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GENERAL _ INTRODUGTION,

I has been vecognised for wmany years that among dogs renal
disease is common and clinically very lwportont. The varions renal
conditions which have Deen degeribed in the dog include primaxy intere
stitdal nephritis, pyelonephricis, glomerulonephritis, pyaewmic nephritis,
omyloidosis and nephrosis. Interstitial nephritis is of outstanding
importance amomg these conditions, while the other nephropathics occuy
with namparaﬁive infrequency. The pattern of renal dilsease encountered
in the dog differs from that in the human, in which pyelonephritis is

rvelatively common and pyimary interstitial nephritis is unusual,

Flgures illustrating the preponderance of intevatitial nephritvis
in the dog have been given by two authors. Bloom (1939) examined 70
doge which died of renal faillure and found interstitial nephritis in
88.7%, while suppurative nephritis oceurred in 7.1%, "necrotizing
nephrosis® dn 2,8% and amyloidosis in 1.4%. Webttimuny (1963) aﬁ;died
178 dogs with venal digease. O0f these, 74% showed interstitial nephrigtis,
while glomerulonephritis (ineluding smyloidosis) was present in 11%,

pyelonephritic in 10% and pyaemic nephwitis in 5%

Interstitial nephritis is assoclated with infection by the spiro=

chaetal organism Leptospira conicola. Dogs become infected from the

urine of animals excreting the ovganisms, the probable routes of in-
fection belng the oral and nasal mucosae. Ieptospirae enter the bloode
stream to hecowe localised in the kidneys and the uwltiwate site of

infection ia thought o be the interstitial tissue of the renal cortexn.
It/



Tt has heen sugeested chat the ovganiems reach this site dn the
bloodeastreom and lateyr enter the lumina of proximal tubules, where
they may be demonstrated in levaditi-stained sections (Melntyre and
Montgomery, J952). In the renal cortex, the leptospivae provoke an
intense veaction, characierised by the accumulation of dense foci of
plasma cells and lymphoeytes, with compression and neerosis of tubules.
The nature of the cellular response suggests that the reaction has

an immunological basis. An undetermined proportlon of dogs which
survive the acute discase develop chronic pregressive renal £ibrosis

some months later and £inally sucoumb to renal f£ailuxe,

Klett (1899) first deseribed an agute illness of dops in which
the prinicpal symptoms were apathy, stomatitis and gastro-enteritis.
He named the condition "Stuttgart disease." Spirochaetes were first
seen in the organs of dogs dying of Stuttgart disease by ILukes and
Derbek (1923) and their observation was soon confivmed, although cone
troversy avose regarding the significance of the orpandsms. However,
Lukes (1925) established the importance of the assoclation by examining
control dogs, in which no spirochasctes could be found. Wirth (1924)
in Vieuna first vecognised the nephvitic component of Stuttgart disease
and a velationship was also noted between the acute illness and the
subsequent development of chromnie nephritis in surviving dogs. Lukes
(1925) confirmed this and found spall uumbers of gpirvochactes in

Levaditi~stained sections of the kiduneys of such animals.




Klaronboek and Schuffner (1931) differentiated the causal organism
of Stuttgart disease serologleally from that of Weil's diseanse (Leptos

splra letero hacmprrhagiae) and named it Loptodpira canicols. IToterus

was the predominant aymptom of Weil's disease, while renal fallure was

chavacteristic of most cases of L, canicola infection,

During the following twenty years, the frequency and imporiance

of . _canicola infection of doge was illustrated in several serological

surveys carried owt in Burope and Britain., The f£irst British survey
was undertalien by Stuart (1946) in Glasgow, who found positive titres
in 40% of 100 wnselegtad dopgs pessing throupgh a small animal e¢linic.
MacIntyrae and Broom (1948) investigated the incidence of canlune leptow
spirosis in England, Serum samples from 403 dops aged 1 » 3 years
were examined and agglubinins to L. eandcola were found in 21%. The
most recent survey was agaln carvried out in a Glasgow clinie, by
Cunningham, Melntyre and Ives (1957) and on this orcasion positive

tltres to L. canlcoln weve present in 28,9% of 197 wnselected dogs.

The iwportance of leptospival nephritls was demenstyrated in Bdinburgh
by McIntyre and Stwart (1949). They examined 416 doge and 286 of these
shoved ¢linical evidence of renal discase, the vast majority apparently

attyibutable to infeetion by L, canicola,

Clinical Foatures of Interstitial Nephritis.

Acute interstitial nephritis generally affects dogs during the
first two years of life, but the discase coan oceur at any ape (MeIntyre,

19543/



19543 Wettismuny, 1963). The incidence of chronic nephritis shows a
narked increase with age (Joshua, 1949; Molntyre, 1954, Pearson,
1959; Wettimuny, 3963), though 4t has been found occasionally in dogs

less than one year old. (Melutyre, 19543 Wettimuny, 1963).

There would appeay to be no particular breed imcidence of nephe
ritis, Melntyre (1954) and Wettimuny (1963) encounteved the disease

in a very wide range of breeds without predominance in any.

A considerably greater freguency of intewstitial nephritis in
male dogs wag noted by MoIntyre (1954) and Wettimuwny (1963). The sex
ratio of affected aninals obsarved by hoth of these writers was 331
(afier adjusting the fipures according to the total numbers of male

and fomale dogs examined).

Following zecopgnition of the nephritic bapie of Stubipart disecase,
the phomatitle ond gastwowenteritis eoboerved by Klett (189%) came teo
be attributed to terminal toxusemia and uraemla resulting from renal
fallure. Bloom (1937) in the U.8,A, desoribed briefly the syuptoms
of inteystitial nephritis, characterised by anopexia, stomatitis, polyw
dipsia, vomiting and diarrhoea, agssociated with vraemia, Lumbax pain
was often a feature of acute cases, while loss of weight and amoenia
generally occurred in the chrouic phase. Albumin and hyaline casis
were found da the uwrine; oliguria or anuria was often observed in acute

nephritis while polyuria was seen in ehronic cases.



Coffin and Stubbs (1944) veported syaptoms similar te those
degexnibed by Bloom., In addition, leucocytosis was regerded as a
chavacteristic of acute nephritis and the writers congildered that
the acute disaapa progressed into chronie nepbritis with death in

uracnin,

MeIntyre (1954) degeribed interstitial vephritis and provided
the fiwst detailed correlation of symptematology with laboratory and
pathological fleatures. The definition of these relationships has

greatly facilivated undexstanding and diagnosis of the disease,

In 2 prelininary paper, Melntyre and Stuart (1949) divided
leptospiraais canicola inte lnvasive, primary venal and secondary
renal stages on the basis of elinleal esdgne, blood culiure, serology,
bleod urea levels and examination of urine by daxk ground microscopy
for the presence of leptospiraec, This work was subscquently extended
and gorrelated with patholopgical studies (MeIntyre and Montgomery,
18523 Melnbyre, 1954). Meanwhile, Joshua (1949:; 19503 described
the clinical syndvome as seen in the London avea, Primary cases were
sub«divided into five groups. These were not clearly defined, however,
noy substantiated by histopathological esaminotion. Furthermore, in
many of the dogs, agglutinine were present at very lov levels, auggéating

that the dlsease was not in the primary stages in such animals,

As a wesule of clinleal, labowatory and pathological examinations,

thraeef



three phases in the disease process emerged. (Melntyre and Monikpomery,
1952; Molntyrae, 1954). The initial invesive stage often passed un~
noticed elinically, being characterised by bacterasmia with mild pyrexia,
in the primery wonal stage, all dops had serologieal titves to L. canicola
of > 1110,000, This atage was graded as mild, a@vére and nest severe,
acenrding to bzméﬁ urea levels, Mild cases showed malaise, thirst and
polyurla with blood urea < 50 mgms/ 100 wl, In severe cases, anorexia,
apéthy, thives, emeais, polyuria (sometimes oliguvia) halitosis and
brown disecolovation of the mouth wewe assoclated with a blood urea of

50 « 200 mpesf/ 100 ml., In addition, the most severe coses, with blood
uraa > 200 ngns/ 100 nl., shoved lumbay pain with etiffness and arching
of the back. Buceal, Lingral end glossal ulceration was found in most
of these animals. In the primary renal stages many dogs chowed lepto-
spleuria, the frequency of which ihoreased with vising of the sero-
logiecal titre., Protein and casts (both granular and hyaline) were always
prasent in the urine, lLeuwcocytosis wes chavacteristic of this group, and

a fow of the most povere cages vere gnaemic,

In the secondary renal stage all doge had titves to L, canjcola
of 1330 » 1:1000 and this group was subedivided according to the
presonce or absenge of wraemla. Doge without wraemia (with blood urea
< 50 mpme/l00 ml.) showed thirot,polyuria, occasional emesis and prow-
tednueia. In nhé praemie apimals, typical sigos were amorexia, frequent
emesis (often with blood), thirst, weight loss, halitosis, buccal and

Lingual/




Lingual ulceration with necrosis of the tip of the tongue in some cases.
Anacnia was present in 16 out of 28 of these uraemic dogs. Ieptospire
uria was never found in the secondary stage. A "havrducas™ of the pulse
wave was degerihed and dncreased blood pressure was observed in some
chronie cases, The development of the secondary stapge from the acute
illness was traced in 46 doge durving periods ranging from pix wounths to

four years.

Wettdmuny (1963) confirmed Melntyre's classification of the phases
of intersticial vephritic on the basis of pathologleal study., In addition
to Melntyre's laboratory findings, an increase in erythroeyte sedimente
ation yate was noted in dogs with chyronic nephritis and anaemia of macroe
eytic type oceurred in 45% of chronice cases. Low urine wrea levels were

recorded, and attributed to loss of concentrating ability in chroniecally

damaged kidneys,

The earliest noteworthy pathological description of the discase wag
written by Hemschen (1924), who recognigsed the interstitial nature of
the renal inflammatory changes, Histopathological features were dese
evibed in considerable detall and acute, sub-acute and chronic phases
were distinguished. In acute interstitlal nephritis, the interstitlal
tigsue of the renal cortex was densely infiltrvated by lymphoeytes and
plasma cells, vhile progressive fibrosis supervened in the later skages,
Henschen's further observations of the microgscopic features have been

entirely covroborated in more recent studies,



In Bricalin, McFadyean(1929) firet outlined the pathology of intepre
gtitlal nephvitls, describing acute and chronie stages of the disease,
The principal observation in acute nephritis was pronounced Lymphocytic
infileration of the intevstitial tissue of the kidneys. In chronie
nephritls, a vewy great increase of connective tissue in the medulla
was asgociated with obstruetion of many tubules and dilatation of those

renaining,

Bloom (1987, 1939, 1941, 1954) studied the pathology of interstitial
nephritis and found acute, subweacute and chronic forms of the disease.
Tha kidneys in acvte nephritis were pale and swollen, containing many
vhitigh nodules in the eortices, Microscopically, the outstanding feature
was lymphocytic infiltration, eilcher focal or Jdiffuse, of the interstitial
tissue, ‘Tubules of the lower cortex showed epithelial degeneration and
the strailght tubules contained hyaline casts, The subwscute phase was
congidered to develop from the acute, when the kidoneys tended to become
smaller, with a nodular appearance and clearly differentiated collular
foci in the cortilces, The microscopile findings comprised progressive
fibrosis with collapse and atrophy of tubules and "renewed” infiltrations
of lymphocytes. In chronic nephritis, the kidneys were small and firm
with granular surfaces. Extensive fibrosis and loss of twbules were
observed at this stage ond surviving tubules were often grossly dilated
and eontalned hyaline casts., Somaetimes the epithelium of the tubules
shoved hypextxophic change, developing a columnmar appeavance, Pariglome
erular #lbrosis and dilatation of Bowman's capsules were also frequently

present.



Platt {1952) studied the pathology of & acute and 25 chronic cages
of interstitial nephritis., Although no subeacute phase was recognised,
the gencral deseription was in accordance with Bloom's observations.
The infilirating cells in acute pephritls weve deseribed in more detail,
Plasma cella and Iymphocytes formed the majovity, while considerable
numbars of histiocytes and oceasional polymorphonuclear leuwecocytes weve
also present in the reaction., In chronie nephritis, hyalinization of
glomerular tufts was a noteable feature and was considered to yrepresent

"the exagperation of a normal senescent process."

The pathology of acute and chronfc interstitlal nephritis vas
doseribed in detall by Melotyre and Montgomery (1952) and MceIntyre (1954),
vhose findings correspond with those of Rlatt, S8pecial Zeatures of the
microscopic study included the finding of leptospirae in the convoluted
tubules in many acute cages. Small nunbers were present also in half of
the chiwonic cases., Three doge which were followed from the acute phase
until death as o vesult of chronlce nephyitis were of particular intevest.
The animals were treated initlally with penicillin, which terminated
leptogpiruria, following which there wap a fall in the serological tiiwe.
However, on subsequent histopathological examination, leptospirae wene
found in the wenal tubules, suggesting that emall pumberas of orgaonisms

may persist despite penicdllin therapy.

Monluz (1053) classified the vavious canine remal discases and
briefly deseribed the pathology of interstitial nephritis., Observations

confirmed those of previous authors.



The most recent contribution was that of Wettiwuny (1963}, who
sugveyed ad desceribed the pathology of several forms of renal discase
in the dog. The series ineluded 3G acute and 96 chronie cases of inters
stitial nephritis. The charvadteristic acute infiltyation of the inters
stitlal tisoue by mononucleay cells was described and the associatad
damage o tubules was attyibuted to compression with consequent dew-
generative change. In chronic nephritis, extensive fibrosis with
diletavion and hyperplasle of the epithelivm of surviving tubules were
noted, a8 by previous aurhore, Additlonal chonges were seen in the
glonoxuld, some of which chowed atzophy of the capillexy tuft, whils
others sppeared to be hyperplastle., A aumber of glomerular tufts had

vndergone hyalindzation and some were completoely £ibrosad.

Alimentary losiond.

Tleeratlon of the glossal, Huceal and lingual surfaces and ihe
gastrle mucosa has been obaenved in dogs with advanced intepstivilal nephe
vitvis. The oral lesions form an imporcant clinlcal feature of the disease
and oceasionatly the tip of the tongus may slough off completely, Vome
leing 15 generally associnted with hacmorrhagic erosions in the mucosa
off the fundus of the stomach, These changes have been described by
Bloom (1937), Platt (19351), MeIntyve (1954) and Wettimuny (1963), These
weiters agree that the oval and gastric uleers may oceur in uraemic dogs

in any phase of nephritis.

Macrogeopie Cardiovascular Changes.

Certain changes in the heart and pgreat wvessals have boen recorded

in dogs suffering from interstitial nephritis by several authors.



Bloom (1939) described necrosia and Inflammation of the endo-
cavdivm in the left avrium and vhe intima of the origing of the aorta
and pulnonaxy artexy. The lesion was frequently found in all stages of
nephritis and affected the three siies singly or together in different

animalsg.

Platt (1951) alse found necrosis in the lef atrium, gorta and
pulmonary arﬂery.' This ovcurred in all acute cases but in only one
chronic case in Platt's serxies. A silgnificant inerecase in the ratio
of the left ventricular to right ventricular woeight was founrd in dogs

with chronic nephritis,

MeXntyre (1954) observed "acute endocarditie™ in the left atrium
in 50% of dopgs with acute nephritis, but never in chronic cages. Pros
nouncad myocardial hypertrophy of the left ventricle was a characteriscic

of the chronic stage and this was attributed to hypertension.

Wettimway {1963) found necyosis of the endocardivm in the left
atvivm in wany doge wlth dnterstitilal nephritis, in both acute and chronic
gtages of the disease. Bimilar necvotilc change affeeted the intima of
the ovdgin of the pulmonary avtery Io a few chronic cagses, Left ventrie

eular hypevtrophy was found in most dogs with chwondic uophritis

Osteodystrophia fibrosa,

Several writers bave dascribed skeletal changes in dopgs suffering
from chronlce nephritls, A proporiion of such snimals show decaldification

off



of the bones of the head and Limbs, assocciated with hyperplasia of the
pavathyrold glanda, The lesion ig velated to excessive yetenilon of
inorganic phosphate by chronically dawmaged kidpeys. Stlmulation of the
parathysoid glandes pesulis and the secretion of parvathormoue is increased.
The precise factor which stimulatef the pavathyrold fs uncextain., The
litevatore on this subject has been reviewed vecenily by Caupbell
{1963)., Most evidence indicates that parathormone i secreted in rae
sponse to rveductlon in serum calelum levels., In vemal disease, this
could vesult fxom dutestingl exervetion of caleium phosphate ox from
imbalance in the nowmal calciumf/phosphorus ratio. Parathormone causes
resorpiblon of calelum from bones and in advanced cages, ogteodystrophic
goftening becomes clinically obwvious, with bones of the head showing

most promounced changes.

Platt {1951} ptudied the parathyrold glands and bones of nephritvic
dogs. A significant iucrease in weight of the glands was found in all
casee of chwonle nephritis., This chaupge was greatest in dogs with app-
reclable "yubbey jaw." The cranial bones were most mavkedly affected

and 7 out of 22 doge showad elinlcally obvious changes.

Damuocieh {1958) studied 39 dogs with chyonic nephritie. ALl showed
hyparplasia of the parvathyroid glands, Changes werae found in the wibg,
aleull and sometimes in the scapula, Porogity, ravefaction and reduced

specifilec gravity wege observed in these bones,

Brodey, Medway and Marshak (1961) described the clinical snd pathe
ological/



pathological features of four dogs with chronle nephritis and osteo-
dyatyophy. Bones of the skull and jav were gffecited and parathyroid

hypevplasia was present in each case.

Wettimony (1963) found osteadystrophia f£ibrosa in 17,5% of dogs
with ehronic nepbritls, The condition was always asecciaﬁed'with PATAm
thyroid hyperplasia, In these dogs, blood levels of inorganic phosphate
wﬁxa inereased < 45 mg. /100 ml, and sexum cal@ium levels were low or

normal. Agsin, bones of the head and limbs were found to be afifected.

Diseussion,

Tha foregoing general review of studies relating to interstitilal
nephritis ghows that Che elinlcal aund pathological syndrome hag been
clearly defined and well recoguised, However, many aspectg of the pathe

ogenesis of the disesse remaln obscure.

Altheugh 12 ip established that acute intewstitlal nephricis is
assocdated with infection by I, canlcola, the portal of Infection is
uneartain,  After initial Infection, 1t is not known where in the body
the owganisns mulelply before the development of a gevere reactlon in
the kidpeys some time latew and the ultinmate glte of infection within
the kidney ls wsertaln, The natuve of the charvacteristle cellulay
response In the interstitial tlgpue is not wnderstood, though the prew
dominance of plasima cells and lymphoeytes indicates that the reaction
has an fmpunologleal basis, It ig not known whether damage to the renal
tubuleg resulis solely from compression due to the accuwmulation of large

numbers/
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mumbers of cells In the latevstivlal tigsue or frowm divect oy toxie
injury by the organdsme. The proportlon of dogs which wecover from the
acute phase and the numbers which later develop progressive wenal #lbe

vosds have vot been deterwined,

Chronde inteystitial nephritis 1o considared to resuli fwvom a pree
ceding acuie epilerode, hﬁt the mechaniem of this sequonce is uncextaln.
It may be gupgested that persistant fool of cellular reaction cause dew
gtruction of small numbere of fiephvons which becone replaced by fibrous:
tissue, Continuation of such a process would produce extensive £ibrosis
with eveniual ronsl fallure. In this comection, the cbsepvation of
leptogpivae in the kidueys of dogs with cheonle wephrliis by Lukes (1925)

and MeIntywe (1954) ia of iuntevest.

Blevation of the artevial blood presewre may also play 2 gignificant
part in the pathogenasis of chronle nephritds. In the human, au asge
oclation batween pyalonephritis and hypertension is well kmown (Froodman,
1963) awd 1t has been ghown that pyelonephritis may give wise to hyper-

tengion and vascular danage. This iz discussed in Section 1,

In the dog, a positive velationship between nephvicds and hyper-
tensilon has never besn demonstrated conclusively and thexefore the vole,
i any, played by hypevtemsion in the aetilology of the charactevistic
lesiong is unknown. Damage to small blood vessels as a consequence of
hypertension has long been recognised in the human (Castleman and Smithe
wick, 1943), btuk little situdy has been devoted to the vasculature of

nephritic/



nephritic doga. A nunbar of reports and desewiptions indicate bhat
yasecular legions may ba assoclated with chwonie vensl disease in the
dog, bul there fs no general agreemsnt as to the lncldence, distribution
and significance of such lesions., Bhould it be preved that intewsritial
nepheltis gives vise to hypertension, the condition would have considaer=
ahle interest in conpavative studles. The disesse wmight form a useful
modal, allowing further apmalysis of the mechanism of nephrogenic hypers

Lension.

Although the pathology of imtaxﬁatitial nephritis has been doagm
eribed in the past in congdderable detall, thexe has heen no atiempt to
covvelate quantitatively the degrae of venal damape with the degree of
renal fallure ox the blood pressure, The glowerular changes in chronie
interstitial nephritis have ot been thovoughly documented, wor is thelwr
pathogenesis understood. The natuve of these lesions, which arve described
in detail later in the present work, suggest a hypertensive or imumunole
ogleal aetlology. The severity and consequencos of glomerular ine

volvemanl are uncertal,.

Experinental reproduction of interstitlal nephritin would provide
a valuable opportunity to alucidate the discase process, allowing
thorough clindend, laboratory and pathologlceal study at all atages.

Beveral authors have attempted thin by infecting dogs with L. canigola

but have failed to produece severe weunasl lesions, A pyactlcal benefiv
would also accrue from experimental reproduction, in that adequane

tegting/



testing of commercial leptosplral vaccines would becomn pogsible, Thaese
vaccines exe used on 2 large scale in veterinary practice and at present,
thaly protective cfficlency lg judged only on ability to stimulate a

posiilve antibedy titre to L. canicola. There ig no direot evidence
¥ i :

that wvaccinated animals become fully vesiotant to natural infection.

The work descpibed in thiz thesls was directed towards schieving
greater understanding of the pathogenesis of interstitial nephritis.
The study was partilcularly intended to establish the Incidence of hyperw

tension and its significance in thie disease.

The thesils is divided iuto three sections, 8ection 1 is devoted
to histopathologleal study of the ovgans of dogs suffering from severe
nephriido. A survey hags been carried oulr to establish the incidence,
nature and distribution of vascular changes in such animale, The posss
ibilicy of statistical relationghips between vagscular lesions and age,
sex, degree of wenal faillure and blood pressure was Investigeted. As
a control, a serles of doge with norwal kidoeys has been examined.
Studias ave dogeribed in vhich the owmbers of damaged glomeruli in
nephritic kidneys ave estimated and the degree of damage noted., The
effect of glomerulasy abnorwality ou the corresponding tubule hag been
studled by the use of serial gections. The nesults have been correlated

with bilochamical and uwrologicel findings.

In Section 1I, measurements of the blood pressure of nephritic and

non=nephritic/



non~nephritic dogs ave repovited, To asceartaln the precise relatlonship
batyeen venal disease and hypertension lun this specles, results of lab-

oratory and postemorvtan exeminaiions ave recovded.

Baction ITI contains detalls of a sewies of cxperimenis in which
variouvg wethods were employed in an attempt to rveproduce gevere inter-

gtitial nephritis In dogs.

Literature concerning the specific luvestigatlons vndertaken in this

work is reviewed at the beginning of each section.
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SLCTION I.

CARDIOVASCULAR _PATHOLOGY _ASSOCIATED

WITH INTERSPITEAL NEPHRITIS 1IN DOGS,

Introduction.

it has been vecogniged for wany years that in men there 48 a
clogse relationship between renal disease, hypertension and some forme
off arterial disecase, Tn wost descriptions, two main types of vasculax
abnorwallity have heen obperved in association with hypertension. In
the fives, termed hyalinosis, subeendothelial deposiis of refractile
hyaline material are fouwnd in small arterics and artericles, often
infilerating the muscle of the media and causing reduction of the lumen.
A wmore severe change, dnvolwving necropis of the arterial media, occurs
in arteyies which also show deposition ¢f £ibrincus material within
the neerotic media. DBefore studies of renal blopsies were undexrtaken,
it wag not clear from posteporcem examinations whether hypertension
praceded the development of vasdular damage and thevefore the pathe

ofenesis was obseure.

Weiss and Pavker (1939) studied the patholopy of 100 cases of
pyelonephritis. A proportion of these had been hypertensive in life,
It waeg found that in nopmotensive subjects, hyalinigation of the renal
arcerioles was uncommon, while In the hypertensive group, vascular
lesions showed preater severity and oceuried move diffusely throughout
the Lidneya., Those authore estimated that 15 « 20% of all cases of

walipgnant/
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walignant hypertension were caused by pyelonephritis and that hyper=
tension only occurred if almost all of the renal arterioles were
hyalinized, In their view (depiving from the experimental studies of
Goldblatt, 1934) wenal inflammotion was considered to cause the artexial

lesions, which in turn led to hypertension by producing renal ischaemia,

Pishberg (1925) exomined the bloed vesnels of 72.patiants with
Yagoential” hypertension., The renal arterioles were invoriably
hyalinized, while vessels in other orgens were affected less regulanly.
1t was concluded that chis form of hypertemsion could not be the result
of penavalized narrowlng of the arterioles. The latter appeared to

represent pathologieal exaggervation of a normal apge change.

Bell and Clawson (1928) studied 420 cases of esuential hypertension.

The vepal arterioles were hyalinized in 90%.

Moxitz and 0ldt (1937) confirmed that in hypertension, the kidney
ie the only organ in which hyaline chanpge in the arterioles is nearly
always present., Hyalinization of the renal vessals waz Ffound in more
than 97% of hypertensive patients and in less than 10% of normotensives,
From this 1t was considered that hyalinosis of the renal vessels wae

likely to ba the cause of hypertension.

Gastleman and Smithwick (1943) studied remal biopsies from 100
hyportensive patients and established that hyperteusion precedes the

onselt of vapeular changes. In 7 cases, no vascular lesiomns were found)

in/



o 21 the chanpes wewe wexy slighty 1n 25, lesions of grade 2 severity
waye fioond; 33 showed grade 3 chanpes and in 14 the lesione were of
grade 4 (malignant) depgrec, Pyelonephiitis was present in a few cases,

espeaially dn the group with most severe avtewial lesious,

Bell (1950) deseyribed postemortaem findings in hypertensive patients,
A relationship was establighed between hypertension (as yefleated by
the weight of the heart) and the degree of hyalin deposition iu the

vonal avterloles.

Puguid and Anderson (1952) studied 72 cases of nephroselerosis with
hypertension and 70 cases of diabetis mellitus., Hysalinosis afifecting

renal and gplenic vensels was found ia %21 of thene.

puith (1955) examined the venal blood vessels From 528 consceutive
autopsies. Of these patients, 266 had bLeen normotensive and 220 hyper~
tensive {(the romaindey wepe diabetic)., Sclerosis of affevent snd
eflfarent arterioles was fvequontly found in the novwotensive group. In
the early stages of hypertension, there was o obvious differcnce in
the degree of vascular damage but: in later stages, changes in the afferent
arteriolas were much wore severe. Bmith concluded that hyalinosis is a

norwenl age ¢hange which is exasevbated by hypertension.

The foregoing observations in the human Lllustrate that the assw
oeiation hetween renal discase, hypertension and artexial lesions is
wall egtablished, Ti han been elearly shown that hypertension precedes

the/



the development of severe vascular damage end that renal arterloles

are affected to a greater degree than veasels in other organs. However,
ag vecently discussed by FTreedman (1963), the high incidence of esgential
hypertension and the difficulty of differentiating late-gtape pyelo~
nephritclis from avtericler nephrosclevosic railses doubt as to the preecise
importance of pyelonephritis in the aeciology of human hypertension,
Nevertheless, that pyalonephritis may give vise to hypertension and
vapcular damage remains beyond dispute. This pattern of disease has

not been demonstrated conclusively in the dog,

The nature of hypertensive vascular lesions will be discussed in

greater detail in velation to the wesults of the present shudy,

The earliest wefovence to artexdal changes in nephwitic dogs was
a repoxrt by Dayton {1214). He found that out of 21 waselected dogs obe
tained for teaching purposes, 10 had extensive chronie nephritis, One

of these showed selervosis of the intra-ranal arteries,

MaeNider (1916) described the pathology of the "aaturally acquired
chronle nephwopathy of the dog." This was considered to be a primery
chronic glomerulonephritis and in 4 out of 21 gevere cases, sclerosis
off the intwa-venal avteries was observed. Three old dogs which showed
"gandle™ changes were eseluded firom the series. In these, the kidneys
were fibrosed and the major avterdes containod atheromatouws lesions.
Severe avteviosclerosis affiected the owall arteries of the kidueys,

heart and splacn.



McFadyean {1929) desevibaed acute and ehronic vephritis in dogs.
e did not find avterioselerosis in filve chronic cases and the blood

vegsele in the acute casas wore not mentionad,

Innes (1930) discussed two dogs with chronie remal £ibrogis. One
hf these showed such severe arterial sclerosis that this was consildered
to be the primery lesion and the cause of the renal fibrosie. The
arterics aromnd the cortico-medullary juneion were wost severely affected
and showed hyaline selerosis with caleium deposition in the intima and
fat aceunwlation in the nedia. Hypertrophy of the wedia was alse proe
minent in many vessels. This case was copteasted with another dog,
vhose flbwosed bidneys did not show vaseular change, The venal lesion

in the lattey was presumed to vesult from nepheitis.

Coandne nephritin wap deacribed by Bloom in 4 publications (1937,
1939, 1841, 1954), In che three savlier descriptiwnss he scated that
in all cases the arteries were entively normal evon although surrounded
by dense inflammatory tissue., However, in 1954 arcewial and avteriolay
changos were discuseed, in agscoclation with penal fibrosis. The ine
cldence of vosoular leslons was sald to be low and when present, only
a fev lfiegularly disurihuted vegsels were affected, Various forms of
arteriai‘change wewe deseribed., The most common change was c¢oncentric i
or cccenkriy thickening of the arterial media, Necrvotic endarteritis,
fibyrinoid altevation ¢f the media and externa and fat and caleium dew
posits in the intima were alev reportad. These leplons were donsidered

tof



to result from the lecal Inflammatory changes or to form part of the

uvaemie syndgomns,

Anothay pathological study of interstitial nephritic was carried
out by Platt (1952), In this work, the cavdiovaseular system was studied
in some dotall. Avterial abnormalities were found in 8 out of 22 dogs
with chyvonic mephyitis and these wore interpreted as hyportensive changes.
Pibeinold neerosis, defined as the couversion of the vessel wall to
birightly eosindphilic structureless wmaterdal, was seen in glomerular
tufes, small artevies and avteyioles of the kidney. This legion was
obseyved less frequantly in the small intestine and spleen. Hypewtrophy
of the wedla was also prasent in iotra-renal arteries in chronic nephritis.
The bhleod vessels of dopgs with acute nephrinds were never involved.
Plavt also found an inewease in the vatio of the lefi venbricular to
right ventricular weight in chronic cases. Thiz evidence of left wvenw

tricular hypertrophy was also congidered to indicate hypertension.

Al this tine a detalled study of intverstivial nephritis was pub-
Lished by MeTotyce end Montpgomery (1852), The pathology of 13 dogs
suffaring from severe chvonic poplwitis was desovibed, Vaseular changes
were found in the kidneys of all of the doge and were presumed to be of
hypevtonsive ordpin., The changes comprised hypertrophy of the media
and thickening of the internal elastic lemina in inteylobular arteriles,
while the afferent arvterloles showed hypertrophy of the media with
hyaline degenmevation, In addition, the glomerular tufte sometimes cone

tained



- ~ 4

contained hyaline plaques, Fibrinoid necrosis was sald to be abseal
and no vascular abprormaiibies were found in 21 acute cases, These
raguits ware veported again by Molnbtyre (1954), who described the

clinical and pathological feabvres of 20 dogs with chronie nephritile.

Thalueler (1952) studiled vaseular changes in 12 dogs sufifering
from uwnspecified types ¢f leptospivosia. In additlon to widespread

petechial bhasmorchages (presumably in eases of L. ictewchaemorrhaglae

infection), the kidneys of other animals showed hyaline depeneration

of the glomerull dn assoclation with inderxstitdal nephpitis, Arvterioles
showad acomwlatlon of fluid in the wmedla, cauvsing peparation of musele
cells and often byaline thilckendny of the iukima and wedia wag apporeni.,
Arcuate and interlobular arteriecs sometimes contained fool of endars
terivis and often the media off the interlobulars were hypertrophied to
twive nvrmel thickasss. Freguently the adventitial comneciive tintue
around lavger vesscls was Increased. These vascolor changes ware obe

servad only in the kidney,

Describing geveral forms of vewmal disease in the dog, Monlux (1953)
reporcad renal vasculay changes in caseé of chronic interstitilal nephritis.
He found that the blood vesgaels ib aveas of genal Fibrodis were often

tovtuous, with thictened walls and narrowed lumina,

Dalma (19587) covried out a patholegical study of the cardiovascular
asystem of nephwitic dogs., The blood vensels of 41 dogs with chronice
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nephritis were examined and compared with those of 24 normal dogs. In
the kidneys, cewvtain changes were found to alfecl veesels of a particular
aira, The large arteries often showed muscle hypertrophy. Degeperative
changes appeaved Livst in the smaller arteries and aviterioles im which
oedema, fatty degenevation, hyalinosis and calelfisation wexe found,
Hyalin accumulated diffusely In the walls of some vessels and was
restricted o the intima of others, causing consiviction or even closure
of the lumen, In the penal arteries, the intima showed pronounced
collagenous thickening, Dabtme also obsewved similar chonges quite
frequently in the heart and occaslonally in the brain., Other organs
wore emamined less vegularly bLuk sclerosis of the thyraid arteries was
reported, Hyalinizatilon of the splenie vestels was present in nephritic

and algo in older normal dogs.

Wotbiouny (1963) studied the varilous foxms of capine venal dicease.

In the pathological deseriptions he did anot refer to vaseular chenges.

One additional study suggests that renal diseasa, hypertengion and
arterial lesions ave velated in the dog. Hamilton, Pund, Slaughter,
Simpson, Colson, Coleman & Batemim (1940) found such a relationship in
5 dogs vhile carvying out a survey of blood pressure on 21§ street dogs.
The hypertenslve Zoge were examined post-mortem, and found to have fibe

rosed kidneys containing hyalinized arxterioles.

This review of previous pathological studies of canine nephritie
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demongtrates a general agreement among most writers that arterial
abnormalicies mey oceur in dogs with chwonle pephritin. Howevor, the
published vesults show movked variations concerning tha ineidence,
distvibution, severify and slignificance of these lesions, Thege
differances may be dus to the foct that only small nuwbers of antmals
have been exemined by most authers., The largest survey was that of
Dahme , vho studled 41 dogs wilth chwonie nephritis., The developmant
and possible actiological dmpovtance of hypertension fo relation o

the canine svierial lesicons has not been eatablished,

The prasent thesis is bagad upon an lpvesihigaiion cavried cut at
the Ueiversity of Glasgow Veterinasry Wospital to determine with
certainty the relationship between rensl digoase, hypertension and
vagevlar changes in dogs, The pathologleal study was intended to
elardfly the incidence of arterial abmoxmalities In peplrltle doss and
the digtribution of these throughoui the bLody. Daps suffering frowm
aeute and sube-acute nephritils were examiped in addition to chronie
cagses and were of specianl intevest because arterial changes have not
baen described in such animals, aslthough they oceur fyequantly in human
acute nephritis, A detailed histologleal examinattion of the available
naterial was carried out, using a variety of histochemical methods.
When poasible, blood pressure measuremenis were taken antao-mortem and
coryelated with pathalogical findinge. This aspect of the work will
be deseribed in Section II of the thasic. Vascular legions were also
related to the phase of nephritis, blochemical urolegical and serologe

lcal features and the age and zex of the doge.
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Materlals and Moithods.

A pathologleal study of 130 cases of intevsiivial nephyivis was
careted oui., The animale fn this serles all enffeved from ssvevs
nepheltls with venal falluve, wvhich was the cause of death or the

Fad

veason oy euthanasia. o some dogs, Intarcuvrent conditions were

3

alao presont bui i every case, nephritls was the predoudnent lasion.

The material for thig suvvey came feom the flles of the Veteprinary
Hosplial and fvom dogs which dlad or vere destroyed followlng hospital

tregtment duving the pevilod of this Investigation.

ALl available matexidal from previous years was studied, This
comprised 95 cases from which blocks of tisaue were prezerved fop
higtologleal examination. The blocks differed dun mwober and dlstri

bukion in the iandividual casas,

On 35 receni cases a thowvough post-mortem exanination was carsled
out, Blocks of tissue fonr histological study weve taken from kidneys,
heari, lungs, liver, spleen, pancreas, adveunal, thyroid and parathyroid
glands, brain, stomach, lawpe and swall dntestlnes, tongue, testls and

major artenries,

The blocks wore fixed for 24 ~ A8 hours in 10% neutwal formalin,

then dehydrataed, elaaved and ecabedded in paraffin wazm in the uvsual way,

Routine secilons from every tase were siained with haematoxylin

and/



and eonin, To demonstrate with preater clovity any vascular changes,
all kiduey and other selected pections were stained by the pleyos-

Mallory method.

To study the nature of vaseular changes in detail, the following
histochemical techulques were used on selected sections: Perilodic aeid
Schif#, Phosphotunpgstic acid haematoxylin, Helgert's elastlea, Van

Gieson, Verhooff van Gleson, Dumi's orange and bilue.

The following blood biochemical estimations were carried out on
mogt of the dogs.

1) Blood wrea. (Varley, 1958)

2) Total protein. (Verley, 1958)

2} Albumin/globulin ratio. (Papor electwophoresis)

4) Serum billwubin., {(Jondrassilk and Grof, 1938)

5) Alkaline phosphatage, (King and Wootton, 1956 and Bessey,

Yowry and Broeck, 1946).
6) Serun glutamic oxaloactic trausaminase and serun glutamic
pyruvic twansaminase. (Sigma Tech, Bull No. 505)

7) Inorgauic phosphate. (Fiske smd Subbarow, 1925)

§) Chleride, (BE.E.L. Chloride Moter Operating Instruction Book)
9) Sodium. (Varley, 1958)
10) Potassium, (Varley, 1958).

Examination of urine samples from wmany of the dogs was also carried

out/



out, The urine protein content was determined by precipitation with
sallcyloulphonie acid and the twurbidity was astimated viswally against
a set gtandard (King, 1947). The wiine uren content was determined
by the hypobromite method. Glucose eontent was measured by Benediet's

method and the presence of katones detected by Rothera's test.

A deposit was obtalned by centrifugation of 10 ml. of wrine ab
1000 r.pem. for 5 minutes and examined wicroscopically for the presence
of cells and tubular cagis. A drop of urine wan examined by dark ground

microscopy for the presence of leptospirac.

Blood pamples were taken for serological examinatlon. The agge
lutinationsiyels tesi of Schuffner (Wolff, 1954) was employed to detect
antibodies to leptospirac. Straina of both Leptosplia canlcola énd
Leptosplra dctorchasmorchaglae were used as anglgens in thettest.

Serum dilutions of of 1/10, 1/30, 1/100, 1/300, 1/1000, 173000, 1/10,000,

and 1/30,000 were tested,

Routine haematological cxeminations were also carried out. Thase
will not be deseribed o reported as the haematological features of
leptospiral nephritis have been thoroughly described by MeIntyre (1954)
and Wettdmuny (1963).

Controls,
An a control, the blood wessels of 12) nonenephritic dogs were
examined, Thase animals, though affected by a variety of disecase conw
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conditions, all had completaly normal kidneys, They were gelected fmom
fouy age groups, so that the same number of nephritic and nonensphyitic

dogs wore studiod in each group, These groups weret

1} .2 years,
2) 3 » 6 years.
3) 7 « 10 years.

%) 1l years and over,

The blacke of tissue available from the dogs varied in number and
discribution, BSections of kidney and other selected sections were

atained by the pileroeMallory method,



Pathologleal Qlassification of Threo

Phoses of Toversvitial Nephritls,

The 130 cases of pevere interstitial nephritis were divided into
threa pgroups on the basis of the renal patholopy. These were acute,
aubsacute aond cheonic stages of nepheitie. The nunbey of cases in each

group ware as follows:

Phags: of Wephritis No, of Qasas.
Acuta 20
Subeacute 18
Chronie 92

RIDNEYS.

Agquto Nephpltls.

In the acute phase, the kidneys were pale, swollen and nodular in
appeavance., The cortices contained numerous soft whitish nodular foci
vhich bulged from the cub suprface, Qften these nodules wene especially
concentvated avound the cortico-medullary juncition, The capsules stripped
casily f£rom the kidneys and sometimes petechial haemorrhages wore pregeni

over the covtical swrfaces,

Microscopically, the kidneys showed an intense cellular reaction,
mainly confined to the intevstitial tiseue of the cortices where much
of the yrenal parenchyma wan destroyed. The infiltrating cells were
almost ewntirely mononuclear, with plosma cells predominating. Lympho-
eytes were also numarous and macrophages vere present in lesser numbers,

These/
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These calle were genewrally arvanged in nodular foci, in the centre

of which a few polymowphonuclear leucocytes could often be found,
Blsevhere, the mononuclear cells were scattored diffuvscly ond less
denpely throughout the interstitial tissue of the cortices, Whexe the
reaction was most propounced, extensive destruction of tubules was
apparent, with small groups of necrotic epithelial cells aecattered
among the mononuclear cells, Tubules adjacent to the reaetive foed
often showad evidence of compreccion, with the lumina obliterated

and the epithelium degeverate. The siemexuwl! were normal in all cases
ezgept one. Hyaline snd dellular casts wore pregent in most of the
surviving tubules. In the medulla, intewstitial reoction was present

around the boundary mome in the most severe cases,

§gb~Aeute Nephritis.

In the previous desexiptions of interstitizl nephritis in doge,
MeTatyre and Montgomery (1952), Platt (1952) and Wettimuny (1963)
divided the disease into acute and chronie stages., Bloom (1954) in~
¢luded description of a subeagute phase, in which propgressive renal
flbrosis wen accompanied by "renewed" infiltrations of lymphooytes and
plasma gells. In the present study, there emerged a distinet group

of cases vhich eould best be elassified a8 subeacute.

In subeacute nephritis, the kidnevs were pale, swollen and nodular,
On section, fine radial baunds of fibrous tissue could be distingukshed
between the eellular foei, cauring contyaction with pitting of the

covtical surface. Sometimes the capsule was adherent at these points,
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Histolopically, the venal cortices contained many focal areac
of reactive nonomclear cells of which plasma cells formed the nmajority.
Interepersed between these aggregetions were narrow padial bands of
immature {ibrous tissue, vhere vemnants of destroyed tubules were ofiten
present, Peviglomerular fibyosie luvolving Bowman's capsules was a
fairly Ifrequent feature. These lidneys contained small areas of pers
foctly normal wenal tissue between the foel of eellular and £ibrous

reaction,

The most striking and distinpguishing feature of the subeacute
phage wag observed in the capillary tufts of the glomeruli, In most
cased, a propertion of the glomeruli contained globular deposits of
£ibrinous material within the capillary loopg. In a few of the glomeruli,
several such deposity were present, becoming conjoined with collapse
and £ibrosis of the tuft, These changes formed the subject of a opecial

study and will be deseribed in move detail latex.

Chronie Nephritie,

In chronic nephritis, the kidneys had a chavacteristic pale
shrunken oppearance, with irregular pitéing of the gortical surfaces,
The capsule was sometines adherent and difficult to strip. The con~
sistency of the yenal tissue was always abnormally firm and a marked
reduction in eortical depth was veadily appreciable. Dense radial
bands %f fibrous tissue were clearly visible: In come cases, hydrow
n@phziiﬁs of moderate degree was present and froquently small eystic
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dilatations could be geen in the cortices.

Histologically, the outstanding renal lesion was extensive £ibw
rosis with replacement of funcitional nephrons, Large areas of a
vaseular fibrous tissue were often present in the covtices, Where the
proceas was less advanced, glomeruld survived ameng immatwre £ibrous
tiocsue, remnants of tubules and small numbers of plaswma cells and lymphow
gyteg, Bmall scattered asccumulations of mononuclear cells oceurred
throughout the coritices, without ever forming the dense nodules found
in the acute and subeacute stages. Perviglomerular £ibrosis wos prow
noutieed and the glomerular rufts frequently contained fibrinous deposits,
with fusion, collapse and Fibrosis in move severely affected glomeruli,
Occasional plomeruli showed a different type of change, characterised
by gross distension of the capsule and collapse and atrophy of the tuft.
In a small proportion of cases, this lesion affected vexy many of the
glomeruli, while £ibrinous deposits were miniwal or abgent. Again, these
capillary lesions will be described in detail later. Surviving tubules
in the cortex and medulla often showad hypertrophic and hyperplestic
changes, becoming dilated and forming double ov treble layers of epithe

elium. Protein cants wvete present in most of the tubules.

Alimentary losions.

Many dogs in the terminal stage of nephritis, whether acute, sube
agute or chronle, showad uleeratiom of the oral and gastiic wmucosae.
The tongue was frequently involved, with uleceration around the anteriosn

and/



and lateyral bopders. Occasionally the rip of the toagne gloughed off
completely, Often the buccal and lingual surfaces were aleo uleerated

and the wouth showed brown digeolouration, In the stomach, the mucosa

of the Fundup wae uwsually congested and often showed haemorrhagile
eroslone, varying from pinhead slze to lavge uleers of several centimetres

dismeter. The stomach generally contained brown mucoid £luld,

The Heage ond Great Vessels,

Acute necrotiring endocarditis affecting the left atwium was found
in many of the nephritic dogs, This was often assoelated with neciow
tising enderteritis in the origlng of the pulmonaty artery and aorta,
The lesion wao seen as pale crumbling deposiis, adhetent to areas of
negrosls in the endeocardium, as in Figs, L & 2. Histologically, an
fatense acute inflammatory reaction was present, with superficial
thronbus foymation, The relatlve ineldence of this lesion in each

phase of nephritis is showm below.
Ingddence of Neeroiizing Pndocarditis in Dogs

Ingidence of Neeroiizing Pndocarditis in Dogs

with Intersticial Nephwitils,

Bhase of Ho,wiih Ho.ghowing % showing
Nepheitis data available Necrotdzing Neerotizing
T Fndoearditiy Eudocarditis

Aguta 15 10 66
SubnAcute i1 7 6h

Chronic 59 12 33




- J6

In four chronle cases, scar Elssus was observed in the wall of
the lafe atvium, suggestiuvg the healad stage of a previous acuie neo

crotlsing leslon,

I six of the twenty doge wikth acute wephritis, areas of necrosis
and inflammation were pregent within the myocsidlum, These were cases
6337, 3387, 15790, 2232%, 23689 and 23045, Iu only one case, 22329,
was the legdon appreclable nacroscopieally., In thie dog, the nyoe

capdimm contalned lagpge aveas wvhich were alwost white o colouw, sure
rounded by a zone of congestion and heemorvhage., Histologleally, the
wyocardivm contained fucl of intense polymorphonuclear leuwcocyte veaction
with necrouls of wuscle fibres, (Figs. 3 & 4). The severity varied

in the ludividual ceges,. To case 22329, almost no pavt of the nyo-
cardium ¢ould be found which was entively free of cellular infiiltvacion,
The lesilon ghowed ne spoclal distribuiion and the inflammatory fool were

geatiered throughout the heart muscle,

o three chronle cases, nes. 7472, 15425 and 17312, the heawt
oontained areas of wyocardial fibrosis and in éne, 8252, small foci

of acute myocapditls were prosent,

Myocerdial inflammation and necrosis do nol appesy e have been

leseribed previously in dogs with unephyitis.

In chronie nepheitis, hyperirophy of the wvocavdium of the left

ventyricele was readily appreciable in most cases..

Qkalgtal‘Changes.

Osteodystrophia fibrosa was noted clinically and post-mortem in

13 (14%) of the dogs with chronic nephritis.
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RESULIE,

The Incidence of Vaseular Iassions in Dogs
with Interagtlvial Nepheitis,

Details of the age, sex, breed, significant secvolegical, bio~
chemical and wrological featuves and the distribuiion of vascular

lesiona in the individual doge are shown in Appendin 1.

The ineidence of intrasrenal avtevial changes in each phase of

nepheitis is shown in the Ffollowing table.

Incidence of Intxa-Ronal Artierial Iesions in Bopn

with Interstitisl Nephritis.

Phage of Mo, 0f gasas Mo, showing % shoving
Nephzdtis examined griexial chansce arterial chanpes.
Acute 20 10 30
SubeAcute 13 8 35

Chrovio 92 78 85

Total 130 96 74

The incidence of glomerular copillary lesions in ecach phase of

nephritin was as followg i

Incidence of Glomerular Capillayy Damase in Dogo

with Ingeratiﬁigi nghritia.

Phage of No, ghowing A _showls

Nephriris glomerniar glomerulae losione.
lesleng

heute 1 9

Sub~Agute 13 61

Chronic 92 100
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The nomenclature applied by most authors o vaseular changes
associated with renal disoape includes the terms £ibrinold necrosis,
hyaline arteriesclerosis, avterial hyalinosis end hyaline degeneration.
Fibrinoid necrosis is generally thought to be an acute change in which
the smooth nmusele of the vessel wall wndorpgoes necrosis, associated
with accumalation of f£ibrinous material in the media. The hyaline
lasions are considered Lo vepresent a less acute chenge, in which the
vassel wall becomes impregnated with and pradually converted to an
amorphous hyaline mategial, On the basis of experimental results,
Goldblatt (1938) concluded that uraemia is necessary in addition to
hypertension to produce Librinvoid necrosis, while hysline change

develops with gradually increasing “bendgn" hypertension.

i)

Mudrhead, Turner and Grollman (1951B) and Montgomery and Muirhead
(1953) congidered that vascular changes in hypewtension result from
nacposis of owooth muscle cells. They found that the hyaline deposits
had the same stainiong properties as smooth nuscle and that the more
intense veaections of hyalin were dwue to "unmasking” of normal cone
stituents by a change in the physicoschemical state, Subwendothelial

accunulations of hyalin were thought to be derived from the media.

Puguld and Anderson {1952) proposed a very different pathogenesis
for hypertemsive vascular changes. They considered that material from
the blood stream is dapopited on the endothelium and then becomes

covored/
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covered by the endotbelimm so that the vessel is recanalised and thoe
deposit incorporated into the vessael wall, On this basis, the largest
legions causing the greatest occlusion would be in the early phasa.
The authors illusirated thelr studies with photopgraphs of hyaline des
posits on the luminal surface of vessels with no appavent endothelial

covering,

Smith (1955), largely on the evidence obtained from PAS-stained
sections, coneluded that hyalin results fyrom degenerative change in
the basement wembrane and ground substance of an arteviole, Duguld
and Andorson (1962) conaidareﬂ that since affected vessels do not becomn

dilated, the lesion could not have a degenerdtive basis,

MeKdnney (1962) also studied the histowchemistry of hyalinosis,
He considered that hyalin io £irst deposited on the endothelivm as
fibtrin and that 4t is then covered by the endothelium and gradually

organized, eventually appearing as a collagenelike substance,

Tendrun, Fraser, Blidders and Penderson (1962) pointed ocui the
limitations of existing methods of staining £lbrin and described new
histochomical techmiques which gave almost automatic ddentification
of fibrin in vasenlar lesions, %he hypertensive diabetic kidney
(Tendrum, 1963) was used as a model in which the complete range of
changes could be studied, The vaseular lesions were iikemed to thope
found in zones of infarction, in the lungs of patients with mitral

stenosis,/
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otenoais, in systemic hypertension and fn systemic lupus exythamatosus,
The changes In 211 of these conditions weve considered to result from
the extirusion of plasmptidc substiances, ineluding filbrin, through the
vasculay endotheliuvm, In hypertonsion, the severity of the lesion
would depend ot the Jevel of blood pressure,; vhich would determine
vhether the fibrinous waterial traversed the ifnterunal alaetic lawmina,
the medin, the external elastica, ko reach finally the advential tissue,
ag in the explosive lesions of malignanu‘hypertensiau. Study of the
aging of fihvin revealed that carly deposits staived with medium
molecular weight acid dyes, Later a trensitlonal phase was apparant
and the plasmatic sebstances came gradeally to staln as collagen, with
lerge molecular welght dyes. This change in staining afﬁintty wan
ateriboted to alteration of the fine structure of the Jdeposite.

Iendeum digearded the term "f£ibrinoid" and adopted the name "plasmatic
vasculosis,” supgested by Goldblatt, to deseribe the fibrinous lesilons
in hypercension and collagen diseases in the human, To distinguich

the oldey deposits vwhich stained as collapgan, the term “poeudo-collagen®

was employed,

The nature of hyalin in deteriolar sclerosin was investilgated
using electron microscopy by MeGeo and Ashworth (1963), whose cone
clugions diffler from those of Lendrum. The basis of the lesion appeared
to be an excessive production of basement membrane material. In the
Inivial phase, this was depogsited mainly by eondothalial cells and later

alao/
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also by smooth muscle cells of the medla, Eventually, the musele cells
wera thickly encased in membrane material and became atrophic, None
variodic fllamonts were present between the cells and a few collagen
£ibres ware identified. The thickened basement membrane material coine

clded with PAB~positive hyalin seen by light microscopy.

As stated earliey, in chronic interstitial nephritis in dogs, many
of the glomeruli undergo a change which terminates in conversion of the
entire glomerulus to a mass of vollapgenwlike material, resewbling the
substance termed “pseudo<collagen” by Lendrum (1963), Glomerular scaz
tinsue has beon studied in several diseases in the human, Farquhar,
Verniey and Qood (1957) exanined by electron wmicroscopy the glomeruld of
patients with nephrosis, glomoruloenephritis and lupus erythematosus.,

In the two lattor conditions, an increase in thickness of the capillary
basement membrane was observed. At a late stage, hyalinized glomerull
were composed of basement membrane~like waterial and a few atrophic cells.
In contyast, Spire (1959), also studying the electron microscopic appeare
ance of diseaged glomeruli, noted the production of collagen fibres in

chronic glomerulo-nephritis,

Jones (1963) studied 3+~dimensional reconstructions of glomeruli,
made from photographs of thin serial sections. The scar tissue in chronic
glomerulownephritis was found to have three components = excagsive bases
ment membrane material produced by epithelial and endothelial cells,
sponge fibres possibly laid down by cells of the glomerulay stalk and a

hyaline asubstance of unknown origin,
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The differing interpretations of vagceular changes based on light
and elactron microscople appearances demonsivate a need for furthew
correlatad atudy of the fine structure and histochemical properties of

the lesions throughout thelr development.

In the present study, vascular changes of the £ibyinoid and hyaline
types were ohserved. Howevey, there was no clear differentiation between
these forms and many intermediate stages were encountered. This sugpested
that the lesions represent a spectrum of changes with similar actiology
and that the morphology observed ig dependent on the severity of the
causal factors., The separate texms "E€ibrinoid necrosis® and“hyaline
arteriosclerosis” could not be applied acourately to the pattern of changes
found in the renal vestels, The term "plasmatic vasculosis™ has the
advantages of covering the range of changes and also providing o precise
indleation of the probable pathogenesis and nature of the lesion. For

thege veasons it will be used in the description of the present findings.

In the serilas of nephritic kidneys, plasmatic vasculosis was found
in all phases of the disease. Arcuate and interlobular arteries, afferent
arterioles and glomerular capillaries were affected. The smallest lesions
consieted of focal subeendothelial deposits of amorplwus brightly cosine
ophilic material vhich stained strongly for fibyin and in cuch cases the
interpal elastile lawmina was intact, (Flg, 8). Sometimes larger deposits
protruded into the lumen, apparently causing considerable reduction in
patency. (Fig.92). In more advanged leslons, the intexnal elastic lamina

was/



was rupbpred and the plasmatic wmaterial extended iunio the wmedia, with
focal necrosis of swooth muscle cells. (Fig.l10), Iu come vedsels the
entlee civeunference wap affected, with totadl wecrosis of the media,
leaving a masge of L£ibrin, pyluwotic nueled ond a few inflammatory cells,
{Figs, 11 & 12). The wmost dramaiic changes oceurved in vessgels in which
the external elastie lamina also ruptured, with leakage of the plasmatic
substances inteo the periarterial tissues, gilving a splashed appearance,
(Figs. 13 ~ 18), Sometimes thexec was a polymerphonuclear-laueqcyce Q-
action in and around the lesion, (Fig.19) though oftem no such reaction

was present,

In subeacute and chronle casen, plasmatice vasculogils often occurped
in conjunctlon with hypertrophlc and hypewplastiec changes in thae arterdal
wall, 1In swch cases, the muscle of the media was considerably hypexw
trophied and suprounded by hyperplastic adventitial comnective tissue,
giving the vessel a chavactewiptic thickened and whorled appearvance.
Rlaswatic deposits were often present within the media of such wvessels,
(Figs. 20 & 21}, In some cases,thickening of the medis and adventitia

oceurred without pleswatic vagculosis,

The histochemical reactions of the plaswatic deposits showed a
aumber of interesting foatures. Lo most cases of acute nephricis, the
material stalned strongly posiuvive foxr fibyin, appearing blue with
PLAH, (Fig. 22) ved with plovo-Mallowy (Figs. 12 ~ 17) and gtrongly
YAS~positive, In subeacute and chronic cases, variable reactions

oocurved./



oocuryed, With PTAH, the deposits stalned blue or purple in some ine
gtances and browo in others. (Fige, 22 & 27). wWith pilevo~Mallory, the
depoglis wore either wholly red or pale blue or showed a mixzed red and
bhlue veactlon. (Figs. 23 - 26). .. In the gtudies of londrum et al
(1962) on the agiug of fibyin, it was found that the plasmatic material
first etaing strongly as fibrin but later loses this property and comes
pradually to staln as collagen:, Henee the name "pseudowcollagen’ was
applied to descyxibe the deposit at thie stage., The veriable staining
reactions of the vasculay lestons dn subeaeute or chronic nephritis may
alpo be due to differences in the age of the fibrin. This is strongly

suggested by the alteration from ved to blue staining with pilero«Mallory.

In each phace of nephritils, the severity of plasmatlc vasculogis
and the number of vessels affocted varied greatly, The incidence flpgures
in the table include all grades of frequency and severity, Tn each group,
approximately half of the cases showed severe or moderately severe lesions

involving many renal vessels,

Intra-Benal Vnsoular Changes im Acute Ne

In acute nepheitis, plasmatic vasculosis was found in arcuste and
interlobular arterics and afferent avierioles. The glomerular capillaries
wvere not generally involved, In many ceses, only a small propoviion of
vessels weve affected and in kidneys in vhich the wost severe changes
vere present, nearb? vessels were often novmal. The plasmatic deposite
alvays stalned strongly positive for fibrin, No hypertvophic changes

weraef
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were found, suggesting that the vascular danage was of acube onset and

short duvabion.

Sub-Acute 6 Chrouic Nephritis.

In subegoute and chronle nephritis, plasmatic vagculosis was present
at all levels of the vascular tree from the arowate arterles to the

glomeruler capillavdes and all grades of geveprity occurred.

Tn the glomeruli, globular deposits of Ffibrinous materlal were
very frequently pyesent ip the tufits, Theoe were peen ag pphotical
amorphous eopinophilic droplets within the capillary loops. (Fig. 28).
Often several deposits were pregent in a single glomerulus, with adhesion
of the peripheral legions to the capsule, Staining reactions were strongly
positive for fibrin at this stage, As more of tha tufit became involved,
the deposiis became conjoined and the capillary loops ccllq§%ad. In
such lesions, the staining properties were variable, with mixzed red and
blue veaction to pievosMalloxy, (¥ig., 29). Finally, the eniive glomerulus
hecame fibrosed and gheunken, staining as collagen, (Fig. 30), In chronie
cases, such glomerdll were often very emall, gradually merging with
purrounding fibrous Gissue. This suggosted that some glomeruli might

disappeer altogether.

In the arteries and afferent avterioles, plasmatic deposits showed
varlable stalning reactions and a “psewdo~collagen" appearance was very

QOMMIN,



Hyportrophic and hyperplastic changes were found move frequently

in c¢hronic than in sub-acute csgses and generally lnvolved interlobular

arterien and afferent arterioles. Tha walls of affected vesnels were

FE (‘} o ¥

ofien thickened to twice or three bimes nowmal size by bypentrophy of , 7 /.

the madia and hyperplasia of the adventitial tissus. The presence of
plasmatic vasculosis was variable in chega vessals and when present was
geen ag accumudations in the intiwa and media, usvally of the preudow
collagen type., In gome chronie cases it appeared that the thiclkened
arteries ran in a tortuous course, as many cross«sections could be seen

within a very swall area.

Another fraquent finding in chronie nephritis was small areas of
flbrosia of the media in lobar, arduate and interlobular arteries., In
gome cases, duplication of the internal elastic laomina was present in

larger arteriesn,

Vageular Changas in Other Orpaps,

The orgons from which blocke were available fox histologleal exame

ination varied considerably fn number in the individeal cases.

Dotadls of the incidonce and distribution of vascular lesions in

individual dopgs is phown in Appendin I,

Plasmatic vasceulosis was found wvery frequently in the aviterioles of
the splenic follicles, These vessels ware the subject of a speecial in~

vestigation, which will be deseribad latey,

j-'lj ¢ ‘é
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Avteries in the myccardiom, gastyie mucosa and muscle of the tongue
showed plagmatic vasenlosis in a small proportion of cases. (Figs. 31, 32
& 33), These findings ave summavdzed below, Tn all of these cases,

the vonal vessels were aleo afifacted,

Incidence of Plasmatic Vassulosis in Extwawrenal Sitan.

Qrgan No, exaniaed No. showing 4 sghowing
. plasmatic vasculosis plasmatic
vaseulosis
Heart 87 13. 2 acute 15
i subegoute
10 chronic
Stomach 60 4. 1 acute 6.7
3 chronde
Tongua 39 &, 7 acute 10,2

1 subwacute
L chronle




Ioeidenoe of Plasmatie Vasculosils

in Do g Wiiﬁ.h Nmmz'a_;l b

Histopathological exaninacion of 125 noﬁwnaphriﬁic doges with the
pame nge distribuwtion as the ncphritic animals vevealed that plasmatle
éasaulqais 19 tar@'in the abgence of rensl disease. Yhis comelusion
applied to blood vessels in organs oéher than the splmsﬁ, which will be

disdcuaged lator,

Petails of the individual doge ond the incidence and distribution

of vaseular lesions is showm in Appendix 2,

Small focal plasmacic lesions wers found in occasional arteries in
the kidneys of three dogs and ln the myocavdium of one dog. The details

of these casces ave summerized in the following table,

B aﬁmatiQ'Vasaulq Lo du Popo w_ﬁﬁﬁﬂbnmalrﬁién@ £y

gase  Am S
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Rlasmatic Vasculogig,

25228 6 M Peyicarditin Kidoney. 1 interlobular arte
and 2 glomeruli contained
small focal fibwinous deposi

17393 B ) Tongillay Kidney. 1 interlobular arte

Carcinomn '
showad a small focal lesion,
172%4 4 M Splenie Ridney, Ocecagional inters
Haoinangioma o
lobular avtewries contained
emall focal lesions,
24254 3 ¥ Endocarditis Myocardium. 1 small artexry

contained a flibrinous accume

ulation in the media.



Yhig survey demonstyates that plasmatle vasculosis (o organs other
than the spleen) 4o an wocommon sporadic finding in non-mephritle dogs,
vhich may be valated to individual differences in strengih of the intima

of small anterles.

Relationship betusen the Ineldence of Plasmatic

Vaseulogic and Age,

Smith (1855) found arteriosclervosis of the afferent avterioles in
the kidneys of both unoxmotensive and hyperteusive human patlents, The
incidence and severlty of the leslon inoveased with age sand in agsociation
with hypevtension. In the present study, the possiblliiy of an association

betwean the age of dog and frequency of vasculogis was lavestigated,

The number of nephvitie doge examined and the incidence of vascular

legiong in velatlon to age is shown {u the histogram overleaf,

This corzelation shows that the incidence of vasculosis is not
influenced by the age of the dog, In the firet year of life, leatons
were found In only 7 out of 20 dogs bui thereafter the incidence pose
shatply, to run in parallel with the incidence of nephritis, In the
first year, most cases were of acuta wephritis, which might complicate
the interpretation of the lower number of affected doge in this group,
Acute nophritis may be less likely to give vise to vasculaw damape than

factors aasoclated with the wove chronlc phases of the didease.

Theve was no apparent relationship between age and the geverlty

off
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no. examined

no. with plasmatic vasculosis

20

o

no. of cases

l 2 3 4 5 6 7 8 9 10 1l 12 I3 14 15
age

Qorrelation of the incidence of plasmatic vasculesis with age.
Aftew the €ivgt year, the incidence rune in parallel with age, Indicatlng

that the developuent of wasculosis is not influenced by the age of the dog.



of wasceulosis. At all ages, & wide voanpge was found in Ghe nuuber of

vagsals affected and the dogree of vascular dowape.

Examinatiion of 125 nonsnephritic controls also indicated that dogs
have no prodictable tendency to develop vasculay changes, in organs other

than the splecn, with increasing age. The four dogs in which small

lestions wowve found were of widely differing ages.

In normotensive humans, there is a hiphor iuncidence of wvaseular
lesions in the male (Smith, 1955). In hypertensive subjects, this sex
difference dissppears and the female exhibits vaseular changes of ecqual
frequency and severity, suggesting a greater susceptibility to the

afifects of hypertension.

The posaibility of any speocial predispoaition to vaseular damage
was investipated in the present series of nephritic dogs. The proe
portions of male and female aniwals in which plasmatic vasculosis wao
found are tabulated below, The numbers include all anlwals whose gex

had been ecorded,

Incidenca of Plasmatic Vageulogds in Relation to Sex.
No. examinad No, with & with
) jagculosin Vaseulosis
Male 97 70 72.2
emale 31 24 77.6

MWE patio 311 31



Thege figures show no sex difference Iin the incidence of vascular
lesions., The percentages of male and female animals with vaseulonis and

the male/female ratios of exaunined and affected animels are vaery similar.

The serics of 125 contyal dogs did not reveal any sex difference
in suscepiibiiity to vasculay domage among nonenephritic animals., Of
the four animals in which vasculosis was found, two were wale and two
female, The ifneddence of the lesion too low to demonstrate any preo=

dispogition.

It may be concluded from these findinge that the sex of a dog does
not influence the frequency of vasculay lesiono, whether or not nephrigis

is present.

Relationship hatween Incidence of Plasmatic

Vaseulosis and Blood Urea Levels.

The actiology of vasculay demage associated with human renal disease
is penerally attributed to hypertension. However, the evidence concerning
the development of hypertension in nephritic dogs is inconclusive and no
one has correlated blood pressure measurements with histopatholopical
findings in such animals. Plosmatdc vasculosis, found so frequently in
nephritic doga, cannot be assumed to be of hypertemsive origin., Goldblatt
(1938) from the resulte of experiments in which hypertension was induced
in doge by constriction of remal arteries, concluded thai renal failure
was naeessary in addition to hypertension to produde pevere fibrinoid

necrosis./



neerosis. Yo the experimental dogs, woderate consiviction of the renal
arteries lad to "benipn® hypertension associated with arterial hyalinosis
and hypextrophy. More severe comsiriction cansed "malignant" hypevtension

with venal failure and widespread f£ibyinoid necrosis.

The ineidence of vasculosils in the nephritie dogs of this series
was comparad with the bleod uree levels (in cases vhere these records

were avallable) to establish any positive relacionship.

The result of this investigation 1o summarised in the following table.



Ihe Incidence of Plasmatic Vaseulosis

in Relation_to the lLevel of ﬁramg&g,

et pe P e
RS (67100 1) B I
50 - 100 1 0
100 = 200 1 3
Acute 200 = 300 1 1
300 « 400 A 0
> 400 5 2
50 - 100 3 2
100 ~ 200 1 3
Sub-Acute 200 » 200 1 o
300 - 400 0 0
> 400 3 2
30 » 100 9 0
100 « 200 13 i
Chronic 200 - 300 10 1
300 « 400 b i
pJ 400 13 4]
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These wvesults show that theve s do gignificant difference in the
incidence of plasmatic vasculosis between moderately uracnic and severely

araemic dogs with acute and gub-acute nephvitis.

In chronic nephbritis, a high incidence of vasculosis lg veflected
at all levels of uraemia, However, in a gsubstantial ouwber of dogs
with blood urea > 400 mg/l00 nl., vasculogls was absent. L¢ may be
suggested that in these animals the disease progressed to the termimal
phase too vapidly to allow the development of vasculay changes, Hise
tologically, the kidneys in these cases showed an atypical lesion
afifecting many of the glomeruli, in which the capsules were grossly
dilased and the tufts collopsed and atrophic, (Fige. 34, and 35).
CGlinical evidence, which will be discussed later, supgests that the

course of the disease was unusually acute in such dogs.

It o cleay that vasculosis and uraemia develop concurrently in
doge with intewstitial nephritis. As the sepies did not include dogs
with blood urea below 50 mg/100 ml. it is unot koown whether vaseulosis
way ogeur in the absence of uraemia, Therefore no conclugion can he
draun as to whethey the incidence of vascular damage is influenced by

uracemia.

The conclusions drawn f£rom these figures may be questioned on tha
grounds that only one urea estimation was made on many dogs and the samples
were taken at varying periods bafore death. However, in geuneral the
aﬁaminahian was made within a few days of death or euthanasia and the

figuras give an approximate guide to the tefminal degree of wracmia,



The elinical records of the nephritie dogs were studied to £ind
any difference in the syndrome as it occurrved in doge with vascular
domage and in these with normal blood vessels. Typieal case histories

from dogs in each group are outlined helow,

Cage 21540, Chronig Nephritis without Vascular Damage.

This was a fifteen~year-old female labrador, presented with a
history of progressive loss of condition over the previous two months.

During this tine, the dog wos sxeessively thivsty ond vomited oceasionally.

On admission to the hospiltal, the dog appeared dull and ghowed
uleaeration of the tongue and browm discolouration of the mouth, ‘The
pulse volume was poow, During the nexi six days, the dop's condition
deteriorated, showing marked thirst, polyuria, anorvexia and frequent
vomiting. The level of bhlood uvea was 710 ngf/l00 ml. and the inorgenic
phosphate 18.2 mg/100 ml, The serologleal titre to L. canigola was

nagative. Terminal chronie nephritis was diagnosed and esthanasia peyformed.

Pathologically, the kidneys showed advanced fibrosis. $mall fooi
of neerotizing endavteritis affected the origin of the aorta, Gwall
haemorrhagic erosions weve pragent in the gostrice mucosa., Wistologieally,
diffuse venal fibresis was observed. The intra-renal arteries were
normal., Many ploweruli showed gross dilatation of the capsule, with

collapse and atrophy of the tuft,



Case 10397,  Cheondc Nepheitils wiih Severe Arterial and

Glomerular Dawage.

This was a geven year old male calrn, presented with a history of
yvapid loss of weight during the previcus two weeks. Aceording to the
ovner, the dog had shown excesaive thivst for several years and generally
drank two pints of water evew day. Polyuria had been noted. The dog

had vomited onece dally for the past 3 « & months.

On admiselon to the hospital, the dog was veyy dull., Halitesis was
marked and the mouih diseolourad. The pulse volume was poor. During
the folloving five daye, the dog showed progressive apathy and remained
anoyeric, very thirsty, polyuric and vomited frequently., The blood urea
way HGO mgf 300 wl, ond the inorganie phosphate 13.5 wg/l00 ml. ‘The
savological titve vo L, canieola was 1110, Death occurved on the £ifth

da‘y'.

Pathologically, the kidneys showed advanced fibrosis and the gastric
meoss was wleerated. Necrotizing endocapditis wag aebsent. Histologieally,
typlonl features of chromic intewstitial nephritis were obsexved. Plage
matle vaseulogis affected many intyasrepal artewies and plasmatic deposite
oneluded lavge punbers of glomeruli. The majority of the damaged glomeruli

appeared as amorphous masses of psewdoscollagen material,

Tt e appervent from these typleal case yeports that the clinieal
features of both dogs weve very similar while in the hospital, Routine

exaninetdons/
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exdninations did not reveal significant differendes between dogs vhich
proved o have severe vascular changes and those with normal blood
veasals, However, 1f the owner's observations were weliable, it would
peem that tha course of the diseage was much shovter in the dog which

did not show vascular damnge.

In the gexies of dogs with ehroniec nephritis, a swall propertion
were found in which the wsual plasmatic form of glomerular demage was
absent oy affected only a very few glomeruli. Instead, large numbers
of glomeruli showad gross distension of the capgule and collapse and
atrophy of the tuft, (Fige. 34 and. 35). The small arterics and ape
terioles in these cases were usualiy normal, ov shoved very mild vas-
culosis, As shown in the preceding investigation, the blood wurea may
be emtremaly high in sueh doge, This variation on the typical.syndrome
may repragent a wore fulminating form of nephbritis, in which rapidly
progeessive flbrosis occludes many tubules, vesulving in distension of
Bowman's capsules and collapse of the tufts and terminating in acute

tvaeimda.

Further evidence for this hypothesis devives from the study of
chronic nepbritis Iin dogs one year old op ybbnger. These were case
nos, 19961, 16573, 10447, 23571 and 27108, The ages of 16575 and 10447
were 6 months and 5 months gespectively and the otheis were approximately
one year old, In these dogs, the disease progressed to the terminal
phase within a fow months and the renal histopathology is of considerable

interest,/



fnterest, XIn evary case, with the exception of L9961, large mumbers
of plomeruyli shoved distension of the capsule and collapse of the tuft,
while plasmatic c¢hamges were minimal or absent, The arteries were

normal in all exeept 23571, which showed very wmild vaseulosis,

in conclusion, the combined evidance of the clinical and pathe
ological studies and the coryelation of vasculosis with blood urea
levals indicates that the renal histopathology nay veflect diffevences
in the rate of progression of the disease and that the less typilcal
glomexular changes desceibed above ogour witch very vapidly developing
venal Slbvasis. The chavactevistic plaswatile vascular changes found

o mast cases may be a feature of more protracied chyronde nephyitis.



Piscussion, The Signilficance of Vaseylar Damage in Dops with

Interstdvial Nephxltis,

ij i#www 1 SIS e B R ol {Sp ket S e R Tk BB Yer e U A0 WA M) kA A RAALRA ST i Ak Fl R EOGE Y M REE

f!{tii:e@:*aﬁ:ti: 1al Nephwlt ig,

The supvey of blood vessels In deps suffering from severe interw
gtitial nephritls has shown that vascular damape 1s extremely common
fn such andmals, paviieulexly dn ohgonle vephrivie, The conslderable
ineidence of plasmatic vaseulosls found iu acute nephritis i of special
interest, as thowe appoears to have been no previous vefevence o awvterial

lesions a% this stage of the dizease,

Morphologically, the wvasculor changes were found to be the same
ap those encovwntered in hyperiension in the lwman., It was cleaxly ese
tablished that the lesions do not cccur as a normal age change (in owvpans
othex than the spleen) and that there is no sex predisposition., In
view of these findings, it i probable chat placmatic vaseulogis in
nephritic dopgs ds caused by hypertension and that the wellsknown rew-
latiouship in the human between wenal disease, hypevtension and arterial

damape also occuves in the dog,

Farther evidence for the bhypeviensive origin of plasmatie vasculosis
dexives from the resulis of experimental studies covried out in Jdogs.
In the classical experiments of Goldblatt (1934), hypertension was pro-
duced by partial ocelusion of the wvenal arteries by means of silver
elanps, In the dog, constriction of one renal artery wag followed by
a moderate or alight rise in blood prassure, which tendad to weturn o
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rhe control level within a fow weeks, HModerate eonstuiletion of both
venal arteries Jed to persistant hyperiension wilthous weunal dysfunction
and this was considered teo vesewble the hyportension of bendgn nephros
gselewosis in the human, SHevere congtriciion of both renal arvteries

(o unilaceral constwletion and gontralateral nephrectomy) produced a
vexy proeat inevease in blood pressuvn agnd renal fallure. Thic condition
was thought to vesomble malignant nephgosclerosis in man, Vascular
damape was found in the hypertensive dogs in organs other than the
kidueys, which were pyotected by the arterdal clawps from the increased
pressure (Goldblatt, 1938). Hyalinosis was found in dogs with moderate
hypertension, while £ibrinoid necyosis oecurred in severely hypertonsive
animoala. Goldblatt concluded that renal falluve was necegsary in addition
to hypertension to produce fibyimedd necerosis. Perhaps the wost gige
nlficant obgsewvation in this work was that o vascular lesions developed
in the protected kidneys, indicating the hyperiensive ovigin of értetial

damage in other organs,

The resulis of these experiments have stimulated a vast amount of
regearch, which continues to the present time, divected towairds elucld-
ating the mechanism of nephrogenie hiypevtension in animals rendeyad
hypertensive by Goldblatt techniques. It &s not within the scope of the

present studies to discuss the evidence on this subject.

One further sories of experimenip which is8 of direet relevance to
the comsidaration of vascular changes in nephritic dopge was carricd ong

by/



by Muirhead, Vanatta & Crollman (1949), Muivhead, Torner & Grollman
(195104 18511), Mulrbead & Grollwan (1951) and Muivhoad, Builzman, Jones,
Teseh, Burns & Fogelman (19533, Doge in which hypertension was prow
duced ag a vresulié of bilateral vephrectomy, woere maintained by dialysis.
Vaseulaw damage, described as "necrotizing arteriolivis' was conmonly
obzerved in the heart and alimentary tract and less fredquently in many
othey sites in dops kephk alive for 3 » 19,5 days (Mulrbead et al, 1949).
The lesions were considered to be fdentical to those occurring in buman
malignant hypertension. In dops kept alive for prolonged periods (up
to 70 days} vesoular lesions weyre more often of a hyaline itype, though
aenge neerosis wag alao found in these animals (Muirhead et al, 1951A)
Apadin, the changes were likened to those of huean malipnant hyporcension.
In o succecding publication (1951B), the histochemical properties of the.
vasculay lesions weve described, I was coneluded that the changes
resulted from necprosis of the smooth musele of the media and that the
appagrance wag identical to that of human hypertensive lesions. These
ohaarvations ware reinforced by Montgomery and Muivhead (18253} who
compaved necrotie arterioles in the kidneys of hypertensive humanc with
aveenrioles in the bowel of dogs with esperimepntal hypettension. o
differences were detected in the mowphology or staining propawvties of
the leslons, Mulrhead and Grollmon (1951) deseribed pegrotic arteries
and arterioles in the owvgans of a patient vhe died of acute renal ine
sufficiency, Again, the lesions weve found to be the same as those in

billaterally nephrectomised dogs.




Tn concluslon, it is clesr that the vaseular
dops with dnteratitcial nephritis closely wepemblie

with hypertension in the human and those produced

porimantal hypertension in the dog: Thizs zives a

that vaseulosils in nephritle dogs 15 likely to be

changes observed in
hmﬂmﬂa%mﬁa%ﬂ

as a result of ex.-

clear indicatieon

eaused by hypertension.
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DLASMATIC _VASCULOSIS IN THE _SPLUEN.

Introdugtion,

Plasmatic vaseulosis frequently affects the small arteries and
avterioles of the spleen, both in the human and the dog. This lesion
has been well knownr for pome time and has generally been termed "hyaline
arterioclosulorosis” or "arterionlar hyalinceis." The literxature conw
cerning human splenic vascular chanpes has been veviewed recently by

Dustin (1962),

The vesgels of the splenie follicles develop plasmatic vaseulosis
wore often than any other blood vessels in the body and may be affected
in both nognetensive and hypertensive individuals of almoot any age.
However, in the human it {5 known that the incidenca and severity of
the logion imcraace with apge and become especially proncvnced in agce
oclatilon with hypertension. This velaotionship has beon clearly deme
onstrated by Smith (1956), who studled the blood vesgals in the spleen,
pancreas and othar viscera fxom 678 consecutive avtopsics. e found
that the spleen showed hysline arterioloscleresis of mild degree in
31% of nopmotensive potients under the apge of 20. The ineidence and
paverity increased sharply with cach succceding decade, with 85% of all
cases over the age of 40 affected. The correaponding percentages for
the panexcas were 74 and 04.5% respectively., Other organs becane
affected later dn Wfe and to a lesser degree. In patients with benign
egsential hypertemsion, the incidence and severity of the vascular
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lesions were ineveassed at all ages, 1IN 48 also of interest that Smith
found the distribution of artericloscleresis to be undfowm in each
spleen by examination of sections from saveral blocks of tisgue in each

Ccaga,

Similar obsewvations wews reported by MeKinney (1962), who compaved
the apterioles of the trabeculse, follicules and pulp of apleens from
human patients, Spleend were exanined fyom normotensive and hypertensive
patiento in different ape groups. The vessels of the follicles were
afifected wore frequently than othew arterioles, The incidence and
severity of arteriolor lesions wore found to incyease with age and with
hypertension and the differonce between hypertensive and normotenaive

subjoets was most marked in the 11 » 30 year age group.

There bhave been few studies of the splenic vessels of the dog.
Rrawse (1923) enamived the spleens of 78 old dogs and found hyalinosis
of the intima of swall avteries repularly in dogs sbove 5 veavs &f ape.
Not all of the arcevies wewe affectad and the ellipioidal vwessels weore
nover dnvolved. In severe cases, the media of hyalinized arceries were
also infilerated, Platt (1952), in desepibing cardiovascular changesn
in nephritic dope, reforred briefly to §ibrinoid neewesis of the splenic
arteriolos, vhich ke dismissed as a nermal change associated with age.
Dabme (1937) found bhyalindzaiion of the splenic vessels in dogs with
chronie nepbritis and in older normal dops. Oka (1963) studied the
vessels of the splemie Follicice in 171 dopge, aged between 80 days end
18/
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18 years, He found "hyaline degeneration” of these vessalsg in 31.5%
of the doge. The incidence and deverity was ¢learly related to age,
with 7% of the dogs under one year old affected, inereasing to 100%
at elght yeors of age. A hiph incidenve was found in assoeciation with
certain disecase conditions, dncluding carcinoma, diabetis mellitus,
pyometra, Yenal diseases ond divofilaviasis, However, no direct res
lationship wap established between the arteriolar lesions and these
diseases sinee the in§idanca of the latter increased with ape, There

wog no sigolficant sexn differcnce in frequency of the lasion,

The pathogenesis of vasculear chonges in the spleen 1s uncertain.
It has been suggested by Mordts and 0ldt (1937) that hyalinization io
an aging phenomenon found most fvequently in the abdominal organs supplied
by relatively laepe chort branches of the aorta and that small hlood
vesaels In these oggans might be exposed to a particularly forceful
pressure. The more pronounced changes which oceur in association with
hypertension were considered by Smith (1956) to wesult solely from the
increased blood pressure. He found that hypertensive patients vhe died
as a divect result of hypertenaion showad more severe arteviolar changes
in the spleen than thege who died of unrelated causes. The latter
patients wexe considered to be im earlier phases of hypertension, sugge
esting that raised blood pressure preceded the aggravation of the vase

cular lesions.

No relationship has been demonstrated in the dog between plasmotic

vaseulosis/




vasenlpsils in the spleen and venal disease or blood pressupe. Beecause
off their poarideular susceptibility, the splenic arterioles form a wseful
indigator in the study of the wvasculoy efifects of venal discase and
bypertension, o establieh whether venal disease influences the free
quency and degree of plasmatic vasculosis in the spleen of the dog, a
comparative histopathological study of spleens from nephritie ond none

nephritic andmals was underiaken.

Materdals and Mathods.

All available blocks of spleen from dogs dying of severe interw
stitial nephritis were examined and prouped according to age, The control
serles comprined 80 dogs vhich died of nonwrenal conditions and in which
the kidneys werse noxrmal on macroscople and microscople examination,

These animale ware selected to form four groups of 20 aceording to age.
The age groups weres

1) O « 2 years.

2} 3 » 6 ypars,

3) 7 « 10 yearvs,

4) 11 years and over,

Sections from cach spleen were stained with haematoxylin and eosin
and by the piero-Mallory method, The results of the gurvey were based on
the findings on Mallory-stained sections, which demonstrate vascular

changes with greater clapity.




Plasmatle vasculosls was graded agconding o the puwber of follim
cular vessele affected and the geveylty of the lesion. The grades weve

defined as follows:

Geade 0 Mo vascular abmormalities.

grade 4+ Small focal sube-endothelial fibrinous deposits affecting
iess than half of the arterioles,

Grade 4 Small or woderately lavge deposits present in approximately
half of the arterfoles,

Grade At Hovere vasenlosls, often with total or almost total
ageclusion of the lumen, affecting the majority of the follicular artericles,

Examples of Grade &, ¥ gnd +tt lesions ave shown in flgs. 37,38 & 39,

Rﬂg “13& .
The comparvative study of arterioles in the spleens of nephvitic

and non~nephritic doge gave a number of interesting and significant results,

The following table shows the total inecidence of vasculosis Obe
served in cach series of dogs. A covsiderably preater frequency was

found in the spleens of dogs with nephyitis.

TABLE I./
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TABLE T.

Incidenee of Plaswmatic Vesculosie in the

Splecng of Nephritle and Non~Nepheltic Bogs.

Status No.examd, No.positive % posltive
Nephritic 7L 54 16
Hon~Nephritic 60 33 43,3

The second table gummarizes the incidence of vacculoeils in the two
series in zelation to age. This invertipation confirmed the known tendency
for arteriolar damage to occur in the spleens of older dops. However,
the lesion sppeared at an earlier age im the nephritle grovp. Vasculosioe
was not found in the spleans of doge under three years of age in the
contrel serdes, whilae 20% of the youngest dogas with nephritis were affected.
The assoclatlon of nephritis with increased frequency of vasculosis was
reflected at all ages, though this difference was most promouwnced in the
3 » 6 yr. groups, vhere an increase of 60% over the expeeted iveidence

wag obgerved in the nephritde doge.
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TABLT TX.

R X

Incidence of Plaomatic Vageuloads in the Spleens of

Nephrdtle and Non-Nephritic Dogs in Relation to Are.

Age % Tepheitic % NonwNeplndetic
Dops affagted Dogs affecied
< 2 yre. 23:5 o 6
3« 6 yre, 05 ‘20
M~;N~.16 ;r%. | o ;;: S “35 )
= 10 y;;; ‘ 1&3- - 80

The thizd table outlines the severity of plasmatic wvasculosis
observed in the splenie avterioles. At all apes, the degree of damage
tended to dnerease in the prosence of nephritis. Grade 44+ legilons
were never fownd in control dogs, while a proportion of the nephritic

animale showed changes of this soverity in all but the younpgest group,

TABLE 1E¥, /
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TABLE T1I.

Comparison of the Dapree of Plasmatic Vaseulosis in the Spleens
of Nepbritie and NonwNephriltic Doss in Differont Ass Groups,

Age Status No.examd, Grade 0 Grade 4 Grade 4+ Grade b
£ 2 yra, Nephritic 17 13 4 ” "
Non-Nephritic 20 20 " - -
K Nephritic 20 3 10 5 2
NonwNephritic a0 16 & - -
710 yvo, Wephritile 20 1 8 & 5
NoneNepbritile 20 O 8 3 “
> 10 yyvs, Nepheitic 13 " 3 8 3
Noan-Nephyrivic 20 2 i3 5 -

The weeulis of this compavative survey ave suifiiclently clear to
vefquive no statistical analysie. The study has ve~cuphasised the pars
ticular susceptibllity of the svterioles of the spleen and a divect
relationship between age and the frequency of vasculosls was apparent
in both sevies of dogs. It ip obvious that nephriltis signlflecantly
affects the dncidence, age of appearance and sevepity of plasmatic vage

eulosis In the spleen of the dog.

This survey fovrms a useful demonstyation of the wvasculor cffecte of

ranal disease in the dog and provides further indivect ovidence fon the

development of hypertension in asgociagion with nephritip im this species,




DAMAGE TN SUR-ACUTE AND INTERSTITIAL NEPHRITIS,
ESTIMACION OF LU PRUPURSION UF GLUMERDEL SHUWENG SLASMATIC

ONIC INTERSTITIAL NEPHRITIS,

In pubwacute and chronic interstitial nephwitis, plasmatic dew
posits within the capillary loops of the glomeruli form a prominent
feature of the renal histopathology, As deseribed previously, the
lesion appears firat ag a single globule of fibrin within the tufk.
Gradually nore fibrinous material accumulates, occluding the capillaries
and showing mixed red and blue peaction with Mallory staining, Finally,
the entive glomerulus iz converted Lo on amorphous maps of pseudoe

collagenous wmaterial,

In the present study, an abtempt was made to estimate the proportion
of glomeruli showing this fiornm of damage in nephritic kidneys and to
determine the relationship betwesn glemerular lesions and the level of
uracmia. The seveprity and signifilcance of glomerular changes in inters

opitial nephritis are unknowi.

Method.,

Sections of kidney were studied from all cagea of subeacute and
chronic nephritis from which blood uwrea levels had been wecorded. The
total number of glomerull in one Lidney section were counted, The
numbers of glemeruli showing each of three grades of damage were then

counted, The three grades were defined as follows:

Grade ! lIsolated globular deposilts of fibrinous material within
tha/




the glomerular tuft,

Grade ++: Several conjolsmed plasmatic deposits, showing mized

red and blue reaction with Mallory staining.

Grade 4t Conversion of the entire glomerulus to an amorphous

pseudowcollagenous mass,

Bxomples of Grade 4, 4+ and <+ glomeruld are ghown in £ips. 28,
29 & 30.

The percentage of glomerull damaged in each kidney was caleulated
and the percentage showlng grade - damage. The pesulis were correw

lated with the lavels of blood urea.

B eﬁglif.s "
The detailed results of this investigatlon are shown in the table

aoverleaf,

In sub-acute nephritis, the numbers of damaged glomerull wvaried
considerably in the individual cases, with no zelationship to the level
of blood urea. (The table doss not include cases 6104, 12732, 10622,
11679, 12424, 15553 and 21830, ao they did not shov plasmatic glome

erular changes.)

The findings in cases of ehyonle nephritis ave gummarimed below.

In the majority of cases, batween 20% and 50% of the glomeruld were

affocted/




affected and most of these showed prade +H+ lesions, There was to

raiétionahip with the level of uracmia.

Broportion of Glomeruli Showing Plasmatic

Lesions in Does wi

Barcentage of No. of Dogs
Glomeruli Damapad Affectad,
< 10 12
11-20 K
2130 13

3LebQu ' 12

4150 ' 9

5160 5
> 60 3

A small nuaber of the cheople capes showed very litile glomerular
damage 8f the plasmatic type. In cases in which 10% or leas of the
glomeruli werd affected, a different pathological change was éencounteyred,
In these kidueys, the Bowman's capsules of lavge numbers of glomeruli
were grogsly distended, while the tuft was collapsed and atrophic, as
in Figs. 34, and 35. . “he intraerenal arteriesn and avterioles were
either novmal or showed plasmatic vasculosis of very mild degvee, As
digeusced earlier, elinical evidence sugpeste that these changes ocemr
in vexy rapidly progressive chronie nephritis., The brief couvse of
the dicease may not pemnit the development of hypertension and the typleal

plasmaile vascular changes.




itimation of the Depree of Plasmatic Damage. to Glomeruld in Does

with Interstitial Nepbritis, Related to the Level of Uraemia,

(inoe Total No. Total No. % Damaged Na.Grade +
of Glemeruli Showing o ' T
in one seation ElaSmat;ic Damage

S‘qb-.-Acu_t;e Nephyitis,

14455 254 55 21.7 33
16564 218 24 11.0 0
11373 285 14 4.9

23422 276 1 0.4 1
21795 116 52 44,1 10
22662 186 82 bée, 1 21
17750 230 86 37.4 4
21506 135 15 8.1 6

Chronic Nephritis.

16313 94 41 : 43.6 2
5712 70 22 31.4 0
13418 120 50 41.7 10
4bbh 20 31 3.4 6
12114 140 31 22.1 0
7089 164 49 29.9 10
1466 130 o4 49,2 3
15425 160 12 7.5 0
13040 40 17 42.5 0
25270/2 94 25 26.6 9
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No.Grade 4+ No.Grade -+ % Grado -t Blopd Urea
{mg/ 100 ml)

20 2 0.8 71

7 17 0.8 78

8 5 1.8 117

v 0 0 122

18 24 20,3 300
R3] 22 11.8 440
32 50 21.7 450

3 1 0.5 930

5 34 36.2 20

8 14 20,0 21

14 26 21.7 25

6 19 21,1 50

2 29 20,7 63.5

19 20 12.2 79

11 50 38.5 920

0 17 42,5 93

0 12 7.3 99

3 13 13.8 104




14101
6152
25529
7122
13835
14314
2717
7091
496
13028
11277
9157
17129
21800
11170
17756
3186
20566
1543
26626
19196
16847
12507

Total No.
of Glomeruli
in one section

72
125

160
120

110

Y

To;ai.ﬁa.
Showing
?laﬂmatigfnamagg

30

3
20
10
57
38

7

A
86
53
70
29
52
37

&
59
82

% Damaged

41.7
4,0
2%
11,4
34,8
58,5
23,3
bt
57.3
29.4
58.3
36.3
47,2
71.2
6.7
62.1
46 .6
10,0
33.3
30,0
36.3
35.0
28.0

3
Q
0
1
7
1
o
0

[
o

S N = oy PO

27

bt §

Foed
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No.Crade HonGrade it %, Grade b .T;:-..,m}- "‘é;“a‘:i‘m%ﬁ%)

7 20 27.8 105

2 3 2.4 106

2 24 24,0 106

2 7 8.0 107
19 31 18,9 120

5 32 - 48,2 120

O 7 23.3 120

Q ) Gy 120
a7 38 25.3 135
34 19 13.6 140
17 49 0.8 166,06

5 18 22:5 173.3

5 43 39.1 176
11 24 46,2 196

) 7 23.3 200
11 21 22,1 216
17 58 33.0 218

0 11 10,0 225

4 15 25.0 227

0 51 3.9 240

1 13 26,0 240

6 36 30,0 270

0 26 26.0 >200




Case. kel lo, forarto.  RDmemed  NooGrades
in one seetion Plapmatie Oamape

23673 210 54 25,7 2
22249 140 53 37.8 1
13153 95 51 53,7 0
13161 40 16 40,0 1
12806 54 23 42.6 0
16636 120 4 3.3 0
4518 150 11 7.3 ]
17327 130 29 22.3 3
17422 110 47 42,7 0
10835 105 11 10,5 0
17623 110 44 40,0 3
20132 110 o B.2 0
10567 - 210 3 16.2 o
19256 150 56 36 0
20192 58 42 72,2 0
23571 104 27 26,0 2
10447 105 5 4.8 0
19397 ‘ 170 103 60.6 o
27107 210 76 36,2 o
24519 230 3 1.3 0
19961 145 A 2.8 o
21540 158 10 6.3 0
25438 20 20 22,2 1
21660 45 6 13.3 0




No»Grade &b No.Grade +ht % Grade ALk Blood Yzea,
' (mef 100 ml)

6 46 21,9 300:.
9 43 30.7 340
6 45 474 >300
5 10 25.0 »300
6 17 31.5 »300
0 4 3.3 &G0
2 4 2.7 400
2 24 18.5 400

16 313 28,9 430
i 10 9.5 G40
8 33 30.0 430
0 9 &.2 450

12 22 10,5 450
5 49 32.6 450

1% 23 39,7 4350
2 23 2242 00
0 5 4.8 520
9 0l 55,3 $40
4 72 34,3 540
1 2 0.9 590
0 & 2.8 700
5 3 3.2 710
1 13 20.0 740
i 5 i1.1 779
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The variable and generally low percentage of glomewuld damaged
in sub»acute nephritis might be expected, as the lesion first appeavs

in this phase of nephritis.

In chronic nephriéis, 20 » 50% of the glomerulld were (damaged in
most cased. The lack of correlation with blood urea levels may be due
to the varlable factors inherent in this study. Oaly one kidoey section
wap examined from cach case, which might not give accurate represenis
ation of the venal pathology. The urea levels wore estimated ab warying

periods before death.

The omall mumber of cages in which little evidence of plasmatic
leplons was Zound vere of intereast. Glomsrull with greatly distended
capsulas and atrophic tufts seem likely to be non-functilonal. Arterial
changes were miniwal oy dhsent in these kidneys, suggesting that hyperw
tension was not an important factor. GClinlcal evidence presented
earlier indicates that renal fibrosiec progresses with wnusual rapldity

in such cases.

In the human, plasmatic deposits are found inm the glomerular
capiliaries in hypertension (Lendiuwm, 19263). The morphologleal and
histochemical features of the leslons observed in interstitial neph-
ritis closely resewble tha human glomerular changes snd suggest that

bypertension might play a signiflcant part in the pathogenesis of the

later phases of the disease,




UG _BEDEQTS OF, GLOMERULAR DAUAGE OF THE PRASMALIC
LYRE, ON ZHE REIATED PRORIMAT TUBULES,

Bogimption of the nunbeps of glomerull showing plasmatic damage
in subegeute and chvonic interstitial nephritis indicated that 20 »
50% of the glomeruli ave froquently affegted., Lesiong yange from single
globular deposits of fibrinous material within the capillary tuft to
complete converpion of the glomevulus to an amodphous nass with a pseudow
collagenous appoarance. As such lesions may be caused by hypertension,
it 15 dmportant to assess the effeet of glomerular damage on, the
renatiider of the nephron, This knovledge would give some indication
of the iwportance of hypertension in the pathogenesis of propressive

£ibroais and venal failure.

Serial sectiong weve studied from six cages of chronic nephyitis,
These were nos. 3186, 1466, 7478, 15425, 17756 and 19258, selected
because glomeruler damage of the plasmatic type was a prominent feature

of the remal histopathology.

very £ifth section was taken from each block of kidney tissue
and a total of approximately 20 seotions were examinad from each case.

Staining was by the picro-Mallory wethod,

Reeulis, /
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Repulis.
Tt wos possible to study the proximal tubule arising from many

glomexuli and the blood vessels related to a few glomexuli in each

keldney.

ited, Provimal Tubules.

Prowimal cubules arisling #from glomerull showing Grade 4 lesions
ware always novmal, Az might be expected, small lsolated deposits of

fibpdn 1n the eapillary tuft had no detectable effect on the tubule.

the effecks of Grade 4+ glomerulary damage appeaved to be variable.
In most instancos, the related tubule was novmal but sometimas the eple
thalial eells shoved degenerative chanpe. This was probably sig-

nificant as the cells liniug adjscent tubules wore normal (Fig.40).

Dospite examining several sections thyough large numbers of

grade ok glomeruli, it proved impossible to trace the related pros
zimal tubules. Very often the glomerulus was ombedded in an avea of
advimead fibrosis in which compressed remnants of tubules wore present
(Fip.30). Howaver, sometimes the Grade 44 glomerulus was surrounded
by noxmal proximal tubules (Fig.41) though no comnectlon could be found
wiith the tubules. Thege regsulis suggested that damage of this depres
to the capillary tufe nay lead te degeveration and fibrovs tissue vee

plocement of the velated tubule, probably as a vesult of ischaemia.

Legions in Afforent Arterioles and Glomeruli.

Thia/
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This study showed that there is wo constant relationship hetween
£ibpinous vasculosis in afferent arterioles and lesiops in the related
glomeyuli, Wormal glomewuli were seen #0 be supplisd by arterioles
showing severe vasculosis (Fig. 42) and in orher instances, both the
glomerulue and the arterlole were affected (Figs. 43, 44 & 45). Again,

damaged glomeruli were oceasionally observed with normal arterioles,

nisgussiag.

Exapination of serial gections fron slx cases of chronic pephritis
bas chown that the more advanced glomerular lesions may be associated
with degenervation and disappearance of the related tubules. Lecions of

lesser severity are wnlikely to affect the tubule significantly,

I£€ hypertension 1o indeed the cause of plasmatic damage in intors
ptitial wepheitis, then it would seem to play a congiderable part in
the desteuction of nephwons and the progreseive development of renal
fibrosis, Iin wmany instances, severe damage to an isolated glomerulus
might have little effect on the tubule bacavse of the collategal hlood
supply. However, when large nuwibers of glomeruli arve dostroyed, as
has been shown to happen in mony cases of chrenic nephritis, the coll~

ateral cirveulation may become inadequate,

Miller and Apfelbach {1927) produced infavetion of the glomerxuli
in doge by idnjecting fine pavticile charcoal into the venal arteries.’

Thigs resulbed in extensive fibrosgis of the kidneys. Hypertension was

not/
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not vecorded as the anthors used an indirect method of measuring blood
pressure which gave very variable readings, This evidence supports

the viaw thaet ocolusion of the coplliary tufts in subeacute aud chrouic
nephwicis may significantly contyibute to the dovelopment of renal
Eibrosis.

The avsonce of a corvelation between vaseulosis in affevent are
tezloles and leglons lo welated glomerull probably indleates that both
structures are very suscepbible to hypertension and may ba damaged

separabely or bogethet.




ARTERINL _SPRROSIS,

An arterial chonge warelated to plasmatic vasoulosis wos found
in saven doga in the sexies of 150 neplwitic animaln. This lesion
has also been wecognized in nonenephritic dogs and dififors from plase

motic vagseulosls in imporvtant respects,

The lenion is chavacterized by a great incresse in thicknogs of
the walls of small arterien, with severe copstriction of the lumina
and hap been desoribed in the small covonary arteries and arterioles
of dogs. Idndsay, Chalkoff and Gilwore (1952) found “hyalive fibrouvs
thickening” in the coyonary arvteries of four old deps, one of which
had aveas off fibrogis in the myogardivm of the left ventricle, Dete
wollew, Hubbon and Pateyson {19603 1961), described pathologlcal
findings in 69 doge vhich showed macroscopic cardiac abnormalitics,
In 54 of these, provs thickening of the walle and narrowlog of the
tumina affected the small coronary svtewies, The wmajor coronary vessels
were alvays noxmal., The sclevotilc Jesion was wsually associlated with

sress of degenerative or neecrotle change in the myocardium,

Fisher and Plrie (1964), in a general ocutline of cardicvasculay
digsease in domestic animals, described selerosis of the intra-myocardial
branches of the coronary artevies, which was sald ©o occur quite fwew-

quently in old dogs. Thickening of the avterial wall wesulted from the

aecumtlation of eosinophilic material in the intima and medizn, with loss

off




of the intornal elastic lamina and disappearance of smooth muscle calls,

The lepion was ascocleted with aveas of f£idbrosis in the myocardium,

In the prasent study, seven nephribic dogs were found ko show
thie form of arterial sclerosis., The lesion cccuyred in all phases
of nephritis, in animals of 5 » 13 years of age, In each case, the
small coxonary arterics and arterioles were affected and in addition
the hepatie avterioles were iuvolved in three dogs sud the arterioles
of the testes in one. These details are shown in the table below.
Plasmatic vacculosis was pregent in the kidneys of all of the affected

doge, with the exception of 13315,

Case No. Age Stage of Affected
gg@hrzgis arteries.
13315 7 Acute Small coronaty
arteries and avterioles
22882 5 Subsacuie Swmall coromary
arterias and arterloles
21795 16 Suybeacute Small covonary
arteries, hepatic
arteries, small
grteyias {n the testes.
13035 " Chronie 6mall coronary
arteries.
8951 11 Chronic Small coronary and
hepatic arteries.
8876 12 Chronic Small coxonary and
hepatiic artevies,
17312 13 Chronie Small coromary arteries,




Mrteries showing this form 0f sclevosls had greatly thickened walls
and navrowed Lumina, as deseribed by previous anthors. Large amounts
of amorphous material ware deposited within the wall and there was a
loss of cellular detail. The elantic lominae disappeared and the vessel
wall was compoged of palesstaining groond substance in which widely
sepavated uucléi persisted. The accumulated intercellular wmaterial was
weakly cosinophilic, PASs«positive and showed negetive reaction with
PORLAH, and weakly positive reactions for collagen, These properties
suggested the presence of mmecopolysaccharide. The histologieal features

of the lesions pave no apparent: clue as to the origin of this material.

losions dn the heart, liver aond testis ave illustrabed in figs.
é‘ﬁ L 49;

This lesion was not found in any of the 125 doge which formed the
non-nephritic control seriles. However, the low incidence in nephritie

dogs does not indicate a sipnificant association with renal digease,




SUMMARY AND DISCUSSION OF SRCTION I

The siudics deseribed in this scoiion were designed o eptahlish
the welatlonship hetweon reunal and vascular discase in the dog and to
astimate the gisnificance of vascular damapge 1n the pathogencsis of

chvonle wvenal €ibrosis.

In the histopathological study of 130 cases of intergtitial nophe
ritis, three phases of the diseage wevre distinguished, Subsacute
nepﬁriﬁia has not been generally recognized, This stoge was characterirzed
by the cavly development of £ibrosic in kidneys which still showed marked
caliular infiliration. Rlasmotic deposits in the glomeruli ware observed
in most of these cases, wherens the glomerull were almosi always normal

in acute nephritis,

Damage to the intra-venal axteries and avterdoles was obsepved in
50% of soute, 55% of subeacuie and 85% of chyonic cases., Thic ip a
higher incidence than has been prewviously zecorded and no refovence could

be found to vascular lesilons in gente inteystitlal nephritls in dops.

Hxtraerenal vascular chonpes were found in the heart, stomach and
tonpue in o few casen. Dalma (1957) deseribed lesions ln ¢he small
coronary avterdes of dogs with chronic nephritis but thete has been no
record of such lesions in the stomach and tongue. Dahme (1957) also
found vascular damaga occasionally in the brain aod Plste (1951) noted
£ibrinold neerosis in the aswmall intestine. Mo vascular lesions were

observed in those sites in the present sexilas.,




The tewm "plaswatic vascnlosis” hms been adopted in the deseription
of the vasculay lesions, as the findings were In accordance with Lendpruw's
{1963) observations on the natuze of vasculay danage In human hypertension
and other conditions. The lesfons in the affected vesgels appeas zs a
gpackrum of changes, showing graded severity with no elear division into
two types which could be classifled separately as hyalinosis and L£ibrinodd
neerosis, Piffevent interpretations of the nsture of vascular lesions
hava been Dased on light and electron microscople gtudien. As there ia
a high incldence In doge with intevstiitlal nephritis, this discase might
provide a useful means of correlating the fine gtructure #nd histochemistey

of vasculonis throughout its developmenk.

Pluosmatic vasculosis in the npphritie dogs was not influenced by
tha age or sen of the dog, now was there any apparent relationship with
the degrae of uraemia, It wap established that the lesions do not ocour
as 4 normal age change in nonenephritic dogs in organz other than the

spleen,

A comparative histological survey of arterioles in the spleens of
nephritic and non-nephritic doge showed that nephpitis io associated with
a highor lncldence, earlier appearance and pgrester severity of plasmatic
vasculoois, %his study formed a wseful demonstration of the vascular

effocts of venal discase iu the dog.

Sotlaation of the proportilon of plowerull showiung plasmatic dangge

indicatod/




indicated that 20 - 50% ave affscted fn wost case’ of chroude nephritis,
Fadluze to £ind any correlation with the level of uvravmia may be atise
ributable to the variable factovs asgociated with this situdy, Exanmlnation
off serlal gections showad that the moot gseveres glomeruler ledions may
casse degeneratlon of the zelated tubule., Thus, If hypervtension de the
cause of glomerular damage, it would appeax to play a signiflcant pavt

1n the developumont of chwonilce rensl £ibrosis.

The omall oumbez of doge with chronic nephritis wikeh showed little
or no plasmatic changes in the arterles sud glomezrull weve of special
interest. An atypleal glomerulayr lesion forwed an outstanding feature
of the pandl histopatholepy da ¢his group. The capsules of large nuxbers
of the glomexuli were grossly distended, while the tufts wore collapsed
and atrophle. Olinical svidence, and the flndings of this lesion in
almost all cagep of one yeaw of age or lese, indicates that the chronie
phase may have progresscd with uwoussal rapidity i suoh dogo., The
absence of plesmatic vasculosis suggestas that hypertension was not a

slgnificant factor in these casas,

brterial sclerosis of a type uarelated to plasmatic vasculosis was
cbserved in ¢he swall coronary avtevies and arterloles iu seven of the
nepheltic dogs. It seems unlikely that nephritis influences the incidence

of this losion,

In eonclusion, plasmatic vasculosis in mephritice dops is essenvially
the game as vascalar changes sssociated wich hypertension in the huwan

anclf




and with eupeyimencal canine hypevtension. The evidence of this iu-
vestigaiion therefore strvongly suggests that hypertension davelops in
wany casee of candne unephritis,oand ig deportant in the pathogenesis of
progresaive venal fibrosis. The study described dn Section IX was

designod to eastablish whethen this is so.




Fig. 1. Necrotliing endocarditis in the left atrium.

Fig. 2. Necrotizing endarteritis affecting the origin of the

pulmonary artery.
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Fig.3. Case Mo. 22329. Acute myocarditis. Shoving an intense poly-
morphonuclear leucocyte reaction and necrosis of myocardial

fibres, H. & E. X 150.

Flg. 4, Case No. 22329. A high-pouer view of an area of acute myo-

carditis. H. & E. X 300.



Fig.8. Case No. 17756. Chronic Interstitial Nephritis. Focal
aub-endotheliai deposit of plasmatic material in an interlobular

artery. Mallory, x 600.

Fig.9. Case No. 17756. Chronic Interstitial Nephritis. Large sub*
endothelial deposits of plasmatic material causing reduction of

the lumen of an interlobular artery. Mallory. xSoo.



Pig.10. Case Mo. 22882. Sub-acute Intermtltial Nephritis. Severe
plasmatic vasculosis in an interlobular artery, with rupture of

the external elastics. H & E. x 300.

m Im
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Fig.11. Case No. 22882. Sub-acute Nephritis. Severe plasmatic
vasculosis affecting the entire circumference of an interlobular

artery. H. & E. % 500.



fig.12. Case Mo. 21688. Acute Interstitial Nephritis. Plasmatic
vasculosis in an afferent arteriole, causing occlusion of the

lumen. Mallory. X 300.

4 &

fig.13. Case No. 21688. Acute Nephritis. Severe focal plasmatic
vasculosis in an interlobular artery, with rupture of the external
elastica and extension of plasmatic material into the adventitial

tissue. Mallory. XxJ~co.
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Fig.14. Case Mo. 21688. Acute Nephritis, focal lesions along an
interlobular artery, with rupture of the external elastica and

dilatation of the vessel at the affected areas. H. & E. x Soo.

fig.13. Case No. 21688. Acute Nephritis. Severe plasmatic vasculosis

in an interlobular artery. Mallory, Xxfso.
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fig.16. Case No. 21688. Acute Nephritis. Severe focal plasmatic
vasculosis in an interlobular artery, showing necrosis of the
vessel wall and extension of plasmatic material into the surrounding

tissue. Mallory. X 300.

Pig.17. A high-power view of the same lesion, x 6'co-



fig.18. Case 18207. Acute Nephritis. Severe plasmatic vasculosis

affecting the entire circumference of an interlobular artery. Mallory.

x 300-

fig. 19. Case 21274. Chronic Nephritis. Severe plasmatic vasculosis
in an interlobular artery, with plasmatic material in the adventitial

tissue and an aoute inflammatory reaction. Mallory, x 5*00-



fig.20. Case Ho. 17756. Chronic Nephritis. Interlobular arteries
showing thickening of the wall due to muscle hypertrophy with

plasmatic deposits and hyperplasia of the adventitial tissue. P.A.S.

X /so.

fig.21. Case No. 17756. Chronic Nephritis. A thickened afferent arteriole,
showing plasmatic vasculosis and hyperplasia of the adventitial

tissue. P.A.S. X 500.



Fig. 22. Case No. 14840. Sub-acute Nephritis. Plasmatic vasculosis in
an interlobular artery, showing positive reaction for fibrin.

P.T.A.H. X 300.

Fig. 23. Case No. 21274. Chronic Nephritis. A focuo of plasmatic vas-
culosis in an arcuate artery, showing mixed red and blue reaction

with picro-Mallory. x 300.



Fig.24. Case Mo. 9157. Chronic Mephritls. A focal sub-endothelial

deposit of fibrinous material in an arcuate artery. Mallory, x 300,

fig.25. Case 19258. Chronic Nephritis. Multiple deposits of
pseudo-collagenous material in the wall of an arcuate artery.

Mallory, x 300.



Pig. 26. Case No. 7478. Chronic Nephritis. A focal accumulation of
pseudo-collagenous material projecting into the lumen in an arcuate

artery. Mallory, x 300.

Fig.27. Case 12806. Chronic Nephritis. Thickening and partial
occlusion of an interlobular artery by pseudo-collagenous material,

showing a negative reaction for fibrin. P.T.A.H. x 500



Fig,28. Grade 4 glomerulus. A single globule of fibrinous material

within a capillary loop. Mallory, x 500.

Fig.29. Grade 44- glomerulus. Several conjoined deposits of plas-

matic material, showing mixed reaction with Mallory staining, x 500.



Pig.30. Grade +++ glomerulus. Complete conversion of the glomerulus

to a mass of pseudo-collagenous material. Mallory, x 500.

Fig.3l. Case No. 22882. Chronic Nephritis. Plasmatic vasculosis

in an intra-myocardial branch of a coronary artery. Mallory, x 500,



Fig.32. Case Mo. 4708. Chronic Nephritis. Severe focal plasmatic

vasculosis in an artery in the sub-mucosa of the stomach. Mallory.
X/So.

Fig.33. Case No. 23003. Acute Nephritis. Large sub-endothelial
deposits of plasmatic material in an artery in the tongue. Mallory.

x 300-
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Fig. 34. Case No. 27108. Chronic Nephritis, shoving distension of the
glomerular capsules and collapse and atrophy of the tuft.

Mallory. X 150.

Fig. 35. Case No. 27108. A high power view of an affected glomerulus.

Mallory. X 300.



X u £7

Fig. 37. Grade + Spleen. Small focal sub-endothelial deposits of
plasmatic material affecting leas than half of the follicular

arteries. x130.



Fig, 38. Grade 4+ Spleen. Moderate and large plasmatic deposits in

approximately half of the follicular arteries. X /so.

Fig.39. Grade 44-f Spleen. Severe vasculosis affecting the majority

of the arteries, some of %diich are occluded, xI1S50.



&

Fig.40. Glomerulus showing grade # damage with the related proximal
tubule. The epithelium shows degenerative change, with separation
from the basement membrane, pyknosis of nuclei and intensified

staining. Adjacent tubules are normal, x 5~00.

%o

Fig.41. Grade 4—+ glomerulus surrounded by normal tubules, ) Soo.



Fig.42. A normal gloneruluo supplied by en arteriole showing

severe vasculosis. X SOo.

as

Fig.43. A grade 44* glomerulus supplied by an arteriole showing

pseudo-collagenous deposits, x Soo.
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Fig.44. Glomerulus showing smoll pseudo-collagenous deposits in

the tuft, supplied by a sclerotic arteriole, «x §S00-

Fig.45. Grade H4-f glomerulus with severe plasmatic vasculosis in

the afferent arteriole, x Soo.



Pig.46. Case No. 17312. Clircmic Daphriuis. Arterial sclerosia in
an intra-myocardlal branch of a coronary artery, shoving amorphous

thickening and loss of smooth muscle cells. P.A.S. x 500.

Fig.47. Case No. 17312. Arterial sclerosis in a branch of a coronary

artery, showing negative reaction for fibrin. P.T.A.H. * goo.
ry g g g
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Pig,48. Case No. 3951. Chronic Nephrttla. ArCerlol cclerosia In

a small branch of the hepatic artery. Mallory, x Soo.

Fig.49. Case No. 21795. Sub-acute Nephritis. Arterial sclerosis in

an artery in the testis. Mallory, x Soo.
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Suevey of Bloond Vegsels in Dogs

with Interstliial Nephwitls,

Details of the breed, age, sen, signiflicant sevological,
blochemical and urologleal featuras and the distribution
of plasmatic vasculosis dn 130 dogs with interstitial

nephricis.



Acute Nephritia.

21260
21206
19920
14593
21256
21688
18207

40086

6337

3387

7562
17703
17521
13315
22329
23003

7020
23689
23045
24554

1
2

<

P SR v SR o

LT o~ N |

KX+

12

M
M

1

M
M
M
M
M

Sub~-Acute Nephritis,

21874

1.
i

M

Braced

Collie %
Cairn
Boxrer
Terriexr =
Mongrel
Terrier =
Setter x
Alsatian
Spaniel
Collie
Spanicl
Coxrgl
Callie
Mongrel
Collle x
Labrador x

Collie

Boxer

Labrador

Poodle

£ S By 4

Titre to

. - ey
L.canicola (mg/100 mi)

>1:30,000
>1130,000

oy

»1130,000
1:30,000

- Ve
>1130,000
>1:30,000
>i:30,060

1:30,000
51230,090
>1130,000

Blood Urea

630
254

3g%
220
750

16
138

184

208

120.
920

415

105

Blood Inorjgenic

{mg/ 100 ml)

10.4
10.4
18,0
27.6

-
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Plasmatic Vanculosis.

Urine Urea  Uzine Proteln Kidney Spleen Hopxi Biemech  Toppue
{g./100 m1) (wg/100 ml) ' |

2.4 80 - 0 - s V]

- - ! o - - 0
- - b + - 0 i}
2.5 200 - - - - M
1,8 550 4 . - - -
» - + 0 - 0 0
- - ! 0 + 0 0
1.5 120 " 0 - 1] -
- " " - - 0 0
- " 4 1] 0 -+ 4]
1.9 300 + 4] ¢ o 0
4.0 1.7gm, =3 0 - 0 0
- - - " “ - 0
- - - - - " -
2.0 30 “* - - - +
5.7 120 - - - - 3
2.2 300 o - * - 4
2.4 300 - L2 g - -
1.7 30 “ + - « -
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Case No. Age Sex Zreed Titre to - blood Urea. -Blood Imorganic
L.canicola (mz/100 ml) phosphate
S {mg/ 100 ml)
215006 12 M Labrador = - 930 "
16064 7 M Boxey - 78 "
17750 11 M St.Poodle - 450 -
14840 i5 M Terrier - " "
11372 9 M Bouderx 1t 300 116,6 -
Toxrrier

6104 7 mts, M Collie = >1:30,000 166 -
22062 8 F Cock. Span. - o 440 | 24
14455 10 F Collie - Ve 71 -
12732 12 F Terriez - 83 g
10622 ) M Spaniel - 185 »
11879 4 F Mongrel 1: 3,000 96.3 -
12424 1 M Alsatian x 1t 300 61 "

5198 4 M . - . .
21795 10 M Algatian 1 | 30 300 --
15553 7 M Shetland C. - 600 "
23422 3 M Texrier 1:10,000 122 5.3
21030 6 M Bower 1: 1,000 680 41,6

Chronic Neghr:i_.t is.

25441 % M - . 40 25,9
21800 4 F W.Highland - ve 196 13,7
21540 15 F Labrador - ve 710 18,2

21460 10 M Collie x -« ye 770 45,4
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Plasmatic Vaseulosis.
Urine Urea Uzrine Protein Ridney Spleen Heart Stomach Tongue
(g.7100 wl)  (mplfi00 wi) ”" B *
1.2 210 4+ 4 - - -
- - 4 o O 0 0
- - o 0 0 0 0
- - + 0 - - 0
" - I 0 0 o O
- - - - o 0 o
- - * 4 o+ - .,.
2.6 G600 + 0 0 0 0
- - 4 A+ - - 0
- “ - 4] - Q O
2.0 100 - R - 0 4]
3,8 20 - 0 O 4] 0
- " - 0 0 0 0
- - 2 % - “ -
- - . 0 - - )
5.6 50 BN ot - - d
- - - V] - . 0
- - + + 4 - -
1.6 800 4 A - - "
- - - + - 0 0
Q7 >10 - b - - -




Qanp No, Aoe Sex - Breed Titre Lo Blood Urea - Blood Inommanic
B ' | L.couleola (mg/100 wi) Dhosphate
’ o (/100 m1)
21274 5 M “ - " -
20626 5 M Buil - - -
Toxrier
20466 - M - 1: 1,000 . ‘
20192 7 M Cairn =z - Ve 450 -
19961 | 1% M Alsation - 700 -
19548 7 M - - - -
19597 7 M Cadrn - 540 13,5
19258 10 F Cairn » 450 -
17756 10 M Mongrel - 216 12
7478 12 M foxer " 135 7.6
au7eé 12 F Spanial - " *
15425 12 M Dalmat:ian - §9 "
3186 9 M Irish |
' Wat.Span. " 218 ~

4514 4omts, M - - - -
4818 ) F Collic x - 400 -
bhhd 5 M Boxer i+ 300 50 -
10447 5 mts, M Algatian - ve 520 -
17422 3 M Alsatian “ 430 -
178623 6 M Boxer - 450 "
16047 6 M Mongrel - 270 "
16984 9 M Spaniel x - 2400 -
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Plagmatle Vascvlosis,

Ugine Usea Urine Protein [Kidaey Sp Z'lean Hoart  Stomach  Joupue
{g./100 nl) (mp/ 100 ml) ' o

- - - o 0 0 0
- - - 0 Q - 0
- - ! o - - G
o - - - O O 0
- - 4 0 0 0 0
- - 7 4 - - -
1.5 120 S 0 0 0 o
1.2 200 ) 0 0 4] 0
20.6 - : 4 - - 0
- - 4 0 - 0 0
2.4 180 & 4 - - -
1.3 120 4 & - - 0
- . o NN " - -
- - A Q 0 - 0
- 210240 A 4] - 0 o
- - ~ -+ 0 0 v
1.25 200 + - - - -
- & 4 + - 0

1.2 100 S 0 4 - 0

1.6 200 o 4] o 0 0




17327
17129
6252
5712
18587
22442
22249
22144
20566
19196
23473
20132
23571
24819
1466
1543
2717
6965
9157
11170
12124
13418

(T U T T S <« B~ S X

10

p )

2SR S SR < - S (L)

LA T +2)

-~

M

M

M

M

H

¥

4

M

H

M
M

Collie
Alsatlan
Spandel
Alsatian
Labradoz
Corgl
Cairn

Lab x Span
Terrier x
Collie
Collie x
Boxer
Collie
Mongrel
Alsatian
Colldie
Boxer
Spaniel
Bull
Lexeior
Texrier x

Spaniel
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Titre fa

Blood ¥rea Blood Inorpanie

T.conleola (amp/i00 mi) phosphate

11 100

1t 1,000

11 3,000

1: 300
LI (c

iy 1,000

1: 100
I+ 300

300
450
3400
590

227
120

173.3
206

63.5

(mg/ 100 ml)

-

16.9
24.6

12.8




Plasmasle Vasculosis.

AT e o RSredaner Bhresaien: 2 ATECTy e T avra ) Hon raya s B ey d Wheyrnntr
nhon Mman - Uidne Beotelsn  Ridecy  Selegn  Hsowk  Stemach  Yonewe
FUG0 i) {wpf 100 wi)

o - o - - o
o - - . )

17 160 o g & - Y]

0

3
*
<2
&

o - v iy W » o
. - s i @ " &

1.5 1460 = o 4] 4]

r A0 o3 g @ 1]
- 300 > . 0

o - s (4] o O

o o © O 2

&% {39 1@@ ";‘!' 'fx" R wr
G

$rak
o
busk
n
o
o2
g
&
o

2.0 110 4 Q w 0 0
8.9 200 &l e » O )




Cuge Fo, Arc Sex Breed Titre to  Blood Urea - Blood Tnovwsanic
L.canicola (mg/i00 ml) phosphate
(ag/ 100 . ml)

13040 10 M Terxier . 95 -
16313 7 M Boxer % - 20 -
Labradox
14910 9 F - . » P
12507 5 M Collie “ 200 45
25270/2 - F Spaniel - 104 Bel
6152 10 M Collie x 13 30 106 "
4708 6 M Tereler x 1t 100 . 28
12806 14 M Mongral 1: 200 >300 -
41 11 F Spaniel x it 100 220 -
11985 7 M Collie 1§ 1,000 “ ”
16636 & M Labrador - Ve 400 -
17312 13 M " - " -
10575 10 M Bull iy 30D - -
Terrlexr
16573 6 mte, ¥ Corgl - . -
16735 5 M Labrador = - ~ .;*
16602 12 Y Pull s 100 228 9.7
terrien
13835 10 ¥ Terrier n e 120 19,8
14101 8 M Terricr xz " 105 27
13158 7 M Labradog - ve =300 -
11277 15 M Terrier 1: 8o 166.6 -
10450 b M Irioh - & s.
Setter

11163 8 M Cocker Sp. - - -



Plogmatie Varmu‘loaim

Urine Urea  Urine Protein RKidoey fpleen Heart Stomach  Tonpue
(g./100 i) (mg/ 10D mly ‘

- - b - " Q 0
- - > o4 -} + 0
" - e ; + 0 g

" - ! G » - -

A - 4 Ao - " -
80 " 0 o O 0

“ 280 P & + 4 x
1,75 10 + 4 0 0 0
1.4 240 o+ 0 0 0 4
1.6 160 e 0 0 0 0
2.0 100 4 0 0 0 0
- - + + - 0 0
2.1 100 + = 0 0 0
- - - 0 0 0
- - + Q " 0 0
- - + 0 0 0 0
- - - Q - Y 0

. - o+ 0 0 0 0

- - - b e L) -
2.1 110 + 0 G G 0
- - " (4 - 0 0

2 & 5 120 & 0 0 0 0
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Quoe No.  Apo Bex Bread Piiva o Blood Urea  Blood Ino¥ganis

L.canicola (me/l00mi). phospliate:
| g/ 150 ml)

1063506 10 I Alpatian - @ e
12804 10 ¥ @ - ; K
13028 10 u Coral - 140 14.2
13535 12 ® - - » -
13161 5 (01 Sollie 1 360 >300 -
13365 9 M > . " w
14334 5 M Algatian - 120 o
8951 11 - " - - -
7409 4 F Min.Poodle - ve 220 »
7200 10 M Catrn - - '.;.
7122 10 F Collla = - 107 -
7089 7 M Alsatian 1: 30 79 b
7091 9 F Spaniel - 120 -
6136 13 ¥ ) - “ "
10485 12 M Collde x -z» - >
10635 9 ¥ Spaniel - ve 440 -
26822 9 M Corgl - o -
25529 5 M Pomeranien 14 30 106 6.0
26626 9 M Alsatian  1: 30 240 10.5
27131 5 ) Reyyy Blue - yve 840 16,7
27107 13 M Tergier - Yo 540 26.2
27108 1% 7 Bull - Ve 380 37.0

Torricr




Plasmatic Yasculosis.
Yrine Urea Urine Frotein Eidoey 8pleea Ieart  Stomach  Tonsue
(g. /100 ml) (mg/ 100 ml) '

* - “ (] 3] ¢] O

- - P + 0 0 0
- - 4+ 0 ¢ Q. Q
- " e Q 0 0 ()
0.9 80 % o o 0 -
- - - + - 0 0
- - * ¢ - 0 0
- " ! 0 - 0 0
1.4 20 - - - 0 O
* . 4 + 0 0 0

- - 4 0 0 - 0
3.8 200 o+ + 0 O 0
1.4 150 o (v} 0 0 0
- »” 4 0 - 0 0
- - 4 0 4] 0 O
L3 100 L2 - - - "
- .. o - " - -
1.6 300 3 - - - -
1.8 100 - - - " -
" - X + " - w
1.6 300 4 + - - o
2.1 300 4 = - - -




APPEIDIX IL.

Burvey of Blooq‘yeasela in lops.

Details of the breed, apge, sex, dlsease status and incidence
of plasmatic vasculosis in a contyrol servies of 125 dogs with normal

kidneys.




APPENDLX II.

Survay of Blood Vessels in Dogs,

Gontrol Beries of 125 Bops wikh Nomal Kidnays.,

Mo, Age Seuw Btegc% Digguos;i.e 5;32:32229

Group 1. 24 Doge < 2 years of age,
24574 10 4. M »-' Inconclusive -
23041 3w, 3 Tabrador x Diotenper -
21343 2 e M Great Dane Distenper -
23196 2w ¥ Algatian x Hepatitis -
23723 2 m. ¥ Collie x» Intussusception -
21225 3 M Mongral Distenmper -
23333 3 m. M Beottie Prewmonia -
24927 3 nm, M Labradox- Distemper .
23897 3 . o Collie Inconclusive -
23212 3 . M Labrador T icterow

haemorrhapglae -
23064 3 w. M Alsatian Broncho-pneunonia o
24520 & m, M Alpsatian Inconcluaive -
23953 & MW M W.High, Ter. Braiu haewmoryhage "
25187 5 m. ¥ Cairn Sod, chlerate

polsoning -
206049 6 . it Poodle Filaroides ooilerd “
22213 7 m. M Bordor Tew. Endogarditis -
23503 7 . M Mongeel Practured spine -
23693 10 m, 9 Afghan hound Tyuphadenitic -
21327 1 yz, M Colide Toxoplaswosils -
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| No. Ape | Besx Iread N Diagtwﬁsig zi;gﬁgg
23986 1% yr. ¥ Irioch Settey Encephalitio ”
23505 % oym, i Dalmatian Pleurisy &
Pericarditis -
23169 2 3 Cairn Qesophageal F.B. -
22834 2 M Greyhound Savaged «
23537 2 M Dobearmaenn Ducdenal ¥.3. "
Grouvp 2, 33 Dogs of 3 - 6 yeaws of age,
25278 3 M Labrador Engephalitis "
23500 3 M Baddiinpton
Tereiew lymphosarconms -
11018 3 M Spanial Spinal Fracture -
22686 3 7 Poadle Meninpowcncephalitis -
17883 3 ¥ . Pooumonia -
21348 3 ¥ Eeoshond Pancreatitls -
22383 3 M Poodle Ghronic enteritis -
19927 3 it Chow Adenowgareinomna -
17260 3 r Calrn Oesophageal ulcovs "
16216 3 ¥ Labrador Sinusicis -
20810 3 M Corgl Tonedllay carcinona -
20143 3 1 Texrier Cystiltio Spleen +
24254 3 M Collie Endocarditis Small corc
ary orter)
24245 3 ¥ Pekinese Thyroid caveinoma -
25756 3 M Alsatian Cirshosis -
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No. Age $exv | ‘Eregd‘- - Diagnoaip g;zziigigs
26412 3 M Yekinage Bnteritis -
24662 b M Alpatian Gastro-enteritcis -
1761) & M Griffon Tuberculosis -
16570 & M Galin Tonsillar cavcinoma -
16277 4 M Boger Meningeal-selerosis -
26090 4 M Dachchund Diaphragmatic

hernia -

22§98 3 M ' - Tongillar carcinoma -

22251 3 ¥ Pekinese Hepatie necrosiso “

18998 5 M Corpi Gastric ¥.5H, ~

20569 5 M Labradox Enteritis -

16844 5 M Alsatian Haemangiowsayooma Spleen +

19992 6 M Alsacian Cellulitio -

22245 6 F - Endogavdosis "

19969 6 r Spaniel Cirrhosis Spleen 4

188961 6 |3 " Cellulitis -

25228 & 7 Gorgd, Pericarditis Spleen + Ridna
one interlobul
agtery <

26113 6 M Labrador Ineonclusive s

26028 6 ) Gollie Lymphosarcoma .

Group 3. _ 40 Dogs of 7 - 10 years of age.

23650 7 v Boxer Cervical dise

protrusion 8pleen +
21132 7 g Boxer Lumbar dise

protrusion
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No.  Age  Sex Breed  Diagnosis - i i

24619 7 M Shetlang | -

callie Tanaillgr carcinoma -
23312 7 ¥ Spanial Marmary careinoma -
28300 7 M Algatian Hoart bloel -
22583 7 M Alsatian Ogteosarcona Spleen
2?206 7 ¥ Shetland | '

Gollie Encephalitis -
19928 7 M W, High, Cystitis - -
23522 7 T Boxer Qotedsarcona Bpleen +
17147 7 F Labyadeay Rectal impaction -
26007 7 M Collie Aortic thrombosis -
24309 8 M Poodle Yostwop death -
23867 g M Dachshund Intestinal 7.5. "
19807 8 ) Dachshund Diabetes wmellitue Spleen +
232306 8 M Alpatian Oral carcinoma -
21527 8 ) Cairn Chronle enterdsils "
21605 8 M - Endocardosis "
20332 8 M - Pieuitary

carcinoma -

20459 8 ¥ Boxer Ovarian caoveinoma -
19602 8 M Caixn Thyrold carcinema -
19741 8 M Spanial Reetal carcinoma -
19840 8 b Mongrel Nasal carcinoma -
16638 8 iy Labrador Bronchial

carcinoma



134

No. Aga Sey » B#ead Diagnqsiﬁ ﬁé:zﬁizizs |
24722 8 M Caidrn Tonsillax carcinoma w
24114 8 ¥ Congl Endocardosis -
22539 9 F Terriew Pyometya -
21533 9 M Gollie Testleular tumour "
22959 9 M Towpier Tongillor carcinoma -
19148 9 M Alsatian Gystitin -
18910 9 ¥ Boxey Vaginal coreinoma -
19382 9 7 Yerviey Ogteosarcoma -
17393 9 r Pevyler Toneillar cevcinoma kidney: one
intor lobular
aricery +
16473 9 ¥ Spaniel Adrenocortical
adenoma -
16541 9 M Spaniel Perianal adenomata -
16752 9 M Spanial Poritonitis -
25704 9 ) Spaniel Dlabetes mellitus -
25239 9 Boxey Pitultary adenoma Bpleen +
24232 9 M Cairn Intestinal F.B. -
25328 10 M Alsatian Osteosarcona Bpleen +
25269 10 M Terriey Tonoillay caroinoma Spleen +
19602 10 M Cairn Endacardosio -
23665 10 ¥ Bull Mastlff Mammary caveinems o
23011 10 M Dachshund Endocardosis Spleen +
20853 10 3 Spaniel Lymphohaemangiona “
20010 10 F Boxew Ostaosaraoma -
16409 10 M Scottie Panareatitis -
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m. Age .‘392{ Braad o ‘niagnps is z:‘zgﬁizzg o
16417 10 M Mongrel Pranchitis »
16881 19 M Tox Terviey Haemanglosarcoma -
26200 10 M Spanlel Lymphogaraoma -
Group 43 19 Dogs aged > 10 yoard,

21806 11 M Ivdgh Setter Myositis Spleen +
15307 11 hicd Spaniel Panareatic carcinoma “
23410 1l M Fovdle interitis Spleen +
16846 11 M Terriey Endocardosis Spleen +
20844 12 M Collia Incong luglve Spleen +

5057 12 M Teyrier Tonsillay carcinoma Spleen +
24,944 12 M Tervior Endoeardosis Spleen +
22931 12 M - Bronchospneumonda -
21544 12 Labyadoy Broncho~pneumonia Spleen +
20109 12 M Spantel Haemanglosareoma "
17025 12 M Labrador Melanoma -
26087 i2 M Labrador Lymphogaycomns Spleen +
22248 13 1 Mongrel, Matmmayy careinoma "
17835 13 M Teryier Haemangiosarcoma -
17074 13 ¥ Torrier Endoeardonis -
20329 14 M o Malanowa Spleen -+
17279 13 M Schmauzes; Hacmangiomna Kidpney: fow

interlobular
grteries +
24302 14 ¥ Shatland
Collic Tonadillay cavcineme -

21690 15 M Tarrder Tubarculosis Spleen +
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BECTION 1%,

A _SIUDY OF THE BLOUGD PRESSURE OF

The vascular changes described in the preceding section closely
rvoesenmble those apsoclated with hypertension in the human and experimontal
canine hypeitansion aud.thareﬁoxa puggest that hypertension may develop
in a large proportion of nephwitic doge. To eseablieh whether such
animale do in fact have obuormally high blood pressure, rvecordings of
arterial pressure were made Srom o service of dogn sulfering from nephritie.
The measurements were coryelated with the gtage and severity of the discase
and wich poot mortem and histological findings when poogible, to dewmonstrate
any relatlonship between blood pressure, phase of nephritis and cavdio
vaseular changes, The series was contsolled by comparison with pressure

recordings f£rom normal dogs and dogs suffering Lrom nonerenal coudicions,

Provious authors have euployed a number of methods in the estimation

of canine blood pressuve and these will be discussed in move detail later,

The use of o sphypmomanometer in dogs was first desgeribed by TFervis
and Hynes (1930), who measured the femoral avtoerwial pressure of apparently
uwornmal animals. The observed vrange of gystolic pressures was 110 « 130
m.ane Hge and the diastolic pregsure was approxinately 80 m.a. Hz., Repeated

obgervations on individual dogs gave gradeally falliung results,

Garotid arterial pressure wag measured in exporimental dops by
Gragp/




Gragg, Heketeln and Fineberg (1937), BExbeviorized carotid loops were
cmployved in thede animals o permit vepeated divect estimation., In
well trained dogs the basal gystolic pressure wasn appronimately 124 and

the diagtolic 85,

Romagooll (1953) compared the use of one direct and two indirect
methods of measuring the femoral artorial pressure of dops, The indirect
mothods gave vaery slightly lower systolie and higher diastolic pressures
than the direect method, The mean pressures obtained wers approximately

155499 (direct) and 1487100 (indiraci).

A study off the blood pressure of trained dogs over & prolonged
period vag wade by Zopp (1949), The prassure of siw adult male dogs was
meagurad indivectly twice daily for 14 nonths, %he systolic pressure

range wag 114 « 180 (mean 148) and che diaetolic range 56 « 105 (mean 83).

Wilhelnj, Walduan and MeSuire (1951) also carvied out measurements
on trained dogs. Ropeated daily indivect estimations weve made from
thirteen dogs. The mean systolic pressure range was 95 « 136 and the
mean diastolic range 43 » 66, The efifect of fasting was situdiad and
found to be associlated with a fall io blood pressure and reduction in

heart rate,

Survays of blood pressure have been carvied out on large numbers
of dops by several authors, In cach geries, a small proportion were
found to have abnormally high pressure., These obpervailons form an

inportant/




important indicaiion that hypertension may oceur in dogs. The earlicst
of the lavge surveys was that of Hamilton, Pund, Slaughter, Simpoon,
Colson, Coluan and Bateman (1940}, vho measured che femoxal pressure of
215 strect dogs by a divect wethod, The dogs were sedated with morphine.
The obgexved gystolic pressure vange was 100 - 275 (mean 1792.3) and the
diageolic vange 30 » 140 (mean 88.6). In five dogs with pressures greater
than 200/100, hyalinizged avterioles were found iun the kidneys and in two

of these aextensive renal f£ibrosils wag present.

Wakerlin {1943) described the uge of indirect and direct methods of
estimating the blood pressuxe of dogs. By the indirect method, the
brachial arterial pressure was measured and the observed systolic vaupe
was 100 « 180 and the diastolic range 60 « 120. By the direct method
employed, only the mean fewmoral pressure could be determined and this
shoved a wange of 90 -~ 150, Wakerlin considered that hypertension prob-
ably doas occur in degs and he encountered one which had a mean femoral

presasure of 150 - 130,

Three doge with "spontancous” hypevtension were studied by Stamler,
Ratz ond Rodbard (19249), Bach of these dogs bhad pressures greater tHan
1857100 and one was known to develop hypercension fyom previcusly normal
lavels, Pontemortem observations wewe reporied on two of the dogs in
vhich arveas of vemal f£ibrosis ond adrvenal cortical hyperplasia were
present, In ilfe these andmals did not show rveduction in renal plasma
flow or glomeralar filtration vate and did not develop any iwpairment

during/




during thiee ysars of observation. In the dopgs, thevefiore, high blood
pressure ocourred in association with renal leslons which wera not savere

enough to cause venal fallure,

An extensive survey of blood pressure was caryied oui by MeCubbin
and Corcoran {1953), who measured directly the femoral arterial presgsure
of 400 gtreet doge, OCare wag taken to ensure that the dops were not
excited or disturbed in any way, as only one recording was made from most
of the animals. Only systollc pressures wmx@-repaxtad and the observed
range wag 99 « 150, with the majority between 111 and 140, Regarding
150 as the upper limlt of normality, nine dogs weve found to ba hyperw
tensive and repeated measuremeni:s wore made on these animals, Heven
had prepsures ranging from 150 - 157 and these fell in subsequent came
inatlons. Two dogs showed pewsistantly high levels of 175 and 205,

The renal plasma clearances of those dogs were low and at autopsy the

kidneys were found to be extensively £ibrosed,

Normal and hypertensive blood pressure levels were defiined by Katz,
Skom and Wakerlin (1957) on the basis of direct recordings from 1,000
grained dogs. The pressure of each dog was measured once or twilee
woekly £or wp to & wontha, Little or mo change in praesoure was found
as the dogs became accustumed to the procedure, Normotension and hypers
tension were defined in terms of mean artewial preéessure, The upper
Limit of normal wap found to be 145 (135 « 155) & 7.5 and the lower
Limit of hypertension 180 (140 « 160) * 7.5. Of the 1,000 dogs exawined,

nine/




- 140

tiine yore found to be hypertensive. On post mortem exaunination, three
of these showad chronie pysloenephwitis, one had a gastrle ulcer apd in
ong adrenal adenomata were present. No abnormalities were apporent in

the four remaining hypertensive dogs.

The hypertensive dogs deseribed in these publications were all
found in the course of surveys of blood preasure on large numbers of
anlmals. The obseyvation of pexsistantly high levels nesociazed with
vonal fibrosis in a small proporiion of the doge was good evidence that
2 relationship might exist between chvoniec nephritis and hﬁpertamsiwn

in the dog, as in the human,

A significant contribution in this field was made by Doeglas (1953),
who neasured indirveetly the pressure of a series of dogs suffering from
a variety of conditions, Estimations of normal gystolic and diastolic
pregsures wore 140 - 150 and 30 « 100 raspectively, The serics included
26 uraemic and nephritic doge (the latter without astated urea levels).
The systolic and diastolic pressures of these dogs wera 125 « 240 and
70 - 180 vespectively (exclusing low pressures on tﬁo moribund dogs).

In most of this group the pressures exceeded 150/100.

In the most recent gtudy of canine blood pressure, Wilson and Clarke
(1964) roported elewated pressmre in apsociation with uraemia, chronile
intervatlicial nephritie and progtatic abpoosseds. However, no attempt was

made to correlate the higher pregssure with these conditions bacause of

the/
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the swmall numbers examined, These authors described an indivect method
and repovted the aystolic pressure of 52 normal adult dogs, The range

of progsure vas 104 ~ 180, (mean 142) and more than 50% of the yeadings
fell between 130 and 150. .In addition, congiderable day~towday wvariation
was obgerved in two dogs whose pressures were measured vepeatedly (120 -
150 and 130 -~ 162 respectively)., The pressure was found te ilncrease

steadily with age in doga from 30 « 240 days old,

The published astimates of normal arbterial pressure ave summarized
in the table overleaf, Although there is consildarable variation in the
results, it is apparent that in genewal the direct wethods give higher
gyagtolic and lower diastolic measuremenis than the indirxeet methods.
The normal syptolic pressure has beewn considered to lie between 100 &
190, the notmal diastoliec pressure botween 50 & 120 and the normal mean
pressura 90 « 150, However, there is no proof that dogs with pressures
at the top of these ranges were normal anlmals as no elinleal or posi-

mortem observations accompany the results.
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Four authors have giudied ppecifiically the blood pressure off dogs
sufforing from nephritie. The first of those was Robin (1948), who used
an indivect method to measure the pressure of dops suffering from varlous
conditions, including many with chronic nepheitis, No dog was found to
have a gystolic pressure greater than 120, even when evidence of left
ventricular hypertrophy was presentt, Robin concluded that nopheitic dogs
do not develop hypertension as none showed rapld heart vate, retinal
haemorrhagas or cexebral symptoms (stated to be evidence of malignani
hypertension in the human). Lefc ventricular hyperirophy was atitvibuted
to unknowa factors assoclated with toxaemia., This work did not include
detalls of the nunbers of nephvitie dops and controls omamined, individual

ohservations of post-movtem and higtological £indings,

Melntyre and Montgomexy (1952) measured indirvectly the blood pressurc
of dogs suiifering from chyonic nephritis, I¢ was found that In establighed
casas the pressures were appromimately 200/160, Meintyre (1954) listed
the blood pressures of 16 doges with chronlc nephritis, The systolic prae
ssure range wan 110-280 and the diastolic ronge 40 « 180. In half of
these animols the pressure exceaded 180/100. No postemorten or histow
logical cuxamivations were carricd out on the dogs, as they survived for

sevepral years after Initial diagnosis.

Sehulze (1958) measured the blood pressure of doge with repnal ddoease
to find wvhather this could be uged as an carly diapuostic test in the
absence of obvious elinical signs. The mean arterlal presgure was determined

by/
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by a dirvect method using a meroury manoneter, Previous examination of
normal dogs had established a normal wean pressure range of 20 - 130 mm.
Hg., Resulis werve veporied from 56 dogs with wenal disease. Those which
appeared clinically normal, with renal disease indicated only by urinary
abnormalities, all had normal blood pressure. High pressure was found
in dogs with uraemia, exceaeding 150 mn, in severest cases., The latter
vere consldered to be definitely hypertensive, Full postemortem examlie
ations were not described and wno histological detalls were recorded,
Howaver, three of the uraemic dogs were examined postemortem and the
presence of chronile nephritis asceitained. As no covrelation was apparvent
between blood pressure and the degree of wraemia and protelnuwia, 1t was
concluded that meagurement of blood pressure was not a useful diagnestic

method for the early detection of venal disease.

The results of McIntyre and Schulze conflict with obsefvations pube
iished by Sporri and Leeman (1961), who described studias in fourteen
dogs suffering from chronic intergtitial nephritis, of which five were
vraemic, They found thai the non-uraemic dogse had norxmal systolic and
diastolic pressures. The uraemle dogs sometimes showed an increase in
dlastolic pressure of 20 wm. above normal remge, while the systolic
pregssures weve shove average but within normal range. The normal range
was not defined, however, a2nd no postemortenm examinations were repoxted.
These authors consideved that Lleft ventricular hypertrophy found in
mogt cases of chvonlce nephritis could not be attributed solely to a

vise/
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vise 1o blood praseure., They suggested that other factors, such as

tncreased stroke wolume caused by avaswia might also play a paet,

One further study of canine blood presbure was published by Pevsaon,

Porsaon and Asheim (1961}, who compaved the pressures of normal dogs

and dops with congenifal venal coztieal hypoplasia., They found no
glgnificant difference between these groups. This observation is, of
coutse, not divectly relevant to the considevation of nepheitic dogs,
pince in the latter a chenge takes place fo the vascularization of a
previously normal kiduney, whereas in covtical hypoplasia the axisting
rennl tlssue does not suffer any superimposed disease process ox dew

privation of blood supply.

The published results clearly show uncertainty as to the imcidence
and plgniflcance of hyperiension in dogs. The wide ranges quoted as
normal pressure lavels axe not suppovied by adetquate clinleal and poste
norien examinotions Lo ensurae the absence of renal disease, Bignificantly,
peveral authors who examined lavge numbers of dogs have Found high
prasaure in assoclation with »enal flbrosie. The four speclflc studies
of blood pressure in nephritic degs have not claxdfied the problewm.

Cnly Melntyre (1954) and Scehulze (1958) provided clinfeal and bilochemical
cgtimation of the phase and severdity of nephritls., The methods of
maasuring bload pressure ewployed by all of these authors were not the
most acaurate and a control level of uormal pressuye wag stated only

by Schulzme. o post-mortem details wete recorded and no histological

exaninations/
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examinations wers carried out, Tor fthese reasons, the development of
hypertonslon in nephritic dogs has unot baen estabilshad conclusively

and any cardioevascular effects are uwlmown.

The present study was wndeytaken to Jdetermine the pussible sipgw
nificance of hypertevsion in sephwitic dogs, by coxpelaition of blood
praspure with elinlenl, bloghemlcal, pogtemovten and histological exame
tnations, A gecond geries off noweal dege and doge ouffering from none

renal gonditions was examined for comparison,

Mothods of Measuring the Blood Pressure of Doaa,

A number of methods have baen used to measure the blood pressure
of dopp and as the method awployed significantly affects the accuracy

of the cotimation, thase will be reviewed in some detall,

Indireet Mathods,

Indirect mathods messure the prassure veguired to collapse an
artery and opstruet the flow of biood. The instrument usad for this
purpose Lo & sphypmomanometer. FEssentially, this consiste of an inw
flatable cuff which £its arovad 2 linhk and ie comnected by zubber tubing
to a mercuny or anerold mouvometer and to a pressure bulb, Deitweiler
(1959) has desexribed the uge of the sphygmomanometeyr in dogs., The cuff
may he applied round the forelimb (radial avtery) or hind Linb {dorsalis
pedis) while the animal lles in lateral rooumbency. ‘The cuff is inflated
until the pulse wave (palpated distal to the euff) ddsappears. The

progooxe may then be determined in one of four woys,
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toing simple palpation, the pyskolic pressure do indicated by
releaging the cuff pressure slowly until the pulse wave can just ba
detecied once more, A reading is taken at this point, An approximate
indlication of diagtolic prassure is glven by watehing the pauge or
arcrry column as the pressuwre is veleased stlll further. A point 48
reached at which mamimum £luctuation of the needle or wercury lavel
occurs, This i due to turbulence In the artery as the lumen re-opens

almopt o vormal diameter and glves a gulde to the digstolic pressure.

b) Auscultation,

The pressures may be measured by auscultating the awtery distal
to the Inflated cuff, A stethoscope i placed over the artery and the
pressure slowly released, Tapping nsounds becone audible as small jets
of bloed are permivted to pass through the artery. When these sounds
fivst appear, the systolie pressure is recovded, As the presgure is
farther reduwced, the zounds alter in intensity, firsi beecoming softer,
then loudey and finally changing to soft and mwffled before disappesaring,
The wuffled gounds Indicate turbulence just before smooith flow is rew
storad 1o the fully opencd vessel., Diastolic presseuve is indicated at
thig point. The auvscultanory method has been applied to dogs by

Walkerlin (1943), Zapp (1949), Wilbelwmji et al (1951) and Romagnoli (1953).

e) Eleckrzonle Pulge Meters.

To detect sounds below the sphygmomanometer cuff with pgreater ease
and accuracy Grawwlildew, Sporri and Wegman (1958) used a sengitive

capacitance/
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gapacitance microphone in conjunction with an antomatio pregsure marker
ayranged to wvacord beth pressure signals and pulee waves. Detweller
{1960) alaoo rveporvted the use of this gppavatus, Campbell, Lawson and
Banfoxrd {1964) tested three electronic pulse meters in dope and cats.
The instrumencs wexe of two types. In the first, pulsavions were de-
tectad by o wierophene trangducer and pressure displayed as deflectiono
on a mater, while in the second type, pulsations were detected by a
photoiransducer astivated by o light bulb. These ingtruments ware
tested ag a means of dotecting and vieually displaying the pulae and

as g method of measuring blood presswee in dogs and ¢ate, The photow
ranoducer type was unsuiltable because the transducer head was ghaped
for use on g human finger., The othey instruments could ba used to measuve
systolic pressure. The rveadings were compaved with simultancous vo-
cordings obiained from an intraearterial canula attached to g Statham
strain=gange transducer, whereby both instruments were found to give
pystolic veadings 10 » 30 mm. bolow true level, Identification of

the end polnt was RLEficult owing to varlatlone in pressure due Lo resw
piration and becauwge weber deflections were reduced in gize as the cuff
was Inflated. Diastolic pressure sotld not be meapured as the polnt
of maxinum retuwrning pulsation was dfmpossible to den&xming with any
accuracy. The inotruments vore uped wost sabisfactorally in anacsthee
tised animals, as muscle tremor and voluntary movements introduced ervor
in measurenents on conseious animals.

d) Zylol Puloe Indicator,
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Wilson & Clavke {1964) descpxibed the application of a spliyguo-
mancmeter and xylol pulse indleator in dogs. The apparatus was desw
igned for uee idn lufants and congisted of a ptandard sphygmomsnoneten
comnectad o o glags caplllavy tube containing nylol to indicate the
presence or absence of a pulse wave in the veseel frop wiiceh the presgsura
was estimated, ¥In this system, two inflatable cuffe wewe applied vound
the forelimb « a proxiwal oscluding enff and a diptal monitoring cuff
commacted to the xylel indilcatoyr. The measurenent was wade in the
usual way, except that the pulse wave was etudled visually by movement
of the xylol beads, As in all indirveck wethods, the diantolic pressure

could not be estimated accurately,

piffioultics arise in the application of indireet methods to dogs
due to difforences in conformatilon. In small dogs, the foreliwmb ie
too pmall fox oven pacdiatricegiped cuffg, In all dogs, the cuff is
not eutizrely suiltable for woe on the hind 1ok, due to the conieal
shape of tha thipgh which causes the cuff to alip down. Special cufin
have beon depigned to overcomn this difficulty, but these have never
come into general use, Allen {(1941) used an adaptor moulded to £it
the thigh from dental gutta percha. The adaptor held the cuff in place
and slipplug was prevented by suspending a weight from a cord attached
to the top of the adaptor. Feryis and Hynes (1931) designed a canvas
girip to it the thigh and hold the cuff in posiltion, Straps passed
around the body supporioed the devise and prevented slipping. Rule
(1944) 4
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{1944) uveod o bandage £ixed to Che end of the cuff to cover and support

it by paseing the bandage around the torso,

Canpball, lowson and Sanford (1961) applicd che cuff arvound the
tail of dogs, to meapure syestolic prassure by means of an electronde
pulse wmeter. The ewyor duc to tremor and voluntary movements was least

at thin site.

The indivect mathods hove several advantages. The easencial appe
aratug 1o siwple and porvable and tha progedure doas not tend to oxcite
the dog greatly and may bo repeated readily any aumbor of times. The
disadvantages are also econsidexable. In general, the measuroments awve
of a subjective nature and thevefore liable to gerious error. In
patticular, the diastolic prespura commot be measured with accuracy by
any indivect wpthod, The pneuwmatie ouff is not well svited for uee in
dogs becsuse of variation in glze and conformation of the hind limb,

The measuremant may vary signlficantly according to. the width of cufg
used, Addibdonal ewrors avise in small broeds with the avagultatory
nethod,  Because of showrtness of the liwb, the chest viece of the stethe-
oscope may have to be slipped umder the adpe of the cufd, Hypersyatolic
sounds may then be audible as blood astrikes the geeluwded ariery, Sounds
pay be heard below the tyue diastolic lavel if the euif beconmes too
tipght 20 a result of introducing the chest plece (Detweiler, 1960).

With elecironic pulse moeters the diastolic presgwee canwot be measured
and the instruments give satisfactory resulis only in moesthetised

animals,
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Direet Mathods.

The diveci methods measure blood pressure by meansg of g needle
or catheter dugerted into an artery and comneched Lo o manometer,
Thyee divect mothods have been used in dogs, of which two ave applicable

only bo euxperimental andmals,

a) Cathatewlzation,

In acute experiments, a common method of measuring blood pressure
ig by cutbing Into an avitepy and inserting a catheter (Ruch and Fulton,
1960)., By thls means, the end pressure dun the vessel ia detiormined,
an opposed to the lateral pressure ilmpinging on the vessel wall, The
lateral proosure is less than the end pressurc by an amouni equivalent
to the Rinetic enerpy of flow, This factor i of little significance
in nozmal avtenies, hut becomea fwportant in discased vessels where
the lumen in reduced, causing the velocity of flow to ilncresse in the
narrvowed portion. Because thae arcery must be sacvificed afier use,

this method has ne general appliication,

A technique fov the pepcutansous catheterizatlon of the femoral
artery has been described by Seldinger (1953) and Odwan (1956), This
method may be used Lo measure blood presgure without cuttiug or destroyw
lng the avtery, though the wsefuluness ¢f the prowedure ig limited in
dogs by a marked tendency to haewmcrrhage when the vatheter is withe

dyavm (Bain, 1965).
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b)  Exbteniowized Garotid Loop.

Anovher experimental progedore has beon uvsed to allow wepeated
divect pressure recovdings. Grepg ok al (1937) measuraed the pressuxe

in dogs by means of exteriorized caroiid arterial loops,

e} Agterial Runctuve.

In the wsual direct method, the blood pressure is determined by
means of g fine needle ingerted into a femoval artery. The needle may
ba attached to o wmercury or sensivive Inductance manometer and theace
to a physiological recorder, Using a mercury manometer, only the mean
blood pregsuve con be deteymined because of the damping effect of the
hoavy mercury colum. The nosé accurate nethod utdlises a senpitive
inductance manometoy from whieh the oueput is fed into an slectronic
grophic recovder. A pernanent record lg obtained giving exact measure~
ments and coryvelablons with pulse rate and presence of sinus avrhyihnia.
& possible disadvantapge apsoclated with thio method is o tendency to
excite the dog to some exgent. However, thie cam he oveycome in tho
majority of anlmals with caveful handling, Direct blood pressure raw-
cordings have heen carried out on dogs by MeCubbin and Qorcoran {1953),

Katz et al (1937) Ramaguoli (1953) and Wokerlin (1943).

The principal advantage of the divect weasurement by femoiral artewlal
puncenra s the great accuracy of the wmathod. The permanent wecord gilves
addgidional valvable information and the procedurs coa be carpled out on
doge of almost any size. The measured preseurs Is the lateral pressure
as iv styikes the vaesgel wall nince the oxlfice of the needle is alanted.
Tor these zeavons, this method was employed in the present stady of hlood

pressure in nepheitic and non-pephritic doga.




Materials & Mothods.

Measurenont of Blood Pregsure.

For the reasons discupsed above, the blood proessure was measured by
divect Zeworal arterial puncture. The appavatus consisted of 22 gauge,
1% dneh lwop uneedles, conneeted by polythene tubing to a sensitive ine
ductance manommaax} from whieh the output was fed into o Sieweng«Gardiren 62
for graphlc recording. (Fige. 51-52). On each opeasion, the wachine was

calibzated againgi o meycury maunometer before use,

Gongiderable care was taken to aveid exelting the doge during the
progadure. The measurements were carprled out in quiet surzoundings and
the dogs were handled gently. With the dog in lateral zecumbency, the
uppermost Linb was ralsed and the femorval artery in the opposite 1imb
palpated in the femoral triengle. At this site, the artery is almost sube
cutanoous In position. 2 mls. of local anaenthetie (xylocaine) were then
injected gubcutancously over the artery. If the animal beecame distressed
at all during the procedure, it did so upon injection of the anaesthetic.
By allowing several minutes to elapse before proceeding furthey, most
dogs hecame completely relaned once more. However, many animals did not

appeay to notice the initiel Injection and remaived relaxed throughout.

After injection of anacsthetic, the fine gauge necdle was first
passed under the skin over the awvtery. By palpating the artery and

retaining/

1 PRlema « Schonander, Swedon.

2 Sicmens Ltd., Brlangen, Cepmany.
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rotaining 1% in suitable positlon, entry was generally effected without

diffleulty.

The pressure waves ware recorded aé a speed of 25 mu./eec. The

mean prepsure was also recorded and the record calibrated in each case.

Upon withdrawing the needle from the artery éfter ragording, a
pressure pack was applied over the vessel for 2 minutes to prevent

haemorvhage.

From the records obtained, the systolie, diastolic and mean pressutes
were measured, In most cagses, the presence of resplratory variation gave
& record composed of repeated series of approximately four pressure waves
of ascending size. The pteaéunea vere neasured from waves in the4midd1e
of these serics. The pulse'rame was also measured from the record and

the presemee or absence of sinus agrhytimia noted.

n judging vhether a dog wos perfectly relazed during the zeconding,
three cwiteria were adopted, Fivetly, the dog must appear to be calm and
show no resction to the femoral puncture procedure. 8Jecondly, the pulse
rate should not exceed 120/min. {Detwailer, 1959). Finally, sinus arrhythnia
should be pregent, 1€ a dog did not show all of these features, it wae
egongidered probable that some degree of exciliement had been present and

the recordings were not included in the survey.

Whenever possible, two oy more recordings were taken from cach dog.

When/
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When only one recording was obtainable, it was included in the series
provided the three criteria wewe fulfilled. BRepeated measurements were
talten from dogs which exhibited evidence of encitement on the firxst

occanion and the later zocordings included if the dog became colm subsequently,

Zhe Dogs in the Series.

The wephrlide dogs in the series wate all aninals which weve trested
at tha Vetewinacy Hospital. SBoms were éreated onge, recoverad and went
homae and one zseyles of pressure recordings were obtainod from such cases.
Othors vere treabed and kept under obsewyvetion for several wonths. These
doge wove oxsminad every fow weeks during the period and pressure recovdings
taken on each occasion. Some dogs were admitted to the hogpital in the
tozminal stages of nephritis, In such cases, one yecording or series of

vecovdings was obtalned hefore death,

In all cases, the blood nressure was correlatad with the elinieal,
blochanical, wrologleal and sevological featuces ofthe dogs. Datalls of
these enaminations héve baen desceibed in fecikion I, In fatal cases, or
in anlwmals in which euthanasla was necessory becaune of hopeless prognosis,

postemortem and histologleal examinatlons were corvied out,

The pon-nephritic dogs in the series included animals which were
treated in the hospltal for conditione other thon renal dioease and a
number of novmal dogse. The absence of rennl dysfunction was ascertained
by bdochemical and urological examinations., fu some Gases, poatenorion

and histological examinations were also carried out,
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Flg. 51. Equipment used in the direct measurement of femoral arterial
pressure of dogs. A 22-gauge Lu.«r needle is attached by
polythene tubing to a sensitive inductance manometer, connected

in turn to the Siemens-Cardirex 6 for graphic recording.
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Fig. 32. 1Illustrating the direct measurement of femoral arterial pressure
In a dog. The dog lies in lateral recumbency and the needle

is inserted into the femoral artery.
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Measurements of blood precsurs were obtained from 22 dogs suffering
from intewotitdal nephritis, These were & geute, 4 subwacute and 14

chronlc eases. The control sorics compriosed 28 nonenephricic dogs.

RESULTS,

Blood presgure of Won~Nephritilc Dona.

The individual measureuents of the femoxal sxtewrial pressure of 28
non=nephyitic coantrol dogs are shownr in Table I overleaf, which also conw

taing detaills of the age, sex, breed and discase status of these animals,

The levels of systolie, diautolic and mean pressure in this group are

gurmarized in the following table,

Femoral Arviepial Pressuve of 25 NonwNepheitic Dops,

Moan pressure

C{mn. Hge)
Range 106164 $4wl28
Mgan 144 81 104
SaDe *15 + 9 £ 13
8.8, 2 2.8 % 1.7 £ 2.5

In the present otudy, the highost lovels observed in the nonwnephritic
dogs ave of particular sigoifiicance in defining the limite of normal erterial

pressvre.
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To determing any relationship between blood pressure and agoe,
the soefificient of correlation, "¢, for systolic pressure and age
was calenlated and found to be x = 4 0.17. This indicates that there
was no tendency for the bloed pressure to alter with age in the present

geries.

Examples of blood pressurs reconds fyom dogs in this serics arve

ghowm dn Fige. 55, 56, 57 ound 38,




TABLE I.

The fewmoral arterial pressure of 28 non-nephritic
dogo and details of the breed, ape, gsex and disease status

of these animals.



o Lov
JaBlE L,
Lase Date Bread . Sex . .. Age .. Diapvosis
24163 30.1.64 Greyhound M 5 yr . Normal
4,3.64 |
23626 30.1.64 Sponiel M 8 yx. No@l
24305 30.1.64 Bull Tex, ¥ 13 yr. G.N.é. lagion
26383 3.2.64 Collie x= ‘M 6 yr. Normal
24428 3.2.64 Boxer M 4oy, Nafﬁal
244,27 3.2.64 Alsatian 'F K Normal
26445 3.2.64 Alsatian .M ? Noxmal
24528 4.3.64 Grayhound M 6 vy, Laneness
24455 5.2.064 Alpatian M 4 mihs. Gastrow
enteritis
1,4.64 '
25316 1.6,64 Collie M 8 yr. Normal
25334 5.6.64 Collic = M & yr, Normal
25356 6,6,64 Terrior M 7 yr. Normal
25373 9.6.64 Gollie ¥ 6 mths. Normal
25304 . 9.6.64 Collie x M 7 yr. Civrhosis
20014 9.6.64 01d Eng. M 8 yr. Mitral
Sheep Dop Incenmpetence
25422 12.6.64 Collie M 6 yr. Normal
85497 23.6,64 Collie % M 5 yi. Normal
26.6,64
25530 29.6.64 Lab z Beagle M 6 yr. Liver tumouy




Bystolic Diagtolic Mean Pulsge Sinus Poptw
pressure  pressure pressure Lrage Avehythmia  Mortem
148 84 104 105 X -
148 88 115 100 A N.4,D,
106 70 85 90 + N.A.D.
132 72 90 120 4 -
152 70 - 90 + -
136 84 104 120 “+ "
170 88 116 120 + -
136 68 86 90 + -
148 82 100 100 + -
125 74 104 110 “+ -
115 70 88 120 + -
136 88 118 110 + N.A.D,
154 920 122 105 + -
158 90 128 120 + -
144, 8o 106 120 + -
138 78 102 120 + Cirrhosie
132 68 88 120 + -
154 20 106 95 * -
150 90 116 112 + -
156 90 128 120 + N.A.D.
152 84 112 90 + -
130 84 1% 120 + Liver tumour



Guse __ Date Breed o _Sex. Age oo Plagnosie
14080 16,9.64 Rhodeslan C
Ridgeback 6 yr. Normal,
26079 1.10.64 Labradoy M 11 yr. Inconclusive
26504 12.11.64 Boxer M 5 yr. Normal
27051 11.2.65 Labrador M 5 yr, Inconclusive
Loss of weight
9.3.65
27006 12,2,65 Boxer F 9 yr, Thrembosils of
iliac vein
27151 24.2.65 Terrior M 9 yr, Chronic
Diarrhoen
27008 19.2,65 Lobradon M 4 yv, Inconclusiva
? Diabetis
insipidus
24077 9.3.65 Labrador M 10 yr, Retropharyngeal
_ abscess
27173 0.3.65 Collie = F 10 vr, Chronte
Diarrhoea
27001 11.3.65 Collie = M 1 Normal



Systolic Diaatolic Mean Pulse Sious Pogtw~

pressure W progeupe o braggupre Late Arghythmia Movtem
160 96 115 100 + -
146 82 104 120 & -
148 80 - 120 + e
150 80 106 120 A -
154 84 1006 120 + -
152 80 100 120 + Tlias thrombooi
138 64 85 75 K -
156 90 104 100 + Normal kidneys
164 20 102 100 + .
136 84 100 100 4 -
134 70 % 120 o -
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Blood Pregoure of Dogs with Nophritis,

Individunl measurements of femoral avterial pressurce of the 22 nephw
ritde dogs awve listed im Table IX, The significant blochemical, urologe
jeal,sevological and pathoicgical foaturas of thess dogs are shown in

Table 11T,

Blood Progsura in Acube Nephreitio,

Four doge suffering from acute leptospiral wephritis were examined

and the clinjcal dotails of these cases will he outlined individually.

24756, This dog had béan 41l for one week when praneniad for axamination,
Durdng this tdwe 1t had shoﬁn dullnessa, anorexia, frequent vamiting‘and
moderate thirst, The mouth wag discoloured and halitosis pronounced,

Renal danage was indicated by the presense of uracnis and protelnuria

and the titre to Ly condeola was > 1:30,000, Measuremomnt of blood pressure
ravealed moderata hyperiension. (1637110 and 166/102). Penieillin was

administered for several days, when the coudition lmproved and the dog

viag dischavged,

Two wonths later, assecond examination was carrvied ont. In the
interval, the dog had shown partial wecovery, though occasional vomiting
and inereasad thivrss had persisted, At this time, blochemical and urols
logleal vesults indicated renal dysfumetion of moderate geverity, The
titre had fallen to 1:110,000, Again hypertension was demonstrated, The

blood presgure had risen fuvther since indtial examination and valuss up

taf



o 186/120 wora recorded on this agcasion. (Fig, 39). %he discase had
evidently progressed to the subeacute phase. Treatment was vepeated and

the dog wag discharged,

24928, Thip dog had shown duwliness, smorexia and occasionsl vomiting
for two weeke whon presented. Durdng two weeks in hoopiltal, infrequent
vemlting and modarate thivst persisted, Leptospiruria and proteinuria

were prosent, though thexe was no biochemical evidence of remal failure,

The titre to L, candenla vose from 113,000 = 1:30,000 over this peviod.

The blood pressure was pormal, (117/77). The dog was txeataed and diseharged.

20504, This dog was pregsented with a history of frequent vomiting, ane
ororta, dullvess and excessive thivst for 1 » 2 woelts, HWaliltosis was
marked and the mouth showed browm discolowration, These signs persisted
during the following two weeks, with blochemical and weolopleal evidonce
of venal £allure., The titre rose from 113,000 « 1:10,000., ‘Fhe blood

presoure was normal (J48/80 & 158/90). The dog wae tveatad ond dischavged.

24884, 7This dog had ghown the typical signs of dullnoss, avorenia and
yondting fdor o week befora exandnation., The wnusual Feature in this

case was the dog'c age « 12 vears. Blochemlceal and wrological evidence
of yenal £allure was present, with some loss of ability to concentrate

the urine. The tiltre to L, eandeoln was > 130,000, Marlked hypertension

was demonstrated in this dog, with pressuves of 190/116 » 219/118, (Biz.60).
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Az the condltlon did not fwprove desplte pyeatment, the dog wos
destroyed. On postwmortem exanination, the kidneys showed the characienw
lanie feavures off acute interstitcial vephritis, There wews ne exbrae
vanal lesious. istologleanlly, the inperstitial ciosue of the wvenal
eéxtices wan diffusely infilvrated by lymphoayies and plasma cells.

The blood vessels weve normal,
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Blood Zressure dun Sub-Acute Nepheitds,

Four dogs with aubeacute nephritds were exanined. The disease was
estimated ©o be in the sub-acuie phase when the duvatlon was sevaral

weeks, the tigwe to L. _ecanicola moderately bigh and protefauria marked,

with gome loos of abllity to concentrate the wrine, The case higtories

of dogs In this proup will be ouilined individually.

25737, ‘Uhis dog was admitied fo the hogplial for examinailon because the
ovner had contracted leptospivosis canicola. The owner recalled that the

dog had been wnwall § fow weeks previously. The dog appeared to be normal

on ¢linical and blochemical examimatlon. It proved impossible to obtaln
urine samples sufificient for urological testing, but small nunbers of
leptospirae were cbseyved in the fev drops collected., The titre to L,eanicola
was 1:30,000, The blood presgure was normal (146/90). In wiew of tha
duration of the condition, a tenbative diagnoals of subeacute nephritcis

wag made.

The dog rewained in the hospital for the followlng efght wonths, as
the owner dld not wish to keep it, WNo lxeatment was glven and repeataed
clindeal and labovatory exeminations and meosurements of blood prosguve
woce caviied oub to estimate the course of the venal disease, lapioe
gplrueie tormlnated within the first weel and the dog remalved clinleally
notmal, with uwo blochemical indlcation of renal dysfunction., The titra
foll to 1:1,000 after six months, The blood pressure showed interesting
changes during this period. After siz months, the dog became hypertensive
(173/108)/
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aod the inecroase in pregsere pevsisted durdng avd after pregnancy,

suggestlng a pub-clinical progeession of wemal ddgease,

25048, This dog had showm lose of weight, thivet polywria and occasicnal
vomiting for 2 wonths when precented. There wore ne oral lesions and
the dog was bright, though in poor condivion, Urasmla was present and

the titve to L. canlcola was 131,000, During the fbllowing 3 monthe,

pavtial recovery occurrved but the dog remainad thin, rather thivsty and
polyurle, IHypewrionalon was repeatadly demonstrated during this period,
with a tendency to furthor incwvease fn pressure latterly {(Figs, 53 & 61},
Euthanasia wan paefoimed after 3 months, PRathologileally, the kidneya
showved focal subeacute Interstlitlal nephritis. There were no vasculay

leatong.

5818, This dog had o history of loss of weight, increosed thirsi and
ceaasional vomiting for several weblks, Tn the previous twoe weeks, the
vomlsing had becoms move frequent., Urasnda ond morked protelnuris were
presentt and the citre wes 12390, The blood pressure was nm@mal,’ The

dog responded o treatment and was dischovged,

26694, This dog had o history of loss of condiiion, thizst and frequent
vomiting during the previous few weeks. Uraemia ond proteinuria wvere
prasent and there was somae loss of ability to concentrate the urine.

The titre to %, ganicdla was 1:30,000, MNodevate hypertension wes found

to be present (180/96), The dog was discharpged after treatment,



Case 25848  Sub-—acute Nephrifis
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g, 53. The femoral avterial presoure of Case 25848, showing fluctus

ation and a tendency to vigse ovey a tenwweel period. The yoecord
includes the normal levels of sysfolic, mean and didstolie pressurs

detormined from the control serien.
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Blood Prossuve in Ghronic Nephrdtis,

The case histories of the 14 dogs with chyonile pephritis will pot
ha described individually. All dops in this group were presented with
histories of loss of condition, eumcessive thivst, polyuria aud vomiting
for several weeks or months, Many of these animals wore in the terminal
stage of nephritis when exemined, when thoy shoved apathy, marked halitosis
with diseolouration and often ulceration in the wouth., At this stage,
some depree of dehydration was often gpprecioble and such dogs vomited
very freqeently, None of the chronle cases were available for prolonged

study,

It ip of intorest that the titwe to L. cpnicola was negative in
10 of the 14 dogs in this group. There is therefore no indicatilon that
the renal lesion in thege aniunlo was of leptospiral ordgin, although

the celinical and pathological featurves of the disease were indistinguishable,

Hyportension was demonstrated in 13 of the 14 dogs with chronide
nephritcls and poatemodten esxaminations were caxried out on 7 of tchese.

ihe measuvements of blood pressure are sumparized below,

Iixamples of blood pressure records from this group are shown in

Fige., G2 - 66,



Femoral Arterial Pressure of 14 Dogs wit o Nephrdiis,
Systolic pressure Diggtolic pressurc Mean pressure
(o, Mg, ) Cum.. Hg. ) (o, Mg, )
Ranga 124-212 80132 96~142
Mean 175 167 125
2. & 21 % 12 * 12
8.5, 5.6 * 3.2 t 3.2

The one normotonsive dog in this series, no 27107, died within 12
houra of the oxamination, As the dog was dying at tha time of the pra=-
ssure measurement, the vesult may not have given an accurate cstimate of
the arterial pressure in the subwterminal phase of nephritis. Therefore
the above wesults were re-caleculated, excluding thic dog. The £indinge

arve shown in the following tabla.

Fomoral Arterial Pressure of 13 Pops with Chronic Nephtitis,

Syotolic Eressura
. gl -

Mean pressure

(mmf ng)
Range 160-212 95«132 114142
Mean 179 109 127
8.0, + 10 £ 10 £ 9
B.E, * 4.4 * 2.8 & 2.5
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Tha results from the 14 dops with chronic nephiritis vere compared
vith those from the nonwnephrliic doge wsing Student'c “o" test. The
differences botween the systolic, diastolie and mean prossyres of the
two groups were found to be highly significant (p=0.001). The wesults

are sghown in ¢he table below.

Student's Me" tegt:  Compasdson of Aw

Gheonle Nephwitin and 28 Non-Nephedtic Dogs,

gtatus Prasgure Mean +Fe Yovel of
| R (mm, Hg.) probabliity.
Nephritic 175 £ 5.0
Systolle p=0,001
NoneNepheitic 44 + 2.8
Nephritic 107 % 3,2
Diastolic p=0.001
NoneNepheliic 81 ® 1.7
Nephritic 125 3,2
Mean p=0.001
NoneNephreitde 104 k2.5

The pospibilicy of a relationehip Dhetween the blood pressure and
level of blood urea in the dogs with chronie nephritis was investigated
(Fig. 54). The cocfiicient of correlation for gystalic pressure and blood
urea was caleulated and found to be » = « 0,35, This indicates that there

wanf



. 193

Correlation of Systolic Pressure with Blood Urea Levels
220p in_Dogs with Chronic Nephritis.
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Fipg. 54, Illustrating the ahsence of a relatlonship hetween systolic
pressure and the level of blood wrea in dogs with chronle nephe

ritis, Coofficient of correlation "¢ = « 0.35.
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wag no velattonship between the depgree oif hypertension and the degree of
weaenmia, In two doge with chronice nephyitis, (24448 and 237443, hypors

tenolon was present in the abgenso of ulpemia.

fhe moribund dopy in thisc sgevies wore of specilal 1n£axeat. Apart
from 27107, wvhich died within a few hours of cxamination, the blood
pressure of three moribund dogs was msasured, Thece andimals (nos, 4514,
27131 and 27308) died within 48 houwvs of exsbination. While the avtorial
puneture procadure was caryied out, the dops were profoundly dull and
apparently unaware of being bandled. As the posaibiiity of oxcitemant
altering the blood pregsure was totally eliminated in cuch animals, the

denonstratlon of hypevtension in woribund doge is of partieulay sipnificance.

ALl of the ¥ dogs in this group which were enanined postwmorien
proved to have plasmatic vasculouis in the intrawrenal grteries and the
glomerull, Iandividual pathological findings in thess dogs are outlined

helow,

25270/2, Macvoscopically, the kidueys chowed the typical features of

chronic nephritis, with advanced diffuse f£ibyrosis and reduction of cortical
depth. The heart showad left ventricular hypertrophy, Necrotiging endow
carditis was absent and there were no oral or pastwic ulcers. Histoe
logically, in addition to the chavecteristic features of chromic intere
stitlal vephyitis, the kidneys showed moderately saevere plasmatic vage
culosis affecting arevate and dnterlobulagr arterdes, afferent arterdoles (Fig.

angyf
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and wany glomezuld. Bmall foeal leslong weve present dn g fow small

coronavy arteries., Axteries in the gpleen were also affected.

4514, The kidueys showed difiuse ﬁiﬁzoais. Left ventrioular hypere
grophy was present and necvetizing endocarditis affected the left atrium,
Haemoﬁrhaéim evopions were present In the gastrie nucosa. Plaswatic
vasenlosis of moderate geverility was present in intrasrenmal avieries and

slomaruld (Fige 70) and in the avteries of the spleen,

10835, Diffuse renal fibrosle (Fig.00) and left veniwicular hypertrophy
ware present. Noderately severe plasmatie vasculosis affected intraerenal

avterics, glomerull and arteries of the spleen.

27107, Typleal gevere chionde nephwlids was pregent. The heart showad
left wentrioular hypertrophy and neerotiming endocardiiiz in the left
atrimn. The gaetvle mucosa wag eongeoted. Modevately severe plasmatic
vageuloods affected intraspensl avtories and glomeyuli (Fig. 71) and

avtories in the spleen.

27131, Diffuse venal £ibrosis wae present., The heart shovad left vonw
tricular hypertrophy and neerotiving endocardivls in the left aixium.

The mucosde of ﬁhé 1ipo, cheeks and tongue werae uleerated and the gastrie
mucosa was congested. Plasmatic vasculosis affocted intwasvenal artevies

and glomaruld (Flg.72) and arteries of che spleen,

27300, Diffuse venad £lbrosis was present. The heart shoved lefi

vanericulag/
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ventpicular hyperteophy. The mucosae of the lips and cheeohs wove ams
tensively aleavaied and the tongue was dlecoloured, Plasmatie vaseuwlosis

affected intra-ranal aviéerles and glomeruld mnd avtorics of the splaen.

in all of these cases, the arterial lesions were of modemaie.
severity, with focal subeondothalinl plasmatic deponits affecting nume
arous interlobular avieries. None of the doge showed the mogt extrome
leaion, with wascle necrosis and bursilng of plasmakie material into the
adventitial tissue, Large numbers of glomeruld in cach case showed

plasmagile demage, the preat majority of Crade 4+ and poverity.




TABLE 11

The femoral artexial pressgure of 22 dogs suffewing
from interetitial nephritis and details of the breed, age

and sen of thegse anlmals.
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TABLE I,

Qase Date ’ Bregd , Agé e ‘ Sex' =“,fSaage ﬁf.Neph#iﬁia_ﬂ

24756 18.3.64 Collie x 3 yx. M Acutae
19.3.64
21.5.6%
22,5.64
26.5,64

26928 15:4.64 Collie 1 yr, M Acute

26504 17.11.64 Boxex 5 yr. M Acuté'
25.11.64

24554 25.2.64 Labrador 12 yr. i o .Acute
3.3.64 .
6.3.64

25737 10.8.64 Terrier 9 mths. F Sub=Acute
11.8.64
20,10.64
11.2.65 )
' ) Late pregunancy
12.2.65 )
9.3.65 Post-partum
25848 25.8,64 Bull 2 yr, M Sub-Acute
Mastiif
27.8.64
16.9.64
1- 10064
20,10.64 .

26.11.64
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Systolie Diastolie Mean Pulse Sinus
prossure DYCBSUND presgure rate ' . Arrhythmia
163 110 127 120 +
166 102 120 120 +
178 98 136 120 o
174 9% 124 120 +
106 120 145 120 +
117 77 88 120 +
148 80 - 120 e
158 G0 118 120 e
190 116 135 110 -+
180 128 146 110 ey
210 118 153 120 o
146 20 110 115 b
146 85 ios 110 X3
148 20 110 120 o
178 108 132 120 -
168 08 114 120 b
168 98 114 120 +
Ly 100 125 119 <
162 96 112 120 4
156 94 102 20 4
186 104 130 100 4
182 112 146G 90 +

192 116 154 95 +
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o lmﬁﬁré}gﬂaifﬁﬁ‘v.'vﬁg".\i“&}'iﬁ,'&_,,

e e
25318 11,98.64 Forgior 1 yx, M BubeAnpto
59,04
2669 1, 12,04 Torglor 1y, b Bubelotiin
244468 3.2.64 Collic G oyt 3 Chyonic
23744 G.3.64 Tabrador 10 ye, i Haromio
25270/ 21.5.04 Spaniel = 2 P Chronte
28465 22,0.64% Aleabion G ey M Cheonde
4516 5.9.64 soitio 10 yr. " Chronie
{ooribund)
26000 16.9,64 Torrior 3 (34 Shranic
26000 1.10,04 Tovrioy 5 wr. b | Chronie
0101 26,10, 64 Poodie ? M Chvonic
26565 25,1164 ipanial G yr, 51 Ghronls
10035 73,65 Spondold 2 ¥, F Ghronie
27107 11.2.65 Toxedon 13 yr. i Ohyonic
{dying)
27131 15.2.65 Korry Blue 5 e, F Cheenis
Crordbund)
28964 152,65 Bonex 13 v, ¥ Chronio
27300 12,3.65 Tovrior 13 yr, M Shronde

Cowx ibundd
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Systolic Diastolia Mean Pulse Sinus

presgure _pressure . prassure rate e E Ry Chinda
136 62 84 120 +
164 84 110 110 +
180 26 128 110 +
190 100 124 120 *
182 116 138 120 +
212 132 116 110 -
186 110 130 85 +
176 100 124 110 o
162 120 114 110 +
204 100 130 100 *
184 118 136 30 +
174 110 136 110 +
166 100 120 120 +
124 80 96 130 +
180 116 136 110 +
160 106 124 120 +

168 98 114 120 &




EABLE IIX,

The significont biochemical, vrological, sewo-

logical and pathologleal features of the 22 nephywitic doge.




Case

24756

24920

26504

24554

25737

25048

25618
26694

18.3.64
20.5.64
14.4.64
2L.4,64
28.4.064

11.11.64
13.11.64
16.11.64
25.11.,64

20- 2&6&'
28.2.64
12.3.64

3.816’4‘
11.2.65

21.8.64
31.8.64
20.10.64
26.11,64

1868-64‘
106 12,64
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W'm sz;
Blood Urea Inozcanic
Em“g? 100 ml) shosphate
%ﬁ_i)%m"f"m)

63 9.4

a3 7.0

18 9

21 8.5

36 10.4
104 -

92 6,3
119 w
103 6.4
150 -
138 7.2
105 -

38 8.2
44 5
133 10.1

76 5.7

49 5.4

s 3.9
191 5.6
147 15

2,7
3.6

2.3
2.4

2.1
1.9
1.7

4.0
1.8
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Titre to Post~Mortemn
L.canicola o
20 >1:30,000 w
00 1:10,000 -
30 1t 3,000 “
20 13 3,000 -
- 1:30,000 -
- 1 3;Qm -
3ﬂ L -
a0 - ~
- 1410,000 -
70 >1430,000 Acute interstitial
nephritis with no vascular
100 - lesgions.
20 -
- 1330,000 . -
~ 13 1,000 -
o - . M11d subsacute interptitial
nophritis. Neo vascular
- - . lesions.
o -
" s 1,000
120 iy 300 -

100 1:30,000 .




23744

2527012

25488

4514
26000
26090
26161
26565
10035
27107
27131

25564

27308

-Data
Anp———

3.2.64
20‘ 2‘64
25,2.64

3.3.64
5.3.64

26.5.64

2106664
22"606&

8- gc 6‘)::'

15.9.64
1.10.64
26.10.64
20.11,64
6.1.65
7.1.65
11.2.65

15.26 65

10.2.65
11.2.65

12.3.65

Blood Urea
(mg/ 100 ml)

15
16.5

76
47

104

530
740

470

98

L0
123
172
470
440
540

840

170

221

440

183

SQO
3.5

%9

26,9
L |

4,6

4.7

7,2

26,2
16,7

18.2

15.5

Urine. Urea .
{g.-?’ 100 ml):

1.9
1.4
14

3.1
3.3

2.2

4.6
5.6
B.1
2.7
1,2
1.1
1.6

1.5
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Unine Protein Tiuge ho Pogt-Mortem
(mg/ 100 wl) L.eanicola '
30 w Ue »
30 - -
30 - wt
20 11 300 “
30 - -
- 13 19 Chrondc nephritis.

Plasmatic vapeulogis in
kidney & spleen,

L -

200 - ve Chronic nephritis.
Plasmatic vasculosis in
kidnoys, heart & splean

- “ ve Chronic nephritis,
Plasmatic vasgulosis
& kidneys & spleen.

300 W e -

30 - YO -

300 ir 300 -

100 e YR ™

300 - Ve Chtonic Nephritis.

» Plasmatic vasculosis in

100 " kidney & spleen,

300 w ve Chronie nephritis,

: Plasmatic vasculogis in
kidney and spleen.

- - ve Chronic nephritis.
Plasmatic vasculosis ia
kidney & gpleen.

300 - ve Chronic nephritis.

Plasmatic vasculosis in
kidney & spleen,
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Discusslon,

Measuremenis of blood pressure of 28 non~nepheitic dogs indicated
that there i considerable individual variation in noxmal pressure
lovals, However, the results sugpest thot the upper Liwits of pormal
are in the reglon of 160 systolic, 90 diastolic aﬁd 125 mean prosours.

There was no relationship between blood prassure and age in this seriea,

A proporidion of dogs with acuio and subeacute wvephritls ghowed
hypertenaion, which persisted and progressed over a period of mouihs,
The absence of vascular damage in twe dops emamined posi-morienm sugpests
that hypertengion precedes the omset of vascular chanpes, Neléher dop

wag in the texminal phase of nephrivis.

In cheonde nephritis, a high incidence of hypextension was dow
onstraked and there wag & highly sipoifiicant statintieal diffevence
batween tho pressuves of dogs iu this group and those of the nousnophritic
dogs. The pregsenve of plagsmatic vasculosis in the seven dogs cmamined
postemortom astablishes g positive relatilonship botween chrounle nephyitis,

hypertension and wasculay domage in the dog.

Meagupomonts from moribund dogs provided particularly clear evidence
for the development of hypertension., It iz certain thot high pressure

conld not bz attribhuted to eucitement in such antmals.

The low arterial pressure vecorded from one dying dog with chronic
nepheitis which proved to have plasmatie vasculosis in the intwasvenal

vessels,/
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vessely, suggests that hypertension may have been present in the sube

terninal phase of the dizeane.

There wae no relationchip between blood pressuve and the degree of
renél failure as judged by the level of uraemia., Hypervtension was obe
gevvad in one dog with subeacute and two with chronie nephritis in the
absence of uracmia, It would appear, thopefore, that hypertension moy
develop in assoelation with xenal lesions which axe not so severe as to
eguse venal fallure, This relationghip has been noted previowsly by
Stamier ot al (1949), who found hypertension in two doge with subeclinical

renal disease.

in all chronie cases emamlned postsmortem, the avterial lesions
ware of modevate severilty, The emplosive lesion typleal of malignant
hypertension in the human was not encounterad in these dogs. As this
axtrema £orm of vasculosis was found in several nephritic doge in tha
survey degeribed in Section I, it wmay be chat on gccasion the blood

preasurae rises to greater heights than found in the present gtudy,

i, is of interest that the high incidence of hypertension ohserved
in chronie nephritds convesponds to the high incidence of avterial
domape demonatrated in Section I, In relation to the conflicting evidence
published by previous authors, the present findings reinforee the demw
onstration of hypertension by Melntyre (1954) and Schulzo (1958). Robin
(1948) and Spbrri-and Leeman (1961) did not f£ind hypertension in aosw
oclation with canine nephritis. However, the absence of adequate clinical
-and postemorien confirmation of the nepheitle status of dope in the latter

studies/
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studles roises doubl ag to the signlficapce of rhis conclusion,

This investlgation provides the f£first demonstration of a positive
relationship batween nephritls, hypertensilon and artexial damapge in the
doge  T¢ 18 almost certain, therefore » Chak plaswetde wvaseulosis i
caugad by hypertension in the dog as it 4o In wmen.  The considerable
glgnificance of glomerular damage of the plasmotic type In the proe
pressive developmeni: of wenal fibrosis was indicated in Seatdon L.

The evidence of the peesent study sugpests thol hyperiension causen
plasmptic vasculosds and therefove plays a majox pare in the pathogenesis

of ehronie uephritio,
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Case No 24163 - femoral arterial pressure

heart rofe:nocymin.

+ 25 mm/xe.c.

paper speed
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s — systolic

d — diastolic

148704 mom. fBg.

Normotension in a wale greyhound, aged 5 years.

?1%0 35.
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Case No. 24305 — femoral arterial pressure

paper speed: 25 mm./see. heart rc're::zc/min.
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s —systolic
d — diastolic

Nopmotension in a fomale bull texrier, aged 13 years. 132/72 m.m,/lg.
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Case No. 26079 - femoral arterial pressure

paper speed: 25 mmoce heart rote:lzo/min.

— =
Rt

s —systolic
d - diastolic

Fig, 57, Normotension in a male labrador, aged L1 years, 146/82 m.m./Hg.
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Case No. 2715[ - femoral arterial pressure

heart rate:7s/min. paper speed:2s m.m//so.c.

s - systolic
d - diastolic

®ig, 58, Normotension in male terwvler, sged 9 yoars. 138764 e, fig.
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Case No.24756 - femoral arterial pressure

paper speed : 25 m.n\/ste. heart rate :los'/min.

')}
W
Y

¥
i
i
!

itk L'T?
: ) i 131
R AT I

s —systolic

d - diastolic

Fig. 59. Hypertension in a dog suffering from acute interastitilal
nephritis. 174/9% m., fHg,
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Case No. 24554 - femoral arterial pressure

paper speed: 25 mm faes. heart rate |2cymin,
LR R i i IR I
b sieed oo HHHH G THHIH R il
1 it HTHIE
IB| | i t il il
i Itk | m !
: i h
] 1t i it
‘ : ¥ ; i A A:}]_
a5 2 ™ A \ N 1
Jur 12 g N \ \THTE .
"ij i ! L f : e X 73;
i —,
i
it i i il L, 5
s — systolic
d — diastolic
Fig, 60, Kypertension in a dop suffewing from acute intevativial

vephritis, 210/118 wm.m./Hg.
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Case No, 25848 - femoral arterial pressure

paper speed: 25 m.m/slc. heart rofe:os/min.

s - systolic
d - diastolic
Fig., 61. Hypextension in a dog suffering from subsacuie interskivial

nepheitis,
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™

Case No.26090 - femoral arterial pressure

heart rate |oo/min

paper speed : 25 m.n/ue.

s — systolic

d —diastolic

Hypertension in a dog with chronic nephriecis. 204/100 ma.m. /Hg.

Fig- 62.
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Case No, 24448 - femoral arterial pressure

heart rate: mo/min

paper speed:2s mmface.

s - systolic
d - diastolic

onde nepbritis. 1907100 m.m./Heg.

»,
]

Bypertension in a dog with ch

Flg. 63,
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ase No, 2616l — femoral arterial pressure

paper speed: 25 rn.m/sac. heart rate 8o/min

b e ]

s - systolic
d — diastolic

Wypertenslon in a dog suffering from chronic nephritis.

Filg. 64,
This dog also showed extra systoles, occurring at repular

intexrvals., 184/118 m.m./Hg.
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Case No.26565 - femoral arterial pressure

paper speed :25mm/sec.  heart rcte:HO/mln

s — systolic
d — diastolic

Filg, 65, Nypertenslon in a dog wicth chwonde nephvitis, 174110 mem. /Hg.
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Case No.27131-femoral arterial pressure

paper speed:2s m.../m. neart rate : ||cymin.

s — systolic

d - diastolic

Fig. 06, Hypewtension in a dog with chronie nephritis. I80/116 m.m, /Hg.




Pig. 67. Cose No. 25488. Advanced diffuse chronic nephritis, showing
irregular granular surface, reduction of cortical depth and

cystic dilatation of tubules.

Pig. 68. Case no. 10835. Diffuse renal fibrosis with cystic dilatation

of tubules.
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Fig. 69. Case Mo. 25270/2. PTammatlc vasculosis in an afferent

arteriole. Picro-Kallory. X 500.

Fig. 70. Case No. 4514. Plasmatic vasculosis In an interlobular artery,

Picro-Mallory. X 300.
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0.5 |

Fig. 71. Case No. 27107. Plasmatic vasculosis in an interlobular
artery, showing mixed red and blue reaction with plcro-

Mallory. X 150.

Fig. 72. Case No. 27131. Plasmatic deposits in the capillary tuft of
a glomerulus, showing mixed red and blue reaction with picro-

Mallory. X 500.



<~ Uo

SECTION TIT.

A SERIES DF EXPERIMENTS DUSIGNER 70
REPRODUCE LIPTOSPIRAL NEPHRITIO TN DOGS.

!‘gytogungigzx.

The foregoing pathological investigation han shown that V4% of
all dogs dying as a result of interstitial nephritis show cavdlovasculax
changes which are likely to be of hypertensive origin and measuremonts
of Dlood preseure have demonstrated that hypertension may be present in
nephritic dopgs, particularly in the chronic phase, To study in detall
tho pathogenesis of interstitial nephritis and the development of hyper

tension, it ls pacessayy o reproduce the disepse amporimentally.

Many aspects of the pathopenesis of interstitial nephritis are not
understood, It is not known wheve in the body the leptospirac multiply
between initlal infection and the later development of severe reaction
within the kidnsys, nor is the nature of the acute mononuclear cell
rosponse understood. The yelative ifmportance of perslstant focl of
infectiion and of hypertension in the mechanism of the propression to
the chronic phase cannot be accertained from study of field cases.

The investigations desciibed in Sectilon I indicated that vascular damage
il of consldewable significance in this sequence., Yo establish the
precisa role of hypertension In producing the characterisitlc vasculay
lesions, it would be necesgary to corrvalate thely appearance with

measurements of blood pressure.




™ _204

Reproduction of the syndrome would have considerable interest
in the comparative study of hypertension. Hitherto, ezperiments in
dogs have involved ligation of renal arterien and other artificial
manipulations. A reproducible canine venal disease assoeiated with
the developnent of hypertension would form a useful model, allowing

furthor dnalysis of the mechanlsn of nephrogenic hyperiension.

It is also iwportant that interstitial nephritis be reproduced
to investipate the protective efficiency of commercial leptospiral
vaceines. Thege vaceines are used on a large seale in vetevinary
practice and thelr effectivenesa is judped salelylin termes of abllitcy
te stimulate a popitive serological sitre to L, canicola, There Is no
dirvect evidence to indicate that vaceinated dogs are fully resistant

to natural Infection.

For many years it has been knoun that experimental Infaction of

dogs with Loptospira canicola can be readily cstablished. However,

infected dogs do not become cliniecally 111 and renal damage 1o slight,

with no rvetentlon of nonwprotein nitvogen in the blood,

Wieth (1937) demonstrated that leptoapivuria could pevsiat in doge
for 7 wonthe following infection with a spivechaete isolated from a dog
suffering fvom Btuttgart disease. Precumably this organism was L,ganicola

althouph it wag noi typed entigenically.

Klarenbeal and Winsser {1938) infected young dogs and cate with

strains/
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straing of I, canlcola end L. letexohaemorrhapiae, With both serotypes,

the pups developed jauudice faivly vegularly and showed high sevological
titres and leptospiruria. In the cats, a sorologleal reopouse occurzred

withowt clinical sigos.

Monlux (1948) infected dogs with untyped strains of leptospirae.
Tha doge developed leucooytosic and an inereased erythrecyte sediments
ation rate but did not show evidence of gsevere venal divcease, gither

elinically or pathologleally.

Melntyre (1954) in a sapiles of euperiments, lnfected dogs with

L, canicola, The ovganiom was owiginally isolated from a dog and maine

tained dn euliure in Schuffner’s medium, Infected doge developed
translent bacteracmia, pyrexia, leucocytosis, positive gerologlcal

titren to L, canicola and leptoapiruria, However, they remained clinleally

healthy and pathologically showed only swall foci of mononuclear eell
reaciion in the renal cortices, In this geries, infection was cow
tabliched by intrasvenous, intraspoevitoncal and intra-pagal inoculation.
One dog became Indfected while sharing a cage with avothery which wasp
exerating the organlams. In another experiment double infection was
carvied out at 5 day intervals, None of these variations repulied in
the development of severe renal lesions. MeIntyre concludad that othewr
unknown factows must be involved in the actlology of sovere interstitial
nephritis and that attenuation of virulence in owvganiswms after prolonged

culture might be an important reason for the experimental resulis.



Jaundice wag produced by Jull and Heath (1961) in dogs iuflected
vith L, senicola, While testing a combined %, sanicols and L. ieteros

haemorzhagiee vacelne, two ouk of three unvaceingted control dogs

infected with L, canicola developed jaundice. One of these beceme
acutely i1l and died on the 5th day, shovwing widespread haecmorvhoges,

while the other dog vecoveved,

Wattimuny (1963) infected dogs with a atrain of L. cauicola isolated

from a dog aond mainkhined in hamstera, hoping that loss of virulence
would be preventad by growing the ovganisme in vivo. %he dogs were
jnfected with various numbers of ovganiums and destvoyed at different
time intervals, Again, only small zonal leaions developed and the dogs
vemainad healthy., Wectimuny concluded that the virulence of his organismz
mipht have become atitenuated apd that any other factors asgocilated with

the actlology of severe nephritis wemained unkagwn.

The resvlis of previouws luvestdgations show that experimental .
infection of dogs can be established, with haematological and serow
logilcal responses and localization of the ovgandsms in the kidnoys
with subsequent leptospiruria., Vorious reutes of imfection have been
ugsed with suceass and transmission betwean dogs has been demonstrated,
However, no one has reproduced thoe severe illness with venal £allure

such as ig goen so frequently in the flold,

A numbey of possible reasons for the lack of suecess in previous

experinenta/
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exporinents way be suggested., Attenvation of wirvlence in organisms
afiter prolonged culture in vitro, or in hamsters must be consldered,
Noxmal healthy Jdogs may have a fundawmental vesistaunce to the disease
slucs any stress factors vhich might act in conjunctlion with the
organisn under natural conditions of infection ave unkeown. The vesults
of serologleal surveys caxgied out in Glaspow iadicate thait a lavge
proportion of the dog population i oxposed o infection althouph a much
smaller numbexr succuub to the digease, Stuart (1946) found positive

titres to L, candcols in 40% of doge end Cummingham et al (1957} found

positdve tlizes in 20,9% of dogs in thely serles. The eudemle nature
of the dlsease in the clty may have glven rise to a populatlon ln which
many asudmals bave wellwdoveloped tiszsue lwmunity, Tt may be of cone
slderable slgeificance thab none of the 60 city pups purchaged for the
pregent axperimeontal work had sarologleally detectable antibodiecs at
the age of 8 weeks, sontrasting wich the known incidence of positive
titwes in the vwhole population. Auy other Jmmune mechaniem operating

in this disease is unkoown.

In view of the zesults off other dwvestigations, 1t wae concluded
that stwalghtforward inoculation of ity doge with cultured loptospirae
would be unlikely to cause severa interstitlal nephrltis, The series
of experiments was designed Lo overcome in varlous waye the difficulties
resulting from possinle loss of virulence in culbured organlsms and the
apparvent resistonce of healthy dogs to the potential effects of the

pathogen,
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During the time idn whieh the experinental work was carwvied out,

atvempts were made to lIsolate L, caniecla from dogs suffeving from

acube dnterstltial pepheitls dn the hosplral, to obtalp a fresh strain
of the organism with full vivulence for dogs. Yaolation waa eventually
achieved and the work cavvied owt with the fresh straln will be dege

cribed later,

Before the lgolation of L, canicola from o field case of nephritis,

attempis ware made Lo enhance the virulence of cultuved organilsms by

passage in series through dogs.

Several methods designed to increase the susceptibility of healthy

dogs to L. cenicola were invesiigated.

Dogs weve infeciked by a nwber of different roubteg, to determine
vhether the mode of lufection influances the penetvation of the organising

and severity of the subsequent renmal lesions.

Yo avold any poselible immunity in city-bred doge, a livter of

countey-bred pups was alse infected,

The warlous attempte to reproduce severo interabitial nephvitls ave
daserdbed %elow, Most of the expeviwents ook the form of pllot trlals
degigued to test the effectivanens of various proceduves befoxre using une

necegsary contyol animals,

Materinls aund Mothods, /
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Materials and Methods.

The dogs used In most of the szperiments were purchased from a
city pet shop at the age of & « 8 weeku, The majorvity weve fomales
ae these were legs ewpensive, Por one experiment, foarm callie pups
wvere pugchased, %The doge were Keph in warm dry pens out of any gontactk
with other apnimale., The age at time of infection varied from 9 weeks to

16 weekss ALl of the doge had negative sevolegleal titres to %L, conicolo

aod L. fctovchacmorrhagsise before dnfection and were in good health,

The streln of L, canioola used In most of the euperiments vas
supplied by the Deparviment of Bacteviology, Royal Infivwmary, Glasgow,
This was opiglually lsolated €rom a dog and nmaintained in culiure in
gtuart's wodification of Schuffneyr’s madium, (Stuwort, 1946). A second

otraln was later dsolated from a fleld case of acute nephritis.

Petalle of the methode of infection are glven with each expeviment.
In the serileg, intra~venous, intra-peritoneal, intrasrvenal, Ilntra-nasal

and owal vontes ware employad,

The dogs were glinically examined each day and rectal temperatures

recopded in soveral emperimenis.

Blood samples weroe taken from the dogs for cultural, serological,
haematological and biochemival emaminations. For L, camicola culture,
gamples of 2 wls, were withdvawn asepiically from the cephalic vein
into aterile bijou bottles containing anti-coagulant:, For serologleal
axawination, 2 mls, blood were drawn off into bljou bottles, Samplos

of/
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of 2 mle, were collected for hammatolopieal examination into bijoun
bottles treated with sodium ethylene diamine tetrawpcotate, (B,0,T.A.),
For blochemical azamination, samples of 10 mls, were eollected in

heparinized tubes. Detalls of the metbods emploved have been gilven in

Segtion T.

In some Inotances, urine samples were examined for the preseuce of

leptosplree by dark ground microscopy.

A¢ the end of experiments, the dogs were deptroyed by intra venous
injection of sodium pentobarbitone., Postwmortem and histological exanw

inations weia carried out on every dog.

In the descydptions of thoe axperiments, individual special procedures

emploved will be notad,
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Experiment I,

In healshy dogs, injected leptosplrae may be rapidly desitroyed in
the bacteraonic phase gud £ail o colondse the Rkidneys in sufficiont
numbers to cavde exeassive domage., To test this hypotiecols, leptospivas
were injected divectly iunto the renal arteries of two dogs and dnto the

renal tissue of one dog.

Maithod.
The three dogs (2129473, 4 and 3) were three months old ab the ¢iin

of infection. The cultura of L. canieola contained 500 x 10° organisms /ml.

Undex cyelopropane anaééﬁheaiaa the abdominal cavities wéva opened
and kidueys and renal artariéﬁ ezposed, A tuberculin syringe with a
hent needie wag ﬁﬁed to effect intramarierial injection. 1 ml. of culture
wae injected inte both rendl arteries of 2129473 and &, Ia dog 2129475,
1 ml, of culbure waps injected dirvectly into ecach kidnay from the posw

terior pole. The dogs wade uneventinl vecoveries from the operation,

Regulis,
LSS SR 1128
The doge were kept under observation for two monthe following inw

feation, during which time they wemained clinically healihy.

Go the day after infection, uvine samples were axamined by darhk
ground microscopy for lepiospirae and numerous nonsmotile crumpled organe
icme were present in each sample. Urine exawinations were cagriled out

daily/
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daily for a further weak and then onece weekly wntil the end of the

awpariment, Mo lephospirae were detacted,

Twe daye after {infection, the dogs developed mild pyrezxia, with
0 I .
toempervatures hotween 102,57 and 103,5 F., which persisted for three

days, On the thizd day, blood samples for L. canicola sulture were

faken, wilth posivive results in eshh case,

Biochemical examinations of blood and uweine samples were carried

cui two weeks afiter infection, There were no abonormalitles,

Blood pamplas were taken for sevological exemination on poste

lnfection days 10,17,27,40 sud 60, The tlives of each dog to L, canicola

are leted in the following tabie,

Tiktze o L. canicola,

Post~Infection Days,

Dog 1o 17 a7 40 60
2120415 1y 2,000 13 3,000 11 3,000
2129444 1t 3,000 1110,000 Ly 1,000 >1140,000 i: 1,000
21296/5 13 3,000 is 1,000 13 1,000 15 1,000 it 100

The serological response to infection was very marked in each of
the dogs, Howevey, in flald coses, o titve of > L1130, 000 is gencrally
associated with very severe acuie nephritis, vhevreas the experimental

dogs/
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dogs vemalned clinically notwal,

Dog 2129473 was destroyed after 1 month, and the kidneys were
exanined as at this tidme soute yeaction is thought to be well developed
in the patural dicease. The other doge were destvoyed afier two wonths,

slnee thedr titres were falling and wo elinlcal abnormality had oceuzved.

On postenorien examination, 21294/3 shownd numerous small vonal
lesiong, seen ag white fool of piashead gize scastored throughout the

cortdoen,

Histologleally, these foel were disercte avcas of intepstltial nephi-
ritis, with wonompelear lewcocyte reactidon in vhich plasma cells prew

doninated, (Fig, 73).

Post-mortem examination of the dogs dastroyed after 2 months roe
vealed listle, 21294/4 showed no maecroscopic leslong, while the kidooys
of 21204/5 contained a white spot on the corten at the posteriosr pole,
aluost ceviainly acar tissuwe vepulting from intvasrenal injection at
this siltes Histologleally, the kiduays of both of these doge confained
a fow very emall seatitered focl of interstitial mononuclear lewcoeyte

reaction, mainly in the junta-medullarvy region of the copvices, (Fig.74).

Discuasio&.

Although experimental infection was peadily established by intxas
rvenal avterial and inteaevenal injection, with good serological response,

only/
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only very small veoel lesions developed, resembling those desoribed in
the ewperiments of MeIntyre (1954) and Wettimmy {1963). Yosions of
similayr type and cellular pattern are found on a much lapger scale in

£iald cases.

The establishment of bacteraemia after intrasrenal infection ig
of dnterest. The scattered distribuilon of venal lesions in 21294/5
geema to indleate that the kidney wasn ve-colonised after bloodeborn

dissenination of the organisms from the injection site in the posterior

1)01‘34

In this euxpeviment, there is no doubt that lawge numbers of orgone
ioms were lntroduced into the hidneys, %herefiore, it seems that the
actual numbor of loptospirae whieh weach the kiduey wmay et be of prime

fwportenee iun Adetermining the severity of the subseguent yweaction.



Experiment 1T,

The resulis of xperiment I illustrated the ability of healthy
doge o veslet the potential eficects of L, canicola. Several methods

of overcoming this resiscance were davised, The fivst of these involved

the infection of dogs previously treated with cortisone.

Cortivona was adninisteraed to depress retleulowendotbelial activity
to & level which would permit extensive invasion of the kidney by the

organisms, with subsequent intense cellulax reaetion,

Working with esyphllib: (another spivochaetal disease), Turner and
Hollandar {1953) found that afier pro-itreating rabbite with eortisons,
more severe lesions developed thanm in control animals, When treatment
was stopped, a vebound veaction gccurred., Lewls (1953) showed that
cortigone«tredted rabblts succumbed to fatal septicaecmia following skin
injection of group A styepiococci, with no collulay reaction to the
organisms, while controel animale showed only local inflammation of the
skin, Inhibition of antibody production was demonsfraied by Plschal

(1953) in vaceinated rabbite treated with cortisone,

On the bagls of these observations, the ewxperiment was dntended to
utilise the dnhibivion of eellular reaction and antibody produciion,
allowing the leptospirae to inwvade the renal tispue extensively, Torme
ination of cortisone trestment might induce a severe rebound reaction,

resulting in the type of lesion found in clinical cases of nephritis.
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These features indicated that jauwndice was hoth haesmolytie and
ﬁapatia in ovigin, since approximavely half off the bBilirubin was direct.
Iiver damage was alao shown by the raizned alkaline phosphatase and sarum
transamlnase levels. Renal failure was shown especially in the results

of day 10, by the high blood urea and inorganic phogphate levels,

On posi-oriem exanination, the body was deeply jaundiced with
genaralized petechiation of gerous membranes, cspecially the pleura,
A haemorrhage was present in the wall of the left ventricle. The
kidneys were deeply congested, Mild fatty change of the liver was appe
reclable, Histologleally, hacmorzhages were presgent thvonghout the
kidneys with blood lying feeely in Bowman's capsules oubwlih the glowme
apular tufts and also lnside mogt of the tubules. {(Flg., 789}, The liver
showed separation of parvenchymal cells and early centyilobulazr Zfatty
change. (Fig.76). ‘The menioges were markedly congested and over the
cerebelinm a nild polymorphonuciear leucoeyie veaction was apparent in
places avound blood vessels. Haenmorrhages were scattered throughout

the molecular layer of the cerebellum, (Wig.77).

Ismmadiately after death, Lhidney samples and cerebrosplumal fluild

ware taken fox culture of L. canicola and a uvine sample was cxamined

for leprospivae. Ne leptospiree were found in the urine and none were

cultured,

The other dog, 21294721, remained in good health and was deatroyed
3 weeks aficer the start of the experiment, There were no masroscopice

o microscopic lesions.



Discusgion,

Cortisone prae~itreatment Jdid not result in the development of
typleal aeute intevstitial nephritis in che Infected dogn. The severe
acute icteric and haemorrhagle syndrome which affected ovne dog did not

regemble the diseane generally assoclated with L. cardcola, but closely

elmulaced the disease caused by L. icterohacworzhnsiae, Also, the leslons

« and aspaclally the zenal haemorrhages - weve very similar wo those

ohserved in hamoters infected wlth L, canicela, (Fig. 78), It scens
possible that the portisone adeinietration may have allowed a far mope
acute form of leptospirosis to develop., However, as the gsecond dog
remained healthy and showed no lesions at all, interpratation of the

rasulis conuot he cartain,
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fxperiment TLE,

The acute illnese of one dog in the previous expeviwent: indlcated
that furihes investigation of the combined effects of infection with
fnhibitcion of lumuwnologleal veaction could ha of value, In this exe
periment, dogs were dosed with "Methotrexate," (4 Amino Nla » methyl
pterxoylglutamic acid., Iederie), a folic agld antagonist and powerful
antdimitotic ageni, which causes represslon of cellular reactions and
antibody production., Siuce the fesults of Experiment II vere difficult
to interpret, it would be of interest to find whether o gimilor acute
leterice syndrome might vesult from tx&aﬁmant of infected dogs with a

different sabtl-nitotic drug,

Fevguson, Thiersch and Philips (1950) iwvastigated the tomicity of
Methotwexate in dogs. Bevare intoxlcation or death ovceurred o 5 ~ 6
days following intva~musculan injection of 1.0 mgm/lpm/day, in 10 » 11
days with doses of 0.2 wmgnfkgwfday and dn 14 « 37 daya with 0.05 mgoe/kan/
day. In the present osperiment, a dose of Q.1 mgn/kgn/day was selected

as a suiltable subwtoxlic level for shorteterm admindstration.

Mathod,
Four dogs were used in this ewpewiwment, 21294/28 1 31 agaed 9 weeks.
The organioms were cultured from the Royal Infirmpary straln, Methow

traxate was administered orally in doses aof 0.1 mgefienfday,

The dogs wowve dosed with methotrexate on daya 3 »4 of the cuperinent.

on/
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On day 3, infeotion was carvied out by intraeperitoneal injection of

3 mlog. L canicalg_aul&urmﬁ

Rasulsa,

The dogs showed no abnormality untdl day 8, when 21294728 and 31
developed aild jaundice., On day 9, 21294/28 had recoveved, vhile 21204731
was extremaly dull, deaply jaundiced and ataxic. On day 10, this dog
had recovered partlally and althouph still very jaundiced, was able to
walk almosi novmally and was wuch brighter. The condition remained une

changed unidl day 14, vhen the dog heceme moribund and was destroyed.

On day 13, dog no. 21294/30 beeame very dull with marked pallow

and mild jaundice., This dog died on day 14.
Blood sawples for blochemical examination wewve taken on day 13 from
21294/30 and 31. The vesults ave tabulated halow,

Blood Bicchemistuy on Day 15,

21294/30 22294(3%

Total bilivubin 2.4 mpmsf 100 wl, 6.0 npms/f 100 ml,
Dirvact bilirubin 1.2 00 " .<.
Indirect " B W -

Urea 28 * " 42 mgue/ o0 wl,
Alk,Phos, 40 KA 25 KA,
8.G.0,%, 79 B.F. 22 B.JF.
8.6.2.,%, 190 8.F, 18 5.7

AJG ratio 0.3 0.6

Protein - 3.8 ngof 100 ni,

Tnovg, Phos, 8.6 mpl 100 wml, -
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These vesulis Llndicate severe liver damapge, pantieularly iun 21294/30
which had high olkaline phosphatase and seyum trangaminsse levels, The
division of bilirubin Into spproximately half direet ond half ladivect

suggests that jawndice was both hepatice and haemolyile ilu origla,

On post-morhem exsmination, dog no. 231294730 showed prosounced
Jaundice, The Liver was pale orange in colour and the eapoule petechiated.
The kidpeys and myogarsdium were pale and the pleura patechinted, Wiew
tologically, the liver showed saveve acute focal hepatitis (Fig.79) and

the kidneys ghowed neplwosis with uno cellular reapction,

The post-mortem featuves of dog no. 21294731 were generally simllaw
to those of 21294/30, The Mwver was bronze in colour and the lkidneys
confalned numerous white gpots off pliwhead sise scattered throughout
the covbices, Paloness of kidoays and myocardimn and petechiation of
the pleura were also pregent in this dog., Wistologleally, the liver
showed a moderaie degree of genevalised faity change, ML interstitial
nephritls was present fn the kldneys, consisting of foei of plasma cell

and lymphooyte zeaction with gome destzucilon of tubules,

Doga 21206728 and 29 vemained healthy, with no further eign of
jaundice in 28, Both were degtroyed ome wonth afier Infection. Neither
dog showed mactogcopic poste-montem changes. Histologieally, the kidneys
of 28 conteined a few spall intevstiilal accummulations of Iymphocytes

and plasma cells, No lesfons were found in dog 29,
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Discussion,

In this expeviment an acute syndwome occuvred in three dogs out
of four following methotvexate treatment and infection. In two dogs
the condition was fatal and the clinical biochemical and pathological
features in these dogs were very similar to those observed in ihe
jaumdiced dog in Dzperiment 1L, As there was no indication of methow
trexate poilsoning {(diarrboea) it is unlikely that the illness was due

to effecis of the dvug alone,

It would appear that both cortisone and methotredate, by inhibiting
immune mechanigms, may have allowed a mowe acete form of leptospivosis

to develop following infection with i, canicola. The syndrome was very

gimlilar to that generally asssociated with L. lcterohaemorrhapgiae infeciion,
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Experiment IITE,

In the two preceding expeviments, attempts to ronder dogs wore
susceptible to L, canicola infection by treatment with coxtigone and
wethotrexrate resulted in the production of an acute hepatic syndrome,

A further trial with methotresate was plamned in the hope that nephritis
night develop in a proportion of infected doge. As the aetioclogy of

the liver fallure in previous experinenis was unecertain, i€ wos also
necessary to determine the relative effcots of the drug aed the organiems,

For thope veasons, a eoneérolled experiment wag carried out,

Methotrexate was uwsed in the sama dosage 4o before (0.1 wnguef/ken/
day)as therae had been no siga of tomicity and mot all treated dogs deve

aloped lecions in the preceding esperimont.

Infection way carvied oui by intra~nasal dustillotion of L, canicols
cultura. Sinee infection under natural conditions may ogeur by the intrae
nasal woute, it was of interesi to find whether this methed would favour
the establishment of infection and development of severa remal lesions.
MeIntyre (1954) demonstrated that small renal inflammatory legions res

sultad from enperimental intra-nasal infection.

Matchod.
Lo T e =
Bighteen dogs aged 9 weells were weed in the euxperiment. Those

were divided into three groups of six and each group was housed separately,

L. canicola was obtailned in culture from the Royal Iafimmarey. The

culture contalned 180 x 106 orgendsms /mi,
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Group T (Nos. 22601 » 22666) received methotrerate treatment and

infection,
tiroup TT (Nos. 22667 ~ 22672) received infection only.
Group IXL (Noo. 22673 - 22678) recelved methotrexate only.

Groups I and XIX were dosed daily on days 1 » &4 of the erpoviment,
receiving 0.1 mg. methotrexate gsolution orally on each occasions On

days 3 and &, groups ¥ and IE were infecied,

The infoction procedurs involved the intra-nasal instillation of
0.5 ml. ouliure into each nostril, The dogs ware tranquilized by intrae
wenous injoction of dlethylethiambutere (“Themalon," Burroughs Welleome
& o, ) at the vate of 2 wges./1b body weight. Then, with the dogs in
dorsal rocumbency with necks estended, the culture wan slowly dripped
into each nostrll from a oyringe. No sneezing occurrved. Finally,
tranquillisation was terminated by sube-cutaneous injection of 1 wl.

nalorphine hydrobromide solution ("Lethidrone,” B.W. & Oo.).

This procedure was carried out on day 3 and wepeated ob day 4 o

ensure that each dog received a lavge infective doac.

Resulig,

The dogs were kept under observation for 2 months. During this
time, aome showed any ovidence of vrenal or hepatic disease., Temperatures
vere recovded dolly on days 1 - 14, Transilent pyrexia was observed in
the /
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the infected doges (Groups I and II), with temperaturen batween 102°

and 3.030 on days 7 and 8. Blood samples for serologleal examination

were taken from all doge on day 138, 28 and 38, The wesults are tabe

ulatad balow,

Doge 1o, Titre to L, canicola,

22661 1 1,000 1 100 1: 30
24662 1: 3,000 iy 1,000 1: 100
22663 i: 30 1: 30 l: 10
22664 13 30 1: 30 1y 10
220608 - ve - ve - Ve
226066 1s 3,000 13 1,000 15 100
22067 1z 10 i: 10 - va
22668 is 30 13 10 » va
22669 s 100 1: 100 i: 1000
22670 i: 30 1: a0 i: 10
22671 " ya 1: 10 17 10
22672 k300 18 100 it 30
22673 - ve “ ye » e
22674 v ya - Ve w ve
22675 . e w ge !
226706 » U - v “ Ve
22677 - Ve - va - ve
22678 - e - Ve - Ve
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The vather higher titrves in the doge of Group £ are of intevest.
it seems likely that methotrenate, by delaying cellular reaction ko
the organloms, allowed the infeotlon to become betiew established,
subsequently stimulating greatenr antibody production when the drug

affects terminated.

As the dogs remained perfectly healthy and the sevologleal tktres
foll, it was ovident that Infection was ot maintalved, The doge in

groups I and IX wera destroyad aftey two mentha,

On poste-mortem examination, macroscople chaniges were found in only
one dog, no. 22662, Tor this vreason, Lt wag congldeved unvecessary €o

desgroy the methotrexate~treated conivol dogs in group IIL.

The kidneys of dog 220662 contained many white pinshead sized focl
seatterad thieoughout the cortlees., Hetologleally, these lesions were
areas of intevstitial nephriiis, consisting of cellular reaction with
some destruction of tubvles. The iunfiltrating cells wexe mainly plasma
cells and lymphocyies but multdmusleate glent cells were also present
in considerabla numbers, (Flgs, 80 & L), CGlane cells bave not been

found previously either in natural or euperimental cases,

Nome of the kidueys or other organs firom the remadning i1 doge

showed microgcopic lesions.

Discugsion.
This second atttampt to produce severe intersititlal nephzitcis by
stressing doge with methotrenate before infaction wag unsuccessiul,

However ,/



Howavesr, the greater serclogical raspomse in the methotvenate-treated
dogs prabably indicates that infection beeame morve firmly establisched

in thogse animals.

The acute hepaitilc syadrone oncownterved in previous enperiments did
not ocewrr on thig occasion, Pogelbly this was velated to individual
diffevences in suscepiibility or to the facor that intwa~-nasal infection
way have caused bacteraemia to dovelop mone slowly and fo be overcowe

nore ¥eaddly.

Ta dog no. 22662, Focl of intepstiiial nepbwitds resulied from
intpasnasal Infecilon, The resulis of the expeniment show that dogs
do not sucewmb Lo inflection any more weadlly by this woute, although

it may be a natural portal of inflection in the field,

The appearaunce of glant cells in the Lidney of 22662 pupggests that
methotrexnte cauged a modificaiion of the usval cellulap wreaction, probe

ably attuibutable to abuovmal nltoslis.
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Dxpeyimenh 5.

Attenpts to increase the nupceptibility of dogs to Ly canicola

by depression of cellular responses in the lnitial stages of infection
did not vesult dn the development of severe inteorstiilal nepheitis.
Although infection was weadily established in such dogs, inflemmatory
weaction in the kildneys wag never extensive. It would appear, thevefore,
that the leptospirae did not achieve widespread colonisatlon of the

renal tissue. Iu the previous experiments healthy Lidneys were found

o bo regletant to heavy infective doses of L, canicola. Cousequently,
an attempt was made to stress the kidneys aloné in the hope of permitting

the organicms to achleve widespread lavasion.

To siwens the kidneys, mercuric chlorlde was seleeted as: a suitable
nephwotonic ppent, This chemical causes injury epecifileally to cells
of the prowimal tubules, Hioge prosimal tubule damage 18 a proncunced
feature dn naturally occuvring intepstditial nephritis, 4t was hopad that
injury o these ¢ells would provide a suitably noneresistant envizonment

vhere the leptospirac might readily invade.

Roeha ot al (1959) produced prowimal tubule damage in vats using
movouric chioride in doses of 1 mgm./rat. To avoid xlsk of causing renal
failure as a vesult of the chemical actlon alone, the dosage used in
this esperimant wao vather smaller on 2 body woight basls. The dogs wexe
given 1 mgm, morcuric chlovidefkgm. body weight, adminiotored subegutancoucly

in 1 mgm, fee. solution,



8ixn dogs ware used in this cxperimant, Wos, 24478f1 - 6, aged

8 weeks,

O day 1 of ¢he euperdment, the dogs were injecied with mercuzic
eghlonide as described, Eight hours later, they wers Infected hy intraw

peritoncal injection of I wl, L. canieola wultuve. The dogs were

apparvently. healthy for the next 4 days.

On dey 5, all of the dogs wewe pavtially anorexic and slightly
dull, Thexe was no change on day 6, On the moyning of day 7, two dogs,

2467804 and 2047816, were found dead,

Postemorton examinatlon of those dogs revealed pronowced Baundice,
with ovangewcoloured livers, petechiation of the pleura and very pale
kidueys., Histologlcally, the venal cofticae of both dopy contained s
fow small fool of lymphoeyie and plasma eell reaction, In 2447874, the
calls of the prowximal tuﬁuimm showed pronowncad fatty change. (FLe.62).

The livers also showed marked fatty choange.

The vemaining four dogs wecovered from the three days of malaise
without showing specific symptoms. Blood samples for serological emame
ination were taken on days 14, 286 and 42, These resules are tabnlated

ovarleaf,




Bay 12

Titre to L. canicola.

- Dav.28, Day 42,
244754 % 1y 3,000 1% 1,000 it 300
246467812 1 3,000 1 3,000 1 100
2447843 13 . 300 i 109 1 30
2447815 1+ 3,000 1y GO 1: 100

Aftey this, the dops were destrzoyed ae they showed no avidence of

nephritis,

Un postwwmortem examination, the kidneys of all the dops contained
numerous small white foel seattoved throughout the cortices. Histologleally,
these wore arcas of mild intepstitial nephritis, cheracterised hy plasmo

cell and lyaphocyte weaction, {Fig. 83).

bisgugaion.

In this experiment, six dogs teeated withmercurie chloride befodfe
infection all developed numerouws small foel of imtewstitial nephritis.
In previoﬁs experiments only a proporidon of infected dogs showed ghese
venal changes. Therefore it is possible that damage to the proximal
tubules caused by mexcuric chioride rendered the kidneys move susceptible
to dnvasion by L, conicola, However, as two dogs bestame extyemely 411
and died and none of the dogs succumbed to severe nephritis, this method

of enhancing susceptibilicy appeared to be impractical.

Onee agaln, the acuto iecteric condition which occurred in two of

thel
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the dogs, wesewbled the disease genevally assoclated with b, icteros

haemorrhapise infeation,

In thie sories of cuperivents designed to inorease the susceptibe
11ty of healthy dogs to leptospiral nephritis a larpge proporiien of the
dopgs devaloped amall foel of intewstitial nephritis., A nuwcber of the
dogs dled sfter a brief severe illness of which jaundice and hepatic
fallure were promivent feoatwros. This ayodvome may have veopresented a
hyper=gopie form of lephospivesis, In view of the favalicles affecting
soveral dogs, i1t would have been impongible to jncrease the dosage of
the yardous dvugs ewpleoyed, although soma dogs zemained peviectly
healthy, Ao none of the dege develpped sevewe uephwitie, no further

attempts of vhis type were made,
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Y e g
Brperiment G,
AT A YRR AT YR LT R S

in pravious emperiments, atiempte to increase the susceptibility

of dogs to 3, canicole were vot guccessiul in producing seveve nephyitis,
The ovgaaioms used In the experinants (and those of othey workers) veve
eultured for long periods after oviginal isolavion from doge, with

poasible loss of wirulence for that speecies. In the next two experimnents,
leptosplrae vere passaped in serles through dogs In an atbenpt o enhance
their pathogenleliy. Xow et al (1956}, working with L. ictevchasnorvhasiae,
found that cultured ovgenicns become wmoxe virvlont a9 they were passaged

thyough dogs. Iu theiv euperiments, each dog was infected from a previous

dogy Avenn (1262) Increaged the vivelence of L. icterohapmorvhagige for

puineasplpe by passage after the organiems had been culbtured for several

years.

In ewperinents 6 and 7, L, canicola was pasgaged by infecting dogs
with blood taken fn the bactevaemic phase from the preceding wnembor of

the sovies,

Mathod,

Wine doge aged 8 weeks wore uped in thile experiment, (Nos. 21294710 «
18). Infection was effected by iutva~peritoneal injeatlon, Pollowing
infection by this route, bhacterammia is sstablished by the 4th day (MeIntyre.
1954) and therefore blood samples wege taken on posteinfection day 4 from

each dog.




The blovd camplas ware token from the jugulay veins. 10 mils.
of Blood were romoved on each ocoasion and this volune was replacaed

with dextran solution,

Infection of the noext dopg was then effected by intyasperitoneal
injection of 08 mls. blood. The vemaining 2 mle. were used for the
culture of L. canlcola, so that the presence of boeteraenia conld be

verdf£iad in retrospect,

The £irst dog of the series, 21294/10 was infected by intrae
peritoneal injection of 1000 = 1@6 loptospirvas in culture. On day 4,

a blood sample was taken to infect dog 21294711,

This procedure of taking hlood somples on the 4th day to infect

the next dog in the gseries was repeated wntil nine dops had been infected,

ﬁea_uita "
Blood culiures were posdtive only in the fivsc 4 dogs, indicating
that bacteraemia was not present in the £ifth dog and therefore sueceeding

doga wore not inflected,

Buring the esperiment, the dogs Jdid not show a pyrenic vesponse €o
infection, The main clinical observation was the development of jaundice
in the £iret and third doges of the series. The third dog showad jaundice
of moderate degree.on the 8th day after infection, The fivst dog developed
mild jaundice 18 days after infection. WNedther dog showad malaise,

anovexia,/
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anovexia, fover or other symptons at this time. In both cases, jaundlca
peraisted for 3 days, and was followed by wecovery. Blood samples for
biochemical examlnation were taken from these dogs. The rosulis ave

tabulated bolaw,

Biood Biochemisiry of the Jaundiced Doge.

21294/10 21204/12.

Bilirubin 2 mpm. /100 wml, 2,15 wgn. /100 mi,
Protein &4 gm. 100 ml, 5.3 emf100 nl.
AlG patlo 05 0.5

Allkaline

Phogphatase 27  XK.A. 3 K.A,

Urea 27 wpm. /100 nl. 35 mgme £ 100 nl,
8,G.0.%, 40 8.L. 25 5.7,

8.G. 2.1, 23 a.r. 22 S.7.

Thege £lndinge indicate ldver domage, choun by raised billrubin
lavels, low serum protein and A6 ratios and elevation of alkaline phoge

phatase iu 21294710,

No further almovmalities weve observed in avy of tho doge and they
were destyoyed 10 weeks after the stari of the expeviment, No pogiw

worten or wilaroscopie lesions were found in any orpgon.

The organioma isolated from the 4th dog of this series were main-

tained/
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maintained in culture o be used dn 2 gecond pospage series In emperimant 7.

Digewssion,

| In this experiment, L. cqnicglg was passaged Chrough fouw dogs.
In the £ifth dop, either the hactoraemic phase was migased or else the
organisn fatled to becomz established, Melntyre (1954) demonstvated
that bactoraonia may ocour from tha third day afver intwa-peritoneal
infioction. Thevefore this transiont phase may have pagsed befone the

blood sample was taken on the fouxth day;

Pasaage through four dogs did wnob enhance the virulenece of the
leptospirae sufficlently o cause venal discase. Howaver, the progonce
of jaundice in two dogs with biochemical eovidouce oFf liver damage was
of eonsiderable intorest. Liver disease also vesulted from infectiono
of pups in Buxpeoriments 2, 3 and 3. As young animale have been used in
thase exporinents, it may be that in young pupa the liver ils wore supe
ceptible to L. canlcola thon the kidneys. The great majority of field

casas of Jeptospiral nephritds occur in dogs over 6 wmonths of age,
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Ezxperimant 7

In the precoeding enperviment, no obvious increase in virulence

raoulted from four serlal passages of L. canicola through dogs. As

the opganiem was "lost" after the fourth dog, a second series was planmed
to continve the passage and to debermine whether an obvious increase

in vigzulence would develop.

Method,

In this second serles, sin pupe aged § wocks were used, {(nos.
23294122 « 27), This time blood sawples were taken from the dogs on
both days 3 and 4 after infecidion, to minimise any visk of migsing the
bacteraenic phase. Again, the sawplas were taken £rom the jupgulay velng.
6 mis. of blood were talken fyom each dog on both daye. 4 mis, of thig
were injected lotra~peritoneally lnto the nexi member of the series
and zAmls. were used to culture L, canicola., The blood volume was ro-

placed with dextran solution,

The firot dog of this serles was infected from eulture malntalned

after lsolation of L. canicola from the fourth dog in Bapeximent 6.

At this time, the organiom had been cultured for 8 weeks. 4 mis, of
culture were injected intra-peritoncally. On days 3 and &, blood seuples

were taken for passage and cultura as desceibed.

The second dog, infected twilce, waps bled 3 aud & days after the
second infectlon. This procedure, whereby each dopg vecelved two

injections/




injections of blood from the preceding dog and in turn had blood samples
caken on the following third and fowrth day, was vepeatad with the sixn

dogo in succession.

Results,
The resulis off blood culture were agaln positive only iu the fivst
four dogs. The dadividual results from each dog on days J and & ave

tabulated below,

Resules of Blowd Gulture.

Bav. 3 Bay 4,
21294:/22 ‘ 8 4
21294423 4 K
212044 24 & .
21294425 & | -
21284426 w -
21294427 - -

During the experiment, 21294/22 showed no clinical abunormality,

Bight days after infection, 21294/23 becawe severely 111, showing
ztreme dulloess, complete anowenla and advanced ataxia, Tocomotion
wap limited to a few shaky steps, after which the dog fell over on iis

back. Buthanasla was performed, No macropcople abnormalitles were

found/



found on postemorten examination., Histologleally, meniugitis was
pregent, with egpecilally marked changes over the cerebrum where the
meninges showed oedematous thickening and mononuelear cell reaction.
(Fig.84). Cultural exanination of cervebrowspinal fluld for the presence

of L, canicola was carried ouk, with nepatlve results,

Dog no. 28294/24 developed joundice 17 days afiter infeetion,
Jawndice was of woderate degree and the dog was wathes dull and pavtially
anorexic. These signs persisted for four days, then resolved gradually.
Biochemical examinotion of a blood sample from this dog gave the

following reoulto:

Blood Bilochemictny of 21294724,

Bilipubin & & mpmf 300 wi,
Protaein = 4.5 gmsf100 mi.
A/G ratio & (N

Alkaline

phosphatase b 39 KA.

5.G. 0.7, # 12 8.F.
5.G.2.T, & i 8.¥%.

Urea = 25 mgmf 100 ml,

Liver deomage was indicated by the high bilivubin and alkaline

phosphatace levele and low protein aud H/G ratio.
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None of the other dogs in the sevies showed any abnormality and
they were destwoyed 8 wecks after the stavt of the cupewiment, No

postmortem or histological lesions were found,

}Bﬂ.mguﬁs igl%o

Passage of I. canicola through a second sevies of dogs did not

lead to the development of nephritis in the infected doge, The severe
mindngitis in 21294/23 may have been cavsed by L. coulcola, as occasionw
ally happens in the humsn. Again, liver disease occurred in ona of the
pups, wlth sindlar elinical end blochemical observations Lo those noted
in jaundiced dogs in previous expevimente., This further case indicates
once more that the livers of very young dogs may be more susceptlble

ko L, ecanlcola than the kidneya.

it cannot be entlvely cevtain vhether the 1llnesses in two dogs
of the sories resulted from an increase in virulence of the orpanlom.
Pagsage was maintained through only four dogs despite precautions to
engure thai the bacteraemic phase was not mlssed. Appavenbly the fifth
dog recelved too fow organdsms ov had guffilclent natupral immwnilty Lo

overcome the infoction voary rapldly.

As none of the infected dogs developed renal lesions and passage
could not be continued beyond four dogs in either series, wo further
attempts of this Lype ware made, although the organisms isolated from

the fourth dog in this series were cultured and uvsed in laber experimenta.
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Buperinent 8.

The difficulitles encouniered in the experimental reproduction of
leptospival nephritls bave been well 1llustrated in the work of other
Investigators and In the preceding euperiments, Infection as it oceurs
naturally ecaunot be repeated accurvately, sivee the natural poute is
uncertain and the condition of dogs at the time &f {nfectilon i quite
unknown. Melontyre (1954), in an atteapt to slmulate field conditions,
infected dops Intrasnasally and produced swall renal lesilong., This
procedure wae also followed in the 4th of these experilments with sime
1lar resulia. %he oral route s the other probable natural portal of
infection., N& one has infected dogs in this way previcusly., In this
experiment, dogs were Infected orally to establish definitely whethew

the mode of infection has any beawing on the severity of the disease.

On thic occaslon, older dogs were used because liver disease had
been encounteved with considerable frequency in young infected pups in

other experimneants.

Vethod,

Tive dogs aged 6 months were used (Nos. 22673 - 22677). These
dogs had been used as contrels in Bxperiment &4, when they wewe dosed
with methotrexate. They had been housed out of any contaet with other
dogs and had nepgative serologleal titves to leptospivae during Experiment

& and at the start of this experiment.



Oral infectlon was cavried out by feeding the liver and kidneys of
infeeted hamsters to the dogs. As ovganisms grown in wityro were used
in preceding experiments without producing severe renal lesions, lepto-
spirae were cultured in hamstewrs in this iastance to £ind whether such

organiems would show greater pathogenicity.

Tuelve bamsters aged 9 weeks were esch injected with L. vanicola

culture on the first day of the expeviment. M intraeperitoneal dose
of 0,5 ml, culture was glven to each hamster at & p.m. The following
morning, J hamsters were dead aid the other 7 moribund, The dead
aninmals weve discarded and the otbers desitroyed by placing them in
javs containing trichlorethyvicne~soaked cotion wool. The livers and
kideeys were then removad, chopped and mized., Ezamination of a smeap
of this mixture by dark ground microscopy shoued the presence of large

nuxbers of motile leptosplrae.

The infected tlssues were then fod to the dogs in approzimately
equal amounts. %This was done by opening the dogs' wouths and pouring

the mizture to the back of ¢he throat.

Regulis.

Buring the following 6 weeks, the dogs showed no clinlcal abnormality
and appeared toc be perfectly healthy. On the 4th and 28¢th days after
infection, blood samples werve tahken for serological examination., The

results were as follows:
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Pitve to L, canicold.

oz, Day 14 Day 28
22673 1: 10 1 10
22676 1: 300 1: 100
22675 1z 300 i: 100
22676 i: 300 i: 300
22677 t: 100 ' 1: 10

The dogs wers destroyaed cix weeks after infection, On pogte
mortem exominaticon, visible lesions were present only in the bidueys
of 22676, The sucfiace of the covtices weve uneven with many tiny
white pits of pin-head slze. These minute foel were also present more
deeply in the cortilces. Histologieally, thess were aveas of interstitial
nephrldtils with plasma cell and lymphocyte reactlon. There wers no

microscopic lesions in the kiduoeys of the other dogs.

Mocugolon,

Dogs infected orally vith L. eanicols developed specilfic serum

agglutinins, indicating that infectlon was successfully established by

this route.

Foral intewstitlal nephyitis developed in only one anfmal in the
grosp and it is of interest that no lesions weve found in the other dogs
although the servologleal titres were positive. Apparently the orgonisme

pexwsistedf
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persisted in the dogs withoui demonstrable wenal reaction.

In this serien of eunpeviments, dogs have boen infected by intrae
genal, intra-peritonsal, Intra~venous, dntrae~nasal and oral woutes.
With each mathod, a serological respounse ceceurred and a proportion
of the dogs developed small ronal foci of interstiilal reaction. I
seens cepbaln, thevefore, that the woute of Infection has litile in-
portance in determining the subsequent convse of the dicease. Prowvided
that the organisms veach the bleod stream by auy wmeans, che Yesulis of

infecetion are simiiav,

No apperent difference in pathopenicity resulied from growing the

leptospivae in hamsters instead of artificial medium,

The older dogs used in the expeximent did not show evidence of

llver disease.
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Txperiment 9.

Several pathological features of leptospirval vephritis sugpest that
an fmmenological mechanien night play a pawt in the actlology of some of

the charactewistic lesions.

In the acute phase of nephritis, lymphocytes and plasma cells
accumulate in the kidueye to form an extvemely dense infiltrate, in
wirlch polymoxphonuclear leucocyies ave almost entively absent, This
celiular pattern indicates that an dntence antigen-antibody reaction
ensues, which may in itself be responsible for much of the renal damage,
There ig thought to be a tiwe lnterval of 2 « 3 weeks between initial
infection and the development of an eztensive cellular response in the

ho
kidneys. During this time, hypersensitivity af hyperimmunity to leptow
splral antigen could build up. Serum agglutinins rise vexry shapply

during this phase,

In subeacute and chronic nephritis, a large propovtion of the
glomerull become altered, with deposition of plasmatic material within
the capillovy loops. In Section IL, 4t was found that this change is
asgoceiated with hypertension., However, the nabuve of the lesion suggests
that it couid have an fmmuncological bagis, as Tendvwa {19633 hac ghown
that plagwatic vasculosis has a similar appearance in hypertension and

certain collagen diseases in the human.

In clivonic nephritis, a frequent complication is endocaxndosis of

thef
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the atvigsventricular valves of the heari. This condition, in which
fibro=clascle proliferation with excessive ground substance depesition
ocourd in the valves, ‘haw pomz resembience to ghronie rhewwatold vale
vular disease in humans. The lesion could vesult from a local antigen-

antibody veaction.

An experinent was desigped in which both hypersensitivity and hyperw
Lomunity o L, candeols were dnduced in dogs by exposing them vepeatedly
to the ovganism, In this way, hypersenskilivity was induced 'Ii.a.'z- the sarly
part of the experiment, with subsequent hyperimmmisation. The dogs

were exsmined for any renal or cardiac cffecis.

Hethod.

Tive dogs, VUom. 23248 -~ 23252, aged four wonths were umed. A
cardiovascular examlnation wae carried out on each dog befiore the start
of the expewiment. This included elocipowcardiographic and phonocardio=
praphic zecordings in addition to augcultetion of the heart, palpation
of femoral pulse and obserwation of mucosal colouvr and venouws distension,

There were no abnormalities In any of the dogs.

Repeated exposuce to L. canicola was cavezied out by infecting the
dogs every week for 12 weeks. On each ocecasion, 1 ml. of L., canicola

TR Al S A

culture was injected inira-venously.

Every week before ve-~infectlon, the dogs were thoroughly examined
and vecordings taken as described. Blood samples were taken for sercloge

lealf




246

sevological exanminatlon cach week for 3 weeks, then fortnlghtly for the

vast of the experiment.

Besules.

After ihe second szeaﬂicn, three of the dogs showed transient
anaphylaxis (Noe. 23248, 49 and 51). These dogs collapsed aboue five
minutes after the injectlon, with very fast weak pulses and shallow

raspiration, They wecoveved rapidiy after a few minutes,

After the thiwd infection, 23251 and 52 showed anaphylaxls of
milder degree, After fourth infection, oaly 23232 becowme nildlyv anaw
phviactie. %Theyveafiter, the infectiocn had no lnmadiate effiect on any of

the dogs.

Weekly infection and examination were repeated for 12 weeks,
The dogs weve kept fovr a Luyther § weeks, durving vhich they were examined

each week and forinlghtly blood sampling was continued,

During the experiment, the doge remained clinlcally normal and
no cavdlowvagculay abnormalitics were detected. The sewvelogical results

ave tabulated overleaf,
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Serological Titres to T. canieola,
Heek of
i - Ve - Ya - e P )
2 i: 100 is 300 i: 3,000 i: 30
3 i: 3,000 >3230,000 >1:30,000 i: 3,000
5 1: 300 1: 3,000 1s 3,000 i: 3,000
7 1:30,000 1:30,000  1:30,000 1:30,000
9 is 3,000 12 300 13 1,000 i 1,600
11 110,000 1 L0000 1:10,000 1210,000
i3 1:30,000 i: 300 1 300 i: 1,000
{ilast ine
feetion)
15 13 100 s 100 i: 30 1: 100
(¥ 1: 10 is 100 iz 0 i: 30
19 = ya i 30 - e - e
21 - ya i: 10 - Ge - ye
The dogso wewre destroyed 5 months after Initial infection. On

post-morien exanination, the kidueys of each dog contained mmmerous

wvhite focl of 1 « 2 mm. diameter ccattered throughout the cortlees.

There were no cardiac or other lesions,

Histologically, the kidueys

showed mild interstitial uephwitic consisting of foci of lymphocyte

andf
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and plasma call reaction with localised destruction of tubules. (Figs.

85 & 86), There were no abnormalities elscvhere.

Hacusgion,.
hAr(s o2 WS PP TN LN TS

In thie experiment, dogs vapeatedly exposed to L, eanicola shoved

tiransient anaphylactic regetions hut did not develop severe wenal leslong

o any cardio vapcular aboonmalivies,

The most interesting feature of this expeximent was the pattern of

the gerclogical vesponse to vepeated infertilon. Afier wiping waplidly

to maximum Jevele at aboui the thirxd week, the titres then flucuated fov
several weeks although infection was continued. The tiltwes of 232469 - 52
all showed a marhked f£all betweon the Lith and 13¢h wecks, that o before
infection was discontinued. This demonstrates a sharp decreage In antie
body production desplte continued antigenic stimplation. When infection
was stopped, the titreo of all of the doge decreased with remarkable
rapidliy, becoming negeotiwve in four of the dogs six weeks after the last

infection,

Dixon et al (1952) found the halfslife of homologous gawmgeglobulin
in dogy to be 8 & 1.1, days. Thorefore a cesgation of antibody production
is followed by a very wapid fall in circulating levels., %he serologlcal
results of this experiment indicate that production stopped before the

5 - - a Wy
dogs were infected for the lact time, thus demonstrating lnmune paralysls. e

it is of interest that focld of celliular weaction pexsisted in the

kidneys in ghe abeence of demonstrable genum agglutinine.
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Luperinent 10,

¥n this expewiment, the iscolation of a fresh straln of I, caunicola

from a dog suffering from acute nephritis and the subsequent ifunfection
of dogs with this strain will be described,. Barlier unsuccessful abtempts

to irolate the cowgonlsm will be mentioned briefly.

During the time in which the experimental work was carvied out,
urine saaples were examined for the presence of lepisspiloqac fion every
dog admivted to the hospital sufferiog from nephritis. It was essentlal
to infect dops with newly fsclated orvganiswms £o establish whether previous

experimental infections falled to cause seveve nephvitis because of

attenvated virulence in culibured organisms,

Attermpts 1 and 2,

On two occasions, dogs wepe admitted to the hospital in the terminal
stages of acute nephritis. Belng woribund, these doge werve destzoyed and
the kidneys wemoved aseptically., One hidney was then used to culture
L. canicola and the other wsed iwmadiately to infect young hamstevs and
pups. In the latter procedure, wemalcocortical tissue was homogenized
with stevile sand and saliﬂég then injected Intraeperitoneally into the
hamsters and pups. Ion both of these attewpts, the hamétera gnd pups did
not develop any clinical, sevologicsal or postemorten evidence of lepto=

spivogis and kidney culture was unspccessful.

These atbempts may have €alled because of the wery high levels of

autibody/
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antibody in the kidneys of dogs dyiunpg in the acute stage. Rudge {1953)
stated that the efficiency of the animal inoculation test for demonstrae
tion of viable leptospivac in kidoey tissue may be sevicusly voduced iF
the speedlmen is obtaivned from an animal with a very high titve. The

organisms may be inactivated by exposure Lo antibody during preparation

of the tissue suspension uged as an inoculum,

Attewpk 3.
On another ocecasion, a dog suffering from acute wvephribis withoui
complete renal fallure was found to have leptospiruria. Urlus was taken

from this dog through a aterlle catheter into sterile bottles. Some of

the uwrine was uvsed to cultvre L, canlcola and the vemainddr ivjected

intra-peritoneally into hamsters and pups. Apaiv, the infected animals
did not show evidence of leptospirosis and urine culture was uasuccesnsful,
It was suggested by Dr. .Y, Michona that this attenpt may have failled
bacause the glasswave uvsed to hold the vrine samples was washed in
detergent beforve stevilization and any trace of detergent would be
rapldly toxic to leptospivae. This possibility was tested on the followe

ing ocaasion.

Attemnt &,

The fourth attempt to isolate I, vanicola was successiful. A dog
suffering from non-~fatal acute wnephritis was found o be excveting lepio-
spivae., Urine was collected through a sterile catheéer into two sets of
botitles, one set of which had been detergent~washed befove sterilizatéon

whilef



while the other was bolled in bufifered saling, pH 7.2. Half an hour
then elapsed before madia counld be incculated for culbure. Ak the end
of this time, the leptospirvae in the detergent-washed boutles were noie
motlle vhile those in the other bottles were s3vill actively motile.
leptospirvae were successfully cultured from the motile samples, both

dizvectly and by lsolation from au dnfected guinea pig.

Urine wag also dnjected divectly into & pups intraeperiboneally.

The pups were 6 « 8 weeks old (Wos., 2847877 » 10}.

Regulis,

Seven dave after lanfection, 26478771 died, showing liver necvosis
and widespread petechial haemorrhages. ARk this time the other nups
showad malalse and anovexia for 3 days and one developad kewvatitis.
Contagious canine hepatitis was suspected, but no evidence of this was
found on serological examinaﬁian of blood samples from the pups, or later
by the use of liver as antigen in the complement«fination test. Histoe

logleally, ro luvclusion bodies were found in the livewrs.

Blood samples for sevological examination wexe taken 14 and 28 days

after infection., The results were as follows:

Titve o L. canicola.

Doy Bay & Bay..28,
2647818 - Ve i: 30
2047849 - Ve 1:1000

24478110 - e iz 19
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The pups showed no further abnovmzalifles after the brief 1llness
deseribed. They were destroyed 6 weeks after infection. One Lidney

from each was used to culture L. canicola and the liver used as antigen

for the contagious hepatitis complement fization tesi,

L. canicola was cultured from the kidueys of 24478/8 and 9.

Tasts for wvirus hepatitis wexe negative.

On post-morten examination, the kidueys of 24478/9 contained
several small vhilte cortical focl. Histologically, these were areas
of interstitial nephrltis with lymphocyte and plagma eell veaction,

There wexe no macvoscopic or histologleal lesions in 24478/8 and 10.

Biscussion.
The tests in which leptoppirac were collected into detergent-washed
and non~detergent washed bottles indicate that the ovganisms are extremely

suseeptible to the wmost minvte wesildue in the glassware.

The acute illness which occurred in the pups one week after ine
fegtion, lilling one pup, resembled virus hepatitis. In the absence
of inclusion bodies and serxclogical evidence of Rubarth's virus, 1t
saems probable that thie was a further example of acute liver disecase

in young pups cauvged by L. canicola.

Servm agglutining were not present in the pups two weeks after
infection, although they were detected afier four weeks. This was an

vnngually delayed response,
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The euliure of I, candcola from the kidneys of 24478/8 is of

interest, as no yenal lesiows were detected In thiz dog.

The culture from the kidneys of 2447879 was used in the next

expeyliment,
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Fxperinent 11,

L. canicola, freshly lsolated from a nephritic dog, was passaged
through dogs in Experiment 10, then wveeisolated and culturved, This
culture was used 2 weeks later to inflect & move pups. The results of
the previous experiment were unsatisfactory in that the dogs did not
develop nephwitis and a liver dizease of uncerialn oxigin occurred.

A further tyrial was vequived to establish whether dogs would be rew

sigtant to inflection with a fully virvleunt straln of L, canicola.

Method.

Pive doge were used iu this ewperiuent {MNos., 24475/11 - 15),
They were 10 weeks old at the time of infection., Tour of the dogs
ware infected (24478/14-14) and the £ifch (24478/15) was hept iv the

same pen to f£ind vhethey trapsfer of infectlon would occur.

The organlems used were from the £irst subeculture grown from
the kidney of 24478/9 in Euperiment 10. The dogs were infected by

Intra-peritoneal injection off 1 cc. of this gulture,

The temperatures of the dogs were vecorded beforxe infection and

oace daily for the next 10 days.

Resulbs,
A pyrexic veoponse developed in the doge three days afier infeciion
and this persisted for three days. The tempepatures cver the pyrexic

pericd ave tabulated overleaf,
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Temperatures of the Infected Bozs.

Rogt=infecticn 20678011 20678112 20478413 26478/ 14,
Day 2 102° 102,17 101.5° 102°
3 102..4° 104° 102°  108°
4 102,47 103,4° 102° 101.8°
5 102,8° 103.2° 101.6° 101,5°
6 10L,6° 102° 101, 6° 101.7°
7 101.4° 101.8° 101.5° - 101,5°

The dogs showed slight malaise on the 3evd - 5th days after infectilon.
This was most pronounced ifn 24478/12, which was also partially anorezic

att this tine.

The dogs wecovered gad chowed wo further abnormality during the
nexi 2 months, with the exception of 24478/11, which failed to grow as

well as the others and was wexy thin,

The serological titres to L., cavicola during the esperiment ave

tabulated below,

Sexolopical Titves to L. canicola.

Popt=infection

wael. o LELABLEN | OBLTRIND  2GLFBIND  26LT8LML 24478115,
2 1: 3,000 1330,000 - ve - e
3 Ls 3,000 %:30,000 - e - Ve
& 12 3,000 >1:30,000 - ya = ve i1: 100
3 110,000 >1:30,000 - ge 1: 10 i: 1,000
6 >1:130,000 >1:130,000 i 0 - e i1: 300
8 1:30,000 >13:30,000 - Ve - Ve 1: 160
10 Le 1,000 >1:30,000 - YE - Ve i: 10

12 i: 1,000 - ye -ve @ e ve



The development of a poslilve titwe in 20478/15 is of ilnterest,

indieatlng that crosse-infecilon took place,

On the ¥2ad day, dog no. 24&78/11 died suddenly. At postemortem
examination, the liver was found to be pale and erlarged snd the kildneys
coitatund mumerous white fool of 2 - 3 wm. dlaweter scatiered throughout
the cortlces, especially avound the corticosmedullayy junction., The
thymus was cedematous and petechiated., Histologieally, the Lliver showed
a moderaie degwee of fatty change. (Fig.87). Intewstitlal nephritis of
moderate geverity affiected the kidneys, in which fairly numerous areas
of plasma cell and lymphooyte accumulation were present, (Pig.88). In
addition, there were scveral radial bande of chronic reaction with well
developed fibrosis. (Fig.89). Serological and histologlcal examinations

for virus hepatitis proved negative.

During the next wmonth, the remaining dogs showed no clinical abe

normality and were destroyed three months aficer infectilon,

On poste-norten esanination, very well developed macroscopic wenal
lesions were present in dog 24478f/12. The kidneys were grossly swollen
and vexy pale. The capsules were partially adherent and the cortical
suirfaces wongh and nodulor., On secilon, the tissue was abuormally £imm
and very numerous white nodular foel were present throughoui: the cortilces.
These foci were up o 3 mwm. in diaweter. Nawvzow vadial bands of £ibrous
tisoue were also apparent In the cortices. The macroscople appeavance ©Of

alf




a kidumey from the dog is shown in Fig., 90. The diffevence in size
between this kidnoy and that of 24473/18 ds shovn in Flg.9l. (AlL of

the dogs in this group were of the sawe age and size.)

Because of the highly significant wenal changes in this dog, the
Licart blood was taken for blochemical estimation of serum urea, The
vegult was as followss

Sevum uwrea = 150 mgf 100 mi,

The kidneys of dogs 24478/13, 14 and 15 were mucroscopically normal.

Ristologleally, the kidneys of 24478712 shoved severe changes
chavacteristic of subeacute interstitial nephriitis. The cellular
veaction was nodulay in pattern, with lavge dense aveas of plasma cell
and iymphocyte accumulation scatiered throughout the cortlces. Smallew
foel weve also pregent in the medullia., In the centve of some of the
lavger weactive aveas, polymorphonuclear leuvcocytes were present in
congildevable mumbers, Numerous radial bands of £ibrosis were also
present in the cortices and in these areas the glomeruli showed warying
degrees of fibrosis of the caplllary tuft. The arteries and artevioles

were noxmal. The leslons ave illustrated in Figs. 92, 93 and 94,

L. canlcola was successfully coltured from a kiduey of this

dop and the re~lsolated organism was used in the next experiment.

Yo micvoscopic abnorwalities were found in the kidneys of 244738/13
and 14, Mild intewstiilal nephvitls was present in the kidueys of 24478415,

seenf



seon a8 gmall focl of plasma cell and Iywphocyte veactlon situated In
the justaspedullary vegion of the cortices and in the outier medslla,

(75'.“3.8. 95 )"

Dilscusalon.

The development of povere sube-acute interstitial nephodtis in
one dog in thils expeviment is of very considerable signliicance, This
ig the Fivst time that the disease has been reproduced lun a severe form
with zetention ¢f none-proteln nltvogen in the bleod, The fact that
only one dog in the group of four showed thezse features may be due to

individual vaviations in susceptibilicy among the ciliy-bred pups.

it s of intevest that the subeacute lesions were present three
months after infection and that the serologilceal tityre had fallen at
this time to levels which ave gemerally associated with the subeacute

phase of the disease in £idld caszes.
E

The resulis of this experiment suggest that the virulence of the
organiem ig of major lmpovtance in determining the outcome of an ine
fection. QGubt of the group of five dopgs, one died of liver fallure and
vhoved moderately severe venal lesions and one developed severe nephritis

with zenal failuxe,

Unfovtunately, as dog 24478f12 showed wo clinieal symptoms, the

blood bilochemictry was not followed throughout the experiment.
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The tyansient serologilcal vesponse and small wenal lesions in
the croaselnfecied dog, 24478/153, suggest that infection by "natural®

weans has ldttle influence on the severity of the disease pvocess.
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xperiment 12,

[ et

The rvecently lsolated siwvain of L. canlcola was twice passaged

through dogs, iu expeviments 10 and 11, On the second occasion, one
infected dog developed severe subeacute interstitilal nephvitis with
vracnla and another died of liver failure, with modorately scverc subw
acuie nephriltls, This result suggested that the field styain of L,
canlcola was consilderably more wirulent than organisms maintained in
proionged cultuve and that passage through dogs may bave evhanced the
civulence still fgvibew, The organism was thevefore wesisolated,
cultured and used to infect another sewies of doge to ascertain the

gignificance of these observations.

Por thiaz espeviment; a litter of faruwbred collie pups wag obtained.
It was hoped that such animals, bred and vreaved oui of any contact with

city doge, would have no maternally transferved lvmunity to L. canilcola.

As discussed caplier, the endemic natuve of the infection among city
dogs suggeste that wany pups may have some weglatance to the potential

effects of L. canicola,

Mathod,
Pour farm collic pups were used in this experiment (Nos. 206238,
26239, 26240 and 26241). They were three mouthe old at the time of

infectlon and had negatlve serologleal ¢liéwves fo L. canieola and

L, Jdetevohacmorrhasiae,
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The organisms were from the Lirst sub-culture grown from a kidosy
of dog 26678/12 in Experiment 11, The dogs were lunfected by intvae

peritoneal injection of 1 ce. of this culture.

The temperstures of the dogs were vecorxded before infection and
once dally for the following ten days. Blood samples were taken £irom
each dog for serological and biochemical examination ouce every weelk.
throughoul: the euperiment. Urine samples were ezamined towards the end

of the experlment.

Rogults,
N it AT N

The doge showed a pyrexic response from the 2und - 6th days aftew

infecticn., The tmmpevatures over this perioed are chowm in Table .

TABLE T.

Tempenatures of the Infectad Dops.

Bogi=infection Day 26238 26239 26240 26241
i 101.7° 101.5° 101.8° 101.6°
2 102° 102,2° 102.4° 101.8°
3 103° 103,1° 103.4° 102.4°
4 103,57 103.6° 103.8" 103.5°
5 103,17 102.8° 103,57 103.5°
6 102..5° 102,57 102.4° 102.8°
7 101.2° 101.7° 101.9° 101, 8%

The dogs ghowed mild malaise frow the Jrd - 5th days, though none

becane anorexic.
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No fuwther clinical abnormality was detected 4n the dogs during
the next two mouths, Urom the 8th - 10th weeks, dog 26238 became

appreciably anaemic.

The serological titres to L. ganlcola during the experiment ave

ghowit i Table 1L,

TABLE LI

Serolopical Titves to I. canicola,

Rosi=infaction 26238 26239 26240 20243
i 123000 >113530,000 1: 1,000 >1:30,000
2 12300 ~1:30,000 i: 3,000 1:30,000
3 113000 110,000 i1, 000 >1:30,000
& 13300 Ls 1,000 L1 1,000 Ls 4,000
5 12300 l: 3,000 i1y 300 s 3,000
& 1:300 13 3,600 is 360 i: 3,000
7 13300 L3 3,000 1: 1,000 L 1,000
8 123160 1: 3,000 i 300 13 3,000
9 1:300 11 3,000 1: 3,000 i: 1,000
10 13100 1: 3,000 i: 3,000 1 300
11 s 1,000 1:10,000 i: 500
12 12 30D i: 3,000 1y 1,000
13 l: 300 1: 300 1: 300

14 i: D 11 36D i: 360
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ALl of the dogs developed high tlires, which attained levels of
> 1:30,000 in 26239 and 262431, Tn the latter pavt of the experimeni,

the tiires foll to low levals,

Although there were no significant elinical findings during the
three months following iufection, the weekly blood biochemical exane
inatlons rovealed interesting abnoyxmalities. As the obsevvations varied
in the individual animals, the biochemical vesults ave tabulated in
full (gee Table TIT). In addition to the wecorded findings, estimations
of billzubin, sodlum potassium and chloride werxe alsc ecarried out but

thege arve omitted frowm the tables as no abnormal levels were found.
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These wesults Indicate significant Livey damage in all of the

dogs and mild venal dysfunciion in two.

Dog 26238 showed an incvease in serum travsaninase lovels throughe
out the experiment, with the exception of the Hth week, The proteln
level was consdstently low, especlally dn the Sth, 7ch and 10th weeks,
vidence of lwpaived venal function was shown by a slight rise in

blood uwrea in the 10th weel,

Bog 262392 had raised 8,8.0.7. levels in the 2nd, ilth and Jbeh

veelks, suggesting liver damage.

Dog 26240 showed almost persistantly ralsed serum transaminase
levels, which were exitvemsly high in the i0th and 12th weeks. Blood

urea was incressed in che 10th and Lith weels.

Dog 20241 showed a wodepate incresse in fransaminase levels iun

the 2nd, 1lch and ¥ath veeke.

Ag dog 26238 became noticeably anaemic, blood samples were taken
for hasmatologlecal examinatlon dn the 9th and 10th woeeks. The yesulis
are shown below.

Haematology 1 Dog 26238,

BeBeRe {mom. im 1 hp.) - -
PoCoVe {mlf100 mi.) 26 24.5
b {af100 mi.) 1G.1 9.6
ReBeCa {wfe mm,) 4,3 &0
WoB.L. (thfc mn. ) 16.800

Neutvophils % 795

Bosinophils % 1.0 3

TLyuphocytes % 19.5 17.5



~ 269

Severe anaemia i shown in these results. The packed cell volumesn,

hacmoglobin levels and red cell counts were all very low.

This dog died suddenly during the lith weel, On post-mortem esname
ination, the only abnovmallty was slight paleness of the liver. Illctos
logically, the liver showed separation of pavenchymal cells with miild
degonerative change. The kiduneys contalned falrly nuwerous small foel
of interstitial nephritis, malnly sitvated apound the corticoe~medullary
Jumcidon. It would appeav that the dog died of combined liver failure

and anaemia.

Gamples of urine were ezawmined from the three remaining dogs in
the 12¢h week. No leptospirae were detected in any sauple., Urologleal
abnormalities were abgent, euncept in dog 26241. The urine of this dog

contained 100 ng. proteinf 10D mi,

Ag the dogs showed no evidence of progressive wvenal damage and the
gerological titwes fell to lov levels, they were destroyed ¥ weeks after

infection.

On post-mortem examination no abnormalities were apparent in the
liver or hkidueys of any of the doge. 206241 showed pnoumonia of pro-
liferative type, affeciing small areas of the apleal and cardiac lobes.

There were no lesions in other organg,

Histologically, the kiduey of 206239 contained mumerocus small fool
of mild dntewstitial nephritis secattered throughout the cortel. (Flg.96.).

Thef
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The ilver was nozmal., Focal lesions of intewstitial nephritis were

also found in the kildney of 26240, affecting all levels of the cortex.
In this dog, the liver was wodevately congested and centrilobular eells
shoved mild fatty change. The kidney of 26241 contained many small

focd of interstivlal nephwitie in the cortex. The Llivey was ﬁo&eﬁately
congested and pumeycus small accumulationg of lymphocytes were scabtieved
among the cords of pavenchymal cells, (Fig.97). Contagious hepatiids

inclusion bodle s wewe not fouad in the liver of any of the dogs.

Samples of liver from ecach dog were tested for the presence of
econtaglous hepatitis wirus. The complemeni-flxation test was negabilve

in each case.

One Lidney from cach dog was wemoved aseptically for L. canicola

culture, The ovganisms were successfully lgoclated from all three kidneys.

Digeussion.

In this experviment, infectlon of country-bred dogs with freshiy
igolated leptospivac was folloved by pronounced pyvenila, sharp serologleal
rvegpongse and biochemical indlcatlon of liver damage and mild renal dyce
function. However, renal lesions were vestricted to small fool of intoye
atitial nephritis gimliar o those ﬁxoduce& in most of the preceding
experimants. This resuit suggests that the dogs used on this occasion
weye no move suscepiible o iﬂﬁe@aion‘ﬁham clty pups. The wveual chanpges
in this cupeviment and the more severe leslons encountered in Experimeni

11/
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i1 dndicate that consldeprable individual differences in susceptibllity

o L. canicvola cccur irxvespective of the habitat of the dogs.

It seems uniihkely that the wiyulence of the orpganisms could have
become appreciably attenuated since the previous emperiment., Howeveyp,
the effect of prolonged exposure &o antibody In the kidney before re=

isolation io unlmoun.

Biochemical evidence of liveyr damage was an intervesting aspect of
the experiment, providing vet another sxample of liver disease in pups

infected with L. canlecla. Microscopic changes were found ln twe dogs

VS el

which had ghown the most pronocunced blochemiesl abnormalivies. The
prosence of pooups of Lymphocytes in the ldwer of 20241 suggesie a local

veaction to L., eanicola,.

In the absence of exteusive renal leslone, the significance of
the slight vise in blood wrea levels in two of the dogs and the proteine
urla found dn a thied io vncertain. Possibly a more severe inflommatony

reaction had vesolved slightly by the time the doge weve destwoyed.

In conclusion, the fallwwe to produce sevewe nephritils ln countiye
bred dogs Infected with a fleld strain of J., cganicola, cowpared with
the noteably varied rzesponse in the previous ezperiment, demonstrates
that wide diffevences in suscepiibilivy must oxist in individual dogs,
wegardless of habitat, It secems that materpally-tvansferwed fnmunilty
is uwalilkely to be impoviant in dogs over 2 - 3 wonths of age. Unknown
factovs must operate to render a propertion of fnfected dogs pavticularly

sugceptible/



- _R'Y2

susceptible to L. canicola. Sewclogleal surveys in Glaggow showed

that, infection is very common in the dog population, but mot all dogs
with posicive tivres suffer from clinical nephvitis, Auy other imeune

mechanisms operating dn this disease are unkuowun.



~ T3

Diseusoion on Seeiion TIX.

The series of experiments which bave been degeribed in this gection
were carried out In an attempit to raproduce seveve intewstiliial nepheitis
in dogs, Varilous wmethods desipned to inerease the susceptibility of
healthy andmols to L, candcols were fnvestigated and diffevences in

virulence of cultured, passaged and frveshly isolated organisms were studied.

In general, the majority of dogs throughout the experimonts regponded
to infection with trsngieni pyvexia, development of bigh serologleal
titres and nild interstitial nepbritis., The renal leslons were usually
amatl and focal and consinted of the cheractepdetice infiltration of the
corielecs by plasma cells and lymphooytes, as found on a lavger sesle dn
£ield cases, These chenpaes also elogely repembled lesions produced i

the expeviments of Melntyre (1954) and Wottlmuny (1963},

fevene sub-acuie nepbritls with vetention of uren developed ln one
dog during the seides. This was of considerable lmportance, as it ds
the firet wecorded oscasion on which progressive vrenal diseppe has been
shown to follow euperimental infectien. This encouraging wesult proves
that the digsease can bhae reproduced, though the reasvns why one particulay
animal bocame geverely affected romaln uncextaln, The dog was ona of a
proup of cléy pups infected with a fleld stwvain of L. cenicole which had

been passaged once through dogs since initial isolation,

[

In conteaat, a group of farm collie pups did not develop severs

nepheritis/
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pephvitis vhen infected with the welsolated f£leld strain. Thia vesult

suggestad thot individual dogs may show wide dlfferenves in susceptibility

to L, sanicols, wegerdless of babitat, Mateymally-bransfersed luswmity
way Dot be an impovtant factor in detezmining the depree of vesistance
in doge over 2 » 3 months of age and any other imuune machanisws operating

in this disaase are unlnowi.

A parpiculavly lotevesting featuve of the experiments was the develops
ment of liver disease in many of the infected dogs. Duvring the gevies of
experiments, 60 doge were infected and 12 of these showed svidence of
Liver disease. In stressed dogs and in two healihy dogs infected with the
£ield sirain, the liver fallure was fatal. Ac examinations for contoglous
hepatitls proved negative and the syndrowme resembled Weil's disecase,
these findlngs suggest that the liver way be wore suscepilble to Lwcauicola
than the kidueys in very young dogs, Joundice was nbsepved in pups
infected with Ly punicola by Rlaveobeelk and Winsser (1938) and by Jull
and Heath (1963}, Moyer, StowartsAndepson and Bddie (1939}, descwibing

the fiald syndrome in dogs inflectad with Ly

gandoods ac 1t ovcunved in
California, observed jaundice 4n 48 of 88 doge exdmined poatenortem,

The illoess in these animals appavently showed close yegemblanee to
Weil's disease, The present vesults indicate thet L, canigela infection
ghould be consldered in the differential diagacsig of liver disease in

young dags.

Buperinants carvied out with 2 fveshly fsolated fdeld strain domw

onstxated/
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demonstrated that such organioms are more virelenk fov dogs than those
maintained in prolonged coliture, Th geneval, the pyrexic sesponse wvas
more mavked, sevoleoglcal titves vose to highey levels and vendl lesiong
woerve more extensive following infectlon with freshly leolated organismes,
In the final empewriwment, falluve to pyoduce soevere unephficls in favm
collies may have been &ue‘ﬁn Individual differencen in susceptibiliny
ox to loss of virulence of the ovganism as » resdlt of exposure Lo antie
body In the kidney for a long pewlod befiore ve«isolation, It seewms
probable that different #eld straing would show different degrees of
virulence and 1t would be of value to lsolate several strains and test

thein effects lp dogy.

Any change in vigulevnco of cultured organlems following passage
through doge wae difficult to sseess. Doge in both series developed
ivey diseage and ope dlad of peningiide, though none showed severe

pephwltis,

Geparinments do which dogs were sptressed befove infection by admins
istration of cowtdsone, methotresaie or mercuric chiovide were of inbterest
bresvge of the developmeut of a bepatic syndvomne clesely vesembling
Well's dlsease. Thesa forms of stress did not increase the wanal lesions,
though in the mereuric chloride twial, {aflawmatory fool were more

msnerous than usual,

Duping the series of experiments, infeotlon was achileved by intyaw

venous ,/
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intrasvenous, intvasperitonsal, intra-venal arterial, intra-nasal and
oral routes, In every case, the zensl lesions were small and scattered,
A similar result was observed in a Jdog which became infected by natural
transfer through sharing a pen with infected dogs (expt.1l). The route
of infection therefore scems un«impgrtant and provided the organisms
reach the bloodwstream, infection will bacome established. The effects
of injecting leptospivae into the vemal arteries indlecated that the
mmber of orgenisms reaching the Lidney is not of prime importance in
determining the severity of the subsequent renal reaction, Other factors
assoelated with the virulence of the organism or the susceptibility of

the dog must be favolved.

Repeated weekly infection of dogs in expt. 9 elicited an interesting
serological response. Immune paralysls wae demonstrated by a fall in
titras before infectlon was stopped and ap abnormally rapid return to

negative thereafter,

Attenpis to isolate a fresh field strain from dogs suffering from
severs acute mephritis illustrated the care which wust be taken in proe
pavation of glassware for containing infected urine samples, The fallure
to isolate from kidney tissue waw probably due to inactivation of the
organlsms a8 a vesuls of exposue to high concentratlon of antibody

during preparvation of tha tissue suspension used as an inoculom.

In conclusion, the experimental work has shown that severe interw

gtitial/
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interstinial nephritis is reproducibla in dogs by infeetlon with
Ls_gandeols and that this orgenism may be a significant cause of liver
disesse in pups. The diffiecuvltles encountered in producing cxtensive
reﬁal lepione in mostk of thé dogs indicated wide individual differences
in susceptibilicy to L, canlcola, The virulence of the organism may
vary between partlcular strains and this is probably of counsiderable
importance. However, aﬁy predisposing or synerglstic factors which
operate undar natural conditions Lo produce the severe disecase In a

proportion of infeected dogs rvemaln unknown,
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Fig. 73. Zxpt.I. Dog 21294/3. A focus of interstitial nephritis*
showing plasma cell and lymphocyte reaction and localised

destruction of tubules. H. & E. X 150.

Fig. 74. Expt.l. Dog 21294/4. A small focus of interstitial nephritis
H &E. X 600.
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Fig. 75. Expt.2. Dog 21294/20. A section of kidney showing haemorrhage

into the glomeruli and tubules. H. & E. X 150.

Fig. 75, Expt.2. Dog 21294/20. A section of liver showing separation

of parenchymal cells and degenerative change. H. & E. X 150.



o
s
o

Pig. 77. Expt.2. Dog 21294/20. A section of cerebellum, sliowing several

small haemorrhages in the molecular layer. H. & E. X 150.

Fig. 78. A section of kidney from a hamster infected with L. canlcola.

showing haemorrhage into glomeruli and tubules. H. & E. X 150.
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Fig, 79. Expt. 3, Dog 21294/30. Acute focal hepatitis. H. & E. X 150,

Fig.80. Expt.4. Dog 22662. A focus of Interstitial nephritis with

giant cells among the plasma cells and lymphocytes. H& E. X 150.
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Fig. 8l1. Expt.4. Dog 22662. Showing giant cells in a focus of inter

stitial nephritis. H. & K. X 600.

»

[e #

Fig. 82. Expt.5. Dog 24478/4. Showing pronounced fatty change in

epithelial cells of the proximal tubules. H.& E. X 300.



Fig. 83. ExpC.S. Dog 24478/3. Small foci of interstitial nephritis.
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Fig. 84. Expt.7. Dog 21294/23. MsninglCls,

characterised by oedematous
thickening of the meninges and plasma cell and lymphocyte

reaction. H. & E. X 130.



Fig. 65. Expt. 9. Dog 23248. A focus of interstitial nephritis,
showing mononuclear cell reaction and localised destruction

of tubules. H. & E. X 150.

> - Asé
Fig. 86. Bxpc.9. Dog 23251. A focus of Interstitial nephritis. H& B. X 150,



Fig. 87. Expt.1l. Dog 24478/11. A selection of liver showing moderate

fatty change. H. & E. X 300.

Fig. 88. Expt.ll. Dog 24478/11. An area of interstitial nephritis.

H. & E. X 150.



Fig. 89. Expt.11. Dog 24478/11. An area of chronic nephritis, showing
interstitial fibrosis, hyalinisation of some glomeruli and

scattered mononuclear leucocytes. H &E. x 150.

Fig. 90. Expt. 11. Dog 24478/12. A kidney, showing the pale, swollen,

nodular appearance of the cortex.
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Fig. 91. Bxpt.il. Dogs 24478/12 and 24478/15. Showing the increase

in size of the kidney with severe sub-acute interstitial nephritis.

m Im

Fig. 92. Expt.1ll. Dog 24478/12. A large focus of interstitial nephritis.
In the reaction, plasma cells and lymphocytes predominate, with a

few polymorphonuclear leucocytes in the centre of the nodules. H.& E,
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Flg. 93, Expt. 1l1. Dog 244-78/12. Illuscratlng the Gub-acutc nature of
the reaction. Interscitial fibrosis Is well-marked in places,

while there remains an extensive cellular infiltration. H. & E. X 1

AT =7

Fig. 94. Expt.II. Dog 24478/3*. An area of well developed renal fibrosis
with scattered accumulations of lymphocytes and plasma cells.

H. & E. X 50.
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Fig. 95. Hoopt. 11. Dog 24476/15. A section of kidney shor/ing a nodule

of plasma cells and lycphocytcs in the outer medulla. H. & E. X 50.

. E<wm> S,

Fig. 96. Expt.12. Dog 26239. Very small foci of interstitial nephritis.

H. & E. X 130.
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Flg. 97. Expt.12. Dog 26241. A section of liver showing small accum-
ulations of lymphocytes among the cords of parenchymal cells.

H. & E. X 150.
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The gtudies degseribed in this thesis have shown that vasculgr
lesions of the type associated with hypertension in the humen and
experinontal hypamﬁenéion in the dog oecur frequently in doge with
severe interetlcial nephriﬁiﬁa Such leslong appear to be of cousider=

able dmportance in the pathogenesis of propgressive renal £ibrosis.

Measuremente of blood presaura by a direct method demonsirvated
that hypertension develops v many dogs with nepheitis, particularly
in the chronic phase of the disease, Correlations with clinieal and
pathological features established a positive relationship between
nephirdtis, hypertension and vascular damage in the dog. From this
evidence it iz concluded thai hypertension is the probable cause of
vascular lesions and therefore gignificantly contributes to the proe

grossion of chronlc nephritis,

A series of experinents was cargied oul in an attempt Lo veproduce
severe idnveprstitial nephritis dn doge. Xt was hoped to establish a
reliable method vhereby detailed stwdy of the pathogencsis of the dige
ease and thorough testing of commevelal leptospiral vaccines would be
possible, The dlsesss, L€ reproducible, might form s uvseful wodel,
allowing further apalyeis of the mechanism of nephrogenic hypervtension.
During the sevies, one dog developed gevere gubeacute nephritis with
uracmia, ilndicating that progressive nephritis can be produced by
infection with L, canicola, The results suggested that the wviralence

of difforent strains of the organiom may determine the cuteome of ine

fection, Further invesuigation of this pu$51bility would be of value.
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CARDIOVASCULAR DISEASE ASSOCIATED
WITH INTERSTITIAL NEPHRITIS 1IN DOGS.
by

Lindsay J. Mackey, B.V.M.S., M.R.C.V.S.

A summary of a thesis submitted for the degree of Doctor of Philosophy
in the Faculty of Medicine, University of Glasgow, June, 1965.

Interstitial nephritis, assocliated with infection by the spirochaetal

organism Leptospira canicola, is common and clinically important in dogs.

Many aspects of the pathogenesis of the disease are not understood and the
well-known relationship in the human between renal disease, hypertension and

certain arterial lesions has not been established in the dog.

The present thesis 1is based upon an investigation carried out at the
University of Glasgow Veterinary Hospital to determine the incidence of
hypertension in dogs with interstitial nephritis and its significance in the
pathogenesis of the disease. The thesis contains three sections and at the

start of each, literature related to the specific studies is reviewed.

In Section I, an account is given of pathological studies carried out
on the organs of 120 dogs with severe interstitial nephritis. Acute, sub-
acute and chronic phases of the disease are described. In the heart, acute
necrotizing endocarditis was found in 66% of acute, 64% of sub-acute and
3%% of chronic cases. The left atrium was affected in all cases and some-
times the origin of the pulmonary artery and the aorta showed necrotlzing
endarteritis. In 0% of acute cases, the myocardium contained areas of
acute inflammatioﬁ and necrosis. In most chronic cases, hypertrophy of
the myocardium of the left ventricle was readily appreciable.

Arterial lesions were found within the kidneys in 50% of acute, 55%
of sub-acute and 85% of chronic cases. Arteries in the spleen were also
frequently involved and those in the myocardium, sub-~mucosa of the stomach
and muscle of the tongue were affected less regularly. There was no re-

lationship between the incidence of vascular damage and the age, sex or level

of /
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of uraemia ﬁf these dogs. In a control series of 125 dogs with normal
kidneys, small infrequent arterial lesions were found in only four animals.
The arterial changes in the nephritic dogs showed a gradation, first appearing
as small focal sub-endothelial deposits of fibrinous material, then showing
rupture of the internal elastic lamina and necrosis of the media and finally,
involving rupture of the external elastica with extrusion of plasmatic
material into the adventitial tissue. In chronic cases, small arteries and
arterioles in the kidneys often showed hypertrophy of the media and hyper-
plasia of the adventitia. These changes were of the same type as those
assoclated with hypertension in the human and experimental canine hyper-

tension.

A comparative histological survey of spleens from nephritic and non-
nephritic dogs in four age groups clearly demonstrated that lesions in the
follicular arterioles show a higher incidence, greater severity and appear
at earlier ages in association with nephritis. This illustration of the
vascular effects of renal disease provided further indirect evidence for

the development of hypertension in nephritic dogs.

In sub-~acute and chronic interstitial nephritis, plasmatic damage in
the capillary #ﬁfts of the glomerulli forms a prominent feature of the renal
histopathology. This is characterised by the deposition within the capillary
loops of fibrinous material which accumulates, coalesces and results finally
in the conversion of the entire glomerulus to an amorphous mass of pseudo-
collagen substance. As the lesion may be caused by hypertension, its role
in the progression of the latter phases of nephritis was estimated. By
counting the number of glomerull showing each of three grades of capillary
damage, it was found that in most chronic cases, 20 - 50% of the glomeruli
were affected. Study of serial sections revealed that the more advanced
changes were assoclated with degeneration and disappearance of the related
proximal tubules, indicating that glomerular damage is important in the
pathogenesis of chronic nephritis.

Section II contains detalls of a study of the blood pressure of neph-
ritic and non-nephritic dogs. A direct method was employed to give maximum

aceuracy/



accuracy and to provide a permanent pressure record. The femoral arterial
pressure of 28 non-nephritic dogs was measured and the upper limit of normo-
tension was found to be approximately 150/90 mm. Hg. Hypertension was dem~
onstrated in 2 out of 4 dogs with acute nephritis, in 3 out of 4 sub-acute
and 1% out of 14 chronic cases. There was a highly significant statistical
difference between the pressures of the chronic group and those of the non-
nephritic dogs. Pathological examination of 7 of the dogs with chronic
nephritis established a positive relationship between renal disease, hyper-
tension and vascular damage in the dog. This investigation indicated that
hypertension is the probable cause of vascular damage and therefore plays

a significant part in development of chronic renal fibrosis.

In Section III, a series of 12 experiments 1s described. These were
carried out in an attempt to reproduce severe interstitial nephritis in
dogs, so that the pathogenesis could be studied in detail and adequate
testing of commercial leptospiral vaccines would be possible. The disease,
if reproducible, might form a useful model, allowing further analysis of
the mechanism of nephrogenic hypertension. In the experiments, a number
of methods designed to increase the susceptibility of healthy dogs to

L. canicola and to enhance the virulence of cultured organisms were in-

vestigated and dogs were infected with a freshly isolated field strain. One
dog developed severe sub-acute nephritis with uraemia - the first recorded
occasion on which progressive renal disease has followed experimental in-

fection with L. canicola. During the series, 20% of infected pups

developed liver disease similar to that generally associated with L. ictero-

haemorrhagiae infection. The results suggested that differences of

virulence between strains of L. canicola is important in determining the

outcome of infection.



