observation on the size of the outer and deep
cortical (ju;ta—medullary) glomeruliconcurred'with those of Horster

et al (1971) who noted that deep cortical gloﬁeruli were larger in

- size than outer cortical glomeruli,

The ultrastructural findings confirmed and expanded those
of Movat and Steiner (1961) and Crowell et al (1974) with regafd to
the general morphologic features of the renal glomerulusyaﬁd»
provided useful baseline data for use in the study of pathglégic

glomerular alteration in the following sections of the vorke

The present study also provided the first detailed scanning
ele;tron microscopic views of the normal dog'glomerulus; As such,
it provided a basié for future scannihg electron microscopic (SEM)
studies concerned with evaluating the morphologic changes which

accompany various kidney disorders,

Most of the previous;SEM studies on the renal glomerﬁlus‘
have been carried:out on rat and rabbit kidnéy and theré is some
.controversy as to the arfangement of the Yisceral epithelium and
its processes; Thus, Buss and Kronert (1969) published a SEM
study on the renal glomerulué of the rat and described the
interdigitating foot-processes as arising either from different
podocytes or from the same cell; Howevgf; Fujita‘gz_gl_(i970) in
their study of the renal podocytes of the rat énd'rabbit clearly
indicated fhat fhe.néighbouring foot processes always arose from

different cells. The present work concurs with the results of
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Buss and Kronert (1969).

The presence 6f slender microvilli on the cell body és well
as on the processeé as described by Fujita et al (1970) in the rat
and rabbit was also a feature of fhe_dog glomerulus'and the .
occurrence.of stumpy bud-like projections oﬁ the podocyte cell body
~and procéssés as obéérved by Buss and Kronert (1969) and Fujita‘

et al (1970)~was alsoc noted in the present worke

The presént work reinforcéd the usefulhess of corrosive
caéts in the study of glémerular capiliaries although the
reliability of such vascular casts has been questioned bf sbme
workers (Ljungqvist; 1963). - The main argumept against their use is
the possibility that the fascular structures may be incompleﬁely"
filled, oﬁing to the high viscosity of the injected'material;k ‘In
the present investigation; all glomerular capillaries appeared to be
A évenly filled, there was no leakage of cast material from ruﬁtured
capillaries and even the delicate anastomosihg channels between
capillaryiloops of the same iobule'were well filled and easily
visibleo TThe present study also confirmed the opinion of Spinelli
‘et al (1972) in that no interarteriolar shunts are present in the

dog»glomerulus;

In the present study an opportunity aroée to folloﬁ the
.distribution of maturé and immature glomeruli in the dog renal

cértex from four hours to 21 days after birth; It wvas only po;sible
to do thié with conventional light micro;copyg Although,
Eisenbrahd% and Phemister (i977)_have feporteq that nephrogenesis

in the dog kidney‘diminishes by eight days of age and ié absent.by
‘14 days df age; in the present study a nephrogenic zone was still

present at seven days and the outer cortical glomeruli were not fully
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nmature and functional until 15 -~ 21 dayse. Even at this time the
capillaries of many outer cortical glomeruli were not fully patent
“and this together with the prominent cuboidal appearance of the

" 'visceral epithelial cells gave a hypercellular appearance in the

tuft.
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., CHAPTER L

.

A STUDY OF THE SEQUENTTIAL AUTOLYTIC

CHANGES IN THE DOG GLOMERULUS
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Introduction:

The canine kidney, like that of man, cannot always be
obtained under optimal conditions immediately after death;
glomerular changes attriﬁutable to autolysis must therefore be
differentia??d from those due to diééase processes; Despite this,
only a few studies ;n thevautolytic changes occurring in mammalian
glomeruli have been céffied out and; to date; no detailed

sequential histological and ultrastructural investigation has been

performed,.

One of the first studies of the ﬁorﬁhologic changes in the
glomerulus due to autolysis was that by Osvaldo et al (1965) who
- used rat kidney as their model; kidney tissue Qas maintaiﬁed at a
constant temperature of‘37° and samples‘taken,for histological
examination at intervals after death. It was found that a
significant cellular swelling, sufficient to close the glomerular
capillaries, had occurred as early as one hour; Pyknotic |
epithelial nuclei were recognised by four_hours whereas the nuclei
of endothelial and mesangial cells did not show pyknosis until 2k

hourse -~

Cook et al (1965) have described some limited features of
the electron microécopic changes in autolytic rat kidﬁey and noted
that Bowman's space was obliterated by 30 minutes after dea{h andb
tubular epithelial reflux had occurreds Marked swelling of thé
processes of epithelial cellg was observed'by oﬁe hour while |
 endothe1ial cytoplasmic préjectioné into the capillary lumina were .
prominent by four hdufs and maﬁy capillaries were filled with

swollen endothelial cytoplasmeA Swelling of mesangial cell processes

~was noted as early as five minutes and was prominent by one hour,
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More recentiy Langlinais (1981), using SEM, described the
sequentlal post—morteﬁ glomerular changes in rabb1ts; goats; mice
" and dogs; Dog kldney material hes held at room temperature fof the
first four hours after death, then at 4 to 6°C until 2k hours:
| Surface ‘blebs on the podocytes vere observed as early as 15 mlnutes
after deeth,while m%nimal fecal fssion and obliteration of foot
'processes was noted by 90 minutes: At three hoars diffese fusion
of foot processes had occurred and. at 2L hours, more c'evere podocyte

dlsruptlon was evident.

From these rather fragmentary reports it can be seen that
much has still to be learned concerning the sequential histological

. and ultrastructufal changesvoccurring in autolytic mammalian kidneyse.

The purpose of this section of the work was to make a
definitive study of the glomerular artefacts caused by autolytic
changes in the canine kidney as detected by light microscopy as well

as transmission and scanning electron microscopye.

Materlals and methods. ’

Renal tissue from four healthy four month old dogs was used

to study the sequentlal autolytlc changes. The kldney materlalywes
‘held at room temperature (18 C) and samples taken at the follow1ng
time intervals: immediately at death (0 mins - whlch served as
control material)‘ two; flve; 10; 30 and 60 mlsutes; five and 2k

hours and three and five days.

~ The hlstologlcal ultrastructural and scannlng technlques
used and the source of anlmals are described in the general sectlon

on materials and methods iﬁ Chapter 2.
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Histological features:

Although the nature and severity of autolytic changes often
varied in different glomeruli in the same éection; nevertheless the
overall pattern of alterations was the same at each’time interval
in all four dogé; The main histological @hanges are summari;ed
in Table L1, ‘

At two minutes after‘death, the glomerﬁli were normal with
the exception of reflux of small amounts of tubular epithelial
cytoplasm into the urinary space which finding was observed in only
a very few glomerglif(Fig;'29); Up to and'including 36 minutes of
death, tubular epithelial reflux could still be observed in a few
, glomeruli and, in addition,; some cépillaries appeared occluded with

swollen endothelial cytoplasm (Fige 30).

.-At one hour, in addition to an increase in tubular epithelial
reflux, a few pyknotic endothelial, epithelial and mesangialbnuclei
had also appeared (Fig; 31); many cgpillary lumina were now closed.
By five hours, the number of pyknotic nuclei had increased (Fig; 32)
vwhile at 24 hours tubular epithelial reflux‘was prominent in many
glomeruli and all capillaries were now closed; nuclenrpyknosié was
marked (Fig° 33)e At three days; there was complete clo;urevof the
capillaries; héavy tuﬁularbreflux into the urinary ;pace and
generalised nuélear pyknoéis (Fig; 34); Ey five days; the normal
histo;ogical configurationvof the glomerulus wvas lost and'the urinary
épace was almost completely filled with tubular epithelial debris

(Figo 35) °
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Fig. 29.

.Fig. 30.

»

Autolytic‘changes, two minutes after
death: rmote the small amount of
tubular epithelial c&toplasm in the
urinary space (arrow);

H & E x 300,

Autolytic changes, 30 minutes after

death: note the occluded capillaries

‘and tubular reflux in the urinary

" space (arrow).
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| Fige 31. Autolytic changes, one hour after
| death, showing tubular epithelial
reflux in the urinary space |
(small arrow) and a few pyknotic

cells (large arrow). H & E x 300,

‘Fig.k 32; Autolytic changes, five hours after
» death, showing many pyknotic nﬁclei

(arrow)e H & E x 300,
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Fige 33. A;;olyfictchanges, 2k hours'after
deatﬁ: note the prominent fubular
epithelial reflux (arrow); All
capillaries are n&w closed and
there is pyknosis of‘nuclei;

H &E x 300

"Figo 3ko Autolyfic éhanges,»three days after

kdeath; Note the heavy_tubular
brefiux invto the urinary Space
(arrow) and generalized nitclear

byknosise H & E x 300.
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Ultrastructural findings (TEM):

Localised swelling of the endothelial lining and focal
- ) . '-. - L\,Q.'("e . . ) . ) )
subendothellal expansions. was observed as early ‘as two minutes after
death (Flg. 36) but no tubular epithelial debrls was seen at this
tlme. By five mlnutes, however, reflux of tubular eplthellal
cytoplasm 1nto the urlnary space was observed (Fig. 37), thiskhad )
increased considerably by 60 minutes (Fig. 38) and it was particularly

noticeable at 24 hours and onwards..

Distinct epithelial,changcs were ccserved ét 10 minutes when
sllght swelllng of the eplthellal foot processes had occurrcd; By
60 mlnutes, in addition to swelllng, there was focal fus1on of the
_foct,processes and; by five hours; portlons of necrotic foot»
processes were lyiné free in the urinary'spacc: Even on days three
~ and iive after death; however; sWDllen foot processes could still be

" identified on intact glomerular basement membrane (Fig. 39).

Mesangial cell changes were found from fivc minutes onwards
when processes of thése cells were ncted extesding intovthe'axialb
‘portion of the loops; in so doing displacing the endotheiial'cells;'
This mesaﬁgiai cell swelling togethervwith the swelling and
displacement of endothelial cells led to occlusionvof the capillary
iﬁmina. .At five hcurs there was almost total dcstruction of
'endothelial cells and the capillary lumina were filled withbdebris

(Fig. Lo).

Ultrastructural flndlngs (SEM)

The visceral epithelial Cellsvinvesting the capillaries often

showed varying degrees of alteration, even in the same ‘glomerulus.
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Fige. 35.° Autolytic‘changés, five days aftér
| »deafh. ﬁote that the.normai |
histological configuration of the
- glomerulus is lost and the urinary
space is filled with tubular

epithelial debrise H & E x 300.

Fige 36. " Autolytic changes, two minutes after
death, capillary wall shows foéal
 subendothelial expansions (arrow).

TEM x 8,000.
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Fige 37 Autolytic changes, five minutes after
deatho The urinary space shows reflux
of tubular epithelial cytoplasm

(asterisk). TEM x 8,000.

Fig. 38. Autﬁlytic changes, 60 minutes after
| deatb; The urinary space shbws
tubulﬁf reflux (asterisk)’and a
visceral epithelial cell shpwg

" nuclear pyknosise. .TEM x 8,000.
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Fig. 39.

) Fig. Z.EOQ

» .
L

Autolytic changes, three days after

vdeatho Note the swollen foot processes

(arrow) on intact GBM (asterisk),.

TEM x 8,000.

Aﬁtdlytic changes, five hours after

death.’ A glomerulus shows destruction

' of an endothelial cell (E) and

capillary lumen full of debris (asterisk).

TEM x 8,000.
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At two and five ﬁinutes after death, the epithelial
cytoplasmic processes appeafed thickened and the foot precesses
éhoﬁed swelling with some localised. irregularity in theirb
interdigitation (Fig. 41); In some giomeruli only a few
"microvilli were seen at fhis time; méinly on the qell body and
primary procésses while in others, numerous microvilli were obsg?ved
covering most of the cell bodies and processes; At this time;
however, the epithelial investment of many‘capillary loops wasAwifhin

normal range (Fige 42).

; Between 10 and‘60 minutes, the degreé»of irregularity aﬁd
‘swelling of the foot processes had increased (Fig, L3}, Again, in
some glomeruli, only a few surface'microvilli”were found mainly on
the epithelial cell body and major processes;while, in others, many
surface.microvillous projections ﬁere evident (Fig. 44); In some
gloﬁeruli, obliteration of the most of foot processes with loss of
the characteristic orderly structural morpholegy of the viscerai
‘epithelium wvas found (Fige 45). E§en in these severely aitered
loops, howgver; there were still aréas showing the normal

. morphological pattern of the epithelium (Figs. 46 and 47).

~

- At five and 24 hours after death; ﬁost glomerular capillaries
showed losé 6f the basic morphological chéracteristics of the
epithelial célls with disappearance of foot process interdigitations
énd markéd swelling of'epithelial cytoplasmic processeso Thé
epithelial surface of mosf';apillaries wa§ transformed into a
roughened sheet-like structure without ;ny discernible foot processes
(Figo 48). Nevertheless, occasional segments of glomerular
capillariés still showed normgl features of visceral epithelium

(Fig' 49) <
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Fige L1.’ D;Q glomerulus, two minutes affer
o death; The epitheiial cytoplasmic
processes are thickeﬁed,'the foot
précesses'are swollen with some
localized irregularity in their
interdigitation; many surface
.microviili can be seen (érrow);

SEM x 5,0006

.'Fng L2, Dog glomerulus, two minutes after
deaths The visceral epifhelium

is within normal range. SEM x 5,000,
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Figo 43.

Fig L 44‘

bob glomefulus, 10 minutes after
death, This shows irregularity and
swelling of the foot processess

some microvilli and,surfacé blebs
on the- primary énd secondary
cytoplasmic‘processes can.also be -

seen. SEM x 5,000.

Dog glomerulus, 30 minutes after
death.  Note the microvilli on the
epithelial cell body (arrow) and

on the primary and secondary

- Processes. SEM x 5,0005'
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Fige 45. Dog glomerulus, 60 minutes after
death,'showing obliteration of
the most of foot processes with
loss of the charécteristiC'orderly
structhral morphology of the
visceral epitﬁelium (arrow);

SEM x 2,500

Fige 46, Dog glomerulus, 30 minutes after
death: it is within normal range.

SEM x 5,000,
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Fige 47 Dog glomerulus, 60 minutes after
death, showing normal interdigitation

of the foot processese SEM x 15,000,

'Fig; 48; Doé Qlomerulus, 2L hours after death,
| most capillaries sh§w_lo$s of‘tﬁev
basic mqrphologicai chafactefistics
of the epithelial cells with
disappearanpe of foot Processese

SEM x 2,500,
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Fige 49. Dog glomerulus 24 hours after death,
showing occasional segments of
glomerular capillaries still within

normal range (arrow). SEM x 2,500.
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On the third and f£fifth days after death, every glomerulus was
converted into a homogeneous rounded mass (Fige. 50); all the
morphological characteristics of the visceral epithelial cells had

disappeared and identifyable foot processes could no longer be seen

(Fige 51).
Discussion:

The earliest autolytic changes observed by light microscopy
occurred asvearly as two minutes when a small amount of tubular
epithelial debris was found in the urinary space in a very few
glomeruli, This tubular epithelial reflux subsequently increased '
;s the time df sampling after déath lengthened, From five minutes
’onwards occlusion of the capillaries as a result of endothelial and
mesangial swelling gradually became more and‘more pronounced and waé'
virtually cémplete by 24 hburso These findings are in accord with

the report by Osvaldo et al (1965) who noted similar progressive
cabillary obliteration in the raf kidneye. The latter workers,
howevef, Qade no mention of tubular epithelialvrefluﬁrinto the
urinary space which, in the présent study, was observed from twb

‘minutes and gradually became more prominent as the léngth of time

after death increased,

The presence of tubular ebithelial reflux in the kidneys of
dogs and rats has, however, been sh;wn.to be influenced Byva range of
factors including antemortem conditions such aé ischaemié; the method
of fixafion and even palpation bf the kidheys at autopsy (Muliink and

Feron, 1967).

. The TEM findings in the present work were, in general,

similar to those of Crowell et al (1974), although these workers did

.
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Fig. 50. Dog glomerulus, three daysvafter deathe
All morphological characteristics have

disappearede SEM x 1,200.

Figo. 51 Dog glomerulus, three days after death.
At this highef magnification, no foot

pProcesses can be seens SEM x 2,500.
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not begin sampling their material until 30.minutes after death, @Pé;
v main feature of interest waé the remarkable preservation of the GBM
v'and attachéd foot processeé'despite-thé early disintegratioﬁ of
“endothelial‘cells and the cell bodies of visceral epithelial cellsec

‘Some foot processes still remained morphologically recognisable even

as late as three and. five days after deatho

It was evident.witﬁ the SEM that glomeruii appeared to react
at different rates to autolytic change. As early as two minutes
after death, some visceral epithelial cells showed the development.
of surface microéilli‘and there was sWelliﬁg andAthickening of foot
'.proéesses. Thesé changes were more severe at 10 and 30 minutes with
more widespread fusioﬁ of foot pfocessese Névertheless,veven at
éne - 2L hours after death, some capillaries were still showing areas
V;Of normal morphoiﬁgy; On days threeband five, however, no trace of

orderly interdigitation of foot processes was found.

It was not possible to make a direct comparison with'the

/ findings of Langlinais (1981), who studied the SEM changes in dog

o

kidney material held at room temperature for;firSt four hours, and
. _ A

_subsequently at & to 6°C for 24 hours. He did, however, describe

surface blebs on visceral épithelial cells at 15 minutes, focal

fusion and obliteration of foot processes at 90 minutes, and widespread

effacement of foot processes at three houré.

In the light of these results a mumber of important
cﬁnsiderations have ariéen; Firstly; the rate at which.autolytic
" changes occur in different glémeruli variess thus aithough early
changes were obsérved with the SEM at two minutes, aregg of ﬁormal

glomerular arghitecture,were still maintained as late as 24 hours.
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Secondly, although early changes vere identified by TEM at two
minutes and cellular disintegration; particularly ofvendothelial
célls followed rapidly the GBM élthough swollen remained intact and
foot pfocesses could still bé observed as léte as three to five

days after deaths
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CHAPTER 5

EXPERIMENTAL NEPHROTOXIC NEPHRITIS

IN DOGS
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Intreduction:

Due to its apparent predisposition to damage by
immunologicél mechanisms; the kidnéy has1probab1y attracted Qore
attention from investigators in the fiéld cf immunopathology than
any other organs A search for the role of immune mechaniszms in
the pathogeéesis of ‘kidney disease dates back as earlf as the

fdundatidn of immunology itself in the last decades of the 19th-

and the early part of the 20th centuries.

One of the first steps in our understanding of hovw immuné
mechanisms affect the kidnef was the work of Weiss (1896) wﬁo showed:
bthat the iﬁjection of heterologéusserum induces proteiﬁuria;» .1t4is
Lindemann (1900}, however, who is cbhsidered to be fhe first real.i
investigator of immunologically induced kidgey injury when he injected
raﬁbit kidney homogeﬁates intraperitoneally into -guinea pigs; The
resultant anti-kidney serum when inoculated into rabbits caused
proteinuria and death two to five déys after injection. Pearce {1903)
subsequently pfesentéd more detailed information on this so-called
"nephrotoxic vsérum nephritis" (NTN); He ‘descr-*ibed the glomemlaz&

" lesions induced by nephrotoxic serum and pointed out that homegenates
of cortex>were much more efficient in iﬁducing NTN than.hoﬁogenates
of renal medulla; }bre recently;'a detailed morphological

“description .of NTﬁ‘in rats was given by Masugi (1934).and, since then,

NTN has been produced in several animal species and has become

generally known as "Masugi»nephrifis"g

'NIN can now be defined as an immunological injury to the
renal glomerulus induced by'injection of heterologous antibodiescto
the GBM. Thus, for example,vantibddies to rat (or human_or'guiﬁea

pig) GBM raised in rabbits induces NTN when injected intravenously or

.

76



intraperitoneally back into rats (or humanSor guinea'pigs)o

It has beeﬁ clearly established that NTN'develops in tﬁo often
overlapping phases each based on scmewhat different pathogenetic
mechanisms (Hammer and Dixbn; 1963; Fujimoto ESLEES 19643 Unanue and
Dixon, 196L). The initial or "heterologous phase' takes piace very

" soon afte; injection‘of nephrotoxic antibodies (NTabs) and is dependent
upon their interaction with GBM antigens. The “autologous phase"

~develops later when the host mounts an immune response to the injected

heterologous NTabs implanted on the GBM.
The heterologous phase:

The NTabs fix to antigens located in the GBM, the main
‘antigenic component of the glomerulus (Krakower énd Greenspoﬁ, 1951);.
Numerous studies on'the isolation and purification of these GBM
antigens have how been carried out (Krakower and Greenspon, 19513
Goodman et al, 19553 éteblay and Lepper; 1961; Terman et al, 1977).
It was not until 1972, however, that Naruse and Shibata pr&vided'
evidence that a water soluble extract of trypsinfdigested GBM has the
-ability not onl& to absorb nephrofoxic activity ffom nephrotoxic
antiserumNbut also to éctively induce pofent nephrotoxic serum in
_animals; It must be stated that antisera raised to other‘connective
tissue stromal elements such as epithelial basement membrane;
collagen or organ sediments rich in blood vessels, ﬁhen injected into -
animals, will also fix to the GBM (Seegal, 1958) and in some inétances
cause NTN (Baxter and Goodman; 1956); thus it is concluded that the

GBM shares a common antigen with other tissues (Goodman et al, 1955).

The immunological,events of the heterologous phase occur

© rapidly after intravenous injection of NTabs. - The majority of NTabs
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leave the circulation during the first 30 minutes after injection’
and become fixéd to. the GBM,(Blapigz_gi; 1957); this is the crucial
event responsible for glomerﬁlar,injury’(Kay; 1940; Hammer and
Dixon, 1963). | As the GBM; However; shares antigens with other
connective fiésue elemenfsvnotvunexpeétedly some NTabs fix elsewhere,
particularly in the‘liver; lung, spleen, muscle, adrenal gland; ovary
and gastrointestinal tract (Pressman, 1951, Blau_gz_gl; 1957) «
lDespite this widespread organ locglisation of NTabs, significant

injury occuriin the kidney; in other organs the concentration of the

‘antibody appears_to be too low and the fixation too transient to

cause injurye

Unanue and‘Dixon (1965) considered the most’importént factor
~ in the development of renal 1n3ury durlng the heterologous phase to
-be the amount of antibody which fixes to the GBM. L1kew1se, Dixon.
(1967) states that a correlation exists between the amount of
antibody, the amount fixed to the GBM, and the degree of clinical
and pathologic changes° As will become clear later, however,‘once
; the NTabs are fixed to the GBM a number of other factors such as
_ complement activation and neutrophil infiltration influence

subsequent events (Stavitsky et al, 1954; Dixon, 1967).

Descriptions of the main hiétological, immunofluorescénce
and ultrastructural alterafions in N&ﬁ'in rabﬁits.have_been given by
Kondo 5&;25‘ (1972)5 Kondo et al (1976) and in rats by éhigematsu
(1970) ard Shigematsu and Kobayashi (1973). The major morphologic
changes found in the glomeruli during the heterologous phase of NTN
can'be summarised as influx of neutrophils (and later) monocytes, -~
b'capillary thrombosis with leakage of flbrln into urinary space,

segmental or global tuft necr051s, expansion of the subendothelial
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space and mesangial hypercellularity.

Shibata et al (1978) reported that exfoliation of endothelial
c&toplasm with denudation of the GBM is the initial significant
. glomerular change in NTN; = this alteration appeared as early as 10 -
15 minutes after inéculation of antiserum to soluble GBM but not
until two t; four héuré in animals receiving‘antiserum against
insoluble GEM prepafations. This confirmed a previous report by
Winemiller.gi_él (1961) who claimed that the initial significant
glomerular change at four hours after injection of potent NTabs is
‘not damage to the GBM itself but focal exfoliations of endothelial
vcytoplasmi, denuding the GBM.  Shigematsu (1970) noted attachment
of neutrophils to the denuded GBM within two to 12 hours after
injection of NTabso " Unanue et al t1969) concluded that the actual I
nephritogenic action of tﬁese cellskis not known but it has Eeen
suggested by Cochrane et al (1965) that they might damage the GBM by
releasing hydrolytic enzymes. A;bini et al (1979) reported that
neutrophils are attracted fo the GBM by cleavage products of
cpmplement.(particularly 03 ana C5 f;agments); they can adhere to
~ard sirip off the endothelium'and in this way reach the underlying

GBM.

" The role of complement in NTN has been the subjeét of many
investigations; Cochrane.gi_gl (1965) showed that depletion of
serum complement resulted not oﬁly in inhibition of infiltration‘of
neutrophils but also the develépment of proteinuria; On the other
hand, duck NTabs apparently do not fix mammalian éomplement yet can
¢ause immediate renal injury when injecéed in appfopriate doses
‘ (Hasson‘gz_gl, 1957; Hammer and Dixoni 1963; Unanue and Dixbn;

1964);;
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Extensive studies have also been carried out on the role of
monocytes in the pathogenesis of NTﬁ; Cotran (1981) conclﬁdedv
that blood monocytes; of bone mérrow origih, infiltrate the
glomerulus and play an important role in inducing glomerular injurye.
Glomerular infiltfation by monocytes in NTN‘has also been studied by
Kondo et al ,(1972);& Thomson et al (1979) and Shigematsu (198i) who
provided morphological evidence of ié%gration; transformation and
‘phagocytosis in fhe inflamed glomerulus. They are‘found in
greatest numbers seven to 11 days after adﬁinistration of NTébs
(Kondo and Shigematsu, 1972); In NTN and indeed in various other
types of experimental glomerulonephritis they are seen to migrate
into subendothelial areas, mesangial métrianndjfhe urinary space;-
emigration of monocytes into the urinary space is often seen in
close proximity to extravasated fibrin—like‘material. écﬁreiner
et al (1981) reported that mononuclear cells are an important
cellﬁlar component of immunological injury to the renal glomerulus,
and correlated with increased glomerular cellularity and maximal
proteinufia. They concluded that a predomingnt part of the
glomerular hypercellularity is due to bone marrow derived

" mononuclear cells infiltrating the glomerular mesangiume

Kondo et al ( 1976),' in-their studies of NTN ink'rabbits,v
paid special attention to mesanéial changes, ihey coﬁfirmed that
the mesangium is not the primary site of antigen antibody
interaction, ahd that ﬁephrotoxic’antibodies; host antibodies an.
complemeﬁt are all found to be localised in a linear fashion along
the GBM rathér than in the mesangiu@. They did poi;t out,
'howevef; that the severe mesangiolytic changes observed in some
models of NIN were obscured.byAmarked hypertrophy and proliferéﬁion

of mesangial cells and large scale infiltration of mondcytes into
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the loosened mesangium.

 Although it is the endothelial and mesangial cells that show
the most changesbinvthe heterélogous phasé of NTN, SEM and fEﬁ,'
studies have indicated that visceral epithelial cells are also
affected. Buss and Lamberts (1975) carried out a detailed comblned
TEM and SEM study of* the podocytes in rat NTN in the course of which
the processes of these cells were shown to be genrerally preserved .
although ﬁroteinuria was high. There was, however, irregular
swelling of the cell bodies and foot processes in some glomeruli
‘and a most striking feature with SEM was thg presence of

. microvillous formation.
The autologous phase:

. The study of the second or autologous phase of NTN was
initiated by Kay (1940) and recently reviewed by Albini stgl_(1979);
VIt bégins one or more weeks after injection of NTabs and is due to.
the production by the recipient animal of antibodies to the
heterologous serum implanted in the GBM; This second immuhe
reaction usually induces,a proliferative, exudative and sometimes
necrotizing glomerulonéphritis; : There is swelling of éndothelial
éells5 mesangial cell proliferation and an increase in meéangial
matrix.'b Occasional accumulation of collagen fibres and fibrin in
the mésanéium is sometimeé obser?ed and_there ié often formation of
cresceht;; The'iatter are considered to be formed by proliferating
visceral and parietal epithelialvcells and infilirating neutrophils
ahd macrophages inbresponée to extravasated fibrin (Albini et al,
1979). A marked variation in séverity of these lesions from
rglomerulus to glomeruius often existé; Ultrastructurally, expansion

of the subendothellal space is more evident than in the heterologous
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phase and there is thickening and splitting of the GBM. . The
" disease may have a mild or rapidly progressive course, ending with
" chronic renal failure; the outcome is dependent on the amount of

antibody injected and on the animal model ‘used.

The mediators involvéd during this phase have not been fully
characterised.’ It is‘suggested that only partial fixation of
complement might be necessary to induce further glomerular daﬁage or
that complement is not even essential (Dixon; 1967). Kondo et al,
(1972) reported the occurrenée»of monocyte accumulation while in
.1979, Albini_gi_gl‘suggestedkthét components of the coagulation ;
‘system also participate in the production of glbmerular damage.

Thus at least some of the mediators operative during the heterologous

stage are also participating in the autologous phase,

The pathology of the autologous phase of NIN is characteriéed
generallj, hbﬁever, by‘prégreSsive alteration to the glomeruli.
Mesangial zones enlarge and contain a greater than normal number of
cells some éf which are monocytic in origin. The GBM exhibits.
':increased thickening, becomes wrinkled and often finally collapses;
Some animals with NiN show subepithelial electron dense deposits
which are n;;mally associated wi{h immune complex disease (Albini
fﬁLﬁi’ 1979). . Whether or not thesé depbéits are aséociated with
the rélease of kidney antigens by the nephrotoxic serﬁm and

subsequent anti-kidney antibody formation with deposition of

circulating complexes in the GBM is still unclear.

NTN in the dog:

NIN has been the subject of intensive studies in laboratory

animals (particularly the rat, mouse and rabbit). The éog model,
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however, has only rarely been used. The earliest study on canine
NIN was carried out by Wilson and oliver (1920) who establisiéd the -
specificity of rabbit anti-dog kidney serum in' producing néphritis,, ‘
A more comprehensife histological and ﬁlfrastructural description
of experimental NTN in the dog was reported by’vaat_g§_§£>(1961)
who usedehdie kidney suspensiﬁns to prepare nephrotoxic serum.'
Since then, Dhar and Pathak (1970) have also given a brief
histological description of NIN in dogs. Fouts'gi_gl (1§41)
reported observations on the clinical and functional course of NIN
in dogs; they suggested that the increase of renal blood floﬁ is
Ldue to inflammatory hyperemia; while the decrease in filtration is
due to thickening of tﬁe GBM, and they also declared that clinical
. and functional alterations occurring during the course éf ‘the
disease was similar to mény phases of Bright's disease iﬁ human

beingse

More recently, the sequential pathology of canine NIN has
been described by Wright et al (197ja)who induced NTK'by intravenous
administration of anti-GBM serum, and examined their eiperimeﬁtal
. animals fro@.four hours up to 60 dayse In a similar fashion,
Shirota and Fujiwara (1982) carried out a brief experiment on canine
NTN using only three dogs which were sacrificed three, five; seven
days after intravenous administrationnof NTabs; Since then; no
furfher reports are available of NTﬁ in dog; and ﬁuch on how the
. dog Qlomerulus reacts to immunological injﬁry ha; still t§ be defined;
This is deépite the fact that; althéugh‘spontaneously occurriﬁg
anti-GBM glomerulonephritié @és not so far been described in dogs;
other fbrﬁs of immunological ihjuryvto the glomerﬁlus are increasingly

being diagnosed (Murray and Wright, 1974; Wright et al, 1981)e
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The purpose of this chapter of the work was to make.an in
depth study of experimentally induced ﬁTﬁ.in dogs with particular
refergnce to fhe sequential changes occurring in the damaged glomeruli.
In order to study as many morphological parameters as possible a
combined histologic; immunofluorescence and ultrastructural

(transmission and scanning electron microscopy) was carried oute
- ° 1
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Materials and Methods:

Preparation of GBM antigen:

The methodology used was that described by Wright‘éj:___ai (1973%) .
Glomerular basement membrane ﬂGBM) was prepared from the kidneyé of
~ three sixteen week—qld dogse. Histological examination of a small
portion of each kidney showed no histological abnormalities of the
glomeruli aﬁd immunofluorescence tests did not show deposition of IgG
or complement. The kidneys were decapsﬁlatéd, the medullary region
- removed by dissection and the cortices minced intc fine pieceso |
After repeated washing in cold phosphate buffered sa11ne (PBS) pH 7.3
to remove red blood cells, the dlced kldney cortex was forced very
gently by means of a small beaker through a 210 um stainless steel
'_51eve, while flushlng contlnuously with cold PBS. The washlngs
were then poured through a 60 fum sieve whlch retained the glomeruli
"but‘allowed through the unwanted non-glomerular fragments; the.
iatter vas discarded or stored at -20° for future preparation of
tubular epithelial antigen. The glomeruli were washed off the
surface of the sieve ﬁith cold PBS and.cgnfifuged at 1000 x g at £°c for
A five minutes. : The glomerular rich sediment was resuspended in FBS'
and allowed to settle, This washing process was repeated three |
times until phase contrast microscoﬁy demonétrated a rich suspension

of glomeruli relatively free of tubular fragments.

Smears of glomerular rich sedimént and noﬁ-glomerular
supernataht were stéingd er five minutes with methylene blue in
order tp confirm.the relative purity df the glomerﬁlar samples
(Figs; 52; 53). The final glomerular rich sediment was guépended in
»equaly§olume of PBS; ultrasoniéated for five minutes and ;tored aﬁ |

—70°C¢ -Methylene blue staining confirmed the disrupfion of the
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Fige. 52« A smear from supernatant, showing only
cellular debris without any glomeruli.

Methylene blue x 200.

Fig. 53. A smear from sediment stained with
methylene blue showing large numbers
of intact glomeruli.

Methylene blue x 200.
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glomeruli and no whole glomerular tufis were found.

Preparation of NTabs:

Twelve young adult rabbits were:inoculéted gubcutaneously
~in the dorsal.thoracic region with 2 nl of ultrasonicated (10 mg wet
weight/ml) GBM antigen in PBS with a similar volume of Freunds
complete adjufant (Miles Research Products Division; Elkjart,
‘Indiana). After a period of four weeks, a further injection of

20 mg GBM antigen was given subcutaneéusly vithout adjuvant; the
rabbits were exsanguinated 10 —‘14 days later. The sera were pooled
and stored in sterile vials at -20°C until used. ,Prior to use the

‘serum was decomplemented at 5600 for 30 minutes.

Thé specificity of thebnephrotoxic sérum for basement membranes
was tested by anvindirect immunofluorescence teste Cryostat sections
of normal dog kidney were exposed to anti-GBM serum for 30 minutes at
room temperature in a moist chamber. Aftef washing in PBS, the
sections ﬁere stained with sheep anti-rabbit globulin conjuéated with
fluorescein isothiocyanate; The specific sharpvlineaf fluorescence |
i‘ofAthe GBM and tubular basement membrane showed fhat the serum did ﬁot .

contain antibodies directed against other areas of renal tissue such

 as tubular epithelium,
Experimental protocol:

Thirty-one 16 week .old Collie-cross dogs wéighing six to 10 kg
were inoculated intravenouély with 2 ml of nephrotoxic serum per kg
: body weight., Animals were kiiled at each of the intervals summarized
in Table 501 For pnrpose; of control nine 16-§eek old dogs were
_ given normal fabbit serum (Zﬁl/kg) intravenocusly and killed at three

(two dogs), six (iwo dogs), 10 (two dogs), 14 (two dogs) and 20 (one dog)



days after inoculation.

The procedures adopted for light microscopy, TEM and SEM are as.

.

described in the general section on materials and methods in Chapter 2.

One kidney from each Sampled time interval was used for
arterial casting, aghin as described in Chapter 2.

Results:-
Histological observations : These are summarised in Table S5ele

30 minutes:

No changes were observed in the glomeruli at this time.

One -~ gix hours:

The firéf noticeable change at one hour after administration of
NTaﬁé was the appearance of small numberé of neutrqphils in many of the
. gldmerular capillarieé; ‘Although neutrophils are often éeen in thé?
gloméruli-of normal dogé there are éeldoﬁ more than two-three per
glomerulus and;>in any one hiétologiéal éection; mééf glqmerﬁli are free
‘of neutrophilé. vin addition; by four houré;,there was diétiﬁct.‘ '
swelling of all three type; of. glomerular cellé with occlusion of many

of the capillaries (Fig. 54).

24 - L8 hours:

By 24 houré neuérophilic infiltrationvof glomerﬁli had
increaéed and; in addition to 's;welling' of the tuft and occlusion of
capillariés; there was now evidence of mesangial hyperceilularity
‘(Fig. 55); k»One dog killed at 48bhou£§ (Dog R ; W943)‘$howed

segmental capillary thrombosis. and necrbsis’involving many
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Fige. 54. NIN:  four hours. A glomerulus
showing distinct swelling of epithelial,
endothelial and mesangial.cells; and
occluéion of most of the capillaries.

H & E x 300.

Fig. 55. NIN: 24 hours. Three glomeruli
showing occlusion of capillaries
and mesangial hypercellularity.

. H & E x 250.
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glomeruli (Fig. 56) in this case, some glomeruli showed adhesiomns

between the tuft and Bowman}s capsule. In all five dogs killed at

 this time many proteinaceous casts could be seen in the tubuleso

Three days:

The structural changes'in the glomeruli had now intensified
with Striking tuft'swelling,‘capillary thrombésis and mesangial
hypercellularityc Deposits of fibrin in the capillaries'and in the
.urinary space were commonly observed‘(Fig; 573 and proteinréasts in

the tubules were plentiful.

Five - seven days:

At this stage, very severe tuft swelling with occlusion and

thrombosis of the cépillaries and diffuse mesangial hypercellularity

‘were observed (Fige 58). Segmental necrosis of glomeruli was a

common feature and many capsular adhesions were found in association
with fibrinous deposits in the urinary space. Many proteinaceous

casts were present in the renal tubules.

At day five, evidence of glomerular scarring was minimal in
the two d&gs examined at this time while, by day seven (Dog No. w928),
15% of glomeruli showed 4: 50% scarring, a further 6% of glomeruli

were ;> 50% scarred and 3% of glomeruli were completely obsolescent.

14 - 21 days:

During this period, mesangial hypercellularity with many
capsular adhesions were the main findings (Fig. 59)« Apart from

Dog Noo W927, killed at 21 days, the amount of fibrin deposited in the

- loops and urinary space had, however, diminished. Thére was also a

SO




- Fige 56.

Figo 57

3

NIN: 48 hours. .Glomerulus from
Dog No. (W943) showing segmental
capillary thrombosis and

necrosis (arrow). H & E x 300,

NIN: three days. The swollen
glomerulus on the left shows fibrinoué
exudation into the urinary space,

with segmental thrombosis and nécrosis,
the other glomeruius is relatively

normale. H. & E x 200,
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-Figo 580

Fig- 50

NTN: five‘dayso A section of
corfical fegion showing severe tuft
sweliing with occlusion and
thrombosis of the capillaries and
diffuse mesangial hypercellulari%y;

H&EX8OQ

NTN: 14 dayse. A glomerulus shows
capsular adhesions and hypercellularity.
Note the proteinaceous casts in the

renal tubules. H & E x 200.
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varying degree of glomerular scarring ranging from 5% of glomeruli
showing ;} 50% scarring (Dog No. W967) to 11% showing ;? 50%
scarring (Dog No. W927)3; in the latter case; as many asg 13% of

w'ez'}”‘e . o .
glomeruli was completely obsolescent, Many protein casts were
still to be found in the tubules. In addition, Dog No. W927 killed -
at 21 days showed a moderately severe diffuse tubulo-interstitial
nephropathy characterised by necrosis of proximal tubular epithelium

and infiltration by neutrophils, lymphocytes, plasma cells and

‘macrophagese

30 -~ 4O days:

Segmental areas of capillary thrombosis with exudation of
fibrin info the urinary space was still present in many glomerulig
likewise patchy mesangial hypercellularity a;d capsular adhesions were
élso observéd. The percenfage of glomeruli showing obsolescence was
higher than in dogs killed previously (Fig; 60) (20% in bog No; WOT7k) .

Nevertheless, many glomeruli were normal in appearance,

60 days:

A%though most glomeruli had returned.to normal, some glomeruli
still showed segmental areaé of capillary thrombosis; Similarly,
‘mesangial hypercellularity and capsular adhesions were still present
in some instances (Fig. 61) and some glomeruli showed distinct

" lobulatione.

The percentage of glomeruli showing gi 50% scarring was 8%
(Dog Noo W975). In Dog No. W970, however, all glomeruli were

normal,
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Figo 60o NIN: 30 dayse. Two glomeru.i arc
hypercellular, while c¢*ther tvo
are obsolescent (arrow:)e
H&E % 100.

L B .

Figo 61,

NTN: 60 days. A glhomerulus siowing

. accentuated isbulaticn, mesanzial

hypercellulari®y and capsular atihesionie

"H&E x 250,
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80 days:

Most glomeruli ﬁerehnow within normal range and gapillary
thronbosis could not be.found at this stagee Mesangial
hypercellularity vas segmental and confined to only a few glomeruli
(Fig; 62). The percentage of glomeruli showing ;P 5b% scarring

was 3% and only 1% of glomeruli vere completely obsolescent,

" Transmission electron microscopy:

In the two dogs examined 30 minutes after administration of

- NTabs, the glomeruli were ultrastructurally normal.
One - 24 hours:

As early as one hour neutrophils appeared in the lumén of the
glomerular capillaries and in some insﬁénces were in direct’contaét
with the GBM (Tige 63); having displaced the overlying endothelium;
Alterations on thé epithelial aspect of the GBM were also recognised;
here patéhy fusion of the foot précesses was cbserved although most
visceral epithelial cells‘appeared néfmalg

-Two - five days:

At this time; the most prominént features were swelling and
detachment of the endothelial lining of the capiliarieé (Fig; 64);
together with mesangial hypefcellularity and increase in mesangial
matrix (Figo 65). PSeudo§0dia of mesangial cell cytoplasm were
often observed bulging into the axial regions of the loops (Fig. 66)

and in so doing displacing the endothelial cells.

~In every case killed at this time, deposits of fibrin could

always be found in some capillary loops (Fig. 67) and, where the lumen
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Figo 620 NIN: 80 dayse. Note the prominent
segmental mesangial hypercellularitye
y : o ‘
One jm plastic section.

Toluidine blue x 250.
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‘ Figo 63.

NIN: one hour. - Neutrophil ()
within the capillary lumen; note
the direct contact of its péeudopodia

with the GBM, TEM x 8,000.

NIN: two dayse. A glomerulusk
showing part of a mononuclear cell

in direct contact with denuded GBM,

" TEM x 9,000,
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Fige 65. NIN: five dayse A glomerulus
showing mesangial hypercellularity.

Mesangial cells (M), visceral

' epithelial cell (EP)., TEM x 9,500,

Fige 66. ‘NTN: fwo days.v A glomefulus showing
mesangial cell cytoplasmic pseudopodia
bulging into theiaxial region éf the
loop5'(arrow);, Cépillar& lumen (C5;
‘mesangial cell (ﬁ); visceral epithelial

cell (EP). TEM x 8,000.

~
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of the capillary was thrombosed with loss of the endothelium,'fibrin
could also be seen extending intc the urinary spaceo Fusion of the

epithelial cell foot processes was often extensive.

Seven - 15 days:

The.gbdve structural éhanges were novw mere severe and
fibrinous deposits in the loops and the ﬁrinary space were CommoNe
Furthermore, circulating mononuclear cells could occasionally be seen
pushing their way into the meéangium (Fige 68); | By day 15, distinct
expansion of the subendothelial space with lcose electron—lucenf
" material was obsérved (Fige 69)e - In addition to»widespread fusion

of the epithelial cell foot processes, many epithelial cells showed

extensivé surface microvilli,
19 -~ 21 days:

One dog (Dog No. W966) died 19 days after admihistration of
NTabs and kidney material was not available for ultraStructural

examinatione.

At 21 days, all the above mentioned changes were still
evident, but there was more extensive expansion of the subendothelial
space. In addition, localised electron dense deposits were

occasionally observed in the expanded subendothelial spaces (Fige 70)o
30 - 40 days:v

) At this stage less fibrinous deposi%s were to be found in the
capillaries and urinary spaces, but occasionally neutrophils could
still be observed in direct contact with denuded GBM, Electron dense

deposits were also found in expanded subendothelial as well as in
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Fige 67.' NT&: fivé days. Glomerular capillary
l§op showing thrombosise. Dense fibrinous
material (F) is occluding the capiliarye
The fenestrated endothelial lining has
disappéareao There is also marked
fusion of foot processes (érrow).

TEM x 4,000,

.

Fige 68. NIN: seven days. Circulating mononuclear
cell (arrow) infiltrating the mesangium (M)e
The capillary loop contains cytoplasmic

debrise TEM x 7,000,
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Fige 690 NIN: 15 dayso Note the distinct
expansion of the subendothelial
space with loose electron-lucent

material (asterisk)s = TEM x 6,800,

Figo 700 NIN: 21 dayse A glomerular
capillary loop, showing expansion of
subendothelial space with localized

electron dense deposits (arrow)e.

TEM x 6,800
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mesangial areass vEpithelial cells still showed considerable activity
with many surface microvillous projection; alfhough, by LO days, the
orderly arrangement of epithelial foot process was largely festoredo
The most striking persisting alterations at this time, however, were
the patchy expansions of the subendothelial space still containing
loose electron luceqﬁ.material; mesangial hypercellularity and

increase in mesangial matrixe.
60 - 80 days:

Although'most of the glomerular capillaries were now
congsidered to be within normal rahge; some ioops still showed 
detectablé patchy expansiohvof the sﬁbendothelial space (Fige-71);

- Hypercellularity of the mesangium‘and increasé in mesahgial matrix
still persistedkin some glomeruli; No eléctron denée deposits were

v.found at this timeo

Scanning electron microscopy:

30 - 60 minutes:

Very few élterations in the surface.topography of the
glomerular capillaries werebévident at this‘early stage of nephrotoxic
nephritis; In a few glomeruli, howe%er, the primary cytoplaémic
processes of the podocytes appeared thicker and flatter and had a
‘Vroughened surface; there were also areag where the normal orderly
' arrangement of the foot proceéses wa; lost (Fig; 72); Some visceral

epithelial cells appeared to have more surface microvilli fhan nofmal.

Examination of glomerular casts, moreover, showed the leakage
of cast material into Bowman's space had occurred in approximately
10% of glomeruli (Fige. 73). Otherwise, the outline of the glomerular
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Fige 71e ' NTN: 80 dayse Focal expansion of

the subendothelial space can still

" be detected (arrow)e TEM x 5,500,
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Fige 720 NTN: o01.2 hour, Sur:'ace of viscerai
epithéli m showing are-s .of ei.’acem:nt
of the nc--mal orderly «rangem.nt o’

foot proc:sses. SEM = 2,500..

Figo 730 NIN: one hour, “ensol ~ast. showing
leakage of cast material into urinary

space (asterisk). SEM x 320,

~—
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capillaries appeared normal.
Four -~ six hours:

At this time, the cell bbdies of the visceral epithelial
ceils were swollen and the primary and secondary cytoplasmié
Processes were tbic%gned and flattened, with a roughened, pifted
surfacee Obliteration of the foot processeé was now‘morg

extensive (Fige 74)e

Examination of renal casfs agaiﬁ showed leakage of’cast‘
maéerial in approximately 10% of glomeruli, Fufthermore, the
glomerular capillaries now had a roughened appearance and fhere
appeared to be constrictions and dilaéions of:the vessels in‘
comparison to the uniform diameter qf the glomerular capillaries

which was charécteristic of control animals (Figo 75).
24 -~ 48 hours:

There was now widespread effacement of the epithelial cell
foot_processes‘giving the surface of’thé capillaries a raughened
~and wrinkled appearance (Fig; 76); Erythrocytes and strands of
fibrin—liké material Qeré found in the urinary épaces; Howvever,
some glpmerular capillariés wefe less severely affected with only

patchy fusion of the foot processes.

In renal casts, the orderly arraﬁgement ofﬁany‘glomerular
capillaries wa; altered and many seemed to have diéintegrated
altogethere  Up to 508% of glomeruli showed leakage of cast material
(Fig. 77) and, in addition, many'capillaries showed alteration in

“their diameter with locélised constrictions and dilatations.
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Fige 7ke

Fige 75e

NTﬁ: four hourse. Visceral epithelium
showing thickened flattened primary and
secondary cytoplasmic processes andi
obliterati;n of foot proéesses;

SEM x 2,500,

NTN:  four hours. Casts of glomeruli
showing roughened capillary surfaces.

SEM x 320

106






Fige 76e NTN: 24 hours. Visceral epithelium

Fige 77.

showing widespread effacement of the

foot processes. SEM x 2,500,

NTﬁ: L8 hourse évo glomeruli show
léakage of cast material into fhe
urinéry sPace;‘ imprints of
parietal epithelial cells éan be

observed, SEM x 160,
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Thrée - five days:

At this stage of glomerular injufy {he surface changes in
the visceral epithelial cells were:maximal; To varying degree,
most gloméruli werevaffectedo There vas widespread obliteration
or loss of the foot processes resulting in a foughened sheet-like
appearance 6} the eﬁithelial cell membrane {(Fige 78). Strands of

fibrin-like material as well as. erythrocytes were found in large

quantities in the urinary spacee

In renal casts there was generalised disorganisation of
capillary arrangement with leakage of cast material in abproximately
50% of glomeruli (Fige 79)o The surface of ?emaining capillaries

was roughenede.
‘Seven ~ 14 days:

The pattern of changes was at this stage essentially the

same as those described above; The degreé of destruction of the

foot proéesses; however; varied from capillary to capillary ;nd from
glomerulus to glomerulus and microvilli éh’the surface of visceral

' epithelial celis were especially numerous (Fig; 80); ErythrocyteSv
and fibrin-like material could siill'be'observed in the urinary spaces
- In renal casts, many glomeruli shqwed.disorganisation of capillaries

- and thevsurfacevof the capillary césts was often roughened; - leakage
'of cast material was still'commonly observed (Fig.'81); vNefertheléss

some. glomerular casts were relatively normal or showed only minor

consirictions or dilatations. -
21 -~ 30 days:

The general architectural organisation of the visceral
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Fige 78. NIN: three dayse The epithelial
covering of the capillaries has lost
its charactefistic configufation
resulting in a roughened sheet-like

appearancee SEM x 2,5000

Fige 79. NIN: five days. All the glomeruli
in this preparation show leakage of
cast material into the urinary spaceo

SEM x 160, -
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Fig. 800 |

Figo 81.

ﬁTN: 14 days. The glomerular
surface epitheliﬁm shows dense
microvilli; a few erythroéftes
can be-seen in fhe urinary spacees

SEM x 2,500

NIN: seven dayse A glomerulus
is showing disorganiSation of

capillaries and their surfaces are

‘roughened; there is also leakage

. of cast material into the urinary

spacees - SEM x 320,
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epithelial lining of the glomerular capillaries was still altered to
varying extent. There was distinct variation in the degree of
effacement of foot processes from capillary to capillary, even in the

same glomerulus (Fige 82). Indeed at 30 days some glomeruli appeared

within normal range (Fige. 83) o

Glomerular casts varied in fbrm; Some appeared normal while,
in others, leakage of cast material still persisted. Distinct
lobulation of some glomerular tufts was observed; others were shrunken
with narrowed or dilated blindly ending capillariés, presumably

reflecting poor filling of partially scarred glomeruli (Fig. 84).

40 - 80 days:

Overall, ﬁost ;f the glomeruli were within ncrmal.range;
Although patchy aréas of obliterationiof the foot processes could
always be found in a few glomeruli, only rarely was fibrin-like |
material‘observed in the ﬁrinary space. Occasional shrunken and
distorted glémeruli #ere also observed. Leakage of cast matefial
was still observed in a relatively féw glomerﬁli ( k<: 710%) as late
~as 80 days after administration of NTS (Fige 85)e Most of the
glomeruli, howevér; no# appeared normal (Fige 86) although a few
shrunken tufts with blindly ending capillaries could still be seen

(Figo 87)o

Immunofluorescence findings:

ihesé aferéummariéed in Téble 5;2; Striking linear
depositioﬁ of rabbit,gldbﬁlin.on thekGBM was found as early as 30
 minutes after administration of NTabs (Fig. 88). At this time all
glomeruli without exceptign showed 4+'linear deposition which wasv

maintained until 14 days, after which time the intensity of deposition
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’progr»essively decreased, By 6 days, some glomeruli still showed
areas of linear deposition which persisted until 80 days (Fig. 89).
‘Gramular deposition of complement (CB) vas not de{ected until three
days (Fige 90). This patfern peréisted up to 60 days fluctuating
between 1+ and 2+; At 804days; deposition of C3 was notvfound;

»

igG depositizn was not seen until five days Vhen
irregular linear deposits were found (Fig; 91)." At 30 days the
deposition was maximal and theréafter IgG fluofescence g%adually'
diminished but was still present at 60 days. IgG was not
detected at 80 déys.> ‘Sections stained with rabbit antidog
- fibrinogen showed lumpy deposits of fibfin from two days onwardse
The peak of deposition was between’three and seven days (Fig.r92)

‘ and thereafter irregular deposits were found up to 60 days.

Control animals:

The morphological features of the control dogs were‘similar
to those described in Chapter 3;‘ In Qlomerular casts, only very
rarely ( <:~ 1%) was leakage of cast maferial into Bowman's
'éapsule observed. With immunofluérescehce; however, three. control
dogsvshow;d minimal granular deposition of IgG and C3 at 10 and 14
days after inoculation of normal rabbit serum; in these dogs not

all glomeruli were involved, None of the controls showed linear

deposition of rabbit globulin.
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Fige. 82,

Fige 830

NIN: 21 days. Visceral epithelial
lining éf the glbmerulaf cabillaries
showing widespreadbeffécement of

foot processés. ﬁote, hoﬁever, the
appearancé of a small area of

relatively normal foot processes (arrow).

SEM x 2,500.

NTN: 30 days. A glomerulus is
showing surface morpholdgy which
is within normal range;

SEM x 2,500,
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Fige 84, NTN: 30 days. A glomerular tensol
cast, showing disorganization of
the glomerular capillariese

SEM x 3200

‘Fig; 85. 60 days. There are still a few
glomeruli - showing leakage of cast
_material into the urinary space.

SEM x 180.
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Figo 86, NIN: 80 days. A glomerulus showing
normal capillary arrangemente

SEM x 3200

Fige 87. NIN: 80 dayse A shrunken glomerular
"tuft with blindly ending capillaries.

SEM x 3206
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Fig. 88.

Fige 89«

Figo 90,

NIN: 30 minutes. Glomerulus stained

with FITC labelled -~ sheep antirabbit

. globulin (SAR). Note the linear

fluoreééence of the GBM, .

Immunofluorescence x 170,

NIN: 80 days. Note the persistence

of linear flubrescence of SAR along

the GBM. Immunofluorescence x 120,

NIN: three days. Glomerulus stained

with FITC conjugated rabbit antidog"

- complement (C_). There is irregular‘

3

vbgranular fluorescence of the Base@ent.

membrane, - Immunofluorescence x 170.('
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Fige 91.

_Figo 920

NTN: five dayso Glomerulus stained

i . . . clog
with FITC conjugated rabbit-antibedy+
IgG. Note. the irregular distribution
of fluorescenceo

Immunofluorescence x 170

NIN: seven days. Glomerulus stained
with rabbit antidog fibrinogen. Note
its lumpy deposits of fibrin.

Irmmunofluorescence x 1700

17






*A}TI0488 0] BUTPIOOOR +{ 03 +]

papeab suorsaq

SONIANIA TVOIDOTOLSIH

iSDO00 NI NIN TVININIYIdXH

TS

dTdVL

20UQ9OSOTOSA) Wik Lyraemnyredoaadly TeTbuesel] 44 soedg AIBUTI
) %T % %2 - - +T - - - skep 0g BLO6M
%%6 %T %E %2 - - +T - - - sfep 0g TL6M
%68 - %8 %t T - +g +T - - skep 09 GL6M
%00F +T - +T - - sfep 09 0l6M
00T - —_ - +T - 42 - - - sfep of €L6M
%26 %8 - - - +T - +3Z +T +T skep oF 6961
%86 %3 +€ - +€ +7 +T - sdep 0f 9L6M
%0L %02 %8 %3 - +€ +T +T - s&ep of HL6M
%L9 %E€T  %IT %6 +€ - +€ +T +€ +2 sfep g 226M
9wl %2 9%OT %6 +€ - +€ - +T - sfep 6T 996M
%08 %y %S %ET +£ - +£ +T +T - sfep G L96M
%L9 %9 %OT  %LT +E +T +E +T +2 - skep HT 262M
%92 %€ %9 %ST +€ +T +£ +T +€ +T sfep / g26M
%007 - - - 43 +T +€ +2 +3 +T sfep ¢ ZH6M
%00T - - - +T +T +€ +T +T +T sfep ¢ TH6M
%007 - - - +T +g +2 +T +T +T sfep ¢ T96M
%00 - - - - +T +T +T +T +T sfep ¢ GG6M
%00 - - - - +2 +2 +T +2 +T sfep ¢ G26M
%00T - - - - - - - - - sdep g 956M
%001 - - - +T +E +T . +T - +T sfep g €H6M
%00T - - - - +T - - - - - gfep g HEOM
%007 - - - - +T - - - - Lep T 9L6M
- %00T - - - - +T - - - - £ep T GE6M
%00T - - - - +T - - - - sanoy 9 9e6M
%00T - - - - + - - - -  smoyy 2£68
%00F - - - - +T - - - - samoy ¥ LG6M
%0O0T - - - - +7 - - - - smoy 9z6M
%00T - - - - - - - - - anoy 1 8S6M
%00T - - - - +T o - - - anoy | 6€6M
%00F - - - - - - - - - °sutu Of 656M
%00T - - - - - - - - - *suTw Of O76M
TEWION ® 710840 %0S & %0S » suorseypy sTTyd *xod Ay STSOJI08N °gen sdoorg PRTITEI *ON boq
bk RN TR ‘—oxjnaN ¥¥ogo % sTsoquoayy ¥ T utaqrg KLeq
futaxeog ‘ . o :
T1Td®e)

118



TABLE 5.2

IMMUNOFLUORESCENCE FINDINGS IN EXPERIMENTAL NIN 1IN DOGS

Dog Yo, Time Killed Rabbit Globulin -  IgG c3 Fibrinogen
WoLn) . 30 mins ;+++, - - .
W959 30 mins ' ++++1 . - - ' -
¥939 | 60 mins =22 - - -
w958 , 60 mins o ER - - -
w926 L hr; v ' s - - ' -
W357 4 hrs I L S - - -
w937 6 hrs ot - - e
w938 6 hbrs A+t - - ' -
W935 24 hrs s - - -
W936 - 24 hrs . - - -
Wosh | L8 hrs P - o .
‘W943 48 hrs N s : - - -
W956 48 hrs ‘ T - - - : -
- Woz25 3 days _ N O - o ot
W955 3‘days I e - - -
w961 3 days FIFIENS ) - o T
W42 5 days ERO o - -
Wok1 5 days it ‘ - - 1+
w928 7 days aan _ & + ' e
w929 14 days e ' + + s
W967 15 days . - + Sy
w966 19 days ' . N ' - ++ Co.
w927 21 days : e : i o . .
W97k 30 days s + as .
w976 30 days et ' T+ + +
w969 40 days - O srrs i1t ++ ' +
w973 40 days : s = ttet +
W975 60 days _ 4+ 7 T+ +v -
w970 60 days [  ' 44+ | . - .
w971 80 days = 4+ - - - ND
- W972 80 days o s - . . ND

ND = Not Done

Lesions graded + to ++++ according to severity.
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v TABLE 5.3

. BIOCHEMICAL FINDINGS: IN EXPERIMENTAL NIN 1IN DOGS

o Urine Protein* Blood Urea x‘mnol/‘lk‘
Dog Noae Time Killed mg/100ml Pre-inoculation Necropsy-
Woko 30 min 12,5 | . 3.6 - 1065
w959 30 min 10,0 o 2.8 2.8
W939 * 60 min ks 2.8 3.1
w958 60 min 0.0 _ "2,3 20k
w926 4 hrs - 550.0 _ ' 3.8 S N.D. -
w957 L brs 0.0 NoD. 303
. W937 6 hrs - 0.0 3.6 . 3.3

w938 6 hrs v ' 0.0 300“ ' 2.k
W935 oL hrs o 0.0 L7 62
w936 oh hrs  315.0 3.8 5.5
W93k 48 hrs  325.0 T S 501
W9k3 48 hrs  NuDe 2.6 2.8
W956 48 hrs 0.0 | ke ka3
w925 3 days 475.0 . 205 S 3e1
W955 3 days 90.0 1.8 3.9
V961 3 days 125.0 26 . . . 2.6
Wwok2 5 days : 125.0 . k0 Lot
Wolq 5vdays ' ‘ 60.0 248 - 9.9
w928 7 days ~ 106.0 } 249 | 58
w929 1k days 80.0 S 249 - | 5.9
W967 15 days 662.5 2.8  28.3
W966 " 19days 5.0 1.9 - 201
w927 21 days | 0.0 WA 4003
W92k 30 days © 10.0 - 901

- w976 - 30 days 10.0 : ‘ 1.8 6.1
W969 L0 days - 1.0 o 1.7 ' 5.8
w973 Lo days 0.0 ‘ 3ok 5.8
vW975v ‘ 60 days - : 0.0 ' 7.5 - 14,8
w970 | 60 days : 0.0 5.5 107
W971 80 days ' 296 : o . 12 ko7

w972 80 days - 6.0 1,5 7.8

*  Urine protein levels at necropsy only.

ND = Not done.
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Discussion:

The few repofts which deal with the sequentiél pathology of
NIN in dogs (Bevans gj_gi; i955; hbvat'gi_gl, 1961) have described
the lesions induced by injection of serum prepared against whole
kidney or blgcental’;uspensions; The only qomprehensive histological,
ultrastructural and }mmunoflﬁorescence study of experimental NIN in

dogs using serum raised against dog GBM was reported by‘Wright et al

(1973%).

The present study was designedvto build on the earlier vork
of Wright and co-workers by carrying out a more extenéive
investigation of the sequential morphoiogic events in glomeruli
damaged by nephrotoxic serum and to lay spec?al emphasis on. the
ultrastruciural changes which were relativel} poorly documented in

previous reportso

The earliest observable hiétological event was the appearance
of neutrophils in lumina of the glomgrular capillaries by one hour
after adminis%rafion of~NTabé; This was followed by swelling of the

- tuft with occlusion of capillaries and; by two days; segmental
capillary\thrombosis and necrosis and mesangial hyperceliularity;
The severity of the histological lesions wa; mostbpronouncedlén'days
five and seven. Thereafter, the exudafive lesions diminished while

glomerular scarring became progressively noticeable,

In the iater stages of the disegse mesangial hypércellularity,_
lobulafion of the glomerular fuft and persistence of a few
obsoleécent gldmeruli were the only major observations;k ‘The overall
histological changes were similar to those recorded by Movat SE_Ei

(1961) but these workers did not observe obvious light microscopic

.
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changes till 11 days, vwhen they reported fhgfvall glomerﬁli were
affected to some degree, wifh swelling, hypefcellularity and
créscent formation the main featurese. H;wever, Wrightlgz_gi (1973a)
in their more comprehensive study reported early neutropﬁil
infiliration by four hours (c&mparéd to one hour) in the present

study; .

In the present study, severe capillary thrombosis and |
necrosis was not observed until five or seven da&s vhereas in fhe
experiment of Wright g§Jg£ (1973%), severe glomerular capillary
thgombosis and nécrosis was noted as early as two days; This
disparity in reéults may‘reflect differences in the inherent
- nephrotoxicity of the fabbit serum as, in both sfudies, the volume

o

- of NTabs used was similar,.

‘With theAfEM, the first ultrastruétural changes were observed
by one hour when neutrophils were found in the glomerular capillaries
and in some instances some of these cells were in direct contact with
the GBM; ' This change was accompanied by fusion of epithélial foot
processes; The ultrastructural changes were most marked, however, on
 days thre? - Seven and this‘period was characterised by intraluminal
fibrih deposits; by extensive fusion of foot processes; necrosis of
the endothelial lining and mesangial hypercellularity; There wa;
some evidence that circulating mononuclear cellsyemigratiné.into the
mesangium were contributing to the overall hypercellularify of the
glomeruli; This.is in accord’with current opinion on the role of
these cells in glomerular hypercellularity in human and experimental

animal glomerulonephritis (Atkins et al, 1981).

The remaining notable feature of the ultrastructural

alteration was the expansion of the’subendothelial space with electron
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1ucenf material, This wés not found until 15 days and persisted
untilkthe end of the experiment at 80 days. Furthermore, between
19 ard L0 days; localised electron dense deposits were also to be:

- found in the expanded subendothelial spaces and inrthe'mesangial
matrixo Similar subepithéliél deposits have been reported by
Albini'gngl;(1979) yho suggested that they represent GBM - anti GBM

immune complex deposition superimposed on the existing NINo

Although the generalvstructural features reported inkthe
present work were in éome ﬁays siﬁilar to those described by Wright
et al (1973a)thefe were a number of differencesa. Firstly, in the
present study, the appearance of negtrophils in the giomerular_
capillaries by one hour was not described by Wright et al (1973%)
until four hours. Secbndly, the subendothelial déposits described
by Wrighﬁ_g&_gl‘(1973a)asAsometimes combletely encircling the
capiliary loops wérérnot observed in the present study until 14 - 21
days and only localised deposits werevobserved; Thirdly, the
‘electron dense deposits found by 19 days iﬁ the pfesént work were not

recorded by Wright and co-workers.

In the‘present study; the detailed ultrastructural changes
in the glomeruli as observed by thevSEM were-récorded fbr the first
‘time in experimental NTN in>fh§ dog; Alteration to the normal
orderly arrangement of the foot processes ﬁas noted af 30‘minufe§
after adminiétraiion of NTabs and, at thié early stage, arterial
" casts showed leakage of cést material in approgimatély 10% of
.glomeruli; >By 24 hpurs in additidn to'oblitefation of foot proéesses,
strands of fibrin like material &ere obéerved in the urinary spacese.
 By thréefdays, more Severe changes’characterised by extensive fusion

of foot processes'and complete loss ofynormal podocytic architecture
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were evident, In renal casts up to SQ% of glomeruli showved
lezkage of cast material and by 14 days glomerular casts revealed
roughened capillary outlines which probably corresponded to the

‘endothelial destruction found with TEM..

Although some glomeruli still shoﬁed obliﬁerétion of foot
processes and ieakagb of cast material at BQ'days, other glomeruli
had returned to hormal. The percentage of normai glomeruli incréased
gradually towards the end of the experiment and at 80 days nmost

glomeruli showed normal surface morphological arrangement of epithelial

foot processess

In these later stages of the experiment, arterial césts
showed shrunken glomeruli with stunted blindl; ending capillaries,
thich presumably represented partial glomeruiar scarringo. Tﬁe only
other brief report on the use bf_SEM in NTN was that of Buss and
Lamberts (1975) who, in their rat model; did not find changes in the
visceral epithelial cells until 12 days after administration of NTabs

when they recdrded irregularity of second and third order processes.

The immunofluorescence patterns were similar to those

bdeséribed by Wright.giiég (1973a);‘ Rabbit globulin was detected in
the glomeruli as early as 30 minutes after administration of NTabs and
had a striking linear distribution; This persisted until 15 déyé;
thereaftér,‘the infensity of fluorescence diminished and élthough all
glomeruli were involved some only ;howed patchy segmentél fluorescence;
Faint linear depoéition; héwever; was still present in some glomeruli
at 80 days. Complement (CB);could not bé’detecﬁéd until three days
when weak linear fluorescence was obserfed; The intensity of |

fluorescence was never as striking as that for rabbit globulin and

persisted only up to 60 dayse The autologous phase of the disease
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fas charactefiséd‘by irregularly linear depééition of host'IgG; this
was detected by five days in contrast to the»fih&ings of Wright fﬁiﬁiE
(1973%) who did not detect IgG until seven days..‘ | As with C, the
inten;ity of flu;rescenée was not ;s‘clear cut és that for rabbit
globulin but néverthelééé per;iéted #Qtil 60 Aayé:' iuép; depoéité
of fibrin were not detected until two days bﬁt were étill found in the
later étageé of‘the experiment at 69 dayé; Unlike the fluorescence
patterns of rabbit globulin; 03 and host,igG; deposits of fibrinogen

were always focal as well as segmental.
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CHAPTER 6

EXPERIMENTAL SERUM SICKNESS

GLOMERULONEPHRITIS IN DOGS
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During the last three decades the increasing utilization of
immunohistochemical and electron microscopic techniques‘in the
study of renal disease has clearly established that glomerulonephritis
(GN), fhe most impbrtant renal disease of man, is immunological in
V origine. Deposgition of circulating immune complexes or;
alternativel&; in situ formation of complexes are thought to play a
vital patﬁogenetic role in a variety of primary glomerular disorders
in both man and animals (Osborne et al, 1977; Couser and Salant;

19803 McCluskey, 1983).

The role;that these immune complexes play in the induction
and progressign of GN has been the subject of many experimental
studies parﬁicularlj serum sickness where artificially induced

_circulating immune complexes lodge in and suﬁsequently cause damage
to the renal glomerulus; For bothbthe morphologist and |
immunologist5keXperimental serum sickness has been the first apd
most promising léboratofy model for the study of the effect of

deposition of immune complexes in the glomerulus (Dixon et al, 1958).

Thévrenal glomerulus is particularly susceptible to the effect
of circulating immune complexes and this vulnerability is related to
its unique anatomical and functional properties, aspects of which

have already been discussed in Chapter 3.

In 1903; Von Pirquet and Schick first introduééd the tefm
"Serum Sickness!" when describing an illnéss in human patients eight -
12 days after recéiving heterologous serum; they claimed that
antibody raised by the recipient patient reacted with.the injected
heterologous proteiﬁ; }bst.ofbthe subséqueﬁt information on serum
sickness has been obfained from an experimental model system in which

experimental animals are injecfed with heterologous protein such as
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bovine serum albumin (BSA).  Although serum sickness can be
‘produced by injecting a sufficient amount éf any heterologous
protein into rabbits or indeed into other experimental animals,

BSA has been the most frequently used antigen. In general; the
'Vdosage and duration of administration of antigen determines the

type and-exfént of glomerular injury (Germuth_gf_gi, 1967); although
Isaacs and Millef (1982) haﬁe provided convincing evidence of an

" interaction between antigenic size and elecirical charge in
govérning ﬁhe degree of‘immune complex deposition.ana subseguent

degree of glomerunlar damagee.

A variety of‘injection schedules have béen enployed to
~induce immune complex-mediated GN in experimeﬁtal animals, A single
intravenous injection 6f a large dose of BSA produces an acute;
usually transient, fﬁrm of GN -~ so called "one-shot serum sickness"

(Germuth, 1953; Dixon et al, 1958), whereas multiple injections of

@

BSA given over a prolonged period of many weeks often resulis in
more chronic form of’serum sickness ﬂDixon_gE_gl,»1961; Germuth et al,
1967); Although the "acute" one-shot and "chronic'" multiple dose

- forms éf serum éickness remain the most commonly used modelksystem,
there aréxa‘number of other more recently introduced variant models;
Leaving aside experiﬁental Heymann neﬁhritis associated with intrinsic
renal (tubular) antigens (Heymann_gz_al; 19593 Glassock.gi_él, 1968)
the main featﬁres of the four main model system$ inVOifing'non—renal

antigens and which are employed to induce serum sickness will now be

briefly summarised:

i. Acute "one-shot!" serum sickness GN:

As already indicated, this form of experimentally induced GN is

usually induced by a single large intravenous injection of heterologous
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protein, usually purified BSA, into rabbits (Germgth, 19533

Dixor, 1967). | Following a rapid period of eqﬁiiibration between
intra and extravascular compartments for 24k - 48 hours after
inocuiation when two-thirds to three quarters of the injected BSA
disappears from the circulation, thére ensues a slower rate of
antigen disé%pearanée representing catabolism of the residual
circulating BSA., By the fourth or fifth day the animal begins to
produce antibodies against BSA; an event which marks the beginning

of the immune phase of antigen elimination. Dixon et al (1958) and

Dixon (1967) have shown that it is circulating soluble complexes

formed in a state of antigen excess that are capable of localising
in and causing damage to the renal glomeruli.” In situations of

antibody excess, ‘thé-complexes are larger and poorly soluble and

most of these complexes are phagocytized by the mononuclear phagocytic
system, and, there is'rapid elimination of circulating BSA which is
generally accomplished between 10 ~ 1k days after injection

(Albini et al, 1979)e

The typical glomerular proliferative changes observed during
" flone-shot!" serum sickness have been described by Dixon et al (1658)
and»Cochr;ne and Koffler (1973) who reported swelling and
-proliferation of endothelial and mesangial cells, hypertrophy of
epithelial cells and detachment of endothelial cells from the

underlying GBM.

In 1977; Easley and Halliwell listed the ultrastructural
changes in ""one-shot!" serum sickness as.irregularity in thicknéss of
the GBM; increase in mesangial matrix and mesangial hypercéllulafity,
‘endothelial hypertrophy, fusion of epithelial_fdot Processes and

electron dense deposition in mesangial and, to a lesser extent,
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subepithelial arease They suggested that ultrastructural';hanges
tend 4o occur prior to any hypercellularity detectable by light
MmLCroscopys They also observed that, during thé'eariy stages, .
there was no correlation between the morphologic changes and loss

of fTunctional integrity of the GBM as manifested by proteinuria.

-
.~

fhe characteristic immunofluorescence patternsaf experimental’
serum sickness have been described by Germuth and Rodriguez (1973)
anﬂ-Cochrane and Koffler (1973) who reported deposits of antigen,
IgG and Cj scattered along the GBM; ~ The immune deposits detected
in the kidney by.immunofiuorescence have been shown to‘correspond

with electron dense deposits observed with the electron microscope

(Fish et al, 1966).

2e Chromic Serum Sickness GN:

It is well recognised that renal lesions resembling some
kinds of human GN can be produced experimentally in animals by long-
term administration of foreign proteiné (Dixon et al, 1961; Germuth

et al, 1967).

In this,modellsystem, repeated (usually daily) intravenous
injections of heterologous protein into experimental animals (again
‘usually rabbits and BSA have been used) producés after two.- three
months a chronic, immune complex mediated GN often in the form of
membranous nephropathy, although crescentic and meéangiopathic forms

of GN have also been noted,

Albini et al (1979) have summarised the two main experimental

protocolsvin this system:

a) Daily decses of a constant amount of BSA tends to produce small
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soluble complexes which, in a percentage of rabbits with low levels
of .antibody., are able to cross the GﬁM and.lécalise in subepithelial
sites, In rabbits ﬁith intermediate levels of circuiatiﬁg antibody:
~the larger, less 501ub1e, complexes lqéalise in the glomerular
mesangium and produce a less severe "mesangiopathic!” form of GNeo
Germuth et al (1977l have also suggested that the incidence of
membranous GN in rabbits is dependent on the dosage of antigen
administered; constant low doses of antigen»produces membranous GN

in approximately 50% of rabbits.

b). - Adjustment of the antigen dose to maintain constancy of

antigen excess theofetically is more likely to lead to circulating
imaune complexes small enough to become deposited in subepithelial
" sites along the GBM and hence induce more serious renal lesions in

the form of hembranous nephropathye.

» Regardless of which of the two methods are employed
membranous nephropathy, associated with prominent deposition of
immune coﬁplexes along the GBM is the usual but not invariable '
feature of chronic serum sickness nephritis (Diknn‘gi_éi, 19613

' Germuth et al, 1972; Kuriyama, 1973).

‘Advances in renal immunology and physiology have altered
traditional concepts of the pathogenesis of immune complex GN;
Whereas glomerular immune depﬁsits were oﬁce thought to arise
primarily by deposition of circulating preformed soluble immune
éomplexes (Cocbrane and-Koffler; 1973); it is now khowﬁ to be
equally possible thét‘they form in situ; Several investigators
- have now convincingly demonstrated in situ immune complex formation

(Batsford et al, 1980; Oite et al, 1982; Ward et al, 198k).
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The recent discovery that the glomerular wall acts as a
chargé‘selectivevbarrier to circulating molecules (Brenner‘gz_gl, 19783
Venkatachalam and'Rennke; 1978) repelling anionic and attracting‘

. Eationic molecules has important thebrétiCal impli¢ations for the
pathogenesis of immune complex GN; Border et al (1981) in
describing the effect of antigenic charge on the rat glomerulus; noted
that cationic BSA developed deposits confined to the mesangium;
 whereas anionic BSA‘resulted predominantly in capillary wall depositse
On the other hand, Gallo et al (1983) reported that in mice
' differently charged immunogéns induced distinctly different‘paﬁternS'
of immune complex formation in that highly cationic antigen formed
predominantly subepitheiial deposits whereas less cationic antigen
~predominantly formed mesangial depositso However, requiremenf of a
cationic antigen in the formation of subepithelial immune complexes in

-ﬂnkrabbit glomerulus was observed by Ward et al, (1984).

. In chronic serum sickness, the characteristic glomerular

deposition of IgG and C, along the capillary walls, observed by

3 .
immunofluorescence (Cochrane and Koffler 1973), can be identified
ultraStfucturaliy as electron dense subepithelial and intramembranous
deposits;N It isithese deposits which cause the chéracteristic
membranous thickening of the glomerulér capillary walls which gives
the name to membranous nephropathye. There are associated alterations

in the visceral epithelial éells most of whose foot processes are

effaced and epithelial cytoplasm forms a continuum along the GBM.

Se Accelerated serum sickness GN:

In this recently introduced model of serum sickness,
experimental rabbits are sensitized suhcufaneously with BSA emulsified

with Freunds complete adjuvant and subsequently given one or more
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intravenous injections of large doses of BSA. The aim o£ this -
model was to establish a mofevrapidly developing énd progressive form
of immuﬁe complex GN; The‘firsf extensive study of gldmerﬁlar
lesions in accelerﬁted serum sicknéss in rabbits was carriéd‘out byv
Shigemaisu and Kobayasﬁi (1976) who observed that the gldmerular
changes were'proliferaﬁivé rather than membrahous in ﬁature and that
| the proliferative changes at the onset of proteinuria as early as 12
days afier sensitization witﬁ BSA, were ﬁainly due to accumulation
of monocytes and neutrophils in the Capillafy>lumen. The
'subendothelial space was expanded'with proteinaceous amorphous
,.material and local exfoliation of endothelial cells’was>accompanied -
by direct contact of ﬁonocytes with the inner surface éf fhe GBM,
Electron-dense subendothelial deposits were observed only on :afe
occasionse The s%me~workers'also'reported localised fusion of foot

processes énd swelling and proliferation of mesangial cellse

L, Passive serum sickness GN:

Many investigators have attempted to induce serum:sickneSS'by
administration, usually daily for three - five.days, of preformed
antigen~-antibody complexes prepared in antigen excess (McCluskey and

Benacerraf, 19593 Benacerraf et al, 1960).

Although Cochrane and Koffler (1973) had reported difficulty
in obtaining consistent results using a mouse BSA model, Okumura et al
(1971) employing a BSA model in;ﬁiée and Wright et al (1974) using an
adenovirus model in dogs for the‘preéaration of éolubie immune
complexeé, have 5ofh demonstrated éonsistent deposition of passively‘
administered preformed complexes, as detected by immunofluorescence

and électron microscopy, and histological changes in the glomeruli.
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McCluskey et al (1960) descfibed the main histélogical changes in
miceffith Passive serum sickneés; .ihe;e began two ~ three days
after the first injection of complexes and graduélly.regressed
dﬁfing the féllowing fwo weeks; vihié course of events indicated
that.the recipient host's own immune reépohse played no part in the
initial pathggenesis of the glomerular lesions; | The latier were

characterized by infiltration of neutrophils with swelling and

hypercellularity of glomerular (mesangial) cellse.

With the electiron microscdpe;.passivély administered
complexes appear.tq localize only in small quantifies‘in mesangial
regions and beneath the endothelium although these may be ’ -
associated with severe prqliferative changes (Okumura §§L22J11971).-
Immunofluorescence patterns folloﬁing single or repeated injections
of preformed complexes‘were described by Okumura et al (1971) who noted
~granular or lumpy deposition of BSA and host IgG localized predominantly

in the mesangiume.
Spontaneoﬁs imune-complex GN in dog$:

' Early workers éuch as Monlux (1953) and Kirk et al (1959) have
both sugge;ted that spontaneods canine GN is uncommon. However, in
therlight of recent advances in the diagnoéis and undeféténding of GN
in animals particularly through the use of renal biopéy methods,

»immunofluorescence and electron microscopic techniques; a large
number éf reportg of épontaneoﬁs canine GN have now accumulated in the
’literature and thé diseaselié now considered to be a common occurrence
(Kurtz.gi_gé; 19723 Osborne and»Vérnief; 19733 kMurray and Wright,
1974; Lewis, 1976; Muelléf—Peddinghaus and Trautwein, 1977; Wright

et al, 1981). Most if not all, of the reports of spontaneous GN
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in dogs are associated with the deposition of immune complexes in
subepithelial and intramembranous sites and to a lesser extent in'thg

mesangiume True anti-GBM GN has not so far been recorded in the dog.

| Despite the similarity of spontaneous immuné complex GN in
the dogs wi%p human forms of the diéease, most experimental work on
immune complex GN h;s been éarried out in laboratory animals
particularly the rabbit; ﬁousé and rate Apart from nephrotoxid
(anti-GBM) nephritis (Vrighﬁ.gi_éi, 1973%) the dog has not previéuslf
beén used as a model for study of iﬁmunologically—mediated glomerular

injurye

Although experimentally induced immune complex GN has been

described in dogs with canine adenoﬁirus (Wright et al, 19743 Wright

and Cornwell, 1983) and Dirofilaria immitis (Casey and Splitter, 1975),
infections there are no reported studies on experimentally-induced
serum siclkmess type GN using a non—replicating antigene The purpose
of this section of the wofk was to study for the first time, the’
reaction of the dog glomerulus to various forms of experiméntally—

induced serum sickness induced by BSA.
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Materiale and Methods:

46 young collie-cross puppies aged 14 - 20 weeks and
weighing five -~ seven kg were divided into three experimental groups

to induce different forms of serum sickness glomerulonephritis.
Group I: . “One-shoﬁ" serum sickness GN:

11 dogs receivéd an intravenous injection of BSA (crystalline
fraction V, (Sigma Chemical Company Limited; London) in PBS,.
accofding,to the protocols described as follows:~-

Subgroup.I: Seven dogs received a single dose of six gm
BSA intravenousiy and were killed at four, seven,yio, 15 (tﬁree dogs)
and 20 dayse | ) |

Subgroup II: Two dogs received a single intravenocus injection

of 12 gm BSA; one dog was killed at 10 days and the other at 15 dayse.
Subgroup III: Two dogs received four successive daily
intravenous doses of six gm BSA and killed on days 10 and 15
respectively.
Subgroup IV: A further two dogs were given a single dose of

5 ml of PBS intravenously and killed on days 10 and 15.
‘Group IX: Accelerated serum sickness GN:

Subgroup I: 11 dogs wete included in this experiment.  All

were immunized with BSA in the following manner:-

100 mg BSA dissolved in 2 ml PBS (pH 7.2) and mixed with 2 ml
of Freunds complete adjuvant (Miles Research Products Division,
Elkhart, Indiana) was injected‘subcutaneously on multiple sites on

each dogo Subsequeht doses of BSA and intervals between immunization
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and death are summarized in Table 6. 2,

Subgroup IL: Control animals:

Four dogs received 2 ml of Freunds complete adjuvant
subcutaneously and killed at 10 (two dogs), 15 and 25 days afterv

‘injectiona,
»
1]

A further two dogs were immunized with 100 mg BSA together

with 2 ml Freunds complete adjuvént and were killed 10 and 15 days

respectively.
Group III: Chronic serum sickness GN:
Antigen preparation and characterization:

Crystalline fraction V BSA was used unﬁodified as native
(anionic) as in Group I and II and also éé substrate for the
Preparation of charge—quified cationic BSA. Cationization was
carried out accofding to a modification of the ﬁethod of Danon et al’
(1972) and Border et al (1982) using 1-ethy143-(3-dimethy1aminopropy1)-
carbodiimide hydrochloride and crystailine ethylenediamine dihydrochleride
(Sigma Chemical Company Limited, London)o A solution of 330 gm |
ethylenediamine dihydfophloride in two litres distilled ﬁater was
prepared. To this solution was added fwa litres distilled water
containing 25 gm native BSA followed by 10 ém vater soluble 1—ethyi—3—
(3—dimethylaminoprdpyl)—carbodiimide dihydrochloride and the final
volume made up to five 1itre§; The pH was adjusted %o 4;75,by 1N HCl
and the solﬁtion allowed to feact overnight at 25°C (Fig. 93); The
reaction was then terminated by the addition of 300ml &M acetate buffer,
H L.75, to react with any remaining carbodiimide, The BSA solution

was dialized extensively against deionized wvater for 72'hours, its
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volume reduced tenfold by dialysis against polyethylene glycol -
(BoDeHe. Chemicals, Dagenham, Essex) and subsequently lyophilized and

stored at ~20°C.

The isoelectric point (pI) of each native and cationic BSA

Was
prep;ratlon]measured by 1soe1ectrofocu51ng in thin layers of .

polyacrylamide gel according to the method of Eckersall and Conner -
(1984) using an LKB flatbed isoelectrofocusing unit (IXB Instruments
Inco., Rockville, Maryland)s Protein bands formed by native BSA at

pH & -~ 5.1 and cationised BSA at PH 9.3~ 9.5 (Fige. 94).

- The molecular size of cationic BSA wasbcompared to that of
native BSA by Sephacryl S-300 gel filtration chromatography |
(Pharmacia Fine Chemicalé, Uppsala; Sweden).‘ The buffer employed
was 0.1 mmol/l phosphate pH 7.0 plus 0.15.mmol/l NaCle 100 mg of |
native BSA was appliéd to a cdlumn'(90 x 2;6 cm) of sephacryl S-300
and after 20 fractions of 3 ml each had eluted 100 ml of cationised
BSA was also applieao The samples eluted with an interval of 20
fractibnﬂand therefore showed no alteration in moleculaf weight due

to the cationization process (Fige 95).

The chloride content; as indicative of any chemical
.contémina%ions remaining after dialfsis was determined by a chloride
meter EE1 920; (EE1 Halstead, Essex, England); Dialysis was
vcontinuéd until the chioride content of the sample after lyophilisationk
‘was within the phySiological range ( < 100 mmol/l); ihis took up to
three days of dialysis;

The BsA confent was measured by spectrophotometry assuming a
-molar extincﬁion coefficient of Ezé? = 6;6 for; BSA at 280 nm and

showed 85% by weight of BSA in the final end product.
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Fig. 9%. Protein bands formed by cationic BSA and native BSA after A

isoelectrofocusing in polyacrylamide gel. cationic BSA
Pl. 9.3 native BSA P1. 4.55 '
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Fige. 96. A diagram showing the anionic sites of GBM.
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Subgroup I: 12 dogs were immunized with an intravenous
injection of five mg of catisnized BSA containiné one pg of
endotox1ﬁ (Sigma Chemical Company Lamlted London) as adguvant in
i'PBS {pH 7. 2). One week later, intravenous injections of 120 mg of
cationized BSA were begun and continued on a delly basis (flve days/
veek) for four wecks‘at vhich time (five weeks after initial
ihmunization) the dogs were subjecfed to percutaneous renal biopsy,
‘urine and blood examinations; The BgA injections were continued
for‘ﬁhe following three weéks at the end of which time no more BéA wvas

administered and the dogs were sacrificed at intervals (see Table 6.1).

In addition, in order to establish fixation of cationized BSA

to the glomeruli, three dogs were immobilizedbénd then anaesthetized

as descrxbed in Chapter 2.' The abdominal cévity was opened, a 12 gauge

cannula was 1nserted into the renal artery and five ml of PBS contalnfng

10 mg cationized BSA was injected. All three animals were killed 20

minutes later.

Subgroup II: Two dogs were immunized intravenously with
five mg native BSA and one pg of endotoxin in PBS (pH 7.2). One week
‘later, dai}y injections of 120 mg of native BSA were begun and

continued as described for the animals in Subgroup I.

Subgroup III: Two dogs were immunized with five pg cationic

BSA as above and daily intravenous injections of 2 ml PBS (pH 7.2)

were given in place of BSA as described for the animals in Subgroup I.

Productlon of antisera:

Antlsera to BSA was ralsed in rabbitse. These were immunized
with 50 mg BSA emulsified in Freunds complete adguvant 1n3ected at

multiple subcutaneous s;teso Two booster doses were given at three
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week intervals. The rabbits were bled from the marginal ear vein

- 410 - 15 days later.

Aﬁmoniﬁm auiphate?ﬁrécipitation of'IgG:

»

25 ml of a saturated solution of chilled ammonium sulphate was
. col.
slowly added to 50 ml serum. This was centifugated at 3, OOOg for 30
minutes at 4° C. The supernatant was discarded and the precipitate

s . . - o . .
rediiflved and dialysed extensively in phosphate buffered saline (PBS,

Préﬁafation of flﬁorbcﬁrome'conjugated anti~BSA:

Antl—BSA antibody waa congugated to f]uoreaceln 1sothlocyanate
(FITC) (Calbiochem, San Dlego, U.S A.) by addlng dry FITC to a solution
containing 10 mg profeln/ml in O. 15 mol/1 Narl and 10% by volume of
carbonate baffer adJusted to pH 9. 5. ThlS mixture was mixed for one

hour at 4°c.

Purification:

The unreacted fluorescent material was removed by gel
“filtration in a Sephadex G-25 columne >Filtration was carried out at

4 C. The column volume was approx1mately six tlmes the sample volume.

The eluate was then dlalysed agalnst PBS for 48 hours at 4° C.

Peroxidase-antiperoxidase (PAP) method:

Specimens from biopsies and necropsies of chronic serum
sickness GN were examined with the PAP method, according to minor

modifications of the technique oﬁtlined by Sinclair et al (1981).
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Three pm paraffin sect1ons were dried overnight at 37 C,
dewaxed in xylene and hydrated. The prewarmed sect1ons were dlgested,
with 0.1% protease type Vii (Slgma Chemical Company, London) in Trls
_ buffer brought to pH 7o 8 with 0 1N NaOH. The solutlon was warmed
“to 37 C and the pH cheched again. The dléesulon process lested
for 30 - 45 m1nutes, then the dlgestlon was terminated in cold running
tap wvater for 10 mlnutes and the sectlons transferred to two chanqes
of phosphate buffered saline PBS (pH 7.4) over 10 minutes; Non-
specific reaction was blocked by exposing the sectipns te normal swine d
serum (NSS) diluted 1/5 (all dilutions were performed in 1% evalbumin
in PBS) for 10 minutes; lhe excess swine serumwseﬁnm wes drained
off and the prlmary antlsera rabbit antl—dog IgG (1/800) was applied
~ for 30 mlnutes. Then the sections were Washed in four changes of

% NSS in PBS over 20 minutes.

The endogenous perox1dase act1v1t& was blocked with a fresh
O. 5% solut1on of hydrogen perox1de in methanol for 10 minutes; then
- the sectlons were washed in 1% Ns; 1n PBS for 10 mlnutes. | The
Asectlohs were incubated with unlabelled sw1ne ant1-rabb1t IgG (1/20)
for 30 mlnutes and washed in four changes of 1, ng in PBS for 20
minutes. They were then incubated with rabbit PAP soluble complexes
(1/50) for 30 minutes and washed in four changes of 1% NSS in FBS for
- 20 minutes. The sections were then treated with a fresh solution of
0.05% 3—3-diaminebenzidine (DAB) (Sigma Chemical Company Limited,
London) in 0.0i%khydrogen peroxide in PBS. The reaction was monitored
microscopically up to 5 minutes. TFihally, the sections were washed

in running tap water, counterstained with.Harris's haematoxylin,

~dehydrated, cleared and mounted.
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Acute Yone-shot! Serum Sickness GN:

A11 dogs whiéh received a single large dose of-BSA survived
the experiment and were clinically normal when killed. At C
- necrcpsy, no gross abnormalities were fbund in any kidney; Only
two dogs (W997, W1002) showed mild proteinuria (56 mg/10Cml and
75 g/100ml ;espectiVely)o kfhe other dogs had normal protein
concentrations in the urine (i;eo' 4:' 50 mg/iOOml). Blood urca

levels were all within normal range (i.ee < 6 mmol/1).
Light microgcopic findings:

Focal glomerular changes were observed in ;ver 80% (Q/il)
of animals and, as detected by light micrqscopy, these varied from
“animal to animal and from glomerulus tovglomeruluso Sﬁme gloﬁeruli
were entirely normal while, in ofhers;kthere-was segmental mesangial
ﬁypercellularity (Fig;'97); thése lesions were observed as early
as seven days after injection of BSA; In two animals (W997, wiooz)
more severe, although still chal, glomerular lesions were obsé%ved;'
thésekconsisted of swelling of the tuff, occlusion of glomerulér
;capillaries due to striking mesangial hypercellularity and expansion
(Fig. 98) and periglomerular infiltration by lymphocytes and plaéma

cells,
Ultrastructural findings:

With the TEM, scattered electron dense depoéits were observed
in the mesangium in four éf'fhe 11 dogs (Fige. 99); Other mesangial
éhanges, characterized by increased meéangial matrix and cellularity
with active pseudopodia invading the axial region of thé capillary

loops, were also noted (Fige 100)s Swollen endothelial cells and
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“

Fige 970 Acute "one~shot" serum s..inizss GNo
A glomerulus showing segmniial
mesangial hypercellulariiy {A?TOW)‘

H & E x 400,

Fig;>98; Acute hone-shot" Sérum sickness’ﬁN;
éwo glomeruli are ;howiné swellirg
of the tuft;_odc}usion c¢® glomeru’ar
'cqpillérieé and mésangial ﬁxpahsicﬁ

and hypercellularity. K % & x 25C.
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Fige 99 Acute "one-shot" serum sickness GN.
Electron dense-deposits (arrOWy) in
the mesangium. Mesangium (M).

TEM x 6,8004

Fige 1000 Acute "one- shot! serum sickness GNe
ﬁote the active pseudopédia invading
the>axial'region of thé capillary
loop {arrow) andlélectron den;e
deposits in the mesangium (asterisk);

TEM x 6,800






"~ infiltration of polymorphonuclear cells often combined to occlude the
lumen of capillaries. To a lesser extent localized subendothelial
expansion and partial fusion of the epithelial foot processes were

also recorded.

With the SEM; the most obvious feature in the most severely
affected glomeruli was the presence of numerous surface microviili
and blebs on the visceral epithelium and swelling and effacement of
the normally orderly interdigitating arrangeﬁent of the foot
processeé of tﬁe visceral epithelium (Figs; 101; 102); In every
’anlmal; however, many normal glomerult werebgtill to bé found;
with corrosion casts, most glomerull showed normal cap111ary
arrange@ent; In all anlmals; however; a few glomeruli (approx1mate1y
10 per cent) showed locallzed dllatlon of cap111ar1es and leakage of

cast material 1nto the urinary space (Flg. 103).

The immunofluorescence studies are summarized in Table 6.1.
Ten of the 11 dogs showed granular deposition of 03 mainly confined
to the mesangiuﬁ but also along the capillary walls (Fig. 104).
Patchy iinear deposition of C_ along the tubular basement membraﬂe

3

were also noted in these animals (Fig. 105).

Seven of the 11 dogs had segmental granular deposition of IgG
mostly localized in the mesangium (Fig. 106), although some deposits

appeared is be related to the capiilary waile. BSA was not detected.

Control Animals: (Subgroup 1IV):

No histological or ultrastructural changes were observed; like-

wise IgG and C, were not detected‘in the glomeruli.

3
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Figso. 101, .Ac{rte "'one-shot!" serum sickness GN.
102. | Visceral epithelial cells showing
réughened irregular surface é.nd J
alteration in the normally weli
'vorganized arl;angement of foot
processes. f(ax*rows); EP =
epithelial cell body; PP = primary -
processes; SP = secondary proce'sses; :

' SEM x 2,500, 5,000
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.Fig. 103+ Tensol casts of three glomeruii can
be seen, One is normal, a second M
shows marked leakage of cast mater\iai
into the u}inary'space while, in the
third, the capiliaries are pooriy
filled and blindly endingc-

SEM x 160,
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Figo 104. Acute "one-shot" serum sickness GNo
Note the granular,vmostlyrmesangial,

deposition of C3

Jmmunofluorescence x 170,

Fige 105¢ Acute '"one-shot!" serum sickness GN;
Note the patchy linear deposition
of C3 along the tubular basement

membrane, Immunofluorescence x 170¢

Figo 106. Acute “one-shot! serum sickness GN.
Note the granular segmental deposition
of IgG confined to mesangiai areaso

vamunofluorescénce x 170,
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Accelerated Serum Sickness GN:

All doga in this group‘aurvived the experiment and were o
clinicalli norﬁal when killed; ‘At necropsy no gross abnormalities
were found in any kidney; Only one dog (W1013) ;howedlaignificant
proteinuria (105 mg/iOOml); the other dogs had normal prateln
concentration in the urine (1 e. <: 50 mg/iOOnl) blood urea

1evels were also within normal range (i.e. <: 6 mmol/l).
Light microscopic findings:

Mildrgla;erﬁlar changéa were oﬁaervea in eight of the i1
experimental dogs (Table 6;2). Theae were focal in nature and
characterized by awelling of the tuff; occlusian of capillarieé and
aegmental mesanglal expansion and hypercellularlty (Flg; 10(); In

vaddltlon, one dog (W994) showed segmental and even global areas of

-

necrosis in a few glomeruli (Fig. 108).

Extraglomerular 1é§ioQ$ in the’form of necroaia of the wall
.of‘SOme interlobular and afferent arferiole;; the pfesence of
~hyaline caafa in tubuiea (figa;'109; 110) and focal periglomerular
and perlvascular 1nf11tratlon of plasma cells; macrophagea and

lymphocytes were also noted.
Ultrastructural findings:

Wlth the TEM, six of the 11 dogs showed scattered mesangial
electron dense deposits (Flgs. 111, 112). The deposits corresponded
to the immmnofluorescence findings as se; out below (Table 6.2).

In addition; localised expansion of the subendothelial space with
occasional detachment of swollen endothelial cells wére also

observed,
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Fige 107 Accelerafed serﬁm sickness GNe
| A glomerulus shows swelling of the
tuft and segmental mesangiél
expansion and hypércellularity;

H & E x 400,

Fig; 108; Acceleratéd serum sickness Gﬁ.
A glomerulus ShOWS.glObél necrosiso
'Nofe fhe ﬁeriglomerular.infiltration
by lymphqcytes and plasma célls and
the protein casts in the adjacent

tubulese H&E x 180.
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‘Fi§8.109, Accelerated serum sickmness GN.
1100 ' :
‘Note the necrosis of an afferent
arteriole (arrow) and presence of

- hyaline casts in the tubulese

H & E x 180, 120,

156



? r * % e *x K
"S> H . .. ; A * > e o o & « * ! 1o 0. -
5 V. kkgkg -x >m
(]

o * )/ ke w * £ A 1 > ®i.*-.1
cc . A *e<*eASIC > fo*e ' @

e W i*| *? r*& * * % %

v?
[ X 41~ o0 ~ o> #iir~
_ . V* AS» & J >» M VREtvet iN Ay X

” ;. *»G ft . o« e * B 4 *
<« A NG L v /AEN O L ™» %
. Yy e o 'L.*f- € Ty & 5 o «

S P A *4 A >&0 A Lad

Sy *& > 2 & Y $ &



S

e

Figse. 111,
112,

Accelerated serum sickness GNeo
Note the electron dense deposit

(arrow) in the mesangiume

E = endothelial cell; M = mesangial = -

cell, TEM x 8,000, 8,000,
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All ii dogs, but. particularly those with electron dense.
'depoéits, showea vérying degrees of mesangial expansion and
hypercellularity (Fig. 113) and mesanéial pseudopodia were often fo
be ﬁeen pushing their way into the cépillary Jumina, in so doing

displacing the endothelial»cells (Fig. 114). Circulating monocytes,

»

mononuclear cells; pblymorph?ﬁucléar leukocytes were sometimes found
lodged in the capillaries; ' Fusion of epithélial foot processes was
minimal‘or abéent; With the SEM; swelling and partiai effacement

of foot processéé with the appearance of surface blebs on the;

epithelial cell body were common findings in all 11 dogs (Fig. 115).

Immunofluorescence findings:

The reéulté are éummarized in Table 6;2; | Five of the 11
experimental dogéuéhowed granular deposition of IgG which waé coﬁfined
to the mesangial regién (Fig; 116); Depoéité of IgG were aléo
observed at the hilar region of some glomeruli; and in vessel wélls;

C wﬁé detected in 10 of the 11vdo§s and again wéé mainly mesahgial

3

(Fig. 117). Granular deposition of C_, was also found in vessel walls

3
(Fige 118) and patchy linear fluorescence of the TRM was a frequent

occurrence. BSA was not detected.
Control Animals: (Subgroup II):

No histologic or ultrastructural changes were observed;

likewise no.igG, BSA or 03 were detected in the glomeruli.

158



Fig. 113¢ Accelerated serum sickness GN,
Note the mesangialyexpaﬁsion and
hypercellularitys M = mesangial

cell, TEM x 6,800.

Fige 114, Accelerated serum sickness GN,
Note the active mesangial pseudopodia
(arrow) displacing the endothelial

cell (E),  TEM x 6,800.
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Fig. 115

‘Accelerated serum sickness GN.

Note fhe partial effacement of
foot processes (arrow).

SE‘I X 2—, 8000
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Fige 116, Accelerated serum sickness GN,.

Fige 117.

Fige 118.

Note the granular deposition of
IgG in the,mesangial regione

Immunofluorescence x 1700

Accelerated serum sickness GNe

‘Note the mesangial deposition of

C "~ Immunofluorescence x 170,

3l!

Accelerated serum sickness GN,

‘Ncte the granular deposition of

CB‘in'the wall of an interlobular

arterye Immunofluorescence x 170.
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Chrondc Serum Sickness GN:

Subgroﬁp I: Cationic BSA experiment:

From thelTable 6.3 it can be seen that three dogs (W1031,
1032 and W1033) died after 12 injections of BéA at the third week
of ihe experiment and a further dog (W103%) diedfat four weeks due
to post biopsy bleeding; . Only four dﬁgs showed significant
proteinuria (W1032, W1033, Wiozé,»w1035§ 489; 200, 210; 55 mg/100ml
res?ectively). Three of these included the‘dogs that died early
in the experimen@. Only one dog (W1037) showed a raised level of

blood urea (13,7 mmol/1). S
Light microscopic findings:

The three dogs which died at fhree weeks and the threevddgs
biopsied at fbur weeks showed no histological changeso. One dog
(W10LLk) killed at three weeks, however, showed mild mesangial
expansion and a further dog (Wi043) killed at four weeks had early

- thickening of the capillary loops (Fig. 119).

With one exception, all dogs killed seven weeks and onwards
showed diffuse membranous thickening of the loops together with mild
mesangial expansion and hypercellularity (Fig. 120)e  One dog

(W1036) killed at eight weeks shbwed‘no-alterations in the glomeruli.
Ultrastructural findings:

- TEM studies revealed subepithelial electron dense deposits in
all the dogs injected with cationized BSA regardless of whether or
not histological changes were found with the light microscope. The

dogs which died were all sampled within two hours of death amd
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although autolytic degenerative changes were underway these did not

- prevent easy recognition of subepifhelialvdepositso At tﬁree wéeks
deposifs were rather sparse and only one of the dogs biopsied at

| féur Qeeks showed many deposits (Fig; 121); &hereafter, all dogs‘had
numerous deposits resulting in thickening of the capillary walls

(Fige 122)o “ Associated with the deposits there was widespread

fusion of foot processes and frequent duplication of the lamina densae
Although mild mesangial expansion was found in some dogs; few electron

dens@ deposits were also presents

With the SEM, numerous surface microvilli.on the epithelial
cell body and occasionally on the primary and secondary processeé
were observed. The most striking feature, hoﬁever, vas loss of the
orderly interdigitation of the foét proceéses (Figs. 123, 12450’
Nevertheiess, even in the most sevefely affected glomeruli, areas of

- normal foot process architecture could always be found,

Corrosion casts of the glomeruli were normal with no leakage

of cast material into the urinary space.
,Immunofluoresceﬁce and PAP findings:

All thé dogs exémined at th;eg weeks and the dogs biopsied at
‘foﬁr weeks had.developed uhiform granula? deposits of IgG andkC3 along‘
the capillary walls (Figs. 125, 126, 131, 132) and this persisted until
the termination of the experiment at 10 weeks (Figs. 127 and 128) . |
BSA was not defected in any animal in this study. One of the biopsied
dogs (W1036) which showed heavy deposits of IgG and C3 at the time of
 biopsy (four weeks) had somewvhat lesser éeposits when killea at eight.
weekso BSA was detected with PAP (but not with immunofluoresdence)

only in the threevdogs‘whiéh received intrayenal injection of
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~ cationized BSA. (Figs. 133, 134).
Subgroup II: Native BSA experiment:

The two dogs in this group both remained clinically normal
and showed normal urine protein and blood urea levels.

Light microscopic fiﬁdings:

No histological changes were observed in the glomeruli in

either animal.

Ultrastructural findings:

No electron dense deposits were detected in these dogs and
apart from slight mesangial expansion and hypercellularity the

glomeruli appeared to be normal.

Immunofluorescence findings:

.Both dogé showed sparse glomerular deposits of IgG and C3
(Figs. 129, 130), these were confined to the mesangial region. BSA

was not detected.
Controls: ~ (Subgroup III):

No histological and ultrastructural changes were observéd;

likewise no IgG, BSA or C3 were detected in the glomeruli.
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.

Fige 119 Chronic serum sickness GN.
Note the early segmental thickening
of the capillary loops (arrow).

H & E x 250,

Figo 120; Chronic serum Sidmesst:N.
A glomerulus ;howiqg diffuse
meinbranous thickenirig of the
loops and. mild mes_angial
expansion and hypercellularity

at 10 weeks. H & E x 250,
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Fige 121,

Chronic serum sickness GN.

Note the subepithelial deposits
(asterisk) and fusion of epithelial
foot processes (arrow)e.

Biopsy, L weeks., TEM x 5,500,

Fige 122, Chronic serum sickness GNo

Necropsy specimen from the same dog

- killed at 10 weekso, Note the heavy

deposits in the subepithelial space,
duplication of'the lamina densa and
fusion of epithelial foot Processeso

TEM x 10,000, :
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FigSo 123 9
12k,

Chronic serum sickness GN;
ihe'surface epithelium has lost its
orderly interdigitating foot
processes and there are many surfacé

microvilli (arrow). EP = epithelial -

“cell body; PP = primary process;

SP = secondary processe

SEM x 2,500, 5,000
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Fige 125. Chronic serum sickness GN, four weekse

.

All the glomeruli show uniform heavy

depositién of IgG along the glomerular

capillary walle Immunofluorescence x 80.

Fige 126, Chronic serum sickness GN, four weekso
A glomerulus shows heavy granular

deposition of C_ along the capillary

3

wall, Immunofluorescence x 180

Fige i27e Chronic serum sickness GN, 10 weekso
Note the persistent uniform heavy

deposition of IgG. Immunofluorescence x 180,
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Fige. 128, Chronic serum sickness GN, 10 weeks.

Note the C3 deposition along the

capillary:walls. Immunofluorescence x 180.

Figs. 129, Chronic serum sickness GN,
1300 - ; .
. (native BSA group). Note sparse

mesangial deposition of IgG and CB.

Immunofluorescence x 180,

170



by B AL LS i A
I*A# 33,- ) /\ ?1‘:’,#$,£1,
\ y * U ? r ~ ~ g >
v 2 ~V-V* - *x*xYy
» ;l;>.' wm - * *: ,\:*
Jok
~:r ofib* —» W
v A * I'\ke
r - J
r|
J *s
* gk g
*A~/3k A »-y



Figo 131, Chronic serum sickness GN, four weekse
Note the heavy diffuse deposition of

IgG. PAP x L0,

'Fig. 132, Chronic  serum sickness GN, four weeks.
Note the heavy deposition of IgG along

the capillary wallse PAP x 250,
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Figs. 133, Normal dog glomerulus showing
13k. binding of cationic BSA along the

capillary wall. PAP x 200..
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Discussion:

Although immune complex GN is the best documented form of
.spontaneous GN in man and his closest animal associates the dog and
cat, all the serum sickness GN experiments reported to date have been

carried out in the rabbit, rat and mouse.

»
[

In the present study, a series of serum sickness experiments
were undertaken for the first time using the dog, an experimental
animal unlike the rabbit, mouse or rat, subject to many of the

spontaneous immune complex mediated forms of GN as seen in mane.

The present investigation has shown that acute Yone-shot!
serum sibknesé GN following administration of BSA in dogs énd
characterized by focal proliferative glomerular changés ig similar
in some respects‘to that described in rabbits and reforted by
various workers (Di#nn et al, 1961; Fish et al, 1966; Easley and

Halliwell, 1977).

Dressman and Germuth (1972) in their studybof experimental
serum sickness in rabbits described a‘diffuée proliferative form of

"GN with focal glomerular necrosis. The latter lesion was not

found in dogs and even in animals where glomerular lesions were

present many glomeruli were

histologically normal. Although the
'éverall ultraétructuralvchangés were in aéreement with those |
described by other inveétigators; the anatomical distribution of the
- electron dense deposits in the glomeruli was at variance with‘previous

'reports.

Dixon et al (1961) were of the opinion that the deposits were
rare and present alohg the luminal aspect of the GBM. On the other

* hand, Fish et al (1966) and Easley and Halliwell (1977) observed’
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. numerous electron dense masses within the GBM on the epithelial side
and fusion of processes of the overlying epithelium. In dogs,

deposits were found only in the mesangiume.

The stuuy also afforded an opportunity to record for the
first time the SEW observations in ekperlmental sexrum 51ckness GN;-
These we;e characte;;zed by the pPresence of numerous surface
microvilli and blebs on the visceral epithelium and partial

effacement of the foot processes,vnone<of which changes were

detectable by TEM,

U51ngg1mmuhofluorescence method, McCluskey and Vassalll \1969)
e

mehtioned a paucity of demonsirable immune aggregates in acute serum
GN. Kniker and Cochrane (1965) however, reported extensive granular
deposition of BSA, IgG and 03 localized botlh in gloﬁeruli and in
arterial lesjons in rabbits. Fish et al (1966) and Dixon et al (1961)
have also detected large deposits of IgG but the former workers
detected BSA only in a few rabbité. The preeent study showed
deposition of IgG ‘in 65, (7/11) and 03 in more than 90% (10/11) of
dogs; BSA however, was not detectable in any animal. The difficulty
.in demonstration of the antigen, BSA, in the deposits may be related
"to the fact that circulating free anti BéA antibodies may react with
'the BSA anti BSA aggregates lodged in the glomeruli thus adding to

thelr size while at the same time coverlng the most of the avallable

antigenic determinants of BSA (Albini et al, 1979)5

The introduction of ‘the accelerated ‘serum sickness model by
_ Shlgematsu and hobayaskl (1976) was intended to establlsh a more
serious form of etperlmental immune complet GN. Indeed in their

‘rabbit model, they dld describe more progressive glomerular changes
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than those normally éSSOCiated with acute "ohg-shot" serum sicknessf
In their experimental rabﬁits they found sevére glomerular
hypercellularity due to accumulation of monocyteS'and polymorphonuclear
»cellé, expansion of the subendothelial space and local exfoliétion of
endothelial cells leading to occlusion of capillary 1umina-was also a
featuree. Subepithe}ial electron dense deposits, local fusion of

fool processes, and in more bProgressive cases, severe glomerular
scarring and extracapillary fibrinous exudation were also noted. In
the present dog model, however, a nﬁmber of differences were fqund and
“little evidence was presented to show that, in the canine species,
accelerated serum sickness offers a more useful model for the study

of immune complex GN than "one-shot!" serum sickness.

- Electron dense depositsrin the dog model were mesangial and
only 55 per cent of dogs (6/11) showed these although mesangial
hyper¢ellularity Qas found in most animals; there was no glomerular
scarringe With immunofluorescence less than half of the dogs showed
~deposits of IgG although 10 of the 11 dogs had C3 depositione Unlike

~the rabbit model, however, vascular lesions in form of necrosis of the

tunica media of interlobular and .afferent vessels were found.

Electrical charge as a factor influencing the glomerular
localization of immune complexes, is emerging as an important new

concept in renal immunopathology (Border et al 1982).

The classic stﬁdies of chronic serum sickness by Dixon et al
{1961); Germuth et al (1967) and Gérmuth et al (1977) were performed
before the elucidation of the glomerular_wall as a charge selective
_barrier, Although membranous’nephropathy oécurs in éome cases of
experimental chronic éerum sickness its occurrence ié unpredictable;

' thus, the potential of using charged, i.eo catiénized, antigens in the
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induction of membranous nephropathy is only now being realized.

As membranous nephropathy is the most common form of
spontaneous immune ccmplex GN in dogs (Wright et al, 1981), the
utilization of charged antigens in experimenial chronic serum

sickness offered an exciting opporiunity to attempt to induce, for
»

3
.y

the firs% time, experimenﬁal membranous nephropathy in dogs; The
rresent initial findings in dogs confirms those reported by Border

et al (1982) in rabbits and indicated that the charge of administered
antigen has a profound effect on the nature and severity of the renal
lesion and that it plays a decigive role invihe férmation nf-
subepithelial immune deposits and the production of membranous

nephropathy,.

It is important to note that, in %he-presen{ work, all of the
dogs.receiving cationic BSA developed a diffuse glomerular lesion
characterized by glomerular circumferential deposits of IgG and 03

scattered along the capillary wall, These were found as early as
fhree weeks, although only a few electron dense deposits, cbnfined

to the subepithelial space were detected at this timeo By four weeks
all dogs showed heavy IgG and 03 deposition; nevertheless only two

of these animals inciuding one of the ﬁiopsy dogs had proncunced
-subepithelial depositse All dogs, thereafter, killed between seven
.weeks and the termination of the experiment at 10 weeks had maintained
the maximum level of granular IgG and Cs depasi%ion and all showed
‘many subepithe;ial deposits; 4s in the acute ﬁone—shot" serum

- sickness experiment BSA antigen was not detectable by immunofluorescence

in any animal, despite the heavy deposition of IgG and C_.

3

Overall, the immuncfluorescence, histological and
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ultrastructural features in the present experiment resembled those

described in spontaneous canine membranous nephropathy (Wright et al

1981).

Although proteinuria w;s detected in four dogs in the third
and fourth weeks of injectién of cationic BSA; unlike the spontaneous
cases of'meagranous‘nephropathy which characteristically show a heavy.
sustained protéinuria, there was no evidence of any significant
pfotein leak into the urine in any 6f the experimental dogs receiving:
cationic BSA after cessation of daily injections, notwithstanding
the degree of immune cémplex deposition and the widespread
effacement of epithelial cell foot processes. Perhaps tﬁe dogs  were
killed before the‘morphologic expression of immune complex
deposition ﬁad induced sufficient injury to the GBM, Further

- studies will be needea to examine the more long term effects of

administration of cationized antigen.

The renal lesions induced by the administration of-cationic
BSA were significantly different, both quantitatively and qualitatively
from those in dogs receiving native anionic BSA. In the latter
'animals, glectron dense deposits were nqt fouﬁd in subepithelial

sites not in the mesangium.

Moreover, deposits of IgG and 03 were much less intense than
those of the dogs receiving cationized antigen and despite the
absence of electron dense deposits appeared to be predominantly

“mesangiale

It must be accepted, however, that as only two dogs received
native (anionic) BSA compared to 12 dogs which were given cationic BSA

care must be taken in drawing direct comparisons between the two grougpse.
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Further studies using more animals in the anionic group will be

anecessary to confirm the present initial and preliminary findings.

Whether or not thé inmune complex deposits in the dogs
receiving cationized BSA werc the result of deposition of
‘circulating complexes or the formation of in.;itu complexés also
remains‘unciéaro Béfder‘gé_gi (1982), however, using a rabbit model
have provided evidence that binding of cationic BSA to the anionic
GBM is a necessary prereduisite to formation of BSA-anti BSA antibody‘
complexes at subepithelial sites. Similarly,loite_gz_gl (1982)
using a rat model with cationized human IgG as antigen, have clearly
established that by artificially planting the antigen on the‘anionic
GBM by perfusion of the renal artery,'the subsequent administréﬁion

- of anti-human IgG antiserum stimulates an immune complex GN

characterized by numerous subepithelial depositéo
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CHAPTER 7

GENERAL. SUMMARY AND CONCLUSIONS
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In ‘erms of investigation of renal f@nction, the dég has been,
and still is used, probably more than any otﬁer mammalian species.
Yef, apart from man, tﬁe majority of morphological and immunopathological
" studies of the renal glomerulus iigabeen carried out in the rat, mouse
andkrabbito Furthermore, the recent surge of intérest into
spontaneous glomeru{ar disease of {he dog (Osborne and Vernief; 19733
Wright et al, 1981); has highlighted the importance of a real

understanding of normal glomerular structure and the need to establish

how the dog glomerulus reacts to various forms of immunological insulte

Chapter 3 of the work confirmed what little.has been reported
concerning the normal ﬁorphology of thé’dog glomerulus and added
some new information with regard to methods of fixation {perfusion
 versus immersioh) and embedding, thickness of section ané variations
on giomerular morphology betwaen inner and outer:cortical levelse

The comparisbn.of fixation methods méde in the present sfudy

ARG .

show that, although both methods of flxatloplfor both conventional
light microscopy and electron'microscopy, perfusion fixation appeared
to be superior to immersion fixation with respect to patency of the
.glomerulaf capillaries, and allowed better differentiétibn of
glomerular cells on light micfoscopy. The disadvantages of perfusion
fixation’ﬁﬁgzthat the capiilary lumina and urinary space were
sometimes artificially widened énd, while most glomeruli were evenly
perfused some, especially in the outer cortex, did not séem to be
prerfused at all, In the present study fixative was infused with
simple manual pressure although with avcontrolled flow rates The
use of a controlled pressure sysfem might hav; givén more uniform
glomerular perfusion but Qould not ndrmally be acceptable aé a

‘routine method of fixation.
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The cruéial role of'sectioh thicknéss in the study of the
renal'glomeruius was also underlined in the present study. In
thick paraffinvsections (six pm) many gloﬁeruli appeared to be
hypefcellular and it was not always possible to identify the various
glomerular cell types. ihé use of thinner sectionsv(two—three Pm)
helped to overcome the problem of poorly patent glomerular

»

capillaries often present with immersion fixation.

The present study also provided the first detailed SEM
views of the normal dog glomeruluss As suéh, it providéd essén%ial
baseline parameters for future SEM studies concerned with evaluating
the morphological changes which aécompany various kidhey disorderse
Most of the previous SEM studies had been carrieﬁ'but in the rat
and rabbit kidney and there had been some céntroversy as to the
organisation of ﬁﬁe visceral epithelium particularl& the arrangement'
of the tertiary processese. ihe present study confirmed the
observations of Buss and Kronert (1969) in rats who noted that
‘adjacent interdigitating foot processes arose either from different

podocytes or from the same cell,

The presence of a few microvilli on the cell body aé well as
on the primary and secondary processes reported in this study in the

-dog has also been described in the rat and rabbit by Fujita et al (1970).

Aithbugh there is a growing interest in spontaneous GN in dogs
only a few studies have been carried out on the autolytiﬁ'changesr
occurring in the dog's Qlomerulus; tO'date; no detailed sequential
histological and ultra&tructural‘study has Eeen undertékén. It was
considered useful in fhe pfesent study to record the early as well as

~late autolytic changes in the normal dog glomerulus in order to
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establish the alterations in structure which might be'e%pected to be
due to autolysis when makihg a study of pathologiC matefialo ihe

" earliest autolytic change observed by light microscopy occurred as
early as two minutes after death when a small améuﬁt of tubular
epithelial debris was found in the urinary space; albeit in‘a very
feﬁ glomeruli, The degree>of tubular reflux subsequently increased
as the time of samplihg after death lengthened although this has
previously been shown to be influenced by some other factprs such as
anté-mortem iscbaeﬁia, the methed of fixation and even palpation of

the kidney at autopsy (Mullink and Feron, 1967).

From five minutes onwards, occlusion of capillaries as a
result of endothelial and mesangial swelling Qradually became more

and more pronounced and this was complete by 24 hours.

The main feature of interest with the TEM was the remarkable
preservation of the GBM and attached foot processes despite the early
disintegration of endothelial cells and the cell bodies of visceral
epithelial cells, Some foot proéesses still remained morphoiogically

recognisable even as late as three - five days aftef death.

With SEM it was evident that glomeruli appeared to reéct ét
~different rates to autolytic changes. The'number of surface microvilli
had markedly incfeased as early as two minutes after death on some
visceral epithelial cells; These changes were more severe at 10 and
30 minutes when there was aléo widespread effacement of foot processese
Nevertheless, even gt 2k hours‘after déath some capilléries.were»still
showing areas of normal morphology wﬁth=good preservation,of‘thé
orderly interdigitation of foot processes. On days‘three_and five,

howvever, no trace of the foot processes was found and the visceral

183



“epithelium appeared as a roughened sheet of cytoplasm.

In the light of the results of fEM and SEM a number.of
“important coﬁsiderations have emerged. : First; the rate at which
autolytic chaﬁges occur in differeﬁt glomeruli varieé; thﬁs although
early changes were observed with the‘éEM at tvo minutés; areas of
ncrmal glomerul;r architecture were still maintained as late as oL
hourég ;econd; although early changeé were identified by TEM at
{wo minutes and cellular diéintegration; rarticularly of endotheliai
cells; followed fapidly tbe GBM although swcllén; remained intact
and fool processes could ;till be oﬁéerved as late as three - five

days after death.

In Chapters 5 and 6 of the vwork the reaction of the dog

glomerulus to two forms of immunologic injury was investigated.

In Chapter 5, the morphologic changes associated with
nephrotoxic (anti-GBM) serum was studied while, in Chapter 6, three
different medels of experimentally induced immune complex GN were

compared.

Aithouéh experimental Niﬁ waé induced in doés éé early as
1920 by Wiison and Oliver; the available literature indicates that all
the éubgequent étudies have beeh fragmentary and brief; 1o detailed
sequéntial investigation usiné combined light microscopy - |

immunofluorescence and electron microscopy (TEM and SEM) have been

carried out.

The present study was designed to follow the sequential
morphologic changes in the dog. glomerulus from 30 minutes to 80 days

after injection of NIS. The earliest event as established by light
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microscopy vas the appearance of neutrophils in the lumina of

- glomerular capillaries by one hour after administration_of ﬁiso
Although tuft swelling with occlusion of capillaries with sequential
capiilary thrombosis and necrosis and hyperéellﬁlarity were observed
at two days, the sevérity of the histological lesions was most
pronounced on days five and seven, In the later stages of the
disease, mesangial hyperceilularity, lobulation of the glomerular tuft
and persistehce §f few obsolesceﬁéé glomeruli were the/only major

observationse

With TEM, the first ulirastructural changes were observed by
one hour wheﬁ neutrophils were found in the‘glomerular capillaries
and in some instances some of these célls.were in direct contact
with the GBM, This change was accompanied by.fusion of epithelialfﬁ
foot processeseo The ulfrastructural changes were most marked,
however, on aays three - seven and this period was characterized by
intraluminal fibrin deposits, extensive effacement of foot processes,
necrosis of the endothelial 1ining and mesangial hypercellﬁlarityo |
v There was some evidence too of circuiaiing mononuclear ceils
~emigrating into‘thé mesangium and_contributing to the overall
hypercellularity of the glbmerulus; ihe remaining notabie feature
.of the ultrastructural alterations wés the expansion of the
subendothelial space with electron lucent material which was not
found until 15 days and persisted until the end of the experiment at
80 dayse Furthermore, between.19>and L0 days, locaiized electron‘
dense deposits weré also.to be found in expanded_subendothelialk

spaces and in the mesangial matrix.

 In the present study, the ultrastructural changes as observed

.by the SEM were recorded for the first time in experimental NIN in the
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dode Alterations in the normal orderly arrangement of the foot
processes were noted at 30 minutes after administration: of NTS and,
at this early stage, arterial casts showed leakage of cast material
’in approximately 10% of glomeruli; By 2L hours; in'addition to
obliteration of foot processes; strands of fibrin-like matefial
were observed in the* urinary spaceo By three days, mofe severe
changes characterized by extensive fusion of foot processes and
complete loés of normal podocytes architecture were evident; In
renal casts, up to 50% of glomeruli showed leazkage of cast materiale
'Altﬁough some giomeruli still showed obliteration of foot processes
and leakage of cast material at 30 days,kother glomeruli had
returned to normal, The percentage of normal-glomeruli increased

- gradually towards the end of the exﬁeriment and at 80 days most

‘ glomefuli éhowed normal surface morphological arrangémenﬁ of
epithelial foct processeso In the later stages of the experiment,
however, arterial casts showed occasional shrunken glomeruli with
stunted blindly ending capillaries, which presumably represented

partial glomerular scarring observed on light microscopy.

The imm;nofluorescénce patterns.in the preéent study
revealed ﬁgphrotoxic anti-GBMVantibody (i;e. fabbit globulin) in the
glomeruli as early as 30Vminutés after administration of NTS and had
a striking linear distribution along GBN; &his persisted until 415
dayss; thereafter the intensity of fiuorescence.decreased; Faint"
linear deposition was, however; still present in some glomeruli at
80 days. VWeak linear fluorescence of complement (CB) was detected
at three days and persisted onlybup to 60 days. Irregularly
linear depositioﬁ of host IgG was detected at five days; »Unliké the

fluorescence patterns of rabbit globulin, C3 and host IgG depbsits‘of
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fibrinogen were always focal as well as segmentals

The present study served to illusﬁfafe the remarkable
reparative pover of the canine glo@erulus alreédy noted by Wright
et al (1973a), ihe nephrotoxic nephritis model,.although so far
withoﬁt a comparative spontaneously occurringvcounterpart.askoccurs
in man (Lern;r Eﬁ;ﬁé;1967) nevertheless ha; been ‘shown to be a.

- 'useful method of inducing diffuse glomervlar disease and

consequently is of special use in furthering the understanding of

how a glomerulus reacts to non-lethal and non~progressive injurye.

There is no doubt, however, that Chapter 6 of the work; in
which a series bfuexperiments were carried out to induce immuﬁé
complex-mediated GN, offered an opportunity to study the sequential
consequences of the arrival of immune comple;es in the canine
glomerulus,-éh event more akin to spontaneous GN in dogs than
nephrotoxic nephritis; Thus a series of serum sickness experiments
were undertaken, for the first time in the dog; an experimental
animal unlike the rabﬁit,_mouse or rat, subject to many of the
spontaneous immune complex mediated forms of Gﬁ as seen in man

- (Murray and Wright, 19743 Mueller-Peddinghaus and Trautwein, 1977).

The present investigation h;s shown that acute "one~shot!

" serum sickness GN following administration of BéA in dogs was
A,characterizedbby a mild focal proiiferative form of GN with‘meéangial
located eleqtron dense deposits similar in many respects to that
déscribed in rabbité andvrepofted by Easley and Halliwell (1977).

The accelerafed Serum siqkness GN model ;was marginally a more useful
model for the study of immune'complex Gﬁ than "one-shot!" serum

sickness as, although more severe individual glomerular lesions were
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found the overall disease was focal in nature with many glomeruli

histologically normal.

As membranous nephropathy is the most common foxrm of
spontaneous immune complex GN in dogs (Wright et al, 1981) the

utilization of charged (cationised) antigens in an experimental

-
13

chronic serum sickness model offered an exciting opportunity to
attempt to induce, for thé first time, experimental membranous
bnephropathy in this animal; It is important to note, in the
present work, all of the dogs in thé cationic.group developéd a
diffuse glomerulér lesion characterized by circumferential granular

‘deposgits of IgG and C_ scattered along the capillary wall and

3
electron dense deposits.confined to the subepithelial space, findihgs
not observed in the "one-shot" serum sickness or accelerated serum
sickness experiments; ihese changes were detected as early as three
-~ weeks after administration of cationised BSA and thereafter, all dogs
killed between seven weeks and'the termination of the experiment at

10 weeks had maintained the maximum level of IgG and C3 deposits and

all»had substantial subepithelial depositse

Overall the immunofluorescence, histological and
ultrastructural features in the present experiment resembled those
described in spontaneous canine membranous nephropathy (Murray and

Wright, 197k; Osborne and Vernier, 1973; Wright et al, 1981)%

However, deépite the degree of depo;ition of IgG and 03, the
presence of subepithelial deposits and widespread fusion of foot
processes, there was.no evidence of ény significant protein leak int§
the ufine in any of the experimental dogs receiving cationic BSA’once

vdaily injeptions had ceased. Perhaps the dogs were killed before
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the morphologic expression of immune éomplex deposition had induced
sufficient injury to the Gﬁﬁ to induce persistent proteinuriaa

Further studies are necessary to examine the more long-ferﬁ effect of
administration of cationiséd antigen.

It is also of intere;t to note that the renal lesions induced
by the administratiéﬁ of cationic BSA were significantly different,
both Quantatively and quaiitatively from those in dogs receiving
native anionic,BSA; in vhich animals immunofluorescence deposits
were relatively sparse and electron deﬁse deposits‘weré not founé;

As only two animéls were used in this gréup,'in effect as conirols
‘for the cationised group, along with dogs receiving saline injections
alone, it is perhaps important to note the sméll number of animalsvinz
' this anionic group compared with thebcationibed dogse Nevertheless;?
the overall severity of the glomerular lesions iﬁ dogs receiving
cationized BSA compared to anionic BSA is similar to the findings cf

Border et al (1982) in rabbits.

Of importance is the fact that, for the first time in the dog,
an experimental model is available for the study of immune complex-
mediated GN a disease increasingly being recognised as a clinical

problem in that animal,
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