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heart and arteries to read what his predecessors have

written, and to note the general trend of opinion

handed on by them. Fox by so doing he can confirm

their correct statements, and through anatomical

dissection, manifold experiments and persistent

careful observation amend their wrong ones.

William Harvey (1626)

Introduction to "Movement of the Heart

and Blood in animals: an anatomical essay"

Translated from the original Latin by

Kenneth J. Franklin.
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INTRODUCTION

The concept of a group of diseases, of unknown aetiology,

but linked by the common possession of histological charac¬

teristics among which fibrinoid necrosis is the chief, has

caught the imagination of physicians and pathologists alike

during the past fifteen years. The result has been inten¬

sive and careful study of rheumatoid arthritis, disseminated

lupus erythematosus, and other allied disorders. In spite

of this work, of the unifying, but now disputed pathological

theories advanced by Klemperer and his colleagues, and of

many ancillary enquiries in the fields of social medicine,

immunology and physics, it cannot be denied that our know¬

ledge of the aetiology of these diseases is little further

advanced than it was when Garrod (1859), Kaposi (1872) and

Kussmaul and Maier (1864) wrote their classical accounts.

True, more is known of the incidence of rheumatoid arthritis,

more of the diagnosis of disseminated lupus erythematosus,

and more of the systemic manifestations of scleroderma and

dermatorayositisj of the agent or agents which set in motion

their characteristic tissue changes nothing is comprehended,

and even the identity of their histological features is at
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times in dispute.

The author is one of those (perhaps the minority) who

believe that reorientation may occasionally be of value in

the approach to apparently insoluble problems of this nature.

In the face of our apparent complete inability to find the

"icause" of rheumatoid arthritis, for example, are we not

justified in questioning whether the "disease" of rheumatoid

arthritis is in fact an entity, and not a symptom complex?

Pathologically, rheumatoid arthritis may perhaps be defined

as a specific combination of non-specific histological

changes. In support of this theory, the author has pro¬

duced histological lesions in experimental animals, some of

which were indistinguishable from those found in the joints

of patients with rheumatoid arthritis, by entirely non¬

specific chemical means. Are we not therefore justified

in postulating, for want of an alternative hypothesis, that

the syndrome "rheumatoid arthritis" Is but the common end-

product of a variety of systemic disturbances? If this

view is allowed for the sake of argument, it will at once

be suggested that the search for the "cause" of rheumatoid

arthritis may be nothing but a pathological "goose-chase",

a quest for an Atlantis of pathological speculation. In

this attitude we are not alone. Oncology is indebted to

Huxley (1958) for a recent synthesis of knowledge on the
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biology of tumours, in which he describes cancerogenesis

as a general biological phenomenon, to be Investigated not

simply as cause and effect, but as a natural process akin

to ageing.

Seen in this light, we raay at least reorientate our

view, and take fresh stock of present knowledge. Because

of their many associated features, what is true of rheuma¬

toid arthritis may be equally true of dissominated lupus

erythematosus. In the quest for the "causa" of disseminated

lupus erythematosus, the methods of experimental pathology

have been little exploited. It has not proved possible to

reproduce the histological features of the disease in an

animal species, a classical method in the investigation of

any human disorder, and this absence of an experimental

replica has been a serious disadvantage in the attempt to

understand the - nature of the disturbance. When, in the

years 1953 - 1955, reports began to appear of the production

of signs and symptoms resembling those of disseminated lupus

erythematosus in patients with systemic hypertension treated

with large doses of 1-hydrazinophthalazine ("hydrallazine"),

the Interest of experimental pathologists was at once

aroused. Analyses of the effects produced by the drug in
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normal dogs led to conflicting conclusions (Comens, I956j

Gardner, 1957, a, b.).

The author therefore embarked on a series of experi¬

ments in which it was hoped to reproduce more closely the

circumstances under which hydrallazine had led clinically

to the development of a condition resembling disseminated

lupus erythematosus. The experiments described in this

thesis are therefore the outcome of an attempt to reproduce

the changes of disseminated lupus erythematosus in the

hypertensive rat. Attention has been particularly concen¬

trated on the kidney. As far as Is known these are the

only similar observations made with this purpose in view.

The experiments have led to an analysis of the renal changes

precipitated by hydrallazine and,through this, it is thought,]
to a further understanding of the nature of some of the

effects caused both by other hypotensive drugs and by

certain steroids.

This work was begun during the tenure of a Research

Fellowship at the Rheumatic Research Unit, Northern General

Hospital, Edinburgh*, and in the Department of Pathology,

Edinburgh University. It was completed in the latter

Department.

||
During this period the Rheumatic Research Unit was in
receipt of grants from the Nuffield Foundation, the
Medical Research Council and Boots Pure Drug Co.
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In both places of study the author has been fortunate

in having the guidance and encouragement of Professor G.

L. Montgomery, to whom thanks are due, while the original

work came under the helpful criticism of Dr. J. J. R. Duthie.

For helpful advice, both concerning the interpretation

of histological changes and about experimental procedures,

the author is indebted to Professor Clifford Wilson and Dr.

M. A. Floyer, of the London Hospital, Professor Harold

Sheehan of Liverpool, Professor Sir George Pickering,

Regius Professor of Medicine, Oxford, Professor Alan Merits

of Cleveland, Professor Murray Angevine of the University of

Wisconsin, Dr. A. M. Barrett of Cambridge, and Dr. Nairn

of Aberdeen.

The work has been greatly assisted by grants given

during 1956-57 and 1957-58 to the Edinburgh University

Department of Pathology by Messrs, Ciba Limited of Horsham,

Sussex. 1 am further indebted to them for supplies of

hydralazine, deocycortone acetate and compound 14179, and

fox constant advice on pharmaceutical matters. I express

my thanks particularly to their medical adviser, Dr. Dale

Falconer, for his personal assistance in many aspects of

this work.
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Supplies of 9 <7trfluarocortisol were provided by

Messrs. Squibb of Liverpool. Dr. Perrlns and the staff of

the pharmaceutical department, the Royal Infirmary, Edin¬

burgh, provided supplies of cortisone, resorpine, pentolln-

ium tartrate, hydrallazine, picrotoxin and other drugs, and

undertook the preparation of some of these agents in a form

suitable for administration. To these several sources I

express my thanks.

The illustrations which form an integral part of this

work would not have been possible but for the constant co¬

operation and unique skill of Mr. T» C. Dodds of the Uni¬

versity of Edinburgh Department of Medical Illustration.

To Mr. Dodds, his first assistant, Mr. James Paul, and other

members of the department, I wish to express my gratitude.

During these three years of study, my laboratory

animals have been under the care of Mr. William Eobb. 1

am most grateful for his constant assistance.

Technical help has been given freely by Mr. Ian Bell

and Mr, John Mackintoshs but for this the work could not

have been completed.

Note. The results of certain of the experiments described

in this thesis have been summarised in a recent communication?

^Gardner, D.L. (1958) Nature. (In the press)
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CHAPTER I.

Preliminary Discussion

The hypothesis on which the experiments described

j&gato mas

The interest excited in recent years by disseminated

lupus erythematosus has been disproportionate to the inci¬

dence of the disease. The principal reason for this has

been the stimulus given to the understanding of its patho¬

logical nature by Baehr, Kleraperer and Schifrin (1935) and

by Kiemperar, Pollack and Baehr (1942). The recognition

of the widespread nature of the disease process and of the

presence in many of the lesions of fibrinoid change, was

associated with the formulation of the idea that the basic

abnormality lay in an alteration of the collagenous connec¬

tive tissues. With the description of the L.E. cell phen¬

omenon (Margraves, Richmond and Morton, 1948), the problem

of establishing the diagnosis of disseminated lupus erythem¬

atosus was much simplified and in the past decade a large

number of papers testify to the growing understanding of

its morbid anatomical characteristics. (Harvey, Shuiman,

Tumulty, Conley and Schoenrich, 1955J Muehrcke, Kark,

PIrani, and Pollack, 1957).
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In spite of this work and of the detailed laboratory

analysis of the mechanisms underlying the L.E. cell phenom¬

enon, little progress has been made in the experimental study

of the disease process itself. The principal reason for

this situation has been the apparent absence in small animal

species of a disease resembling disseminated lupus erythema¬

tosus, and the inability to induce such a condition by

specific treatment. As Pickering (1955) saysi "A time

honoured method of investigating disease is to try and re¬

produce it in animals. This method has proved of the

utmost value In respect of disseminated lupus

erythematosus this statement is eminently relevant, since

not only has no animal replica been found, but very few

attempts have been made in the laboratory to stimulate the

production of such a replica. Pickering goes on to say

(or hypertension) "Nevertheless it (the experimental method)

has the defect of leaving the proof still to be obtained in

man". This is undoubtedly true, but it may perhaps be

granted that those investigating the nature of disseminated

lupus erythematosus would be happy to be able to make this

comment.



The hYfoifeUhi? 5Vhtome*

Until 1953 the problem of reproducing disseminated

lupus erythematosus in the laboratory animal remained appar¬

ently Insoluble. In that year Dustan, Taylor, Corcoran and

Page (1953) in a preliminary account and later in a fuller

statement (Dustan, T.aylor, Corcoran and Page, 1954) reported

the appearance of clinical signs resembling rheumatoid

arthritis or disseminated lupus erythematosus in 13 of 139

patients whom they had treated for hypertension with large

doses of hydrallazine. Evidence of this syndrome dis¬

appeared spontaneously when the drug was withdrawn, but in

other patients, owing to the inadvisability of altering

treatment for severe hypertension, the toxic signs were

controlled successfully by the administration of A.C.T.H. or

cortisone. Dustan, Taylor, Corcoran and Page (1954) in¬

vestigated the nature of the hydrallazine syndrome fully,

and made biopsy studies. They concluded ultimately that

there were sufficient points to distinguish the disorder

from disseminated lupus erythematosus to make it unlikely

that the latter disease had been the underlying cause of the

hypertension for which these patients were being treated.

*Hydrallazine is now the accepted official spelling of
this name in the United Kingdom but Hydralazine is widely
used in the literature, and is accepted in America.
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During the succeeding three years, a total of some 52

examples of this unusual drug response were reported. Not

all resembled disseminated lupus erythematosus in detail)

in only 9 definite instances were cells of the L.E. cell

type found in preparations made with the blood or bone

marrow of patients. The features of these cases and their

salient characteristics have been reviewed fully on a

previous occasion (Gardner, 1957b), and it is not proposed

to repeat the analysis here.

For the first time, therefore, a mechanism was known

which would stimulate the production of a condition resemb¬

ling spontaneously occurring disseminated lupus erythematosus.

The possibility that this form of the disease was reproduc¬

ible aroused much interest, but threw no further light on

the manner in which the naturally occurring disease devel¬

oped.

Tfrp Efflpeyifflyfliql HytfraU^p? Syn^f.

The production of the hydrallazine syndrome in patients

with hypertension suggested that further attention should be

paid to the influence of the drug on animals. Comens

(1956) studied the effect of large doses of oral hydrallazine
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on normal dogs* He demonstrated the appearance of L.E*-

like cells in preparations made with serum obtained from

the animals at a time when they were severely ill (2-3

months after beginning treatment) and had developed plasma

protein disturbances* He examined the animals after death,

and found renal lesions which he considered to resemble

those of disseminated lupus erythematosus in the human*

they included the presence of the "wire-loop" type of

glomerular capillary change* Comens concluded that he had

succeeded in reproducing the hydrallazine syndrome in dogs,

and that the changes found closely resembled those of

human disseminated lupus erythematosus*

Gardner (1957 a, b, c) surveyed the work of Comens

critically, and attempted its reproduction* He (Gardner)

gave large doses of hydrallazine daily to 4 normal dogs

for a period of 6 months* The animals became ill, with

weight loss, iron deficiency anaemia, and non-specific

plasma protein disturbances* In preparations made with

serum obtained from the animals at a time when they were

most severely ill he found polymorphonuclear neutrophil

leukocytes containing within their cytoplasm basophilic

material of nuclear origin. The appearance of these cells

was indistinguishable from those depicted by Comens (1956)

in his paper. In both sets of cells, however, the included
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basophilic material had recognisable structure; the coils

therefore resembled the "Tart" cell of Margraves,,

Richmond and Morton (1948) more nearly than the true "L.E."

cell# On this account Gardner questioned Comens1 conclu¬

sion that these were true "L.E." cells; in addition, be¬

cause of the admission by Comens that some of the animals

he had examined at post mortem had been found dead and,

had undergone partial autolysis, he seriously questioned

whether the renal changes depicted in Coraens* illustra¬

tions were significant. This, Gardner felt, was parti¬

cularly the case since in his own animals the only signi¬

ficant histological change found had been focal hepatic

necrosis, a lesion not previously described as the result

of hydrallazine. The kidneys were entirely normal and

any minor changes found did not differ significantly from

those present in a series of control animals.

The disappointing conclusion was reached, from an

analysis of these two studies, that hydrallazine given in

large doses for prolonged periods to normal dogs causes

severe illness, but that this illness does not resemble

spontaneously occurring human disseminated lupus erythema¬

tosus. The illness caused in dogs may be comparable with

the hydrallazine syndrome in humans; proof of this is
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difficult because of the infrequency of the hydralazine

syndrome in the United Kingdom, where the drug is now

rarely used.

It appeared to the author, on the conclusion of the *

study described above, that a more promising situation

might be created for the experimental reproduction of

disseminated lupus erythematosus in laboratory animals

if hydrallazine were given in large amounts to animals

previously subjected to a regime or procedure known to

cause hypertension. In this way it was thought that the

circumstances under which the hydrallazine syndrome

occurs in humans might be more accurately reproduced. It

was felt that such an investigation would be particularly

helpful in analysing the renal changes caused by hydralla¬

zine.

Thft Property pf l-iyd^^ine.

It is first necessary to consider in some detail the

available knowledge about the chemical, pharmacological

and therapeutic properties of the drug.
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(1) Chqmtafry and^har^polpgy.

Hydrallazine (1-hydrazinophthalazine) was Introduced

by Gross, Druey and Meier (i960), and its depressor influ¬

ence on the blood pressure of experimental animals was

studied by these authors and by Craver and Yonkraan (1950),

Hydrallazine is one of a group of phthalazine deriva¬

tives, several of which also have a depressor effect on

blood pressure. It has the formula

Gross, Druey and Meier (1950) showed that the influ¬

ence of hydrallazine on blood pressure was of slow onset

and of long duration, Hydrallazine appeared to cause

increased renal blood flow and had adrenolytic properties

of a special character, Mackinnon (1952) confirmed the

increase in renal blood flow which occurred as the sytolic

pressure was reduced, showing that renal resistance decreas¬

ed and that there was no constant change in glomerular

filtration.

The mode of action of hydrallazine on the systemic

blood pressure is still not fully understood but, according
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to Sollman (1957) it acts chiefly by depressing the vaso¬

pressor centres in the midbrain* Nevertheless, he

acknowledges the adrenolytic effect to be of importance,

but states that in addition hydrallazine probably stimu¬

lates the heart by a central action, an influence which

is partly antagonised by ganglion blocking agents. The

latter, however, do not reduce the vasodepressor response.

There is general agreement that hydrallazine reduces

the peripheral vascular resistance (Tripod, 1956) in ad¬

dition to its effect on the central vasopressor mechanism

and on renal blood flow. Further, Bein, Tripod and

Meier (1952) showed that hydrallazine inhibited the coron¬

ary artery constriction caused by pitressin both in the

isolated rabbit and cat hearts, and in the cat heart in

situ. These results were confirmed by Barrett, Reitze,

Plummer and Yonkman (1952).

Hydrallazine has a number of other characteristics

which distinguish it from almost all other hypotensive

drugs. It has, for example, the curious property of

combining with many trace elements, such as copper, and

with heavy metals including iron (Perry, 1953). The

affinity for trace elements has been very fully studied
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by Schroeder, #10 with Perry (Perry and Schroeder, 1954)

gave a general review of the chemical properties of the

drug. The capacity of hydrallazine for combining with

iron has been considered the cause of the anaemia which

often accompanies its use in treatment, while to the

Cholating action by which it combines with other trace

elements has been attributed its capacity to lower blood

pressure. The combination of hydrallazlne with ninhydrin

has been made the basis of a coloriraetric method for esti¬

mating the concentration of the drug in body fluids and

excreta. Perry, Schroeder and Morrow (1954), using this

method, found that only. 2.9% of a single oral dose could

be recovered free in the urine; half appeared within 5

hours of administration. Following parenteral dosage,

approximately the same amount was excreted unchanged.

(2) yhqyape^^ff§

Perry, Schroeder and Morrow demonstrated that the

therapeutic level of the drug in man averaged 25 mg./
100 ml., and showed that when the drug began to exert its

influence on blood pressure the amount of the drug excreted

in the free form increased to more than half the total.

They pointed out that in long term treatment some tolerance
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to the drug is acquired, an observation which has been

repeatedly confirmed. Further, Bein, Gross, Tripod and

Meier (1953) demonstrated that the duration of action of

hydrallazine depended upon the dose, by contrast with some

other hypotensive agents with which the intensity of action

depends upon the dose (Tripod, 1956).

Tripod (1956) also demonstrated the apparent neutral¬

isation of action of hydrallazine which could be brought

about by incubating the drug with various sera, an action

which he likened to the formation by hydrallazine of

complexes with enzymes such as mono- and diamino-oxidase,

and the reversibility of these complexes by specific

metallic ions.

Thus very full data are available concerning the

experimental and pharmacological properties of hydrallazine

Some throw interesting light on the mechanism by which the

drug exerts either its desirable or its undesirable effects

For example, the production of anaemia in prolonged treat¬

ment is easily related to the chelating action of the drug.

To associate its hypotensive action with any one of these

properties, however, is much less simple; and the con¬

clusion must be reached that in spite of this accumulated

knowledge, little precise information is available about
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about the mode of action of the drug on the blood pressure

regulating mechanism in vivo. There certainly appears

to be no simple way of associating its depressor action

in human hypertension with any single known pharmacological

or chemical property.

In the same way, although the action of hydrallazine

on the renal circulation is believed to result in a height-

ened glomerular blood flow, there is no certain knowledge

as to the precise way in which this is brought about. It

is not known, for example, whether hydrallazine acts upon

tha afferent or upon the efferent glomerular arterioles.

It is possible that there is also a direct action upon the

glomerular capillaries themselves, but there is as yet no

experimental evidence to support this suggestion.

Thg °f HYdy?l^ine op

experiment?! ilyp^n^on.

The action of hydrallazine upon the blood pressure of

rats subjected to various procedures which induce hyper¬

tension was fully discussed by Gross (1955) and by Gross,

Noelpp, Sulser, Doebelin and Kundig (1955). These

accounts are representative of the extensive pharmacological

literature which has accumulated about the mode of action,



•» 19 —

properties# dosage arid complications of the hypotensive

drugs, a literature which was in part summarised in the

published proceedings of the symposium on Hypotensive

Drugs held in 1955 (see Harington, 1956).

Thus Gross (1955) dealt both with acute and with

chronic hypertension as bases for assessing the activity

of hypotensive agents. With the acute form (studied

frequently in the anaesthetised animal) we are not here

concerned. In general terms# Gross considered that the

dose of hydrallazine required to control hypertensive

episodes in the anaesthetised cat was 0.10 mg./Kg. for
adrenalin hypertension, 0,10 mg./Kg. for noradrenalin

hypertension, and 0.25 mg./Kg. for pitressin hypertension.

With acute hypotension caused by aortic constriction in

the cat, or by the injection of either renal extracts or

renin into nephrectoraised rats, he found the effective

dose in each instance to be 0.25 mg./Kg. Observations

of a similar nature were made with respect to hypertension

induced by other acute methods.

Very much less pharmacological data is avilable about

the mode of action of hydrallazine on chronic experimental

hypertension. Gross drew attention to the numerous meth¬

ods now available for inducing sustained hypertension in
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the rat and quoted figures for the dose of many hypotensive

drugs required as "prophylactic" or "curative" in these

forms of hypertension. In the case of renai hypertension

the respective doses of hydralazine were thought to be

10 and 20 mg./Kg.; with hypertension induced with DCA and

salt, the doses were 23 and 20 mg./Kg., while with corti¬

sone or hydrocortisone-induced hypertension the prophylac¬

tic dose was 10 mg./Kg.

In a full discussion of these three forms of rat

experimental hypertension, Gross, Noelpp, Sulser, Doebelin

and Kundig (1955) detailed the methods they had employed

to induce chronic hypertension, and then compared the in¬

fluence upon these forms of hypertension of hydrallazine

and reserpine. Renal hypertension was induced by applying

a cellulose acetate capsule to the left kidney which was

then inserted between muscle and skin. 10-12 days later

the right kidney was constricted in the same way. DCA

hypertension was precipitated by the standard procedure

of injecting 25-50 ag./Kg. of a crystalline suspension

of DCA subcutaneously every 8-10 days into rats from

which one kidney had been removed, subsequently substitut¬

ing 1% sodium chloride for the drinking water. Cortisone

hypertension was induced in normal or in adrenalectomised
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animals by Injecting 2.0 mg. cortisone daily* giving either

water of 1% sodium chloride to drink.

In these circumstances* Gross et al (1955) showed

that hydrallazine suppressed the evolution of DCA-hyperten-

sion but did not alter the rate of growth of the animals.

With renal hypertension hydrallazine was very much less

effective, but the hypertension produced with cortisone

or with hydrocortisone were both effectively suppressed.

As a result of studies of this kind, data are avail¬

able relating the dose of hypotensive drugs to their

effect, to the weight of the animals, and detailing in

several forms of experimental hypertension the relative

efficacy of each drug.

However, in spite of this information about the appli¬

cation of hypotensive agents there have been few studies

concerned with the action of the drugs upon the structure

of the kidneys and of other organs the function of which

is known to be closely associated with the development

of hypertension. Clearly, in introducing drugs for human

use, very full toxicity studies are required, using a

variety of laboratory animals. It is therefore noteworthy

that few of these toxicity studies appear to have culmina¬

ted in the publication of detailed data relating the
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pharmacological and the histological activities of the

drugs tested. The evolution of experimental hypertension

itself is often believed to modify renal structure so

severely that any attempt to disentangle the histological

influence of the hypotensive drug from that of the hyper¬

tensive agency is accepted as extremely hazardous.

(Renzi and Gaunt, 1953).

The absence of data about the histological effects

of therapeutic hypotensive agents is likely to be remedied

within the next few years. This, at any rate, has

stimulated Kincaid-Smith, McMichael and Murphy (1958) to

publish a full account of "Hypertension with papilloederaa"

so that the characteristics of the morbid anatomy of

malignant hypertension may be adequately recorded before

they are obliterated by consistently successful treatment.

In the present context information was particularly

required about the effect of the prolonged administration

of hypotensive drugs, such as hydrallazine, upon renal

structure in experimental hypertension. The author has

been unsuccessful in discovering any study of this kind.

This is particularly surprising in view of the extreme

interest aroused by the discovery of the hydrallazine
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syndrome,among those concerned with the aetiology of

disseminated lupus erythematosus. It is perhaps less

surprising when considered from the view point of the

experimental pharmacologists, the majority of whom are

perhaps more interested in the minutiae of hypotensive

function than in those of critical histological structure.

Thus the detailed and undoubtedly thorough toxicity tests

which have accompanied the widespread use of hydrallazine

in human hypertension have been associated with surprising¬

ly few histological studies of the effect of the drug on

the kidney, or other organs, in human or experimental

hypertension. This is also apparently true of the other

widely used hypotensive drugs.

Sflgpjjiqn of pethocfa for piping expeyiggnt^

hypoyteqsioq 1^9 pyesen-fr, g^dy

The purpose of the experiments described in this

thesis was the analysis of the influence of hydrallazine

on renal structure in experimental hypertension, a plan

based on the wish to reproduce the circumstances under

which the hydrallazine syndrome occurs clinically.

Very many methods for producing experimental hyperten¬

sion are now known. They are fully reviewed by Goldblatt,
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Lynch, Hanzal and Suraraerville 0.934), who described the

early experimental work on this subject, and by Pickering

(1955) and Smirk (1957). For the present purpose the

choice was restricted by the necessity of having to use

a suitable small laboratory animal* the guinea pig was

valueless, because of the difficulty of recording its

blood pressure repeatedly over prolonged periods; the

rabbit was considered too large and costly for use in the

large numbers required in studies of this nature; the

rat remained the obvious choice.

.

Of the many ways in which the systolic blood pressure

of the rat can be maintained at a significantly raised

level for long periods, a few have been employed most ex¬

tensively in experimental studies, principally because of

their reproducibility. Renal methods have been widely

used (Floyer, 1951j 1955), either by constricting one

renal artery, or by the application of a capsule to the

kidney itself. Other observers have employed mechanisms

based on the known action of one or more hormones which

influence blood pressure regulation. Among these hormones,

deoxycortone acetate (dosoxycorticosterone acetate, DCA,
.

cortexone) has been widely employed, partly in the first

instance because of its availability, its synthesis and of
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the Interest aroused by its use in the treatment of

Addison's disease, and partly because of its intense,

reproducible and definitive activity. In a personal com¬

munication to the author before the beginning of the present

experiment, Dr. Floyer (Floyex, 1955), gave it as his con¬

sidered opinion that there was no valid reason for suppos¬

ing that a hormonal method of inducing hypertension in the

rat was significantly less similar to spontaneous hyperten¬

sion in the human than was a renal method.

Because of these reasons, and of the relative technical

ease in applying the hormonal mechanism to produce experi¬

mental hypertension, the use of DCA was chosen as the basis

for the present experiments. The renal arterial clamp

technique of Goldblatt et all (1934) (modified by Pickering

and Prinzmetal, 1937) was used in a later part of the study.

It is now necessary to consider in more detail the

methods by which DCA is used to induce sustained systolic

hypertension, and then to consider the influence which

this hormone is known to exert upon the normal rat kidney.

fiqft hypotension.

The hypertensive action of DCA was first demonstrated
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by Kuhlman, Ragan, Ferrebee, Atchley and Loeb (1939). In

a series of dogs treated by dally injection for 10 or 20

days they found the production of (1) potassium depletion,

with evidence of a slight increase in serum sodium; (2)

periodic weakness, alleviated by giving potassium supple¬

ments; (3) much increased turnover in water metabolism;

(4) irregular T waves in the electrocardiogram; and (5) in

2 dogs, with carotid loops established so that blood press¬

ure measurements could be made, a maximal increase in

systolic blood pressure of 45 rnm.ilg. and of 20 mnuHg. re¬

spectively. All the recorded abnormalities disappeared

within 3-4 days after stopping the administration of DCA.

These observations were quickly extended and the fol¬

lowing year Ragan, Ferrebee, Phyfe, Atchley and Loeb (1940)

described a syndrome of polyuria and polydypsia, distantly

resembling diabetes insipidus, brought about by excess DCA.

Games, Ragan, Ferrebee and Q'Neil (1941) studied the effect

of DCA on the albino rat for the first time; they adminis¬

tered 5 mg. DCA daily and combined this treatment with

either a normal diet, a low potassium intake, or a high in¬

take of sodium chloride. The size of the animals they

used varied very considerably, but this alone cannot account

for the surprising discrepancy between their conclusions

and those of later workers. Thus although they showed
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that adrenal cortical atrophy developed, accompanied by a

reduction in the amount of material staining positively

with osmic acid, they were unable to find evidence of

lesions in the heart or kidneys of their animals. These

findings will be referred to again in the following section.

The study of the influence of DCA upon the kidney and

upon fluid and electrolyte balance and blood pressure regu¬

lation, was vigorously adopted by Selye (1942), whose pre¬

vious work on the influence of steroids on renal structure

led him to examine the effect of DCA (Selye, 1939, 1940,

1941; Selye and Friedman, 1941), In his paper on nephro¬

sclerosis Selye (1942) admitted that the blood pressure

measurements were not dependable, but nevertheless this

work led to others of more significance.

In the following year Selye, Hail and Rowley (1943)
described the production in young rats of appearances which

they claimed were those of malignant hypertension, 4 rat

groups were treated, the animals weighing between 30 and

46 g, each, and divided equally between the sexes. To

the first group 0,1 ml, (3 mg.) of a crystalline aqueous

solution of DCA was given daily, rising after one month

to 5 mg, doses daily. In the second group the same treat¬

ment was combined with the substitution of 1% sodium
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chloride for drinking water. The third group received

an inert cholesterol suspension in place of DCA. The

fourth was an untreated control group. Hypertension

developed only in Group 2. (Selye does not comment on

the implied improvement in his facilities for measuring

blood pressures which had taken place between 1942 and 1943).

In their paper of 1944, Selye and Hall described the

appearance of cardiac hypertrophy following the administra¬

tion of DCA to albino rats, but made no direct reference

to the blood pressure levels.

Know!ton, Stoerk, Seegal and Loeb (1946) reported an

extensive investigation in which they studied the effect

of DCA, and of adrenal cortical extracts, upon the blood

pressure and upon the rate of progression of experimental

(Masugi) nephritis in the hooded rat. They recorded blood

pressures by the plethysmography After dividing their

animals into groups given anti-rat kidney serum, adrenal

cortical extracts, and DCA in varying combinations, they

showed that only those animals receiving DCA and anti-

kidney serum responded by developing hypertension. (The

amount of DCA given was 2.5 mg. of a suspension containing

10 mg./ml.

Following this work considerable interest was aroused
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by the confirmation by Knowlton, Loeb, Stoerk and Seegai

(1947) of the earlier, but incomplete observations of

Selye and Stone (1943) drawing attention to the importance

of sodium chloride in the development of hypertension due

to DCA. Knowlton et al (1947) showed that the effect of

daily injections of DCA on rats was abolished or minimised

by a virtually salt-free dietary, whereas DCA given with

sodium chloride intensified the renal and blood pressure

changes in animals given anti-kidney serum.

Masson, Corcoran and Page (1949) compared the influence

of DCA and of anterior pituitary extracts on the blood

pressure and tissues of rats previously subjected to uni¬

lateral nephrectomy and given a high salt diet. DCA (2.5

mg. daily) produced hypertension in all animals, and led to

a severe diuresis. The mean blood pressure reached 180

mm.Hg. in 24 days.

Seiye (1950) described the production in rats in the

same way of systolic hypertension and of "polyarteritis".

Masson, Hazard, Corcoran and Page (1950) included a group

of animals treated by unilateral nephrectomy, daily injec¬

tion of DCA and salt in their comparison of the vascular

disease caused by DCA and that caused by anterior pituitary
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factors. They confirmed the production of systolic hyper¬

tension. Later Masson, Corcoran and Page (1951) extended

their observations with a survey of the influence of renin

on rats subjected to the hypertensive influence of DCA and

salt following unilateral nephrectomy. Having confirmed

the production of hypertension with DCA, they subjected

the animals to the influence of injections of renin.

Masson, Nairn and Corcoran (1955) studied the suggested in¬

hibitory action of certain antihistamine drugs on the hyper¬

tension produced by DCA and salt, while Nairn, Masson and

Corcoran (1955) again confirmed the hypertensive activity

of DCA while comparing its action with that of another

steroid (PODA).

Very full information now exists concerning the manner

in which DCA may be used to produce hypertension in rats.

It remains now to consider in detail the nature of the

lesions, particularly those of the kidney, produced by DCA

under these circumstances.

3M Iflltoaaa pcft aiaadaaet*

Although the principal changes found in the kidneys of

rats treated with excess DCA are now widely recognised, con¬

siderable disagreement was found in the literature about the
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evolution of these lesions, and about the nature of the

raore detailed changes*

Thus Cames, Ragan, Ferrebee and 0*Neil (1941) in

their early account reported that neither renal nor cardiac

changes were produced. In the sarae way Selye (1942), in

an account of the production of "nephrosclerosis" in the

chick by the administration of excess DCA commented that

the glomerular changes were particularly interesting be¬

cause the glomeruli of mammals were left intact by DCA.

Daxrow and Miller (1942) in describing the effects of DCA

on the hearts of albino rats did not mention that renal

changes had been produced. Later, however, Durlacher,

Darrow and Winternitz (1942) compared the renal effects of

DCA with those of potassium deficiency. They concluded

that potassium deficiency caused significant increase in

the size of the kidneys, with tubular dilatation, particu¬

larly of the ascending loop of Henle and of the collecting

tubules in the mid-medullary zone. They considered that

DCA reproduced these effects, although to a lesser degree

(with the doses they employed). DCA given with a low

potassium diet produced changes only slightly more severe

than those caused by a low potassium diet only.

Selye and Hall (1943) described the comparative
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pathology of the lesions produced by DCA in three animal

speciesi dog, monkey and rat. In the rat 20 days treat¬

ment with DCA resulted in renal hyperaemla (the method of

killing not being stated), and invagination of tubular

Cells into the subcapsular spaces of th® glomeruli. These

changes they found to be most pronounced in the group given

sodium chloride in addition to DCA. Selye, Hall and

Rowley (1943) extended these observations. They described

four groups of animals treated respectively with DCA, DCA

and salt, cholesterol (in place of DCA) and a fourth un¬

treated control group. When the animals of the second

group were killed (after 53 days treatment), the kidneys

were found to be "flea-bitten" in appearance. The pan¬

creatic tissues were oedemaious. The kidneys showed fre¬

quent glomerular enlargement with capsular fibrosis. There

was hyalinisation of the capillaries of the glomerular tuft,

with degenerative changes in the afferent arterioles, many

of which were said to be necrotic. Many convoluted tubules

contained hyaline casts, but few contained red cells.

Throughout the cortex there were areas which they described

as infarct-like zones.

Selye and Hall (1944) described the production of what

they termed "nephrosclerosis" in the male albino rat by the
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prolonged injection of 5 rag. DCA twice daily subcutaneously.

After 10 days they substituted 1% sodium chloride for

drinking water. Three of the 10 animals given DCA sur¬

vived 2 months. All treated animals had large mottled

irregular kidneys, with very large, patchy cortices, the

patchlness being caused by areas of "sclerosis" and by the

presence of tubular casts. Many of the glomeruli were

found to be "sclerosed". The tuft capillaries had a

hyaline-like appearance, and were surrounded by proliferat¬

ing epithelioid cells. The stroma of the kidney was

infiltrated by small round cells, or consisted in places of

thick dense bands of connective tissue. Many hyaline casts

were present in the dilated tubules. Lipid was present in

the proximal convoluted tubules, in the sclerotic glomeruli

and in some casts. Some medium sized arterioles were also

rich in lipid and showed mural proliferation,

Selye, Stone, Nielsen and LeBlond (1945) reported a

survey of the effects of various hormones upon renal struc¬

ture. Theyclaimed that the hyaline tubular casts found

following treatment with DCA caused obstruction and conse¬

quent dilatation of the proximal parts of the tubule.

These effects, they thought, were followed by a round cell

infiltrate, sclerosis of the stroma between the tubules,
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and eventual hyalinisation of glomerular capillaries with

the development of a hyaline transudate in the subcapsular

space. Small arterioles, particularly those of the glomer¬

ulus, showed "hyaline necrosis". Degenerative changes in

the nuclei of the muscle coats of the renal arteries they

considered to be the result of polyarteritis. Occasion¬

ally oedema around the renal pelvis was an added feature.

In their study of the Influence of adrenal cortical

steroids upon the blood pressure and rate of progression of

experimental rat nephritis, Knowlton, Stoerk, Seegal and

Loeb (1946) described the effect of DCA on renal structure

as causing tubular dilatation with swelling and vacuolation

of tubular cells. These cells, had irregular contours,

with indentation and separation of portions of cytoplasm.

Between, the cells were often shrunken, deep staining and

with pyknotic nuclei (? the tubular interstitial cells of

Oliver et ai, 1957**), The average glomerular diameter

was also enlarged, but the glomerular changes they consid¬

ered less prominent than the tubules. Nephrosclerosis was

not seen.

In assessing the significance of these results it

should be remembered that the severe glomerular changes

* Author's comment
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described by Selye et ai (1945) resulted from the adminis¬

tration of 10 rag* DCA daily for up to 2 months, whereas the

lesions found by Knowlton et al (1946) followed the use of

very much small amounts of DCA (2.5 rag. daily). The

results are therefore by no means mutually incompatible,

and indeed as will be shown later, were both confirmed in

the course of tine present work.

Knowlton, Loeb, Stoerk and Seegal (1947) studied the

potentiation of the action of DCA caused by the administra¬

tion of sodium chloride. They demonstrated that while

DCA and sodium chloride caused characteristic tubular

changes (similar to those described in their previous work)

the omission of sodium from the dietary abolished or mini-

raised these changes. Potassium given to animals maintained

on sodium chloride and DCA tended to correct the potassium

depletion cause by DCA, but had no effect on the anatomical

renal lesions.

Selye (1950) again called attention to the effects of

DCA in the rat. On this occasion he claimed that the

vascular lesions which followed the use of DCA often

resembled those of polyarteritis. The illustrations

showed a rai5cture of lesions of the severe DCA type, with
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others which could easily be interpreted as being inciden¬

tal findings in the rat, an animal in which subclinical

endemic infections with Bartonella, Streptothrix and

pleuropneumonia organisms are frequent and misleading.

Masson, Hazard, Corcoran and Page (1950) contrasted

the experimental vascular disease due to DCA with the

effects of anterior pituitary factors.

Later, Masson, Corcoran and Page (1951) described the

production of a syndrome in rats which they thought resem¬

bled the toxaemia of human pregnancy. Using Sprague-

Dawley rats, which they divided into a larger group given

DCA and salt following nephrectomy, and a smaller previous¬

ly untreated group, they studied the influence of single or

of repeated injections of renin. Following the first

injection, 40 days after DCA had been implanted, several

of the DCA treated animals died. Many were found to be

oedematous and prostrate, with a reduced urine flow. In

the survivors this oliguria was succeeded by diuresis. At

autopsy they found ascites, oedema, and widespread focal

haemorrhages, with haematuria and melaena in addition to

I the usual DCA lesions. Similar changes were also found in

a further set of animals given 3 separate injections of

renin on the 21st day after the implantation of DCA. By
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Contrast with these two groups animals given renin concur¬

rently with the beginning of treatment with DCA showed very

slight Changes only. Hypertensin (angiotonin) given in

the same way caused prostration when injected intraperiton-

eally but did not precipitate oedema, convulsions, oliguria,

or haemorrhages. Masson, Corcoran and Page concluded that

the rat syndrome produced in this way was reminiscent of

human eclampsia. Their paper is particularly relevant to

the present thesis because certain of the lesions described

and illustrated bear a close resemblance to some which will

be discussed later. Nevertheless the claim that the

syndrome resembled human eclampsia will not bear close exam¬

ination* and indeed in a further paper Masson, Corcoran

and Page (1952) reopened the whole question. They also

defined the lesions of DCAi the kidneys were large, pale,

and irregular, with petechlae on their surfaces. The

pancreatico-duodonal artery was thickened, and there were

nodules on the mesenteric artery. Microscopically, there

were dilated renal tubules containing many granular or

hyaline casts. The glomeruli were enlarged and many of

the glomerular capillaries apparently obliterated by endo¬

thelial cell proliferation. Tuft adhesions were sometimes

seen, but at this early stage of the reaction they saw

neither hyaline nor fibrinoid material. Nevertheless,
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additional P.A.S.-positive material was shown to be present

in the walls of the glomerular capillaries.

In the course of their comparison of the activities

of "PODA" and DCA, Nairn, Masson and Corcoran (1955) de¬

scribed briefly the renal lesions which they regarded as

characteristic of DCA. The lesions closely resembled those

described by Masson et al (1950). The kidneys were granu¬

lar, with a few subcapsular petechias, and occasional

flame-shaped haemorrhages on the cut surface. Microscopi¬

cally, there was a notable eosinophilic exudate around and

between the glomerular loops - the material comprising this

exudate was of the same type as that present within the

renal tubules as casts. Many arterioles showed fibrinoid

change, and the severity of this ranged up to "gross

occlusive necrosis".

Skelton (1955) gave a somewhat similar review of the

lesions of DCA in a paper comparing the effects of DCA with

those of methylandrostenediol. The kidneys of the DCA

treated animals were large, and there was oedmea of the

perirenal tissues. Microscopically, focal renal lesions

were found, varying in severity between different animals.

The glomeruli were larger than usual, with proliferation

(he states) of both epithelial and endothelial cells, and
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dilated glomerular capillary loops. The capillary base¬

ment membrane was sxvollen and indistinct, and the capillary

and parietal components often separated by excess material

which stained red with Gomori*s aldehyde fuchsin, was

P.A.S.-positive, stained purple with phosphotungstic-aeid-

hgematoxylin, and red with eosin. The amount of this

material varied from small "Caps" on the capillary loops to

their complete encirclement and extension into the mesang-

iton. The deposit was called fibrinoid. When the tufts

were extensively involved there was disintegration of the

tuft itself, with the collection of masses and droplets of

this material in the epithelial cells or in the subcapsular

space. Haemorrhage (was infrequent, but replacement fibro¬

sis 'was sometimes complete. Many arterioles showed fibrin¬

oid change, while some were thrombosed.

It cannot be claimed that this is a complete account

of the lesions described by others as occurring in the

kidneys of animals treated with excess DGA. Nevertheless,

it serves at the same time to emphasise both the points of

agreement and those which are controversial. There

appears to be general agreement that the type of renal
|

response is determined, among other things, by the duration

of treatment and by the amount of DCA given. Clearly,

arteriolar fibrinoid necrosis, and the gross accumulation
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of transuded material among the distended glomerular loops

are late changes# Early changes have attracted much less

attention, and there is surprisingly little comment in the

literature about the precise form which the tubules assume.

Collecting tubular dilatation is much more obvious than the
.

fine changes which occur in the cells of both the convolu¬

ted and collecting tubules, and these receive scant, atten-

tion. Whether the cells which are enlarged and hyper¬

plastic in the affected glomerular tufts are endothelial or

epithelial is disputed (a dispute common in controlversial

glomerular lesions). There can be little doubt however

that the haphazard use of the term "nephrosclerosis" by

Selye in his early descriptions was quite misleading, and

that his claim to have stimulated the evolution of poly¬

arteritis was almost certainly erroneous.

Because of the uncertain nature of many of these

responses, and of the precise relationship to intensity and

duration of treatment, it became necessary to study them

in some detail as an integral part of the present series

| of experiments.
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The Influence of Steroids other than DCA

mv siaaa&ga*

Later in this thesis, steroids other than DCA are

considered in relation to the effect which they may exert

on renal structure, both in the normal and uninephrectomised

and the bilaterally adrenalectomised animals. It is

therefore convenient to consider at this point the influ¬

ence which steroids other than DCA may have on the morpho¬

logy of the kidney.

Selye (1939) described the effect of testosterone on

the kidneys of albino mices he claimed that the kidneys

increased in weight owing to hypertrophy of the epithelial

Cells of the proximal and distal convoluted tubules. The

renal cortex was much widened. There was hypertrophy of

the capsular epithelium of the glomeruli. Later Selye

(1940) and Selye and Friedman (1941) showed first, that

testosterone apparently helped to protect the mouse kidney

against the damaging effect of corrosive sublimate, and

second, that hydronephrosis produced in mice by ureteral

ligation caused less renal destruction in animals given

testosterone owing to the hypertrophic effect of the drug

on renal tubular epithelium.

In an extensive study Selye (1941) reviewed the
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literature relating to the renotropic effect of steroid

hormones# He described the action of progesterone, of

testosterone* and of other hormones on the renal atrophy

which follows hypophysectomy, concluding that these hormones

did not restore the kidney to normal. Selye (1940) fur¬

ther described the increased weight of the kidney produced

by testosterone, contrasting it with the decreased weight

caused by oestrin#

Observations of a similar nature were made by

Korenchevsky, Hall and Burbank (1939) and by Korenchevsky,

Hall and Ross (1939)# They concluded that the hypertrophic

effect of the male hormone on the kidney largely balanced

the aplastic female hormone influence. Similarly, that

oestradlol causes renal enlargement in the ovariectomised

rat, as testosterone does in the castrated male. They

also studied the effects of androsterone. transdehvdro-

toaftoatiww Rwfrwqta and flMtoafltol ss°z
plonate. Their conclusions as to the relative influence

of male and female hormones were similar to those given

above. No detailed histological descriptions were added.

The effectiveness of preondlene - 21 - ol - 3.20-

dione (PODA) acetate was assessed by Nairn, Masson and

Corcoran (1955), who concluded that the pharmacological
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effects of this drug were very similar to those of DCA.

Skelton (1955) described the generalised vascular

disease accompanying the hypertension caused by methylandro-

stenediol. concluding that in many respects it was similar

to that caused by DCA.

The effects of cortisone and of hydrocortisone on the

kidney have been investigated by a number of workers.

Knowlton, Loeb, Stoerk, White and Heffernan (1952) used

cortisone to produce hypertension. Their animals were

subjected to bilateral adrenalectomy, and given 2,5 mg.

cortisone daily for 22 days. Minimal tubular changes only

were found in those given cortisone, although hypertension

developed. At the same time the animals lost weight,

but proportionate atrophy of the organs did not occur.

Whether on low or on high salt intake the organ weights were

significantly higher than those of control animals not given

cortisone and thus not becoming hypertensive.

In a further study of the same subject, Knowlton and

Loeb (1957) showed that the weight loss in the adrenalecto-

mised animals given cortisone was due to dehydration,

which occurred irrespective of the dietary salt intake.

They found that the only recognisable common abnormality in
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animals made hypertensive with DCA and those made hyperten¬

sive with cortisone lay in depletion of total body potass¬

ium. This biochemical disturbance was not accompanied

by similar alterations in renal tubular structure.

Studies of a similar kind were made by Ledinghara

(1954 a, b) who investigated the relationship between

hypertension and the disturbances of tissue water, sodium

and potassium associated with steroid administration in

adrenalectoraised rats.

9 fluorocoytisol has attracted much interest in

recent years, in the first instance because of Its effect

on the connective tissue diseases, but more recently be¬

cause of the demonstration of its intense action on the

metabolism of electrolytes. It is apparently the most

active of the halogenated derivatives of hydrocortisone.

The activity of 2 methyl - 9 - (<^-) fluorocortisol was

studied in the rat by Selye and Bois, (1956) In which

animal they demonstrated the production of what Selye con¬

tinues to term "nephrosclerosis" and of "periarteritis

nodosa".

In a further report Selye and Bois (1957) described

the changes resulting in the unilaterally nephrectomised
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rhesus monkey as the result of treatment v&th relatively

small amounts of 2 methyl - 9 - («c) fluorocortisol* In

the kidneys of these animals generalised enlargement was

accompanied by pallor and by the presence on the external

surface of numerous small punctate spotss these were focal

glomerular haemorrhages. Many of the glomeruli were

partly hyalinised, the thickened basement membrane causing

an appearance closely resembling that seen in the inter-

capillary glomerulosclerosis of Kimraelstiel and Wilson.

In addition, therefore, to claiming the reproduction by

this steroid of the appearanoes of diabetic glomeruloscler¬

osis, Selye and Bois also stated that sane of their changes

were of the "wire-loop" type. Superimposed on these

lesions was generalised arteriolar "hyaline" necrosis ,

while very many tubules were "obliterated" with hyaline

casts.

In spite, therefore, of the apparent inaccuracy of

Selye's histological descriptions (normal distal convoluted

tubules are described in a caption as abnormal) and nomen¬

clature (the tubules depicted are obstructed by casts but

are not obliterated) the evidence confirms that this

steroid may produce appearances closely resembling those

produced in rats by excess DCA.
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In recent months interest in the mode of action of

aldosterone on the kidney has continued to grow. The

fuller understanding of Conn's syndrome and of the condi¬

tions which may be associated with secondary hyperaldoater-

onism has led to further work on the mode of action of

aldosterone on the kidney. This work has recently been

summarised in the proceedings of an international symposium

(see Muller and O'Connor, 1958). Gross (1958) commented

that the kidneys of animals treated with sufficient aldo¬

sterone to cause hypertension were neither as large as

those of DCA-treated animals with the same degree of hyper¬

tension, nor were the external surfaces characterised by

the same mottled colouration. He made no comment on the

histological effects of this steroid however, and I have

not been able to find this information elsewhere. On

previous occasions certain authors have implied that the

pyelonephritic-like state of the kidneys in Conn's syndrome

was the result of the renal action of aldosterone. By

inference from the remarks of Selye and Bois (1957) and

Gross (1958), however, this would not seem to be substanti¬

ated by the experimental data.

Thus a very considerable volume of information now

exists about the changes produced in the morphology of the
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kidneys by the action of many of the steroids. The most

complete data is available for those steroids which have

been commercially available for the longest time, and it is

perhaps unfortunate that the many studies with deoxycortone

have been made with a steroid which is believed to play

little part in the activity of the human adrenal cortex,

if, indeed, it is formed by the human adrenal at all.

For our present purpose the detailed descriptions

given by many authors of the renal changes produced by

DCA in rats have been found to conflict in many ways. It

is likely that the conflicting statements have often been

due to the comparison of animal groups treated with differ-

ent amounts of the drug for different periods. Neverthe¬

less it was not possible to assume any clear-cut sequence

of changes in the rat kidney in response to a given dose

calculated on a weight basis. The initial part of the

work reported in this thesis therefore inevitably involved

a reconsideration of the detailed action of this steroid

on the rat kidney.
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The renal changes in hypertension due to

msfrrtfftlpn Qf toft potato*

In a later part of this thesis the application of

Goldblatt-type silver clips to the renal arteries of rats

is used as a method for producing hypertension. The

changes produced In the kidneys of these animals form an

integral part of the arguments adduced concerning the

nature of the influence exerted on the rat kidney by hydral¬

azine.

It is therefore necessary to summarise here the prin¬

cipal views held by other authors on the nature of the

changes produced in both the clipped and the untreated

kidney in experimental renal ischaemic hypertension. The

subject is dealt with very fully by Pickering (1955) and

the present remarks are based extensively on his views.

The application of a renal artery clip which is too

tight results in renal infarction. If infarction is

avoided, the kidney to which the clip has been applied

differs little in appearance from normal, and histological

changes are slight. Goormaghtigh described the enlarge¬

ment, division and increased granularity of the juxta¬

glomerular cells, although these changes subsided as the
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evolution of hypertension progressed. There is often

tubular atrophy (a reflection of the state of slight,

prolonged, generalised ischaemia), while later, the clipped

kidney may also show the arteriolar necroses of malignant

hypertension.

The principal arteriolar changes found first in the

unprotected, undipped kidney are of two kindsj (1) acute

necrotic lesions are accomapnied by the appearance in the

arteriolar wall, in either media, intiraa or both, of

faintly granular material (fibrinoid), the presence of

which obstructs the lumen to a greater ox lesser extent.

(2) Later, Pickering believes, the organisation of these

arteriolar lesions is represented by the presence of gross

intimal fibrosis. Wilson and Byrom (1939) studied the

evolution of fibrinoid change in the rat kidney. Their

demonstration of the early protection afforded to the

clipped kidney confirmed the importance of hypertension in

the causation of fibrinoid necrosis. Nevertheless,

repeated observations by these workers, and by many others,

in a variety of circumstances and In the human (Kincit id-

Smith, McMichael and Murphy, 1958) have often indicated

that the frequency and severity of fibrinoid arteriolar

necrosis is not directly related either to the severity or

to the duration of hypertension.
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9,f smxlnmUl mK»

In the early part of the preliminary discussion
*

reasons were given for undertaking a study of the effect

of hydrallazine upon the kidney of the hypertensive rat.

It was suggested that in this way light might be shed on

the mode of origin of disseminated lupus erythematosus.

A discussion of methods of producing experimental

hypertension led to the conclusion that the rat would be

the most convenient laboratory animal to use, and that the

hypertension resulting from the administration of excess

DCA would be a suitable basis for this study. Descript¬

ions of the effect of DCA on renal structure were found to

be varied and sometimes misleading. It was therefore

considered essential that a definition of the renal changes

caused by DCA should be an essential preliminary to the

observations on hydrallazine.

The experiments described in this thesis are therefore

arranged in the following manner»

(1) In the experiments of Series I (volume I, page 53)

the influence of DCA on the structure of the rat kidney is

*The order in which the data is incorporated in the argu¬
ment is not necessarily related to the order in which the
experiments were performed.
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considered and the histological changes resulting from

varied amounts of DCA given by alternative routes are

defined. The effect of unilateral nephrectomy, and of

added salt on the results of treatment with DCA are investi¬

gated, while the significance of repetitive daily Injections

of innocuous fluid, under ether anaesthesia, is reviewed,

(2) In the experiments of Series II (Volume I, page

139), the influence of hydrallazine upon renal structure

is investigated. The effect of hydrallazine upon normal

kidneys, upon the remaining kidneys of animals treated by

unilateral nephrectomy, and upon others given excess DCA is

discussed. The effect of hydrallazine on the kidneys of

animals subjected to the full hypertensive regime of uni¬

lateral nephrectomy, salt and excess DCA, is then analysed.

In each instance, the amount and mode of administration of

DCA was the same as in the corresponding experiments in

Series I,

(3) In Series III (Volume I, page 222) the patho¬

genesis of changes found in certain of the animals in

Series II is considered. The role of anaesthesia and of

convulsions in influencing renal structure is discussed.

(4) In the experiments of Series IV (Volume I, page
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232) the effects of hydralazine on the renal changes

found in the hypertension due to the application to one

renal artery of a constricting clip are investigated.

They are compared with those found in animals made hyperten¬

sive with DCA.

(5) The influence of other steroids on renal struc¬

ture is described in experimental Series V (Volume II,

page 1). The effect of hydrallazine on kidneys treated

with these steroids is then analysed, and the results con¬

trasted with those obtained by the use of DCA,

(6) The effects of other hypotensive drugs on the

remaining kidneys of animals treated by unilateral nephrec¬

tomy, DCA and salt are considered in the experiments of

Series VI (Volume II, page 95). They are related to the

changes caused by hydrailazine in comparable circumstances.
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CHAPTER 2

fiqresftren* i (a)

(Animal group 13)

The object of the first experiment was to determine the

effect of implants of slowly absorbed DCA on renal structure.

MssM*

Animals* 6 male and 6 female mature albino Wistar

rats of a laboratory bred strain were used. The animals

were fed on standard laboratory pellet rations (for composi¬

tion see Appendix 1, Volume II) and were supplied with tap

water ad lib to drink. The diet contained 0.04% sodium

chloride.

DCA was used in the form of subcutaneous im¬

plants, each a 50 rag. tablet measuring about 3 mm. in dia¬

meter and 2 ram. in depth, and Compressed sufficiently firmly

to ensure slow absorption.

Blood pressures were measured by tall plethysmograph

under light ether anaesthesia (Appendix 4, Volume II).

Serum electrolytes were measured by flame photometry.*
Histology* At the close of the experiment both kidneys

were divided and fixed rapidly in corrosive-formol; after

embedding in paraffin wax, 4-5 ^sections were cut and
stained by the following methods* haematoxylin and eosin,

* Throughout this study electrolyte determinations were

made in the Clinical Laboratories of the Edinburgh

Royal Infirmary through the courtesy of Dr. C. P.

Stewart.
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Picro-Mallory, Welgert's elastic stain; by the periodic

acid-Schiff reaction, and occasionally with the aldehyde-

fuchsin method of Goraori.

Procedure!

After implanting two subcutaneous tablets of DCA, each

of 50 mg., the animals were observed daily for 10 weeks.

Throughout the period of observation the blood pressure

values were recorded at approximately 1 week to 10 day

Intervals. The blood was submitted for estimation of

serum sodium and potassium. At the end of this time they

were killed by bleeding under ether anaesthesia, and tissue

taken for section.

Saaftto*

No sex difference was detected in the response to

treatment.

Blood pressure! (Text Fig. 1, Table 1)

During the first month of treatment a rise in mean

blood pressure occurred from 107 mm.Hg. to 131 rara.Hg. The

rise was not sustained however, and after 10 weeks the mean

was found to be only 125 mra.Hg.

Mate*
At death, the mean weight was 203 g. (male) and 188 g.

(female).

Terminal measurements: (Table 2)

The mean heart weights were 1.15 g. (male) and 1.06 g.



TABLE 1 .

J Altf-mA GtWW 12'-

BLOOP in r,y.t/fe.

Rat 17.6.57 27.8.57 19.9.57 26.9.57 4.10.57 10,10,57 2?, 19 *57

Male

j1 88 123 142 126 194 122 172

2 no 117 168 (115V) 153 102 123

3 101 99 170 142 122 124 142

4 104 120 154 95 136 106 110

5 109 162 132 132 118 104 136

6 100 114

Mean 109 122 153 122 146 112 137

Female

1 97 126 114 128 130 88 98

2 101 133 134 112 114 102 124

3 96 102 112 104 (115?) 132 122

4 102 100 102 108 142 142 112

5 103 101 102 108 110 114 110

6 134 134 100 118 119 121 114

Mean 105 117 110 113 121 116 113

Grand
Mean

107 119 131 117 133 114 125



TABLS 2 .

JLiai Aniaal Saaa 12*

Males
(Killed
3.11.57)

Weight
Kidneys

g.
(I.) (K)

Heart

g.

Sodium.

Bg./lOO ml. m.Bq«/l.

Potassium.

mg./lOO ml. m.Eq/l.
1 - - - - - - -

2 220 1.13 1.02 1.07 - - 16.7 4.29

3 235 1.16 1.26 1.21 - - 17.0 4.36

4 220 1.13 1.03 1.32 - *n 16.7 4.29

5 160 1.09 1.09 0.93 - - 15.3 4.05

6 ISO 1.2 1.14 1.13 - - 14.7 3.78

Mean * 203 1.14 1.12 1.15 - mm 16.2 4.15

Females
(Killed
25.11.57)

1 175 0.75 - 1.01 21.6 5.43

2 130 0.77 - 0.92 - mm 17.0 4.37

3 214 0.73 - 0.97 - - 17.9 4.59

4 130 0.65 - 0.90 - - 21.6 5.53

5 136 1.03 - 1.16 - - 20.5 5.25

6 132 0.77 - 1.03 - - 19.7 5.04

Mean * 136 0.79 - 0.99 - - 13.1 5.03

Grand *
Mean.

194 0.95 - 1.06 - - 17.2 4.63

* Means of survivors of experiment.



Kay Slight (+)
Moderate + ■ ■ $ £-*.
Severe ++
Extreme +++ 1(a) Animal Group T

GLOMERULAR CHANGES. 2 3 F^T® 5 ^ ^ ~ Female ^ 5

Endothelial cell proliferation ( + ) ( + ) (+) ( + ) ( + ) ^ ^ ^ ^

Epithelial cell proliferation - _ _ _ _ _ _

Capsular thickening - _

Capsular adhesions of tuft - - _ _ _ _ _ _

Tubularisation - _ _ _ _ _ _

Enlargement of tufts (+) (+) (+) ( + ) (+) (+) (+j {+) ^ ^

Segmental glomerular necrosis
Acute - - _ _ _ _ _ _

" " subacute - _ _ - - - _ _

" " fibrosed - - _ _ _ _ _

"Ballooning" of tuft cells _ _ _ _ _

Translative capillary change - - _ _ _ _ _

Hyaline droplet change - - - _ _ _ _ _

"Explosive" lesion - - - _ _ _ _ _

Fibrinoid arteriolar necrosis ~ _

Fibrinoid arterial necrosis - - ~ _

Arterial medial hyperplasia or
elastic reduplication



(Key as previous table)

T^p-Hmrmt l(a) Animal Group 13.

TUBULAR CHANGES 2 3
Males
4 5 6 1 2

Females.
3 4 5 6

Dilatation of

a. prox. conv. tubules - - - - — mm — — — —

b. dist. conv. tubules - - - mm - — - - — —

c. thin Henle limb - - - — — mm — - - -

d. thick Henle limb - - - - - " - - - -

e. collecting tubules (♦) (♦> (♦) (♦) - - - (♦> - (♦) -

Cytoplasmic protrusion of
ceils.

<♦)
conv.tuuules

(♦)
conv.tu ules

(♦>
conv.tubules

<♦)
conv.b: coll.
tubules

<♦)
coll.tubules

Nuclear protrusion of
tubular cells

(♦>
conv.tubules

<♦)
conv.tubules

Proteinuria mm - (+) (♦) - - mm - - - -

Hyaline droplet change - mm - (♦) - — — — — — —

Necrosis - - - — "" mm *"* mm

Regeneration
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Text Figure 1.
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(female) with mean heart/body weight ratios of 0.57% and
' ' " ' '

0,60% respectively. The mean weight of the kidneys was

1.13 g, (male) and 0.79 g. (female), with mean kidney/body

weight ratios of 0.56% and 0.43% respectively. The overall

mean serum potassium level was found to be 4.63 ra.Eq./l,

the normal being 3.5 - 5.5 ra.Eq./l.
These figures were not considered to differ signifi¬

cantly from normal.

Hi<rtplQql9fll ghflnggg (Tables 3 and 4)
There was very slight generalised glomerular enlarge¬

ment due to endothelial cell enlargement. This was accom¬

panied by slight dilatation of cortical collecting tubules,

with the presence in some of small amounts of proteinaceous

fluid, and minimal intratufoular protrusion of the cytoplasm

of cells of many convoluted tubules. Very rarely, tubular

epithelium showed hyaline droplet change.

DCA in the form of 2 slowly absorbed 50 mg. implants

caused only slight renal changes. After ten weeks these

were found to be confined mainly to intratubular protrusion

of the cytoplasm and nuclei of the epithelial cells of the

convoluted tubules, and to dilatation of the collecting

tubules. The glomeruli were slightly enlarged but were

otherwise intact, and there were neither glomerular necroses

nor vascular lesions.
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Changes in blood pressure, weight, sodium and potassium

were regarded as falling within the range of normality.

It may be concluded that slowly absorbed DCA in the

form of implants does not cause hypertension by itself.

The few slight alterations in renal structure are likely to

have been the result of subclinical electrolyte disturbances,

insufficient to cause detectable alteration in serum potas¬

sium levels. These observations confirm those of Selye

and Hall (1944).
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Ewtapp* 1 tb?

(Animal group 14)

In many animal species DCA does not exert a disorganis¬

ing influence upon the kidney unless treatment is combined

with the substitution for drinking water of a solution of

sodium chloride (Selye and Stone, 1943; Knowlton, Loeb,

Stoerk and Seegal, 1947). The present experiment was de¬

signed first to explore the possibility that although slowly

absorbed DCA by itself did not cause significant alterations

in renal structure, such a disturbance could result from

the more active combination of DCA with sodium chloride;

and, second, to define the nature of these changes.

The object of the second experiment was therefore to

determine the effects on renal structure of implants of

slowly absorbed DCA given in combination with sodium chlor¬

ide.

*

Animals: 6 male and 6 female mature albino Wistar

rats were used. Their general treatment did not differ

from that of the animals in experiment I (a).

DCA was given In the form of 2 slowly absorbed 50 mg.

tablets implanted subcutaneously.

methodst

The methods employed for the measurement of blood

pressures, for collecting blood and for the histological

examination of tissues did not differ significantly from
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those used in experiment I (a).

Procedurei

Animals were implanted subcutaneously with 100 mg. OCA,

given 1% sodium chloride to drink, and observed carefully for

10 weeks. Blood pressures were recorded at approximately

7-10 day intervals. At the end of 10 weeks the animals

were killed and material submitted for biochemical and for

histological examination.

Resultst

No sex difference in the nature of the response was

detected.

Blood pressuresi (Text Fig. 2, Table 5)

During the first four weeks of treatment the mean blood

pressure did not rise significantly and after 10 weeks was

114 mm.Kg. (mean). At no point did the mean blood pressure

of either the male or female group rise above the upper limit

of "normality" for the species (accepted as 140 ram.Hg.

(Floyer, 1951)).

The mean heart weight was 1.08 g., and the mean kidney

weights 1.0 g, and 0.98 g. The mean serum potassium was

4.35 m,Eq./l (normal 3.5 - 5.5 m.Eq./l.)

gfraogaa' (Tables 6 and 7)
The principal microscopic changes in renal structure

were confined almost entirely to the renal tubules. Never¬

theless, in the kidneys of male rat 6 and of female rat 4
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TABLE ^ .

Experiment Kb) Animal Group 14:

BLOOD PRESSURES in mm./He.

Bat 21.8.57 28.8.57 19.9.57
Date
26.9.57 4.10.57 10.10.57 31.10.57

Male

1 110 122 121 142 138 132 112

2 102 106 120 94 142 113 81

3 103 116 112 146 130 117 71

4 93 114 152 128 116 104 122

5 116 104 92 142 126 109 127

6 135 96

Mean 109 109 119 130 130 115 103

Female

1 104 134 96 118 112 144 122

2 92 94 92 110 132 136 133

3 96 106 128 126 156 120 113

4 99 92 138 98 134 104 116

5 109 124 102 102 108 92 135

6 101 106

Mean 100 109 111 111 128 119 124
Grand
Mean

104 109 115 120 129 117 114



KEY: Slight (+)
TABLE 6 . Moderate +

Severe +♦

Experiment 1(b) Animal Group 14 Extreme ++♦

GLOMERULAR AND VASCULAR CHANGES Males n Females
1 2 3 4-5 6 1 2 3 4-5 6

Endothelial cell proliferation ------ ------

Epithelial cell proliferation ------ ------

Capsular thickening ------ ------

Crescent formation ------ ------

Tubularisation ------ ------

Endothelial cell swelling ------ ------

Enlargement of tufts ------ ______

"Ballooning" of cells ______ ______

Segmental tuft necrosis acute _____ - _ _ (+) _

n n n subacute ______ ______

» n « fibrosed ______ ______

Transudative capillary change ______ ______

Hyaline droplet change ______ ______

"Explosive" lesions ______ ______

Fibrinoid arterial necrosis ______ ______

Fibrinoid arteriolar necrosis ______ ______

Arterial medial hyperplasia with
elastic reduplication



KEY: Hlight (+)
TABLE 7 . Moderate +

Severe ++

Experiment lib) ilnimal Group 1U Extreme +++

TUBULAR CHANGES Male
Rats

Female
6

Hydro¬
nephrosis

Dilatation of

a.prox.conv.tubules
b.thin Henle limb

c.wide Henle limb

d.dist.conv.tubule

e.collecting tubule

Cytoplasmic protrusion of
tubular cells

Nucular protrusion of
tubular cells

Vacuolation of collect-
sing tubules

Proteinuria

Hyaline Casts
Hyaline droplet change

(+)
(+)

(+)
dist.conv.&
coll.

(♦)
dist.conv»&
coll.

(+)
(*)
(♦)

(+),prox./dist.
conv.

(+)

<♦>
, "prox./dist.

conv.

(♦)
dist.conv. prox./dist.

conv.

(♦)

(*)
(♦)

(♦)
dist.conv.

(♦)
dist.conv.

+4-

(♦>
prox.conv.

(♦)

(♦)

(♦)

(♦)
diet.Conv.

(♦>
dist.conv.

(♦>

(+)

Necrosis

Regeneration
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were single isolated segmental glomerular tuft necroses of

a type described in more detail later (see experiment II (d)).

These focal partial glomerular lesions accompanied widespread
1 , • i ■

patchy dilatation of various tubular segments, including both

limbs of Henle, and the distal convolutions and collecting

tubules. In many proximal convoluted tubules and cortical

collecting tubules there was intratubular epithelial cell

cytoplasmic protrusion, occasionally with proteinuria.

There were no vascular lesions, and the isolated glomerular

lesions were accompanied only by minimal tuft enlargement

due to endothelial cell swelling.

The principal change induced in the kidneys by the

addition of sodium chloride in place of drinking water was

the presence in two kidney sections of single focal glomer¬

ular necroses of segmental type. The significance of the

presence of these lesions is considered later (see experi¬

ment II (d), page 156). They were accompanied by recognis¬

able but slight tubular lesions which did not differ signi¬

ficantly in severity from those seen In the animals of

experiment I (a) (page 53),

It is concluded that the substitution of 1% sodium

chloride for the drinking water of animals implanted with

slowly absorbed DCA does not increase the severity of

blood pressure changes, but does modify the nature of the
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lesions found in the kidney. Although other workers have

shown that added sodium chloride potentiates the response

of the rat blood pressure to DCA (Selye and Stone# 1943;

Knowlton, Loeb, Stcerk and Seegal, 1947) the rate of absorp¬

tion of DCA in the present experiment was apparently so slow

that this effect was masked.
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1 U).

(Animal groups I (A), I (B) and 16)

The production of progressive systolic hypertension by

the administration of salt and DCA to animals previously sub¬

jected to unilateral nephrectomy is recognised as a charact¬

eristic response in the rat# The changes which occur when

very small amounts of DCA are given for long periods or,

alternatively, when slowly absorbed DCA is used in the form

of implants, do not seem to have been studied, the greater

part of the experimental work on this topic having been per¬

formed with the express purpose of studying the rather gross

changes which sooner or later follow the use of excessive

doses of DCA.

In the present experiment, the object was to assess the

nature and severity of the renal changes which occur when

slowly absorbed implants of DCA are allowed to act in the

presence of unilateral nephrectomy and of overdosage with

sodium chloride. It was planned to contrast the changes

produced with those following the use of DCA alone or of

DCA with added salt. It was hoped by implanting a slowly

absorbed form of DCA to produce a gradual but significant

rise in blood pressure, the characteristics of which would

enable it to be used as the basis for experiments to be

discussed in Experimental series II (experiments II c, d,

e, f, pages 150, 156, 184, 193).
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Material»

Male and finale albino Wistar rats of a laboratory

bred strain were used. Their management, feeding and care

did not differ significantly from that of the animals in

experiment I (a) (page 53).

DCA was used in the form of slowly absorbed implants

of 25 tag. and of 50 mg. in animal group 1(A) and of 50 mg.

in animal groups 1(B) and 16*

Blood pressures were measured both by the optical meth¬

od of Byrom (Appendix 3, volume II page 187), and by the

tail plethysraographs of Byrom and Floyer (Appendices 3 & 4,

volume II page 187|,
Procedural

c

The right or the left kidney was removed from each

animal. At the time of the nephrectomy either 75 mg.

(animal group 1(A)) or 100 mg. DCA (animal groups 1(B))and

16) was implanted subcutaneously, through a separate incis¬

ion.

Blood pressures were recorded weekly or as often as

possible, under light ether anaesthesia? at the same time

the animals of group 16 were weighed.

At the close of the experiment, after 10 weeks treat¬

ment, the animals were killed either with ether (Groups 1(a)

and 1(B) ) or by bleeding under ether anaesthesia (Group 16)

and in each case material from the principal body tissues
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was preserved fox histological examination in a manner not

differing significantly from that adopted for group 13

(experiment 1(a), page 53 ).

MuUis*

U) Mmk SSSSM 1(-^ (Text Fi9« 3, Table 8)
The observations made on this group were during an

early phase of the experiments and measurements of weight

and of serum electrolytes were not made. The blood press¬

ure readings are shown in Fig. 3, and in table 8 . The

rise in blood pressure recorded was not maintained and

changes were not consistent. Histological observations

failed to reveal any lesions which were not also present in

the earlier experimental animals of groups 13 and 14 (ex¬

periments 1(a) and 1(b) ).

(2) A'lMt OTMP I(s)
A steady and sustained rise in blood pressure was re¬

corded, the mean pressure rising from 111 to 182 awuHg.

during the 10 weeks of the experiment. (Fig, 4 Table 9 ).

At the close of the experiment, the kidneys were found

to show widespread dilatation of the collecting tubules, and

occasionally of the proximal or distal convolutions, fre¬

quently with slight intratubular protrusion, in these parts

of the nephron, of both epithelial cell cytoplasm and of

epithelial cell nuclei. Generalised slight glomerular

enlargement was present and was due apparently to prolifera¬

tion of the endothelial cells of the glomerular tufts.
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Text Figure 3»



TABLE

Experiment i(c). Animal Group 1(A)

BLOOD PRESSURES.
DCA 50 rrig. PGA 50 me.
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1 113 118 H8 124 106 108 118 126 110 115 122 114 120 124 120 120 141 180 135 172 128

2 113 110 130 102 132 104 108 128 112 112 134 135 128 120 120 118 ? 160 168 116 mm

3 121 112 112 142 114 120 116 125 138 118 130 120 115 Implanted 21.2.56. 105 144 151 mm

4 104 102 120 104 90 102 102 101 100 105 104 -

«.

5 112 116 114 105 98 110 115 128 120 130 142 130 120 120 124 116 134 144 146 166

6 103 108 123 130 90 96 112 116 124 128 120 126 110 120 Implanted 21.2.56. 128 137 137 —

7 125 137 127 154 138 132 114 126 120 130 127 130 130 130 135 131 147 140 195 160 146 145 —

3 129 134 116 102 114 123 122 120 128 126 125 125 125 148 120 120 122 124 136 142 130 140

9 117 136 130 108 118 104 98 115 115 102 115 115 124 130 135 133 108 105 116 130 156 mm

10 102
«■>

11 101 118 118 105 134 124 102 134 125 110 134 128 140 145 120 105 118 154 185 220 142 —

12 95
—

Mean 111 119 121 113 115 112 109 119 117 117 126 124 130 129 122 121 129 137 150 164 138 149
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Text Figure 4.

LEFT NEPHRECTOMY ♦ lOOmg MPLANT OF OOCA ♦ NaCI. ('%)•



I.2.f

123

1U

122

102

104

110

112

102

106

114

?

Ill

TABLE 9 .

BLOOD PRESSURES.

17.2.56 24.2.56 2.3.56 12.3.56 19.3.56 27.3.56 19.4.56

122 112 128 - - mm -

106 168 142 172 148 156 152

106 142 132 230 163 162 174

110 126 130 146 155 176 207

102 138 135 206 196 172 186

124 135 142 144 147 155 174

124 146 132 - - - -

118 137 135 210 138 142 170

104 116 '

125 235 140 146 212

110 132 132 146 170 1 ?

113 135 133 186 157 153 132



TABLE 10.

Experiment 1(e) Animal Group 1(B)

KEY» Slight (+)
Moderate +

Severe ++

Extreme +++

GLOMERULAR CHANGES
Rat

3 10 11

Endothelial cell proliferation (>) (+) <♦> (*) (*) (+) (+)

Capsular thickening
B adhesions

Crescent formation

Tubularisation

Enlargement of tufts

"Ballooning" of tuft cells

Segmental tuft necrosis (acute)
" " " (subacute)
" " " (fibrosed)

Transudative capillary change

Hyaline droplet change

Explosive lesions

Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial medial hyperplasia and
elastic reduplication

(♦) <♦) (♦) (♦) (+)

(♦)

(+)

Oocas.intersti-
:tial protein
aggregates.



KEY: Slight (+)
TABLE 11. Moderate +

Severe ++

Experiment 1(c) Animal Group 1(B) Extreme +++

TUBULAR CHANGES
Rat

6 8 10 11

Dilatation of

a. prox,eonv.tubule
b. thin Henle limb

c. wide Henle limb

d. dist.conv.tubule

e. collecting tubule

Cytoplasmic protrusion of
tubular cells.

Nuclear protrusion of
tubular cells.

Vacuolation of collecting
tubules.

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

<♦)

++

++

++

+++

(+) ++
prox.conv. prox. conv.

(+) ++
prox.conv. prox. conv.

(♦)

(+)

Pelvic squamous
metaplasia

(♦)
<♦)
(*)
(♦)
(♦) (♦>

(♦) (♦)
(prox.conv.)

(♦) <♦)
(prox.conv.)

(♦)

(♦)

(♦)
++ ++

(+)* + +
(prox.conv.+ prox.conv.
giant nuclei.)

(♦) + +
(prox.conv.+ prox.conv.
giant nuclei.)

(♦>

5c With hyperplasia of brush border.
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(3) MasLs£ayaJL£
Rather fuller measurements were made on the animals of

group 16.

Blood Pressure (Table 12, Fig. 5 )„ There was a steady

rise in blood pressure from a mean of 93 ram.Hg. at the begin¬

ning of the experiment to a mean of 171 ram.Hg. after 6 weeks,

and averaging 158 mrn.Hg, after 10 weeks. By this time,

several of the most severely hypertensive animals had died.

Ifeiaht (Table 13 ). Measurements of weight made at the j
Fig. 6

same time showed a progressive increase in the weight of the i

male animals, rising to 170 g. after 6 weeks, but a less

striking alteration in the female, the mean weight of which

remained almost constant between the third and tenth weeks.

laaMLMsmamte (Table 14).
Kidnev weight* At the close of the experiment

the remaining kidneys of both males and females were en¬

larged? their mean weight was 1,53 g. and the mean kidney/
I

body weight ratio 1.15%.

Heart weight* There was slight cardiac hyper¬

trophy with a mean weight of 1,00 g, and a heart/body ratio

of 0.73%.

Estimations of serum sodium and of serum potassium

gave results which were accepted as being within the limits

of normal (154.0 m.Eq./l and 3.98 m.Eq./l respectively).

Nevertheless one female rat had a serum potassium of only
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GROUP 16

Text Figure 5,
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TABLE 12.

Experiment 1(c) Animal Group 16

BLOOD PRESSURES

Date
Rat 18.10.57 1.11.57 8.11.57 15.11.57 20.11.57 14.12.57 18.12.57

Male

1 100 123 124 137 210 140 140

2 96 117 131 190 160 163 176

3 78 126 137 154 182 166 178

4 99 134 130 153 166 171 147

5 91 122 128 139 213 178 153

6 124 140 180 192

Mean 92 124 130 159 187 164 159

Female

1 37 122 135 140 119 165

2 91 134 138 147 160 156

3 102 118 135 154 159 148

4 35 137 140 170 160

5 92 120 141 195 162

6 110 126 142 185

Mean 94 126 138 165 152 156

Grand
Mean 93 125 134 162 171 164 153
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Text Figure 6.
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TABLE 13.

Experiment 1(e) Animal Group 16

HEIGHTS IN GRAMS

Rat 15.10.57 1.11.57 8.11.57
Date

15.11.57 20.11.57 14.12.57 18.12.57 30.12.57

Male

1 75 105 140 120 155 180

2 35 115 125 190 170 146

3 105 120 135 140 210 130

4 110 95 127 153 175 162

5 105 110 110 154 140 128

6 125 125 150 125

Mean 101 112 131 148 170 149 158

Female

1 75 95 100 103 110 124

2 70 100 90 90 90 90

3 78 90 100 95 120 85

4 75 100 115 96 80 106

5 72 90 100 95 95 97

6 76 35 97

Mean 73 92 100 96 99 100 108

Grand
Mean 64 87 102 115 124 135 125 133



TABLE H .

Experiment Ifc) Animal Group 16

TERMINAL HMSURMEGT6

Serum Sodium Serum Potassium

Males Weight R.Kidney Heart mg.,/100 ml. m.Eq./l mg./lOO ml. m.Eq./l

(grama) (grams) (grams)
1 (d. 20.11.57) 1.08 0.31 ~ - - -

2 130 1.4 1.1 355 154-3 15.3 3.93

3 155 1.6 1.05 364 158.2 16.2 4.16

4 160 2.0 1.16 330 143 • 4 15.2 3.90

5 140 1.6 1.0 350 152.1 19.5 4.99

6 205 2.08 1.21 340 147.8 14.0 3.60

Mean 158 1.73 1.08 348 151.1 16.0 4.11

Females

1

2 105 1.51 0.86 356 154.7 14.0 3.60

3 135 1.40 0.85 360 156.5 10.2 2.61

4 115 1.40 0.92 370 160.8 13.0 3.34

5 89 1.13 0.77 344 149.3 23.0 X 5.9 *

6 99 1.24 1.18 375 163.0 15.0 3.85

Mean 108 1.34 0.92 361 157.0 13.5 3.35

Grand
Mean 133 1.53 1.00 354 154.0 14.7 3.77

x Specimen haemolysed and estimation excluded from mean.
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2.61 m.Eq./l (rat 3 female), a figure significantly lower

than the lower limit of normal (3.5 m.Eq./l).

HfaWqlfal (Tables 14, 15)

Histological examination of the kidneys from these

animals revealed a constant and almost uniform enlargement

of the glomerular tufts, due apparently to endothelial cell

proliferation and swelling, and very occasional glomerular

capsular thickening. In a single kidney (male rat 1) a

single acute focal glomerular segmental necrosis was found,

of a type noted in one animal in group 14, experiment

1(b), and described more fully later (group 7, experiment

11(d). Many glomeruli showed hyaline droplet change.

Tubular changes included widespread dilatation of convoluted

and collecting tubules of moderate degree, and frequent

moderate to severe intratubular protrusion of the cytoplasm

and nuclei of epithelial cells in these tubules. Protein¬

uria was frequent, but hyaline droplet change was most

unusual.

aiasmise*

It is clear that amounts of DCA too small, when given

alone or with added sodiisn chloride, to lead to significant

changes in renal structure or to a significant degree of

sustained hypertension may cause both a consistent rise in

blood pressure and rather more pronounced structural changes



TABLE 15 .

Experiment 1(c) Animal Group 16

KEY: Slight (+)
Moderate +

Severe ++

Extreme +++

GLOMERULAR CHANGES
1 2

Males

3 4 5 6 1 2

Females

4 5 6

Endothelial cell proliferation + (+) <♦) (♦) (*) <♦) (♦) (♦) (+) (♦>
Epithelial cell proliferation - - - - - -

Capsular thickening - - - - - -

Capsular adhesions of tuft with
fibrosis (Crescent formation) (♦) - <♦) - - -

Endothelial cell swelling - - - - - - - -

Enlargement of tufts ♦ + + + + + + + <♦> +

Segmental tuft necrosis acute (+)* - - - - - - -

« » « subacute - - - - - - - - - -

" « « healed (1 healed)3

Transudative capillary change - -

(*) (♦)
(v.occas.)

""

Hyaline droplet change - - (♦) - (♦) - (*) ~ (♦)
"Explosive" lesion - - - - - -

Fibrinoid arterial necrosis - - - - -

Fibrinoid arteriolar necrosis - - - - - -

Arterial intiiaal hyperplasia
with medial hyperplasia and
elastic reduplication.

- - - (♦> - - - -

* Both juxtamedullary.



TJiBLE 16 . Kgy.f Slight (+)
Moderate +

Experiment l(c). Animal Grout) 16. Severe ++

Extreme +++

TUBULAR CHANGES 1 2
Males

3 4 5 6 1
Females

2 4 5 6

Dilatation of

Patchy fib¬
rosis aroun

tubules.
Slight hyd¬
ronephrosis

i

•

Slight hy
ronephros

1-
Ls.

a. prox. eonv. tubules (♦) (♦) (♦) (*) (♦) (♦) (+) (♦) (*) (+) (+)

b. dist. conv. tubules (♦) (♦) (♦) (♦> (+) (♦) (♦) (♦> (0 - -

c. thin Henle limb - mm - mm - - - - - - -

d. thick Henle limb - - - - - - - - - - -

e. collecting tubules + (♦) ++ (♦) (♦) + + (♦) + (♦)

Cytoplasmic protrusion of

bells of tubules

+

conv.Leoll
tubules

++ +

conv.(+,
coll.
tubules

++

conv. +

coll. *
tubules

++

conv. + coll.
tubules.

++

prox.conv,
& coll.
tubules

++

prox.conv.
& coll.
tubules

++

conv.Sc
coll.
tubules

♦

conv.&
coll.
tubules

+

conv.&
coll.
tubules

♦

coll.
tubules

+

coll.
tubule

Nuclear protrusion of

tubular cells

(♦)
conv.&eol3
tubules

+

. conv.

tubules

+

conv.

tubules

+

eonv.& coll.
tubules

+

conv. &■
coll.
tubules

+

conv.

tubules

+

conv.&
coll.
tubules

+

conv.&
coll.
tubules

+

conv.&
coll.
tubules

Proteinuria (♦) - - (♦) (♦) - + - (♦) - (♦)

Hyaline casts (♦) - - (♦) - - - - - - -

Hyaline droplet change - - - - -
-

-
- - - -

Necrosis - - - - -
--

- - - - -

Regeneration - - - - -
-

-
- - - -

Vacuolation of collecting
tubule colls

—

x v.Lth polypoic

<+)
'
proliferation

- -

cortical
scars

Corsica:
scars

- - -



when combined with previous unilateral nephrectomy. Never¬

theless, this slowly absorbed form of DCA does not produce

blatant transudative glomerular lesions and does not cause

recognisable vascular changes (cf. experiment 1(f) animal

groups 23 and 25).

Accompanying the rise in blood pressure and the wide-
■

spread tubular dilatation, there is a rise in the mean renal
.

site and weight, and a rise in the mean heart weight, but no

consistent change in the level of serum sodium or potassium.

This does not imply that alterations in the level of total
'

body sodium or potassium have not changed, but it does sug¬

gest that tubular changes, such as the widespread intratubu-

iiar nuclear and cytoplasmic epithelial Cell protrusion, are

perhaps more dependent on either total body electrolyte

levels, or upon cell or extracellular fluid electrolyte

content, than they axe upon the concentration of these ions

in the plasma. This suggestion accords with the observa¬

tions of Knawlton ana Loeb (1957) on the body potassium

content in cortisone-induced hypertension. It probably re¬

flects only the successful maintenance of a constant

"milieu interieur" in the face of excessive steroid adminis¬

tration of a kind known rapidly to influence sodium and

potassium excretory regulation (Stanbury, Gowenloth and

|Mahler, 1958).
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^perirrtenl; 1(d)

(Animal group 9)

The previous experiment showed that implants of DCA of

a form designed to promote slow absorption would neverthe¬

less produce hypertension when given with salt following

unilateral nephrectomy. It was thought that a more rapid

response might occur with a rapid rise in blood pressure and

renal lesions more nearly resembling those of the classical

state of DCA overdosage if the amount of DCA implanted were

increased.

The purpose of the present experiment was therefore an

examination of the influence of increased amounts of slowly

absorbed DCA upon renal structure and upon blood pressure.

12 male and female laboratory bred albino rats of a

Wlstar strain were used. They were maintained, fed and

employed in a manner which did not differ significantly

from that used in the Care and maintenance of animals in

group 13 (experiment 1(a), page 53).

DCA was used in the form of 50 mg. implants for slow

absorption.

Methods»

Blood pressures were measured by the optical method of

Byrora (1947). (Appendix 3, Volume II, page 187)

Histological techniques used were the same as in
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experiment 1(a).
Procedure;

Following left nephrectomy, 4-50 mg. implants of DCA

were installed subcirtaneously through a separate incision.

1$ sodium chloride was substituted for drinking waterj the

animals were observed for 10 weeks. During this time their

blood pressures were recorded, at approximately weekly inter¬

vals, under light ether anaesthesia.

At the close of the experiment the animals were killed

with ether and tissue from the principal organs submitted

to histological examination.

Results;

Blood pressure; (Fig. 7, Table 17).

A rise in blood pressure occurred which was consider¬

ably more rapid than that seen in the case of group 16

(experiment 1(c)). Under the influence of the larger DCA

implants the mean blood pressure rose from 123 to 200 mra.Hg.

during the first 4§- weeks of the experiment.

Weight;

Measurements of weight were not made. The individual

organ weights, with estimations of serum electrolyte levels,

were not recorded.

HlgVfrlftqtofll (Tables 18, 19)

Histological observations were made and showed that

the appearance of the kidneys from this group of animals
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TABLE 17 .

Experiment 1(d) Animal Group 9.

BLOOD PRESSURES

RAT 23.11.56 4.12.56 10.12.56 17.12.56 28.12.56

1 133 136 136 184 187

2 135 128 165 156 222

3 112 130 174 ?120 242

4 120 130 172 198 172

5 125 146 154 166 218

6 128 142 168 210 200

7 118 128 148 152 198

8 123 172 140 188 196

9 ? 144 142 167 202

10 ? 144 154 188 174

MEAN 123 140 155 173 201



TiTO i*L.
Experiment 1(d). Animal Group 9.

GLOMERULI CHANGES

Hydro¬
nephrosis

Endothelial cell proliferation - - - -

Epithelial cell proliferation - - - -

Capsular thickening - - - -

Capsular adhesions of tuft - - - -

Tubulsrisation -

Endothelial cell swelling -

Enlargement of tufts (+) (+) (+) (+)

Segmental tuft necrosis
acute - - - -

" " subacute - — - -

" " healed - - - -

Transudative capillary change - - - -

Hyaline droplet change - - - -

"Explosive lesions - - - -

fibrinoid arteriolar necrosis - - - -

Arterial medial hyperplasia - - - -
with elastic reduplication

Key: Slight (+)
Moderate +

Severe ++

Extreme +++

6 7 a 9 10

Hydro¬
nephrosis

(+) + (+) (-0 (+)



■TABLE 19 . ' K§ZL- Slight ( + )
Moderate +

Experiment 1(d). Animal Groun Q. Severe ++

Extreme +++

TUBULAR CHANGES 1 2 3 A 5 6 7 8 9 10

Dilatation of

a. prox.conv.tubules

Hydro¬
nephrosis

+ + + + ++

Hydro-
lephrosis

+ + + (+) ( + )

b. dist.conv.tubules + + + + ++ + + + (+) ( + )
c. thin Henle limb - - - - (+) - - - - -

d. thick Henle limb - - - - (+) - - - - -

e. collecting tubules + + + ++ +++ + + + + ++

Cytoplasmic protrusion

of cells in tubules

+

conv»&
coll.
tubules

+

Conv.&
coll.
tubules

++

Conv,
tubules

+

Conv.
tubules

+

Conv.
tubules

++

Conv.
tubules

+

Conv.
tubules

(+)
Conv.
tubules

(+)
Conv.
tubules

(+)
Conv.
tubules.

Nuclear protrusion of

cells in tubules

+

Conv,&
coll.
tubules

+

Conv.&
coll.
tubules

++

Conv.
tubules

+

Conv.
tubules

+

Conv.
tubules

++

Conv.
tubules

+

Conv.
tubules

(+)
Conv,
tubules

(+)
Conv.
tubules

(*)
Conv.
tubules.

Vacuolation of coll¬
ecting tubules

+ (+) - - - - - - (+) -

Proteinuria (♦) - - + + - - - - -

Hyaline casts
Hyaline droplet change
Necrosis

-

«■» (")
♦

(+) -

— -

Regeneration mm
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differed little from those of groups 1(B) and 16. There

was minimal generalised glomerular enlargement, due prob¬

ably to endothelial cell swelling, while in two animals an

incidental hydronephrosis was present. Tubular lesions

included widespread dilatation both of convoluted tubules,

and more severely, of cortical collecting tubules. In

many instances these changes were accompanied by intratubu-

lar protrusion of epithelial cell cytoplasm and nuclei of a

type observed in group 16 (experiment 1(c)). Occasional

collecting tubules showed intracellular vacuoles, but this

was the exception rather than the rule, and hyaline droplet

change was present in only two nephrons.

Discussioni

The subcutaneous implantation of 200 mg, of slowly

absorbed DCA considerably increased the rapidity with which

hypertension developed. Nevertheless, there were no asso¬

ciated hypertensive vascular lesions. The remaining renal

structures showed no changes which were not also present in

the kidneys of the animals of groups 1(A), 1(B) and 16,

animals which had been implanted with only 100 mg. OCA.

It may be concluded that the implantation of 200 mg.

slowly absorbed DCA, while increasing the rate of develop¬

ment of hypertension, does not cause more frequent or more

severe renal changes than does 100 mg. The larger implant

does not increase the incidence of focal segmental
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glomerular necrosis of a kind observed rarely in groups 14

and 16 and studied in detail later (group 7, experiment II

(d), page 156), nor does it lead to the development of

vascular lesions of severe hypertension. It does not stim¬

ulate the production of the transudative glomerular lesions

with endothelial cell ballooning and explosive changes

described In later groups treated with rapidly absorbed DCA

(groups 23, 25, experiment 1(f), page 103),
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Experiqeqt I (e)

(Animal group 21)

Early experiments showed that the benign-type hyperten¬

sion produced by slowly absorbed DCA was accompanied by re¬

latively slight renal changes, almost all of which were con¬

fined to the tubules. To complete the definition of the

nature and evolution of the lesions induced by DCA it was

also necessary to have information about the effect on the

kidneys of a more rapidly absorbed preparation.

The present experiment was undertaken to study the

effect of rapidly absorbed DCA implants on blood pressure

and kidneys.

'Muriate'

4 male and 4 female albino Wistar rats of a laboratory

bred strain were used. Their care and feeding were iden¬

tical with those described in experiment 1(a).

DCA was used in the form of rapidly absorbed, loosely

compounded 35 tng. implants, designed to give a large surface

area for absorption by combining loose texture with an ex¬

tensive surface of large diameter. By contrast with the

early implants, they measured approximately 0.2 x 1.0 cm.

Blood pressures were recorded by tail plethysmograph.

Histological techniques were identical with those used
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in earlier experiments.

P£2££te*

Following left nephrectomy, 70 rng. of DCA was intro¬

duced subcutaneously, in the form of two 35 mg. implants.

1% sodium chloride was substituted for drinking water.

Blood pressures were recorded weekly, or as often as poss¬

ible.

For reasons outwith the scope of the present text it

was possible to begin the experiment with only 4 female

animalsg the 4 males were started three weeks later.

During this interval, difficulty with the rapidly absorbed

implants was experienced! the implants began to extrude

through the incision used for their implantation, and on

examining an animal closely at necropsy only two weeks

after the implants had been inserted it was found that they

were almost entirely absorbed.

For these reasons little stress was placed on the

results obtained in this particular experiment. After

eight weeks both female and male animals were killed. By

this time the male animals had been under treatment for 4

weeks.

Measurements of weights and of blood pressures in

this group were fewer than in the majority of the other
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groups for reasons which are indicated above (Figs. 8, 9j

Tables 2D, 21),

Blooci pressure (females) (Fig. 8, Table 20)

During the period of bbservation a rise in mean blood

pressure occurred from 101 to 136 mm.Hg. The rise was not

maintained beyond the fourth week.

Weight (females) (Fig. 9, Table 21)

A steady rise in weight was observed from an initial

| reading of 96 g. to a final figure of 151 g.

Ifflaatoi.W$mmSBSA i females) (Table 22)
Heart weights The final mean heart weight was

1.01 g., giving a mean heart/body weight ratio of 0.65%.

Kidnev weightt The final mean kidney weight was

1.61 g., giving a mean kidney/body weight ratio of 1,06%',

Serum Sodiumt The mean terminal serum sodium

level was 144.5 m.Eq,/i., a figure just within the normal

range of 135 • 145 m.Eq./l,

Serum ootassiumt The results were invalidated

by the occurrence of haemolysis.

In the male group little importance could be attached

to the results. The mean serum sodium and potassium

levels were within the range of normality.

Histological changes< (Tables 23, 24)

Histological examination of the kidneys showed very
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Text Figure 8.
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TABLE >20 .

fisperim^ j{e)% Animal GfWT? 21,

BLlGD PRESSURES IK mm./Ha.

Rat 5.11.57 12.11.57 26.11.57 3.12.57

Mai©

1 - - «■» 87

2 - - mm 78

3 - - - 81

4 - - - 87

Moan - - - 83

Females

1 112 106 166 123

2 108 116 141 133

3 74 119 131 139

4 112 120 105 138

Mean 101 115 136 134

Grand
Mean 101 115 136 108



- 102 -

Text Figure 9»
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TABLE 21 .

g^perj^ent E(g), Animal Qroqp 2],t

WEIGHTS IN GRAINS.

Rat 5.11.57 12.11.57 26.11.57 3.12.57 11.12.57

Male

1 - - - 55 70

2 - mm - 90 75

3 - - - 75 80

4 - - - 85

Mean - - - 76 75

Female

1 90 120 125 150 155

2 95 115 115 145 150

3 105 110 125 135 160

4 95 125 120 140 140

Mean 96 118 121 142 151

Grand
Mean 96 118 121 109 113



TABLE 22 .

1(9), Grogg 21,
TERMINAL MEASUREMENTS

Rat Weight R.kidney Heart Serum Sodium Serum Potassium
g. g. g. mg./lQO ro3-. m.Eq./l mg./lOO ml. m.Eq./l

Male

1 (15.12.57) 70 1.11 0.65 - - - -

2 116 1.10 0.80 346 150.4 18.7 4.80

3 107 1.20 0.90 346 150.4 21.3 5.46

Mean s 112 1.15 0.85 346 150.4 20.0 5.13

Female

1 152 1.40 0.30 321 139.5 —

2 149 1.45 0.90 334 145.1 mm -

3 162 1.80 1.02 325 141.3 - -

4 170 1.70 1.30 350 152.1 - mm

Mean K 158 1.61 1.01 332 144.5 - mm

Grand
Mean K 143 1.46 0.96 337 146.5

a Survivors only.



nil,
IK). AiUm«jL ttrow 2l*

Key; Slight (+)
Moderate +

Severe ++

Extreme +++

GLOMERULAR CHANGES
Male

2

Rat Female

2 3

(Autolysis)
Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Crescent formation

Tubolarisat ion

Endothelial cell swelling

Enlargement of tufts

Ballooning of cells

Segmental tuft necrosis
acute

" n subacute

■ n fibrosed

Transudative capillary change

Hyaline droplet change

Explosive lesions
Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial hyperplasia

(♦) (♦) (♦)

(♦> (+)

Small inter¬
stitial protein

aggregates

(+) (♦)

(♦> (♦)

(♦)

(♦)



TABLE 24 .

Experiment 1(c) Animal Group 21

KEY: Slight (+)
Moderate +

Severe ++

Extreme +++

TUBULAR CHANGES
Male

2

Female

Dilatation of

a. prox. conv. tubule

b. thin Henle limb

e. vide Henle limb

d. list. conv. tubule

e. collecting tubules

Cytoplasmic protrusion of tubular cells

Nuclear protrusion of tubular cells

Proteimria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(Autolysis)

prox.conv.
(♦) coll.

prox. conv.

(♦)

prox.conv.
& coll.

pxox.conv.

oceas.small
interstitial
protein
aggregates

(*)

<♦>
prox. conv.
& coll.

<♦)
prox.conv.

Small inter-
:stitial
protein
aggregates

(+)

prox. conv.

prox. conv.

(♦)

prox. conv.

prox. conv.

<♦)

+

conn. &
coll.

(♦)
prox.com
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slight generalised renal enlargement, with occasional

evidence of endothelial cell hyperplasia and very occasional

hyaline droplet change. There was widespread intratubular

protrusion of both cytoplasm and nuclei of both convoluted

and of collecting tubules, while many of the latter were

slightly dilated. In the interstitial tissue of the kid¬

ney, between the basement membrane of the tubules, lay small

aggregates of eosinophilic proteinaeeous fluid (Pearse and

Macpiierson, 1952}.

Discussions

These results throw little light on the effect of

rapidly absorbed DCA implants on renal structure. The

implanted material was absorbed or extruded with excessive

speed. Little more can be said than to emphasise the close

similarity between the changes produced in this group and

those already found in the groups treated with slowly

absorbed DCA (1(A), 1(B), 16, 9).
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EKperifleift I (?)

(Animal groups 23, 25)

In the previous experiment (experiment I (e)), for
various reasons, it proved impossible to demonstrate ade-

quately the more severe renal lesions caused by excess DCA.

Because of the iiaportance of being able to compare such ad¬

vanced lesions with those found in the later experiments of

Series II, it became necessary to administer DCA in a way

by which adequate absorption could be guaranteed. For

these reasons it was decided to employ the daily intramus¬

cular injection of DCA in aqueous suspension.

In the present experiment, DCA was given by daily

intramuscular injection to rats subjected to previous uni¬

lateral nephrectomy and maintained on 1% sodium cliloride

as drinking fluid. It was possible to divide the experi¬

ment into two parts according to the dose of DCA given.

The two groups of animals were groups 25 and 23.

Maskl

Male and female albino rats of a laboratory bred strain

were used, of mean weight 74 g. (Group 25) and 120 g. (Group

23). In Group 25 there were 4 males and 4 females, while

in Group 23 there were 3 males and 4 females. The animals

were maintained on a diet and in a manner which did not

differ significantly from that of previous groups.

DCA was used in the form of a 1.25^ aqueous suspension
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made up with tragacanth.

Mrttartt*

Blood pressures were recorded under light other anaes¬

thesia by the tail plethysmography (Appendix 3 }.

Histological methods did not differ from those used in
.

the examination of material from experiment I (a) except

that corrosive formol was used as fixative throughout the

experiment. In certain instances additional stains (such

as Gomori's aldehyde-fuchsin) were employed.

|£E2£SSta*
Grouo 25: Following left nephrectomy, performed under

ether anaesthesia 1$ sodium chloride was substituted for

the drinking water. Daily intramuscular injections of

2.5 tag, of DCA were given, seven days each week for eight

weeks. At the end of this time the animals were killed by

bleeding under ether anaesthesia, and blood submitted for

estimation of serum sodium and potassium* Tissues were

fixed immediately for histological examination.

Group 23a Following left nephrectomy, performed under

ether anaesthesia, 1% sodium chloride was substituted for

the drinking water and daily intramuscular injections of

2.5 tag., and later 5.0 mg,, of DCA were started. The

injections were continued daily for eight weeks. At the

close of the experiment, the animals were killed by bleeding



- 110 -

under ether anaesthesia and blood submitted for estimation

of serum sodium and potassium. Tissues were fixed at once

for histological examination.

Results.

Gyp,MR 2&«

Slood pressure (Text Tig. 10, Table 25)

The mean pressure rose during treatment from

93 to 200 mm.Hg. In the course of the first four weeks. No

sex difference was detectable in this response

Weights (Text Fig. 11, Table 26)

The animals gained weight steadily during

the experiment and after four weeks the mean weight had risen

from 74 g. to 115 g. Following this, during a terminal per¬

iod of one week after the females had been killed, the mean

weight of the males was observed to drop again from 105 g.

to 94 g. The significance of this change was doubtful.

Terminal mmSUBto (Table 27)

Heart weight. At the close of the experi¬

ment the mean heart weight was 0.94 g., giving a value of

1.08% as the heart/body weight ratio. The ratio was con¬

siderably higher in the female group (1.27%) but the small

numbers suggest that importance should not be attached to

this sex difference.

Kidnev weight. At the time of death, the

mean weight of the remaining kidneys was 1.2 g. giving a
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Text Figure 10.

GROUP 25
200-

150-j
___ UPPER UMTT

OF NORMAL "

IOO- y''-'' Female*

Males

Femali

Mean

-i 1 1

I 2 3
TIME IN WEEKS



TABUS 25,

BLOOD PRESSURE READINGS

Aft RMa/Bga
n

Rat 7.1.58 28.1.58

Male

1 101 218

2 96 222

3 89 182

4 98

Mean 96 207

Females

1 64

2 103

3 87

4 96

Mean 87 200

Grand
Mean % 202
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Text Figure H

GROUP 25

Males

Females

Mean

O
2 3

TIME IN WEEKS



TABLE 26 .

Bapgrtmn* 1(f), Animal Group 25.

WEIGHT? in OfiAMg.

Bat 7.1.58 28.1.58 3.2.58

Kale
g. g. g.

1 70 105 95

2 60 105 100

3 55 105 85

A 75

Mean 65 105 93

Females

1 100

2 80

3 95

-4 60

Mean 84 124

Grand
Mean 74 115 93



TABLjg 27 f

^perlmefiij !(£)„ Aflimaj. Qyogp 2$,

XEBMXML WW (*«m 12m12mZL1

B.at Weight
g.

R.kidney
g*

Heart
g-

Serum Sodium
mg./lOO ml. m.Eq./l.

Serum Potassium
mg./lOO ml. m.Eq/l.

Male

1 (27.1.58) 1.20 0.91

2 (3.2,58) 95 1,2$ 1.03 366 159.8 13.0 3.34

3 (3.2.58) 100 1.20 0.87 353 153.4 11.0 2.83

4 (3.2.58) 85 1.28 0.85 377 163.8 18.2 4.67

Mean 93 1.24 0.92 362 161.3 14.1 3.61

Female

1 (14.1.53) 75 1.20 0.95 380 165.2 18.9 4.85

2 (19.1.58)
O

1.15 0.75

J

A (27.1.58) 80 1.40 1.23 341 148.2 24.0 6.17

Mean 77 1.25 0.93 360 156.7 21.4 5.51

Grand
Mean 87 1.24 0.94 363 156.5 17.0 4.37
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value of 1.43% as the kidney/body weight ratio, with a

slightly higher figure (1.62%) for the small female group.

sasHm

The mean terminal serum sodium estimation

(156.5 m.Eq./l.) was significantly higher than the upper

limit of normal (normal range 135 - 145 m.Eq./i.). There

was evidence of sodium retention.

The mean terminal serum potassium (4.37

m.Eq./l.) did not lie without the normal range (3.5 - 5.5

ra.Eq./l.).
Histological appearances (Tables 23, 29)

(Figs. 5 - 55, Volume III)

The appearances as a whole were those char¬

acteristic of prolonged excess administration of DCA. Gen¬

eral moderate to severe dilatation of the collecting tubules

particularly of the cortex was accompanied by less severe

dilatation of the distal convoluted and, occasionally, the

more proximal parts of the tubules. In many proximal con¬

volutions there was widespread intratubular cytoplasmic and

nuclear epithelial cell protrusion, and in many slight pro¬

teinuria was present.

The kidneys of five of the animals examined

histologically showed focal fibrinoid arteriolar necrosis

affecting particularly the afferent glomerular arterioles



KET: Slight (>)
TABLE 28 . Moderate ♦

Severe ++

Experiment 1(f ) /niraal Group 25 Extreme +++

Males

GLOMERULAR CHANGES

Females

2

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Tubularisation

Enlargement of tufts

Ballooning of tuft cells

Segmental tuft necrosis acute

" " " subacute

" a " fibrosed

Transudative capillary change

Hyaline droplet change

Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia with
elastic reduplication

(+)

(♦)

+

(♦>

(♦)

(♦)

(+>

(♦)

<*>

(♦)

(♦)

(+)

(♦)

(+)

(>)

<♦>

<♦>

<♦)

(♦)

All have small interstitial protein aggregates.

(♦)

(♦)

(♦)

(♦)



TABLE 29 .

Experiment 1(f) Animal Group 25

KEY: Slight (+)
Moderate +
Severe ++

Extreme +++

TUBULAR CHANGES
Males

2 3

Dilatation of

a. prox. conv. tubules

b. thin Henle limb

c. wide Henle limb

d. dist. conv. tubules

e. collecting tubules

<♦>

(♦)

(♦)

+

++

Cytoplasmic protrusion of tubular (+)
cells (prox.conv.)

Nuclear protrusion of tubular (+)
cells. (prox.conv.)

Vacuolation of collecting tubules

Proteinuria +

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(♦)

(♦)

prox. conv.

(*)
prox. conv.

(0

(♦>

(♦)

(♦)

(♦)

(+)

prox.

++

(♦)
conv.

<♦>

Females
2

(♦)

(♦)
(conv.tubules)



119 -

but not confined to them and often involving only one seg¬

ment of a vessel. Corresponding to the severe electrolyte

disturbance, and to the distortion of many tubular cells in

the proximal convolutions, was a widespread generalised en¬

largement of glomeruli, caused apparently by increase in

size, and to a less extent by Increase in number of the

endothelial cells of the tufts. A transition from small

tufts with normal cells to large tufts with swollen cells

was evident. In many instances the enlargement had pro¬

gressed to a ballooning of the endothelial cell cytoplasm,

which became progressively more extreme. It proved poss¬

ible to trace a gradual evolution between these enlarged

glomeruli with extreme ballooning of cells to a condition

in which it appeared as if the glomerulus had undergone

sudden disruption or "explosion". The "explosive" lesion,

traced in this way, was often accomapnied by fibrinoid

necrosis of the tuft centre, and sometimes, but by no means

always, of the afferent glomerular arteriole. In other

instances, the explosive type of lesion, with a huge local¬

ised accumulation of swollen endothelial cells surrounded

what was clearly a damaged arteriole.

In many cases, therefore, owing to the extreme change,

and to the severe cell ballooning accompanying both glomer¬

ular and arteriolar lesions, it proved difficult to state

categorically whether one was observing glomerular or
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arteriolar disintegration. At the point of disruption or

"explosion", fibrinoid necrotic material is found either

within the tuft or sometimes in the wall of the related

afferent arteriole* The tuft as a whole is greatly en¬

larged, and ill-defined* In other instances, a broadly

similar appearance may characterise what is fundamentally

fibrinoid necrosis of an arteriole unrelated to a glomerulus

In these examples, the elastic of the vessel wall may be

seen extending, frayed out, into the accumulated mass of

swollen endothelial type cells, the whole forming a focus

extremely similar in general arrangement to that of the

"exploded" glomerulus described above.

In many subcapsular spaces, and incidental to the

alteration in capillary permeability which follows the

"ballooning" of endothelial cells, lay accumulations of

eosinophilic proteinaceous material in no way distinguish¬

able from that found in similar situations in the kidneys

of many other animals with glomerular damage due to entirely

independent causes* The protein was often visible within

the related tubules, but unlike those examples where pro¬

teinuria was due to focal tuft necrosis (see group 7,

page 156)» there was no evidence of tubular hyaline droplet

change. Occasionally, however, small aggregates of pro¬

tein - containing fluid could be seen lying within the

interstitial tissue spaces between the basement membranes of
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tubules.

Group 23

Blood pressure (Text Fig. 12, Table 30)

The general form of the response in this group of

animals was similar to that observed in group 25. No sex

difference was detectable. The mean blood pressure rose

from an initial figure of 106 to 138 ram.Hg, after three

weeks. The rise being then temporarily arrested, the mean

eventually rose to 168 ma.Hg. after six weeks. Consider¬

able individual difference between animals was observed,

but it was thought that these differences were irrelevant

to the present enquiry.

Weight (Text Fig. 13, Table 31)

A progressive increase in weight occurred during

the experiment. Male and female weights rose In parallel.

The mean was 115 g. six days after the experiment began and

reached a level of 160 g. after five weeks. Thereaftex*

there was considerable individual variation but a general

tendency for the mean to fall.

(Table 32)

Heart WfifrtW* At the close of the experiment

the mean heart weight was 1.25 g., and the heart/body

Weight ratio Q.8Q&. There was no significant difference

between the saxes although the female ratio tended to be

slightly higher.
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Text Figure 12*

GROUP 23
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160

E
E

2 150
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U> 140 -
UJ

£
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-I
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Males

Females

Mean

/ //

i
i
/
/
/
/ .

i

: a

: /
/

/

UPPER LIMIT
OF NORMAL

120

HO

.4
/,>

IOO

4 5 6

TIME IN WEEKS

IO



TABLE 30 ,

Experiment Iff) Animal Group 23

BLOOD PRESSURE in ma./He.

Bat U.11.57 17.11.57 25.11.57 2.12.57 10.12.57 17.12.57

Male

1 106 115 146 124 142 183

2 99 114 134 133 148 ?

3 116 132 140 149 147 -

Mean 107 120 140 135 146 183

Female

1 97 133 141 142 138 180

2 110 117 139 136 138 194

3 113 110 133 134 122 146

4 111 124 132 130 119 142

Mean 108 121 138 135 129 165

Grand
Mean

108 121 139 135 139 169
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Text Figure 13.

GROUP 23

/
/
/
/

/
/
/ .*•"
/

.

/'
Males

Females -

Mean

50

Ol 23456789 IO

TIME IN WEEKS



TABLE 31 .

jScperireent Iff) nlmal Group 23

WLIuHTS IN GRAMS

Rat 12.11.57 17.11.57 25.11.57 2.12.57 10.12.57 17.32.57

Hale

1 95 117 145 140 155 160

2 150 140 140 145 175 170

3 125 156 160 155 185

Mean 123 138 148 147 172 165

Female

1 110 126 135 140 160 150

2 105 120 130 135 155 156

3 315 105 140 130 160 155

4 105 130 125 150 135 159

Mean 109 120 132 139 152 155

Grand
Mean

116 129 139 H3 161 157



TABLE 32 t

Experiment 1(f). Animal Group 23.

terminal w&pmms
A.l«g8)

Rat Weight
g.

R.kidney
g«

Heart
g.

Serum sodium
mg./lOO ml. m.Eq./l.

Serum Potassium
mg./lCO ml. m.Eq./l.

Male

1 (15.12.57) 164. 1.47 1.06 276 120.0 haemolysed

2 (18.12.57) - 2.18 0.91 330 143.3 haeraolysed

3 160 1.16 1.2 353 155.6 haemolysed

Mean * • l60g. l.l6g. l*2g. 358 155.6 - -

Female

1 159 1.30 1.4 325 141.3 17.2 4.41

2 156 1.34 1.1 375 163.0 13.5 3.47

3 144 1.40 1.2 346 150.4 12.5 3.21

4 160 1.80 1.3 338 146.9 17.6 4.51

Mean x 155 g. 1.46g. 346 150.0 15.2 3.90
Grand
Mean H 156g. l.40g. 1.25g. 348 151.4 15.2 3.90

x Mean of survivors only.
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Kidnev waiaht. At the close of the experiment

the mean weight of the remaining kidneys was 1.40 g, and the

kidney/body weight ratio 0.9Q?6. The female ratio (Q.94&)

was significantly higher than the male (Q.73&) but the

number of male observations was small.

Terminal measurements of serum sodium levels gave

a mean value of 151.4 m.Eq./l., a figure just above the

upper range of normal (normal 135 - 145 m.£q./l.).

SfFUffl PfttftSSflffl

Three of the male samples were badly haemolysed

and invalidated, but the mean estimate for the remaining

four (all females) gave a figure of 3,90 m.Eq./i,, within
the normal range (3.5 - 5.5 m.Eq./U).

obgqrypttong (Tables 33, 34)

The general nature of the histological changes

seen in the kidneys of this group of animals closely re¬

sembled those found in the kidneys of group 25.

Tubular lesions included moderate, and often

severe generalised dilatation of the cortical collecting

tubules, sometimes reaching a profound degree. Distal

convolutions were less severely but still frequently impli¬

cated, while the limbs of Henle and the proximal convolu¬

tions were involved much less severely. There was wide¬

spread proteinuria, often with hyaline casts, and by



KEY: Slight (+)
TABLE 33 . Moderate +

Severe +♦

Experiment 1(f) Animal Group 23. Extreme +++

GLOMERULAR CHANGES 1
Males
2 3 1 2

Fei
3

nales
4 5

Endothelial cell proliferation (♦) <*) (*) (♦> - (*) (♦) (*)

Epithelial cell proliferation - - - - - «■» - -

Capsular thickening - (*) (♦) (♦> - - - -

Capsular adhesions of tuft - <♦) - - - - -

Endothelial cell swelling - ++ ++ +++ ♦ + ++• -

Enlargement of tufts (♦) + + > (♦) to +++ (+) + + (♦)

Segmental tuft necrosis acute - - - - - - - -

» « « subacute - - - - - - -

B " " fibrosed - - - - - - - -

Transudative capillary change - - + - to +++ - - + -

"Explosive" lesions - - + Often +++ - - + -

Fibrinoid arterial necrosis - - (♦) ++♦ - - + -

Fibrinoid arteriolar necrosis - - (♦) + - - + -

Arterial intimal hyperplasia with
proliferation of elastica

«■> " + •* +

+ thrombus
—



KEY: Slight (+)
tart.!?. 34-, Moderate +

Severe ++

Experiment 1(f) Animal Group 23 Extreme +++

TUBULAR CHANGES
Male

2

Female

Dilatation of
a. prox. conv. tubules

b. dist. conv, tubules

c. thin Henle limb

d. thick Henle limb

e. collecting tubules

Cytoplasmic protrusion of
cells in tubules

(*)

(♦)

++

prox.coav.
+ (coll.)

Nuclear protrusion of cells ♦+
in tubules prox,conv.

Proteinuria * coll.

Hyaline casts (♦) coll.

Hyaline droplet change +

Necrosis

Regeneration

(♦)

(♦)
prox.conv.
+ coll.

prox. conv.

(+) coll.

(+)prox. tubes

(♦>

(♦)

(+) coll.

(♦)

(♦>

(♦)

♦ (<■)
prox.conv. prox. conv.

+ (+)
prox.conv. prox.conv.

++ (coll.)

++ coll.

(♦)

(♦)

prox.conv.
coll.

prox.conv.
coll.

(♦)

++

++

prox.eonv.
coll.

+ +

prox.conv.
coll.

<♦)

(♦)

++

♦

(♦>

♦♦ (coll.)
+ (coll.)

(♦)

coll.

<♦>
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contrast with group 2b, frequent tubular hyaline droplet

change.

The vascular lesions were often intense, but were not

present in all animals. They took the form of fibrinoid

arteriolar necrosis and (seldom) of medial arterial hyper*
■

plasia with elastic reduplication.

Those kidneys showing acute arteriolar damage also

contained numerous glomeruli undergoing "explosive" de¬

struction. Ballooning of endothelial cells, with conse¬

quent associated tuft enlargement, was present in all ani¬

mals surviving to the end of the experiment, but only those

with fibrinoid arteriolar necrosis showed the acute explos¬

ive glomerular destruction seen and described in more

detail in group 25.

Discussion.

The administration of excess DCA by daily intramuscular

injection to rats previously subjected to unilateral neph¬

rectomy and given salt to drink results in sodium retention,

in a severe rise in blood pressure and in widespread renal

damage. These observations have been made repeatedly on

previous occasions by other workers, but the evolution of

the glomerular lesions has never been satisfactorily traced:

the production of glomerular changes has almost invariably

been Incidental to the main purpose of other experiments.
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The aim of the present experiment was to define in some

detail the nature and mode of evolution of the glomerular

changes produced by DCA to enable comparison to be made with

the kidneys from animals in later experiments. It has been

shown that progressive glomerular enlargement, with endo¬

thelial cell swelling and perhaps endothelial cell hyper¬

plasia, observed in its early stages in experiment I (c),

may be followed to a point at which glomerular cells begin

to swell, ultimately undergoing progressive and extreme

ballooning of a most bizarre type. It is thought that this

change, with its incidental accompanying proteinuric, is,

like the associated tubular changes, part of a response to

a severe disturbance in body electrolytes shown in a most

incomplete way by the slight alterations in serum sodium

levels.

At no point in this progressive glomerular distortion

does the tuft undergo focal necrosis. Occasional epithel¬

ial crescents are seen, with thickening of the capsule, but

segmental glomerular fibrosis of a form described later

(group 7, page 164), is not a characteristic of the response

of the kidney to excess DCA.

In small numbers of animals, the evolving DCA lesion

appeared to undergo sudden and disastrous acceleration at

a stage corresponding to the appearance of fibrinoid

arteriolar necrosis (and, it is suggested, of the
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development of the malignant phase of hypertension). Glom¬

eruli are often implicated in this change, and those which

were previously only swollen, undergo sudden explosion.

Their remains are surrounded fay aggregates of swollen endo-

thelial-type cells, and their centres contain fibrinoid.

Nearby arterioles often undergo similar, and sometimes al¬

most indistinguishable, alterations, of focal distribution.
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experiment I (a)

(Animal group 12)

The earlier experiments in this series were designed

to define the nature and evolution of the renal lesions in

DCA overdosage, under various conditions of treatment, and

to record the alterations in blood pressure, organ weights

and serum electrolytes which accompanied these changes.

A later experiment describes the effect on these DCA-induced

effects of the administration of various hypotensive drugs,

particularly hydralazine.

To allow accurate and satisfactory comparison of the

kidney in DCA overdosage with the kidney in DCA overdosage

treated with hypotensive agents, it was clearly necessary

to establish the changes present in a strictly comparable

control group in which injections of a suitable innocuous

fluid had been substituted for those of hydrallazine and

the other hypotensive drugs.

The study of a control group of animals under these

circumstances was the object of the present experiment.

Materials

Male and female albino Wistar rats of a laboratory-bred

stain were maintained under circumstances which did not

differ materially from those described for previous experi¬

ments. They weighed 90 - 150 g.
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DCA was used in the form of 50 mg. tablets for slow

subcutaneous absorption.

Salt was used as a 1% solution for drinking purposes,

and as a sterile isotonic solution for intramuscular injec¬

tion.

MM?

Unilateral nephrectomy was performed by the standard
-

procedure (Appendix 2 ). Histological methods were the

same as those used in earlier experiments.

Procedure

Unilateral nephrectomy was performed, and at the same

time, but by another incision, 2-50 mg. implants of DCA

were inserted subcutaneously, 1% sodium chloride was given

in place of drinking water.

The animals were then treated in a manner which diff¬

ered from that adopted for the later treatment of group 7

(experiment 11(d), page 156) only in the substitution of

daily intramuscular injections of sterile isotonic saline

for the daily injections of hydrallazine. The volume of

saline injected daily in the present experiment was identi¬

cal with the volume of hydrallazine injected daily in group

7.

At the end of ten weeks treatment the animals were

killed with ether and the tissues submitted to histological
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examination.

Results,

(Tables 35, 36)

Examination of the kidneys revealed appearances which

did not differ from those found in the comparable groups

1(A), 1(B) and 16 (Experiment 1(c) ),

The majority of glomeruli had undergone slight but

significant enlargement, due apparently to endothelial cell

proliferation and/or endothelial cell swelling, the distinc¬

tion between these being difficult. In three kidneys there

were occasional glomerular capsular adhesions and in one the

crescent-like structures formed had undergone tubularisation.

Hyaline droplet change was present in a small number of

glomeruli, but, as in group 16, only a single glomerulus in

a single kidney showed acute segmental tuft necrosis (animal

11), In the same kidney, very occasional glomeruli had

been sufficiently affected to lead to transudation of pro¬

tein into the subcapsular spaces, and in these glomeruli

hyaline droplet change was also seen.

Tubular dilatation was severe and widespread in the

collecting tubules, particularly in the cortex. Proximal

and distal convoluted tubules showed very much less obvious

dilatation, but in both collecting and convoluted tubules

there was Intratubular protrusion of both cytoplasm and



TABLE 35 . KEY: Slight (+)
Moderate +

Experiment 1(g) Animal Group 12. Severe ++
—— ——— —.—— - ■ ■ Extreme +♦♦.

GLOMERULAR CHANGES 1234.56789 10 11

Endothelial cell proliferation (+) (+) (+) (+) (+) (+)--- (♦) (+)

Epithelial cell proliferation - -- -- -- -- --

Capsular thickening -----------

Capsular adhesions of tufts - - - (+) (+) (+)

Tubularisation - - - - (+) ______

Endothelial cell swelling -----------

Enlargement of tufts (+) (+) (+) (+) (+) (+) - (♦) (+) (+) (+)

Segmental tuft necrosis acute - - - - - - - - - - (+)
» » » subacute - -- -- -- -- --

« « « fibrosed - -- -- -- -- --

Transudative capillary change - - - - - - - - - (+)

Hyaline droplet change - (+) ----- (+)

"Explosive" lesion -----------

Fibrinoid arteriolar necrosis - -- -- -- -- --

Arterial intimal hyperplasia with
reduplication of elastic.



•TABLE 36 , KEY: Slight (+)
Moderate +

Experiment 1(e) Animal Group 12. Severe ++

Extreme +++

TUBULAR CHANGES 1 2 3 4 5 6 7 8 9 10 11

Dilatation of

a. prox. couv.tubules (♦) (♦) (♦) (♦) (+) (♦> - (♦) (♦) (♦>

b. diat.conv.tubules (♦) (♦) (♦) (+) (♦) (♦) - - (♦) (♦>

c. thin Henle loops - - - - - - - - - -

d. thick Ilenle loops - - - - - - - - - -

e. collecting tubules (♦) ++ + ++ + + ++ <♦) + 4- (♦)

Cytoplasmic protrusion of
cells in tubules

<♦>
conv.&
coll.

+ coll.
(+) conv.

++ conv.

(+) coll.
++ conv.

(+) coll.
+

conv.fe
coll.

(+) conv.
+ coll.

(♦>
conv. &
coll.

+

conv. &
coll.

+

conv. &
coll.

(♦)
eonv. &
coll.

Nuclear protrusion of cells
in tubules

(♦)
eonv.

+

eonv. &
coll.

++

conv. &
coll.

+*

eonv. &
coll.

+

conv.&
coll.

(♦)
conv. &
coll.

(0
conv.&
coll.

(♦)
conv. &
coll.

+

conv. &
coll.

(♦>
conv. &
coll.

Proteinuria - (♦> - - (♦) - - <♦) - -

Hyaline casts - - - - - - - - - -

Hyaline droplet change - -
- - - - - - - -

Necrosis - -
- - - - - - - -

Regeneration — — -* — — —
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nuclei*

Discussion.

Study of the kidneys in this group of animals confirms

that the simple act of daily Intramuscular injection,

using an innocuous fluid (in place of the agents employed

in later experiments) does not lead to the production of

renal lesions in any way distinct from those observed in

other groups treated in the same way with DCA and uni-

nephrectomy but not so injected*

For the purpose of detailed comparison of lesions in

DCA treated animals with those of animals given DCA and

hypotensive drugs, it appears possible to conclude that

the daily injection of inert fluid intramuscularly does not

itself cause renal damage*
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CHAPTER 3

It was now possible to turn from the observation and

definition of the effects of a method of producing hyperten¬

sion to the description of the influence on these effects

of drugs known to lower blood pressure. In particular,

the investigation proceeded to an analysis of the influence

of hydrallazine on the kidney in hypertension caused by

DCA.

The reasons given for this Investigation have been

fully discussed in the introductory pages and will not be

reiterated.

In addition to studying the influence of hydrallazine

on the kidney in DCA hypertension, it was also necessary,

for control purposes, to include experiments designed to

define (1) the influence of hydrallazine on the kidney in

the absence of hypertensionj (2) the influence of hydrall¬

azine on the kidney in the presence of DCA overdosage but

without unilateral nephrectomyj {3) the effect of

hydrallazine on the remaining kidney after unilateral neph¬

rectomy, with DCA) (4) the influence of hydrallazine on

renal structure following uninephrectoray and in the pres¬

ence of an excess of DCA given by a variety of routes, in
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various doses, and in various forms.

The seven experiments described in this series repres¬

ent therefore an attempt to fulfil these aims.
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II U)

(Animal group 3)

The purpose of the present experiment was an attempt to

determine whether hydrallazine alone influenced renal

structure.

Materialt

12 male and female albino Wistar rats, weight 80 - 120

g., of a laboratory bred strain were used. The conditions

under which they were maintained, the feeding and circum¬

stances did not differ significantly from those of the ani¬

mals used in experimental series I.

Hydrallazine (Apresollne-Ciba) was used as a ^ sterile

solution, each 1 ml. ampoule containing 20 mg»

Methods*

Hydrallazine was given by daily intramuscular injection

seven days weekly. The dose rose gradually from an initial

1 mg. daily to 8 or 10 mg. daily after 10 weeks, depending

on the length of survival of the animals.

(Tables 37 , 38)

Of the twelve animals included in the group, seven died

during the course of the experiment as a result of the
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Increasing doses of hydrallazine. Death in many instances

was due to the convulsant action of the drug, and the ani¬

mals dying in this way showed the general changes, both

macroscopic and microscopic, of asphyxia.

Of the five animals surviving to the end of the experi¬

ment one was not suitable for histological examination owing

to autolytic change. Significant histological changes in

the kidneys of the remaining animals were conspicuous by

their absence. Glomeruli were intact, none showing en¬

largement, swelling of their cells, or segmental necrosis.

Neither proximal nor distal parts of the renal tubules had

undergone significant change, and throughout the kidneys

the blood vessels were intact.

&SSliS£i2!2'

It is clear that daily injections of increasing amounts

of hydraliazine alone do not influence renal structure,

even when the amount of hydrallazine is sufficient to cause

death by its convulsant action upon the central nervous

system. In particular the absence of segmental glomerular

necrosis of focal distribution is noteworthy* In no

instance was there evidence of the presence of glomerular

segmental fibrosis of a form which might have resulted from

the healing of lesions of this kind.



TABLE 37 . KEYi Slight (+)
—" Moderate ♦

Experiment 11(a) Animal Group 3. Severe ++—j — 1—* Extreme +++

GLOMERULAR CHANGES 5

Endothelial cell proliferation -

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Crescent formation

Tubulaxisation

Enlargement of tufts

"Ballooning" of tuft cells

Segmental tuft necrosis (acute) -

Segmental tuft necrosis (subacute)

Segmental tuft necrosis (fibrosed) -

Transudative capillary change

"Explosive" lesions

fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia with
reduplication of elastiea.

Rat
7 10 11 12



TABLE 38. KH: Slight (♦)
— - Moderate +

Experiment 11(a) ...Animal „group 3- Extreme*!**

TUBULAR CHANGES
Rat

10 11 12

Dilatation of
a. prox. conv. tubules

b. thin Henle limb

c. •aide Henle limb

d. dist. conv. tubule

e. collecting tubule

Cytoplasmic protrusion of tubular
cells

Nuclear protrusion of tubular cells

Proteinuria

Hyaline ca3ts

Hyaline droplet change

Necrosis

Regeneration

(♦>

(Autolysis)
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ETffiffltinpnti (M

(Animal group 2)

Hydraliazine alone has no detectable influence upon

renal structure (experiment 11(a)). It remained possible

that the integrity of the remaining kidney might be influ¬

enced if equivalent doses of hydrallazine were given to

animals previously subjected to unilateral nephrectomy.

The purpose of the present experiment was therefore to

determine whether previous unilateral nephrectomy alone

would alter the response of the remaining kidney to increas¬

ingly large doses of hydrallazine.

Mssial*

Male and female albino Wistar rats of a laboratory bred

strain and of mean weight 80 - 120 g.t were used. Their

care and conditions of maintenance did not differ signifi¬

cantly from those of the animals used in the experiments

of Series 1.

Hydraliazine was used as a sterile 2% solution, 1 ml.

in each ampoule.
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Unilateral nephrectomy was performed by the standard

method (Appendix 2 ),

Hydrallazine was given dally, seven days weekly, by

single intramuscular injection.

At the close of the experiment the methods used for

the histological examination of tissues did not differ sig¬

nificantly from those adopted in previous experiments.

P52S2&25S'

Following unilateral (left) nephrectomy animals were

injected daily with increasingly large amounts of hydralla¬

zine rising from an initial dose of 1 rag. intramuscularly

to a total of 8 - 10 nsg, daily towards the end of the ex¬

periment, the precise amount given depending upon the length

of survival of the animals.

At the end of the experiment the small number of sur¬

vivors were killed by ether anaesthesia and the tissues

subjected to histological examination.

£ssiil&a

In two of the three animals surviving to the close of

experiment, and which were suitable for examination, there
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was detectable glomerular enlargement, but this was very

slight and was not accompanied by recognisable proliferation

or swelling of the cells of the tufts. In the same ani¬

mals it was noted that very slight dilatation of the proxi¬

mal convoluted tubules was present. It was extremely

doubtful whether these glomerular and tubular changes were

significant. No recognisable collecting tubular changes

were present.

It is therefore concluded that no significant renal

lesions were produced by the action of hydrallazine upon

the single kidney remaining after unilateral nephrectomy

had been performed.

Di?9u?i|ioni

The present experiment shows that not only does

hydrallazine exert no detectable effect upon renal structure

itself, but it produces no change in the structure of the

single kidneys remaining in animals previously subjected

to unilateral nephrectomy.



TABLE 39 .

Experiment 11(b) Animal Group 2.

KEY: Slight (+)
Moderate +

Severe ++

Extreme +++

GLOMERULAR ORANGES ,

Rat

3 6

Endothelial cell proliferation — —

Epithelial cell proliferation - -

Capsular thickening - -

Capsular adhesions - -

Orescent formation - -

Tubularisation - -

Enlargement of tufts (+) (+)

"Ballooning" of tuft cells

Segmental tuft necrosis (acute)
" n " (subacute)
" " " (fibrosed)

Transudative capillary change

hyaline droplet change

"Explosive" lesions

Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia with
elastic reduplication



TABLE 40 .

Experiment 11(b) Animal Group 2.

KEY: Slight (+)
Moderate +
Severe ++

Extreme +++

TUBULAR CHANGES
Rat

3

Dilatation of
a. prox. conv. tubules

(Slight autolysis)

b. thin Henle limb

a. wide Henle limb

d. dist. conv. tubule

e. collecting tubule

Cytoplasmic protrusion of tubular cells

Nuclear protrusion of tubular cells

proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

<♦)
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11 iff)

(Animal group 11)

it has now been shown that large amounts of hydrala¬

zine, sufficient very often to cause death by a convulsant

action, do not influence renal structure either when given

alone or when given to animals previously subjected to

unilateral nephrectomy# It has also been confirmed that

slowly absorbed DCA by itself does not cause hypertension.

Before studying in detail the response to hydralazine of

animals made hypertensive with DCA and salt following uni-

nephrectomy, it was first desirable to know whether a

synergistic damaging action would occur in the presence of

both excess DCA and excess hydrallazine. Earlier experi¬

ments showed that neither DCA (Experiment 1(a)) nor

hydrallazine (Experiment 11(a)) alone produced renal damage#

The purpose of the present experiment was to determine

whether DCA and hydraliazin© together would have any action

on renal structure#

12 male and female albino Wistar rats, weight 70 -

130 g., of a laboratory-bred strain were used. The ani¬

mals were maintained in a manner which did not differ
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significantly from that adopted with animals in earlier

experiments.

DCA was used in the form of slowly-absorbed 50 mg.

tablets.

Mi22S&*

100 mg. DCA was implanted subcutaneously by small

cervical incision.

Histological methods adopted fox material obtained at

the close of the experiment did not differ from those used

in earlier experiments of this series,

£$8fiSdy$8*

100 mg. DCA was implanted subcutaneously into each

animal. They were then subjected to the dally injection

intramuscularly of amounts of hydrallazine corresponding

to those given to animal groups 2 and 3 (experiments 11(a)

and 11(b)), and rising from mg. 1 daily at the beginning of

the experiment to mg. 8 or mg. 10 at its close depending

upon the length of survival of the animal.

After 10 weeks treatment the surviving animals were

killed with ether and the tissues subjected to histological

examination.
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Results»

Five of the 12 animals survived 10 weeks treatmentt

their kidneys were available in suitable condition for

hfetological examination.

Among these five, the renal changes were slight. One

kidney was the site of minimal hydronephrosis, while in two

others detectable glomerular enlargement was present. In

no case was there evidence of ballooning of the glomerular

endothelial ceils and none showed the segmental glomerular

tuft necrosis, of focal distribution, seen later in the

kidneys of the animals in experiment 11(d), animal group

7 (page 164).

Tubular changes were confined to minimal dilatation of

the collecting tubules of the cortex, and to a slightly

lesser extent, of the proximal and distal convoluted tub¬

ules. In both convoluted and collecting tubules there

was evidence of slight intratubular protrusion of epithel-
... ,v

ial cell nuclei and cytoplasm, but this change was by no

means constant.

No vascular changes were detected.



TA3LE 4-1 .

Experiment 11(c) Animal (Troup 11.

KEY* Slight (+)
Moderate +

Severe + +

Extreme ++*

GLOMERULAR CHANGES
Bat

6 8

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions (with crescent
formation)

Tubularisation

Endothelial cell swelling

Enlargement of tufts

Segmental tuft necrosis acute

» " " subacute

" " " fibrosed

Transudative capillary change

Hyaline droplet change

"Explosive" lesions

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia with
elastic reduplication

Slight hydronephrosis.
+

<♦)

<♦) <♦)



TABLE 42.

Experiment IICo) Animal Group 11

KEY: Slight (+)
Moderate +

Severe ++

Extreme +++

TUBULAR CHANGES
4

Rat

6 8

Dilatation of

a. prox.conv.tubules

b. dist.conv. tubules

c. thin Henle limbs

d. thick Henle limbs

e. collecting tubules

Cytoplasmic protrusion of cells
in tubules

Nuclear protrusion of cells in
tubules

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(♦)

(♦)

<♦)
conv.& coll.

(♦> (♦)

(♦)
coll.

(♦)

, (♦)
00II.& conv.

Slight hydro¬
nephrosis.

(♦)

+

coll.

(♦)

(♦)
coll.tubules

(*)
coll.tubules
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Evidence is now available to confiim that in the

presence of slowly absorbed DCA implants, increasingly large

daily intramuscular injections of hydrallazine exert no

significant recognisable effects upon rat renal structure,

even when given in amounts rising to the L.D.^q level.

The very slight tubular changes recognised did not

differ significantly from those observed in animal group

13 to which DCA was given alone in similar amount

(experiment 1(a)),
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Experiment II (d)

(Animal groups 6, 7 and 15)

The data accumulated through experiments of both series

I and II served to demonstrate (I) that slowly absorbed DCA

produced recognisable but very slight renal changes when

given to animals previously subjected to unilateral nephrec¬

tomy and given 1% sodium chloride to drink.

(2) that rapidly absorbed

DCA produced a syndrome resembling diabetes insipidus, but

characterised by the evolution of hypertension and of a

characteristic series of renal lesions.

(3) that hydrallazine either

alone, with excess slowly absorbed DCA, or following unilat¬

eral nephrectomy, did not cause recognisable renal changes.

The point had now been reached in the experimental

series at which the crucial experiment could be performed.

With the data now available, it was possible to investigate

the action of hydrallazine upon groups of animals which

would, in the absence of hydrallazine, develop systemic

hypertension, and which would in these circumstances evolve

a series of now well-defined renal lesions (see Experimental

Series I). The enquiry now sought to establish whether

large doses of the drug would lead to the development of
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lesions resembling those of disseminated lupus erythematosus

in circumstances comparable to those in which hydrallazine

was used to treat hypertension in humans.

In each of groups 6, 7 and 15, 12 male and female

albino Wistar rats of a laboratory bred strain were used.

The animals were young, mature, and weighed 120 - 160 g.

They were maintained in circumstances which did not differ

significantly from those used in the care of animals of

previous experiments.

DCA was used in the form of 50 mg. slowly absorbed

compressed tablets for subcutaneous implantation.

Hydrallazine was used as a "2% sterile solution, 20 mg.

being contained in each 1 ml. ampoule.

MsMa*

Unilateral (left) nephrectomy was performed by the

standard procedure (Appendix 2 , volume II). At the same

time 100 mg. DCA was implanted through separate incision.

Blood pressures were recorded weekly, or as often as

possible, by the optical method of Byrora (1947) (groups 6

and 7), or by tail plethysmograph (group 15) (Appendix U )♦
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Histological methods used in the examination of tissue

obtained at the end of the experiment did not differ from

those used in the earlier experiments of this and of the

previous Series.

Procedurei

Unilateral nephrectomy was followed by the subcutaneous

implantation of 100 rag. slowly abosrbed DCA. The animals

were then given 1% sodium chloride to drink in place of tap

water. Beginning 1 week after the operation they were in¬

jected daily, by the intramuscular route, with increasing

amounts of hydrallazinet beginning with 1 mg. daily, the

dose rose at the close of the experiment to amounts of 8 -

10 mg. daily, amounts approximating to the L.D.^q. After

10 weeks treatment the animals were killed with ether and

the principal tissues subjected to histological examination.

Group 6-

For reasons which are set out in Appendix 6,

volume H, the treatment of group 6 was unsuccessful, and

within a short time of starting the experiment the majority
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of the group died. The data referring to three surviving

animals* the tissues of which were suitable for examination,

are set out in Tables 43 and 44. These animals had re¬

ceived less than 6 weeks treatment and, in this respect, are

not comparable with those of Groups 7 and 15,

The kidneys of the three animals of group 6 differed in

no significant respect from normal.

Group 7 (Text Fig. 14, Table 45)

fitoa assama

Measurements of blood pressure showed that the

daily hydrallazine injections controlled the blood pressure,

so that following an injection of the drug in the morning

the mean blood pressure remained within normal limits six

hours later. Observations made on the animals of group 24

(experiment 11(g)) showed, in fact, that each single daily

injection was followed by a rapid severe fall in blood press¬

ure succeeded during the following 24 hours by a linear rise.

The term "mean" blood pressure is used to indicate the

pressure recorded 6 hours after the daily injection.

Clearly it does not attempt to imply that the pressure had

been maintained at this value throughout each day.



KEY: Slight (+)
TABLE A3 . Moderate ♦

Severe ++

Exooriment- 11(d) Animal Group 6* Extreme +++

GLOMERULAR CHANGES 1

Rat

2 4

Endothelial cell proliferation - - -

Epithelial cell proliferation - - -

Capsular tixickening - - -

Capsular adhesions - - -

Crescent formation - - «■»

Tubularlsation - - -

Enlargement of tufts - - -

"Ballooning" of tuft cells - -

Segmental tuft necrosis (acute) - -

« » " (subacute) - - -

" " " (fibrosed) - -

Transudative capillary change - - -

Hyaline droplet change - - -

Explosive lesions - - -

Fibrinoid arterial necrosis - - -

Fibrinoid arteriolar necrosis - - -

Arterial hyperplasia - - -



TABLE UU .

Experiment 11(d) Animal Group 6.

KEY: Slight (+)
Moderate +

Severe ++

Extreme +++•

TUBULAR CHANGES
Rat

2

Dilatation of
a. prox. oonv. tubules

b. thin Henle limb

c. thick Henle limb

d. dist. conv. tubule

e. collecting tubule

Cytoplasmic protrusion of tubular cells

Nuclear protrusion of tubular cells

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration
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Text Figure 14.

GROUP 7: Mean Blood Pressure

.UPPER LIMIT
OF NORMAL

100

80
5 6 7

TIME IN WEEKS



1

2

3

4

5

6

7

8

9

10

11

TABLE 45 .

Experiment 11(d) Animal Group 6/7

BLOOD PRESSURES

9.8.56 16.8.56 22.8.56 30.8.56 21.9.56

122 110 170 112 116

106 108 102 164 170

102 95 140 122 144

110 130 118 167 124

124 124 - - -

113 122 148 138 122

106 148 - - -

118 138 168 142 154

124 172 102 124 142

104 130 - - -

110 160 147 134 165

112 129 137 138 142
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Histological changes} (Tables 46, 47)
(Figs. 56 - 73, Volume III)

There was generalised slight to moderate glomeru¬

lar enlargement due apparently to endothelial cell hyper¬

plasia. Occasionally this wa3 accompanied by capsular

adhesions. The most striking change, however, and one

present in greater or lesser degree in six of the surviving

animals in this group, was segmental glomerular necrosis,

of focal distribution. In the majority of instances the

lesion was acute, and comprised capillary dilatation involv¬

ing approximately one half of the glomerular tuft, sometimes

amounting to aneurysmal dilatation and accompanied by poly¬

morphonuclear infiltration of the affected segment. In

many examples the capillary aneurysmal dilatation was accom¬

panied by the local accumulation of fibrin (staining red

with Picro Mailory, and purple with phosphotungstic acid-

haeraatoxylin). In a conspicuously small proportion of

cases the focal damage to the glomerular tuft had led to

the transudation of proteinaceous, often eosinophils,

material within the subcapsular space and thence into the

corresponding tubule. In other instances, the presence

of protein within the tubule accompanied hyaline droplet

tubular change. In these examples the proteinaceous fluid

did not appear to stem from the glomerulus itself, the tuft

of which, although showing focal necrosis, did not show



TABLE 4-6 .

Experiment 11(d) Animal Group 7

KEY» Slight (+)
Moderate +
Severe ++

Extreme +++

Rat
GLOMERULAR CHARGES

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening
Capsular adhesions

Crescent formation

Tubularisation

Endothelial cell swelling

Enlargement of tufts

"Ballooning" of cells

Segmental tuft necrosis (acute)
" n " (subacute)
" " " (fibrosed)

Transudative capillary change

Hyaline droplet change

"Explosive" lesions

Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial hyperplasia

1(a)

Thrombus in
one renal artery

6 8 11

Mild hydro~ Slight
nephrosis, hyperplasia

(+) (+) (+)

(♦)

+

+

+

(0

Diffuse (+)

(*)

(+)

<*)

(+)

(0

(+)

++

(♦)
+

+

(♦)

(AutolysisJ"

(+)

(+)

(+)

+

( + )

12



TABLE

Experiment 11(d) Animal Group 7

Extent and severity of renal changes

KEY: Slight (+)
Moderate ♦

Severe ♦+

Zxtreae ++♦

TUBULAR CHANGES
1 1(a) 2 3

Rat

4 6 8 9 11 12

Dilatation of Hydro¬
nephrosis

Hydro- (Autolysis)
nephrosis

a. prox. conv. tubules - (+) - - <♦> (♦) (♦) -

b. thin Henle limb - - - - _ - -

c. thick Henle limb - (+) - - _ _ - -

d. dist. conv. tubules - (+) - (♦) (+) ♦ (+) (♦) (♦)
e. collecting tubules - <♦) (+) ++ ++ + + + +

Cytoplasmic protrusion of
tubular cells.

- (+) +

(prox.conv.
++

) (prox.conv.
+ ++ ++

)prox.conv. prox.conv. prox.conv.
**

prox.conv.

-

Nuclear protrusion of
tubular cells

— (♦) +

(prox.conv.
++

) prox.conv.
+ *+ +>

prox.conv. prox.conv. prox.conv.

♦*

prox.oanv.

-

Vacuolation of collecting
tubules

+ - (♦) + (♦) (♦) ' <♦) + (♦)

Proteinuria - -■ + + <♦) (♦) (♦) - -

Hyaline casts - (♦) <♦) (♦) - —

Hyaline droplet change v>» - - <+) - - - - -

Necrosis - -- - - - - -

Regeneration — — — mm — ~ — — —

Occas.
cortical
scars.
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evidence of altered capillary permeability.

In a smaller proportion of instances the fibrinous

exudate lying within the damaged segment showed evidence of

early fibroblast proliferation. Scattered throughout the

cortex of the affected kidneys were segmental glomerular

scars, each apparently the result of local glomerular

fibrosis.

The incidence of these conspicuous segmental glomerular

lesions varied very considerably from one kidney to another.

They were most common in the kidneys of animals 2, 4 and 6.

They were not present in animals dying during the early

phase of the experiment, and, in all, were present in six

of those surviving the experimental period of 12 weeks.

In addition to these glomerular changes, many tubular

lesions were present. There was moderate to severe dilata¬

tion of collecting tubules, slightly less dilatation of

distal convolutions, and widespread slight to moderate intra-

tubular protrusion of cells and nuclei of the epithelial

cells of the proximal convolutions. Slight vacuolation of

the cells of many collecting tubules was seen, much less

striking than that found in prolonged potassium depletion,

while the proteinuria mentioned above was common.
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In none of these affected kidneys was it possible to

! discover glomerular lesions of a kind seen in advanced DCA

overdosage (see Groups 23, 25: experiment 1(f)), but the

glomeruli.: and tubules not affected by the segmental necro¬

ses were indistinguishable from those found in slowly pro¬

gressive absorption of excess DCA (see Groups l(A), 1(B),

16 and 12).

No vascular lesions were present, and whatever fluctua-

; tions in blood pressure had occurred had led to no arterial

or arteriolar damage. Occasional cortical scars were pres¬

ent but these were most severe in the kidneys of one of the

; two animals in the group with hydronephrosis (rat 3).

j

Group 15 (Fig. 15, Table 48)
j

Blood pressure

The rise in blood pressure shown previously to

accompany the slow absorption of DCA following unilateral

nephrectomy and with sodium chloride substituted for drink¬

ing water (groups l(A), 1(B), 16; experiment 1(c)), was

apparently prevented. With the proviso mentioned in

describing the blood pressure changes in group 7 (above) it

may be stated that the daily injection of hydrallazine
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Text Figure 15#

GROUP 15

Males

Females

Mean

/s
/ "V

\ \ >
\->v J
V- ■/
\i

!r;x^
/

UPPER LIMIT
✓ OF NORMAL

IO

TIME IN WEEKS



TABLE 48 .

Experiment 11(d) Animal Group2Z-

BLOOD PRESSURES

Rat 12.10.57 22.10.57 31.10.57
Date
6.11.57 13.11.57 27.11.57 4.12.57

Males

1 116 72 74 113 126 114 139

2 96 75 122 117 133 132 136

3 90 64 113 119 118 133 147

4 94 92 90 120 138 131 134

5 122 71 127 110 117 112 135

6 92 73 105 108 128 mm

Mean 101 73 105 114 127 122 138

Females

1 72 62 122 117 106 82 123

2 94 64 133 106 122 140 119

3 114 56 113 100 126 115 121

4 104 60 116 112 132 124 129

5 92 61 139 105 - - mm

6

Mean 95 61 125 108 121 113 123

Grand
Mean 9S 67 115 -• 111 125 120 131
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GROUP 15

Text Figure 16.

/ /

IOO

Males

Females

Mean

50

12 3 4 5 6

TIME IN WEEKS

7 8 9 IO



TABLE 49 8

jfoper-Laeat 11(d) Animal Group 15

WEIGHTS IN GRAMS

Rat 8.10.57 22.10.57
Date

31.10.57 6.11.57 13.11.57 27.11.57 4.12.57 30.12.5

Males

1 48 85 105 125 105 115

2 80 100 100 140 115 140

3 80 95 110 130 110 145

4 70 85 115 125 120 125

5 70 75 105 115 110 140

6 80 105 120 130

Mean 71 91 109 129 112 137 120

Females

1 85 95 100 105 110

2 - 80 90 105 115 100

3 - 82 95 105 95 105

4 - 75 95 110 105 115

5 - 73 90

6

Mean 70 79 93 105 105 108 122
Grand
Mean 71 85 101 119 109 124 121
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apparently suppressed the evolution of hypertension.

No sex difference was detectable in the response.

Mate (Fig- 16, Table 49)

There was a steadily progressive increase in

weight during the experiment, rising from a mean value of

70 g. at the beginning to a value of 121 g. after 5 weeks.

Thereafter the weight tended to remain constant, the rise

to normal adult rat levels being suppressed. No difference

was detectable between the sexes.

Tffiyrcfoffli (Table 6°)

At the close of the experiment, the mean weight

of the heart for the whole group was 0.98 g. with a heart/

body weight ratio of 0.81$. There was no detectable differ¬

ence between the sexes.

Kfataay .instate'

Terminal measurements, made at the time of necro-

spy, established the mean kidney weight at 1.60 g,, with a

kidney/body weight ratio of 1.32$. Again there was no



TABLE 5° .

Experiment 11(d) Animal Group 15

TEBMINAL MEASUREMENTS

Males Weight R.Kidney Heart
Serum Sodium

rag./lOO ml. m.eq./l.
Serum Potassium

mg./lOO ml. m.eq./l

1 d.27.11.57 1.56 0.94 - - - -

2 d.23.12.57 1.11 1.19 - - - mm

3

J

105 1.39 1.09 mm - mm -

4

5 125 1.78 0.91 355 154.3 11.2 2.88

6 130 1.73 1.02 345 150.0 13.5 3.45

Mean 120g. 1.63 1.01 350 152.2 12.3 3.17

Females
1 1.32 0.82 — — - -

2

3

65
(11.12.57)

1.52 1.10

mm

—

4 121 1.61 1.0 340 147.8 15.6 4.00

5 129 1.48 1.0 350 152.1 15.4 3.95

6 115 1.58 0.81 310 134.8 14.0 3.60

Mean* 122g. 1.56s. 333 144.9 15.0 3.35

Grand
Mean

I21g. 1.60g. 0.98g. 340 148.0 13.9 3.58

sf 10-week survivors only included.
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detectable sex difference.

The mean serum sodium measured at death was 148.0

m.Eq./l.t a figure just outside the normal range of 135 -

145 rn.Eq./l. The figures for males, based on only two ob¬

servations, gave values significantly higher than those for

females, but the Interpretation of this difference is diffi¬

cult.

m

The mean serum potassium level measured at death

was 3.58 m.Eq./l«, a figure within the normal range. The

male survivors, however, again showed values significantly

different from the females (3.17 against 3.85 m.Eq./i.),
and this confirms the greater severity of the electrolyte

disturbance in the male group.

StarcW?* (Tables 51, 52)

The renal changes in this group of animals were

surprisingly slight. There was generalised glomerular

enlargement, with slight endothelial cell proliferation and

swelling, changes similar to those found in group 7, but In



TABLE 51 . K2Ys Slight(+)
Moderate +

StrSe T+*

GLOMERULAR CHANGES
Males

3*
Females

5* 6*

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions
Tubulaxisation

Endothelial cell swelling

Enlargement of tufts

Segmental tuft necrosis acute
" " " subacute

" « " fibrosed

Transudative capillary change

Hyaline droplet change

"Explosive" lesions
Fibrinoid arteriolar necrosis

Fibrinoid arterial necrosis

Arterial intimal hyperplasia with
elastic reduplication

(slight (autolysis)
autolysis)

(♦)

(♦>

(♦)

(♦)

(+)

(♦)

(♦)

(♦) (♦> (+) (♦)

<♦) (♦> <♦>

x Survived to end of experiment.



TABLE 52 . (+)
— Moderate +

Experiment 11(d) Animal Group 15« Severe ++
~~ £>XtrSBL8 +++

TUBULAR CHANGES
Males
3* 5s 6*

(Some
autolysis)

00
(♦)

Dilatation of

a. prox.conv. tubules
b. dist.conv.tubules

e. thin Henle limb

d. thick Henle limb

e. collecting tubules +

Protrusion of tubular (+)
cytoplasm prox. conv.

tubules#

Protrusion of tubular -

nuclei

Vacuolation of collecting
tubule cells

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(♦)

Autolysis

?

1

?

(+)
<♦)

(♦)
conv.

tubules.

<♦)
conv.

tubuleB.

(♦)

(♦) (+)
(+)

+

(♦) (♦)
conv. eonv. & coll

tubules. tubules

(♦) (♦)
oonv. conv. & coll.

tubules. tubules

{*)

(♦)

(+>

<♦)

Slight
autolysis

(♦)
+

<♦)
prox.corrv.
tubules

(♦>
prox.conv.
tubules

4*
Females

(+>

(♦)
coll.

tubules

<♦)
conv. & coll.

tubules

(♦)

5* 6*

(♦) (+)

(♦)
oonv.

& coll.®

<♦)
prox.conv.
& coll*
tubules.

prox.conv.
tubules

* Survived to end of experiment. © With papillary proliferation.
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no instance was segmental necrosis of the glomerular tufts

present* There was no ballooning of endothelial cells and

no vascular damage*

Tubular changes were very much more severe than glomer¬

ular, and appeared to account for the main increase in bulk

of the organ found at death. There was generalised slight

to moderate dilatation of the collecting tubules, with

rather less severe dilatation of the distal and occasionally

of the proximal convolutions* These changes were accom¬

panied by the frequent slight intratubular protrusion of

both epithelial cell nuclei and cytoplasm in the proximal

convolutions* Proteinuria was slight but widespread.

This experiment demonstrated the production of an im¬

portant and conspicuous series of focal renal changes, the

majority of which took the form of acute segmental glomerular

necrosis* The cause of these lesions must now be consid¬

ered.

Two questions remain to be answered!

(1) What property of hydrallazine increases the

Incidence of focal glomerular necrosis in animals given

excess DCA and salt following unilateral nephrectomy?

(2) Why were these lesions caused in animal group
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7 but not in animal group 15?

(I) In view of the results obtained with the earlier

animal groups of experimental series I and II it can be

stated that segmental glomerular necrosis of this type is

not the result of the direct action of DCA, or of hydrala¬

zine, upon the kidney, or of synergistic action between

these agents with or without previous nephrectomy. Never¬

theless, in single animals of groups 14 and 16 isolated

focal glomerular lesions were recognised of a type indis¬

tinguishable from those seen in the animals of group 7,

Such focal glomerular lesions therefore occur rarely»

First, when rats subjected to unilateral nephrectomy are

given excess DCA and salt} and, Second, when DCA and salt

alone are given to animals in the absence of previous neph¬

rectomy, This evidence suggests that DCA exerts an influ¬

ence in determining hemiglomerular necrosis, but it is not

immediately clear why, In group 7, such focal hemiglomerular

necroses should have become so frequent under the action of

hydrailazine.

Several alternative explanations may be advanced to

account for the greatly increased frequency of hemiglomer¬

ular necrosis following treatment with hydrailazine.
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(1) Hydralazine is known to increase glomerular blood

flow {Gross, Druey and Meier, 1950; Moyer and Handley,

1950} Mackinnon, 1952). This action, exerted upon kidneys,

the glomeruli of which are exposed to the disturbing influ¬

ence of DCA, with or without unilateral nephrectomy may be

sufficient to precipitate partial glomerular necrosis.

Proof of this suggestion would be difficult.

(2) The lesions may be the effect ofdiiamal variations

in blood pressure caused by single daily injections of large

amounts of hydrallazine. Evidence of this fluctuation is

given under experiment 11(g). In this way they may be the

non-specific result of blood pressure changes.

(3) The lesions may result from the non-specific con-

vulsant action of hydrallazine upon the central nervous

system. That is, focal glomerular necrosis may occur when

renal blood flow is affected during a major convulsion of

a kind suffered by several animals of group 7 before death.

This suggestion is examined further in experiment IXI(b).

Whichever of these explanations appears more likely

must take account of the finding of isolated similar lesions

in the animals of groups 14 and 16 (experiments 1(b) and

1(c)), and thus of the sensitising effect of DCA.

(II) An attempt to repeat these observations later,
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using identical techniques, was not successful (group 15).

This lack of success, with identical treatment and under

superficially identical circumstances led to an attempt to

account for the difference between the two groups 7 and 15.

Careful retrograde analysis revealed that, in fact, the

treatment of the animals of Group 7 and of those of group

15 differed in several slight but possibly important aspects.

These were

(1) The injection of hydrallazine into rats of group

7 was carried out on only 6 days out of 7, whereas group 15

was injected daily.

(2) The injections of group 7 were performed under

ether anaesthesia whereas those of group 15 were performed

without an anaesthetic.

In no other way did the treatment of these two groups

differ except perhaps in the incidence of convulsions occur¬

ring during the latter part of the experiment* unfortunately

no detailed record of the daily incidence of convulsions is

available.

From a study of group 12, to the animals of which salt

injections were given under ether anaesthesia, we know that

such episodic daily anaesthesia is not responsible for focal

glomerular necrosis.
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To account for the differences between groups 7 and

15 we are left with the possibilities that (1) omitting a

single injection each week precipitates focal glomerular

necrosis by causing a larger swing in blood pressure than

would otherwise be the easej and (2) that a critical dose

level leads to recurrent non-fatal convulsions which are

themselves responsible for the glomerular lesions. Against

the first suggestion is the absence of vascular lesions

which, it Is thought, would accompany focal glomerular

necrosis due to large, rapid blood pressure variations.

The second suggestion will be examined in a later experiment

in which the influence of a convulsive agent on renal struc¬

ture will be studied (Group 32),

It may be concluded provisionally that

(1) increasingly large doses of hydralazine given

on 6 days out of 7 to rats previously subjected to left

nephrectomy, the implantation of 100 mg, of slowly absorbed

DCA, and the substitution of 1% sodium chloride for drinking

water led in 6 out of 9 instances to the development of

widespread segmental glomerular necrosis of focal distribu¬

tion,

(2) That these lesions (which are entirely distinct

from the usual lesions of DCA overdosage) also occurred, on

very rare occasions, in animals given either DCA with salt
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(but without previous nephrectomy) and in animals given DCA

and salt following unilateral nephrectomy, both observations

suggesting that hydrallazine acted by greatly increasing

the frequency of one of the rarer manifestations of excess

DCA.

(3) That the lesions do not result from sustained

hypertension, which is in fact suppressed by the hydrallazine*

but that they may be the result of an exacerbation of the

daily swing in blood pressure following each daily injection

of hydrallazine fohich occurred once weekly in animals

i injected on only 6 days of each 70.

(4) That the lesions are not the result of inter¬

mittent ether anaesthesia.

(5) That, unhappily, the glomerular lesions did

not in any clear way resemble the glomerular changes seen

in disseminated lupus erythematosus in the human.

The suggestions advanced to explain this curious

influence of hydrallazine on the rat kidney sensitised by

DCA include an action on glomerular blood flow, an influ¬

ence on blood pressure regulation, and a eonvulsant action

each of which is a known property of the drug.
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Experiment II fa)

(Ardmal groups 8, 10).

In the previous experiment it was shown that increas¬

ingly large doses of hydrallazine would lead to widespread

focal heraiglomerular necrosis in animals subjected to a

regime of DCA and uninephrectomy known to cause slowly

developing systolic hypertension.

It was considered of importance to determine whether

| variations in dosage or route of absorption of BCA would
modify the response of the kidney to hydrallazine. The

observations in this and the succeeding two experiments

were undertaken with this object in view.

MsaM*

9 (Group 8) male and 12 (Group 10) female albino Wistar

rats, weight 90 - 120 g. (Group 8), and 160 - 180 g, (Group

10) were used. Their general care and maintenance did not

differ significantly from that adopted in the previous

experiments of this series.

XA was used in the form of DO mg. tablets for slow

subcutaneous absorption.
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Hydrallazine was used In a 2^ solution, each 1 ml.

ampoule containing 20 mg,

Left nephrectomy was performed by the standard method

(see Appendix 2, Volume II).

Histological methods were identical with those used

in the earlier experiments.
i • * :

Procedure:

In each of groups 8 and 10 left nephrectomy was per-

formed, and at tine same time 230 rag. DCA implanted subcut-

aneously in the form of 4 - 50 mg. tablets. 1% sodium

Chloride was substituted for drinking water, and one week

later daily intramuscular injections of increasing amounts

of hydrallazine were started, beginning with 2 mg. and

rising to a dose approximating to the i.D.rjo*

After 10 weeks the animals were killed and the tissues

submitted to histological examination.

Results:/
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figamUg'

SSg.ttft,8» (Tables 53, 54)

For reasons which wore not clear at the time but

which were probably related to too rapid an increase in the

dose of hydralazine (Appendix 6 ) the animals in this

group began to die rapidly floowing the start of hydralaz¬

ine injections, None survived more than 1 month. The

results of the histological examination must be interpreted

with this in mind.

The glomeruli were entirely normal with the excep¬

tion of those in the kidneys of rat 4, one glomerulus of

which showed acute segmental tuft necrosis, of identical

appearance to those seen in the kidneys of the rats of

groups 14, 16 and 7,

Tabular changes were more frequent, but were of

the general pattern seen In animals given similar doses of

DCA under similar circumstances but not treated with hydral-

lazine. They Included slight widespread dilatation of

cortical collecting tubules, and very occasional slight

dilatation of proximal convolutions. There was moderate to

severe intratubular protrusion of both nuclei and cytoplasm

of the epithelial cells of the proximal convolutions. The



GLOMERULAR CHANGES

KEY; Slight (+)
TABLE 5 3 . Moderate +

Severe ++

Experiment 11(e) Animal Group 8. Extreme +-»+

Rate

4

Endothelial cell proliferation - -

Epithelial cell proliferation - - -

Capsular thickening - -

Capsular adhesions - - -

Crescent formation - - -

Tubular!sation - -

Endothelial cell swelling - - -

Ballooning of tuft cells - -

Enlargement of tufts - -

Segmental tuft necrosis (acute) - - (+)
M " rt (subacute) - - -

n " u (fibrosed) - -

Transudative capillary change - -

Hyaline droplet change - -

"Explosive" lesions - -

Fibrinoid arterial necrosis - -

Fibrinoid arteriolar necrosis - -

Arterial intimal hyperplasia with
elastic reduplication - - -



TABLE 5U . KEIi Slight (+)
Moderate +

Experiment II'e) Animal Group 3. Severe ++
Extreme ++♦

TUBULAR CHANGES
Rat
U

Dilatation of
a. prox.conv.tubules

b. thin Henle limb

c. thick Henle limb

d. dist. conv<. tubule

e. collecting tubules

Cytoplasmic protrusion of tubular cells

Nuclear protrusion of tubular cells

Vacuolation of collecting tubule cells

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(Autolysis)
(+)

prox.conv.

++

prox.conv.

(+)

(Autolysis)

prox.conv.

prox.conv.

++

prox.conv.

++

prox.conv.

prox.conv.

(+)
prox.conv.

Hydronephrosis

prox. conv.

(+)
prox. conv.

Patchy peritubular
cortical fibrosis.
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kidney of one animal showed moderate hydronephrosis accom¬

panied by patchy peritubular cortical fibrosis.

Group 10 (Tables 55, 56)

The kidneys of four of the eight animals surviving 10

weeks treatment contained small numbers of focal heraiglomer-

ular necroses} in three animals the necroses were acute and

recent, while in the fourth lesions were represented by

fibrous segmental glomerular scars. Both types of lesion

were similar to those seen in groups 14, 16* 7 and 8 (pages

62, 79, 164, 186 ) and a detailed description of their
j

microscopic characteristics will not be repeated at this

point. Many glomeruli were slightly but significantly

enlarged, apparently due both to endothelial cell prolifera¬

tion and hyperplasia. In many glomeruli there were capsu¬

lar adhesions while very occasionally there was transudation

of eosinophilic proteinaceous fluid into the subcapsular

space, or hyaline droplet change.

Tubular changes were moderate but widespread, with

slight to moderate dilatation of the cortical collecting

tubules, slight idilatation of the proximal convolutions,

and slight or moderate widespread intratubular protrusion

of epithelial cell cytoplasm and nuclei in both collecting

and convoluted tubules. Proteinuria was inconstant.



TABLE 55 .

Experiment 11(e) Animal Group 10.

KEY: Slight (+)
Moderate +

Severe ++
Extreme +♦♦

GLOMERULAR CHANGES
y

Rat

6 11 12

Endothelial cell
proliferation
Epithelial cell
proliferation
Capsular thickening
Capsular adhesions
Tubularisation

Endothelial cell swelling

Enlargement of tufts

Segmental tuft necrosis
(acute)

(subacute)
(fibrosed)

Transudative capillary
change

Hyaline droplet change

"Explosive" lesion

Fibrinoid arteriolar nec-
:rosis

Arterial intimal hyper-
splasia with elastic
reduplication.

(♦)

(♦)

(+)

(♦)

(♦)

Cortical
scars.

(♦)

(+>

(♦)

(♦)

(♦)

(♦)

(♦)

<♦)

(♦)

(♦)

<♦)

(♦)

(♦>

(+)

<♦)

(♦)

(♦)

(♦)



TABLE 56. KEY: Slight (+)
Moderate +

Experiment II(e) Animal Group 10. Severe ♦+
— _js—- Extreme ++♦

TUBULAR CHANGES
Rat

6 7 11 12

Dilatation of
a. prox. conv. tubules

b. dist. convo tubules

Co thin Henle loops

d. thick Henle loops

e. collecting tubes

Cytoplasmic protrusion of
cells in tubules

Nuclear protrusion of
cells in tubules

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(♦) <♦)

(♦) (♦)

+ +

conv.& coll. conv.&
coll.

conv.fe coll. conv.&
coll.

(♦)

(♦)

++

conv.&
coll.

+

conv.&
coll.

(♦)

(♦)

<♦)

(♦)
eonv.fe
coll.

(♦>
conv.&
coll.

(♦)

(♦)

(♦)

conv.&
coll.

+

conv.&
coll.

<♦>

(♦>

<♦>

+

eonv.&
coll.

+

conv.&
coll.

(♦)

+

conv.fc
coll.

+

conv.&
coll.

(♦>

(♦)

(♦>

+

conv.&
coll.

+

conv. &
coll.

email corti¬
cal scar.
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jBlS&USS&SS'

The kidney of one animal in group 8, the members of

which survived less than one month of treatment, and of 4

animals in group 10, eight members of which survived 10

weeks treatment, contained segmental glomerular necroses

indistinguishable from those seen so often in the kidneys

of animals in group 7t and rarely in the kidneys of animals

in groups 14 and 16, It may be concluded that the factors

operative in causing these lesions in groups 14, 16 and 7

(particularly) were also operative in groups 8 and 10. It

appears therefore that the implantation of 200 mg, slowly

absorbed DCA in place of 100 rag. made very little difference

to the incidence or severity of the focal glomerular nec¬

roses. This conclusion accords with the observation made

earlier in group 9 (experiment 1(d)) that the rat© of

action of 200 mg. slowly absorbed DCA, as shown by the in¬

cidence and severity of renal lesions caused by DCA, is

certainly little greater than that of a 100 mg. implant.

The experiment confirms the observations made in

experiment 11(d) but does not assist in explaining the

nature and pathogenesis of the lesions produced with

hydralazine.



fopartufflrrt; IJ, (f),
i . " " -

(Animal group 22)

The purpose of the present experiment was to determine

the influence of rapidly absorbed DCA implants upon the

development of glomerular necroses caused by hydrallazine.

The observations were an extension of those recorded in

experiment II (d) and are complementary to those described

in experiments II (e) and II (g). The comparable group of

animals for control purposes was group 21 of experiment

I (e).
. . ... ;M '.I ; ' ' ' ' '

Material!

4 male and 4 female albino Wlstar rats# of a laboratory

bred stain, were used. They weighed 70 - 100 g. and were

maintained in a manner which did not differ significantly

from that used in the earlier experimental groups.

OCA was used in the form of 35 rag. rapidly absorbed

implants.

Hydrallazine was used as a ^ solution, each 1 ml.

ampoule containing 20 mg.
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Methodsi

Unilateral nephrectomy was performed by the standard

technique (Appendix 2, Volume II)

Blood pressures were recorded by tail plethysmograph

(Appendix 4, Volume II).

Serum electrolytes were measured by flame photometer.

Histological methods did not differ from those used in

earlier experiments. Corrosive formol was employed as

fixative.

Proceduret

Left nephrectomy was combined with the subcutaneous

implantation of 70 mg. rapidly absorbable DCA, in the form

of two 35 mg. tablets. 1% sodium chloride was substituted

for drinking water, and one week later dally intramuscular

injections of increasing amounts of hydrallazine were

started, beginning with 2 mg. on 9.11.57 and increasing to

8 mg. on 31.12.57.

Unfortunately the same difficulty was encountered with

this group as had been found with the control group 21

(experiment 1(e), page 97 )♦ It was found by chance after
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a period of 10 days that the DCA implants were undergoing

rapid absorption, and that some were crumbling and being

extruded through the healing wound. From an early stage

in this experiment, therefore, considerable doubt was cast

on the validity of the observations.

After 7 weeks treatment the two remaining animals were

killed. Tissue from these animals, and those from other

animals dying during the course of the experiment, was sub-

mitted to histological examination.

SassiM1

Blood pressure: (Text Fig. 17, Table 57)

Only inconclusive evidence of a rise in blood

pressure was obtained.

Weightt (Text Fig. 18, Table 58)

The weight of the animals rose steadily during

the observational period, reaching a mean of 150 g. after

weeks.
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Text Figure 3.7,

GPOUP 22

UPPER LIMIT
OF NORMAL

/X
/ V

s

Females

I 2 3 4 5 6 7 6

TIME IN WEEKS



TABLE 57 .

Experiment 11(f) Animal Group 22.
BLOOD PRESSURES in mm♦/Ha.

Rat 5.21.57 12.11.57 26.11.57 3.12.57

Male

1 87

2 83

3 83

Mean - - - 84

Fanales

1 103 101 135 124

2 106 109 125 118

3 82 79 145 126

4 - 78 95 121 127

Mean 92 96 131 124

Grand Moan 92 96 131 124
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Text Figure 18,

200

GROUP 22

150

IOO Males —

Females —

Mean —

50

I 23456789 IO

TIME IN WEEKS



TABLE 58 .

Fr.osrjgent H(f) Animal Group 22.

WEIGHT IN GRAMS

Rat 5-11.57 12.11.57 20.11.57 3.12.57

Males

1 - - - 60

2 - - - 95

3 - - - 70

A - -

Mean - - - 75

Females

1 90 130 140 140

2 100 115 135 150

3 95 110 140 145

A 105 105 140 165

Mean 97 115 139 150

Grand. Mesa 97 115 139 150



- 200 -

imwxetnertfjSi (Table 59)

Ami «&&&»
In calculating the mean values for heart and

kidney weight in this experiment, only those animals surviv¬

ing to near the conclusion of the experiment were considered#

The mean heart weight was 1.36 g. and the mean heart/body

weight ratio Q.78%.

Kidney weightt

The mean kidney weight was i#65 g. and the mean

kidney/body weight ratio 0.94%.

Serum sodiums

The single valid observation available showed a

value of 160.8 ra.Eq,/l., significantly above the normal range

(135 - 145 m.Eq./l.).

Seyum

The single measurement of serum potassium gave a

value of 5.38 m.Eq./l., within the normal range (3.5 - 5.5

m.Eq./l.).

pbseyvfttio"?*

The examination of five animals of this group was

invalidated to some extent by the presence in two of
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jiU)lt Mfvuv

Eat Weight
g.

K.kidney
g.

Heart
6.

Sertua Sodium Serum Potassium
mg./lOO ml. ra.Sq./l. mg./lOC ml. m.Eq./l,

Male

1

2 (11.22.57) 85 1.11 0.65 370 160.8 21.0 5.38

3 (13.12.57) 6o 0.31 0.76

4 145 1.30 , 1.20

Mean 34 (l) 145g. 1.30§. l^Og.

Female

1 165 1.61 3*23

f»
Ar 1.67 (V1.61)

3 200 1.94 1.47

4 ISO 1.72 1.30

Moan a (2) 190g. 1.S3g. 1.39g.
Gr■end
Mean * 175g. 1.65g. 1.33g.

k Mean ©f survivors of the experinent.
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hydronephrosis and in three of autolytic changes. In the

kidneys of all animals surviving more than four weeks, how¬

ever, it was possible to recognise slight glomerular en¬

largement, possibly the result of endothelial cell swelling.

Tubular changes were by no means constant. They Included

occasional slight dilatation of cortical collecting tubules

and very occasional intratubular protrusion of the cytoplasm

and nuclei of proximal convoluted tubules. Proteinuria was

slight and inconstant.

Discussion*

It is doubtful whether the results obtained with this

group can be considered seriously because of the reasons

given above, There Is complete uncertainty as to whether

DCA was being actively absorbed during more than a small

proportion of the experiment. In view of these observa¬

tions, it does not seem legitimate to draw far reaching

conclusions about the Influence of hydrallazlne on renal

structure from this experiment. Certainly no importance

can be attached to the absence of focal hemiglomerular

necroses.



GLOMERULAR CHANGES

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Tubularisation

Endothelial cell swelling

Enlargement of tufts

Segmental tuft necrosis (acute)
» « « (subacute)
» " " (fibrosed)

Transudative capillary change

Hyaline droplet change

"Explosive" lesions

Fibrinoid arteriolar necrosis

Fibrinoid arterial necrosis

Arterial intimal hyperplasia with
elastic reduplication

TAHT.F. 60.

Experiment 11(f) Animal Group 22.

KEY: Slight (+)
Moderate +

Severe ++

Extreme +++

Males

3
(Hydro¬
nephrosis)

A
(Hydro-
nephrosis)

Females

2 3
Autolysed Autolysed Autolysed

A

(+) (+) (+) (+) (♦)

(+)



TABLE 61

Experiment 11(f) Animal Grou,: 22.

KEY: Slight (+)
Moderate +
Severe ++

Extreme.+++

tubular changes
Males

3

Females

2 3

Dilatation of

a. prox. conv. tubules

b. dist. conv. tubules

c. thin Henle limb

d. thick Henle limb

e. collecting tubules

Protrusion of tubular
cytoplasm

Protrusion of nuclei

Vacuolation of coll. tubular
epithelium

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

Hydro¬
nephrosis

(+)

prox.eonv.
tubule

(+)

occas.foci of
polymorphs.

Hydro¬
nephrosis. Autolysed Autolysed Autolysed

(+)

(+)

(+)
(prox.conv. (prox.conv.
tubules) tubules)

(+) (+)

(*)

* (of dist.
conv.tubule)

(♦)
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Expqrimen^ II (g)

(Animal group 24)

It was mentioned in the introduction to experiment

11(e) that the three experiments (11(e), (f) and (g)) were

complementary and formed part of an extension of the invest¬

igation detailed in experiment 11(d) concerning the influ¬

ence of hydrallazine upon renal structure in animals given

excess DCA and salt following unilateral nephrectomy. Thus

the purpose of the present experiment was to determine

whether the administration of large amounts of rapidly

absorbed DCA by intramuscular injection would influence the

response of the glomeruli to toxic doses of hydrallazine.

M££M'

3 male and 4 female albino Wistar rats of a laboratory

bred stain were used. The animals were maintained and fed

in a manner which did not differ significantly from that

adopted in the treatment of earlier experimental groups.

The animals weighed 90 - 130 g,

DCA was gsed in the form of 1.25$ suspension with

tragacanth in water, each 100 ml. containing 1.25 g. of the
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crystalline powder.

Hydrallazine was used as a $ aqueous solution, each

1 ml. ampoule containing 20 mg.

Methods!

Unilateral nephrectoiw was performed by the standard

method (Appendix 2, Volume II).

Blood pressures were recorded by tail piethysinograph

(Appendix 4, Volume II).

Serum electrolytes were measured by flame photometer.
/

Histological methods employed did not differ from those

used in earlier experiments of this series.

Prg&edure:

The left kidney of each animal was removed. 1$ sodium

chloride solution was substituted for drinking water, and

daily injections of 2.5 mg. of DCA were begun intramuscul¬

arly (see Appendix 6„ Volume II ), rising later to 5.0 mg.

After 1 week, injections of hydrallazine were begun in

amounts rising from 4 mg. daily at the start of the experi¬

ment, to 17 or 19 rag. daily in the case of the three animals
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surviving to the end of the experiment. After 10 weeks

treatment (9 weeks on hydrallazine) the surviving animals

were killed by bleeding under ether anaesthesia. The

organs, together with those of the animals dying earlier,

were submitted to histological examination, and the blood

collected used for the estimation of serum sodium and

potassium.

2saM&&*

Blood Pressures (Text Fig. 19, Table 62)

An initial rise in the mean blood pressure during

the early part of the experiment did not reach the upper

limit of normal, and was followed by control of the mean

within the limits of normality. (In interpreting the mean

blood pressure levels attention is drawn to the proviso,

simplified in experiment 7 (page 159)that only single estima¬

tions were made during each day.) "Control" of the pressure

did not imply absence of fluctuation during the day. The

difference of the results in the two sexes was of doubtful

significance.

Weightt (Text Fig. 20, Table 62)

The mean weight rose from 130 g, at the beginning

of the experiment to 228 g. at its termination. The
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Text Figure 19.
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TABLE 62 .

Experiment Ufa) Animal Group 24.

BLOOD PRESSURES in mm, / He.

Rat 11.11.57 17.11.57 25.11.57 2.12.57 10.12.57 16.32.57

Male

1 109 110 137 113 123 118

2 88 138 141 125 112 124

3 101 85 129 129 126 121

Mean 99 111 136 122 121 121

Female

1 91 126 135 113 59 119

2 109 82 139 109 62 60

3 99 107 138 108 96 60

4 111 - - mm - m*

Mean 102 105 137 110 72 79

Grand Mean 100 108 136 116 96 100
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Text Figure 20,
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TABLE 63.

Experiment 11(g) Animal Group 24.

HEIGHTS IN GRAMS

Rat 12.11.57 17.11.57 25.11.57 2.12.57 10.12.57 16.12.57

Male

1 165 167 170 130 220 170

2 135 190 185 175 225 215

3 140 153 175 180 215 220

Mean 147 172 177 162 220 202

Female

1 125 130 140 113 155 170

2 115 120 110 109 135 -

3 120 103 130 108 160 -

4 95 - - - -

Mean f 113 123 110 150 17C

Grand Mean 130 145 150 136 185 194
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feraales were smaller but gained weight at the same rate.

Terminal measurement,^ (Table 64)

iiSSELSSMijii
The mean heart weight at the close of the experi¬

ment, including only animals which survived 7 weeks or more,

was 2.24 g. The mean heart/body weight ratio was 0.92%.

The male hearts were significantly larger than the female,

but the kidney/body weight ratios were similar.

At the end of the experiment the mean kidney

weight was 3.02 g., and the mean kidney/body weight ratio

1.33%. The male kidneys were significantly larger than

the female, but the kidney/body weight ratios were similar.

§ssmM&M*

Only a single estimation was available, and this

lay within the limits of normal.

Again, a single estimation was available, and

this lay within the normal range.



TABLE 64 .

Experiment 11(c) Animal Group 2A.

TERMINAL ESTIMATIONS

(Group begun 6.11.57)

Rat Weight
g-

R.kidney
S'

Heart Serum Sodium
g. mc./lGO ml. m.Eq./l

Serum Potassium
mg./lOO ml. m.Eq./l

Males

1 (6.2.58) 230 3.45 2.45

2 (17.3.58) 295 3.40 2.50

3 ( " ) 285 4.30 2.70
H

Mean 270 3.72 2.55

Females

1 (16.11.57) 95 0.7 0.59

2 (13.1.58) 175 2.02 1.45 340 147.8 17.0 4.36

3 (6.2.58) 190 2.65 2.50

4 (13.2.58) 195 2.35 1.93

9£

Mean 187 2.33 1.93

St

Grand Mean 223 3.02 2.24

x Mean of survivors only.
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(Tables 65, 66)
(Fig. 83, Volume III)

By contrast with groups 7 and 10, glomerular

lesions were not remarkable. They were limited to the

changes which have already been noted as occurring under the

influence of DCA but before the evolution of "malignant"

hypertension (see experiment 1(f), groups 23 and 25). They

included generalised, often severe, glomerular enlargement,

with frequent and severe endothelial cell swelling and

ballooning accompanied by slight transudation of protein-

containing fluid into the glomerular subcapsular spaces,

and the occasional presence of hyaline droplet change.

Tubular changes were again those characteristic of DCA over¬

dosage, with dilatation of collecting tubules, often severe,

and intratubular nuclear and cytoplasmic protrusion of the

epithelial cells of both convoluted and collecting tubules,

Many tubules contained protein, but few showed hyaline

droplet change.

In no glomeruli was focal segmental necrosis seen,

and the blood vessels throughout the kidney were intact.

Blms&lm*

These results indicate differences between the action

of hydrallazine on the rat kidney subjected to the action of



TABLE 65 . KEY: Slight (+)
Moderate +

Experiment II (z) Animal Group 24 Severe ++
Extreme ♦++

Males Females
GLOMERULAR CHANGES 2 3 1 3 4

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Crescent formation

Tubularisation

Enlargement of tufts

Ballooning of tuft cells

Segmental tuft necrosis (acute)
" w " (subacute)
n « » (fibrosed)

Transudative capillary change

Hyaline droplet change
Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia with
elastic reduplication

Autolysed

+

(♦)

(♦)

(♦)

(♦)

++

++

(♦)

(♦)

++

+

(♦)

++

+

(♦)



TADLE 66 .

Experiment 11(g) Animal Group 2/,..

KEY: Slight 00
Moderate +

Severe ++

Extreme ++■»•

TUBULAR CHANGES
2

Male

3

Female

1 3 A

Autolysed
Dilatation of
a. prox. conv» tubules (♦) + - -

b. thin limb Henle - - - mm

c. vide limb Henle - - - -

d. disto conv. tubule + + 00 (♦>
e. collecting tubule 4-+ +* ++

Cytoplasmic protrusion of tubular ++ 00 ++ +

cells. Conv. & prox.conv .& prox.conv.&
coll. coll. coll.

Nuclear protrusion of tubular +> (+) ++ +

cells. conv .&
V /

prox.conv .& prox.conv.&
coll. coll. coll.

Vacuolation of collecting tubule cells •!■+ - - -

Proteinuria ++ * (*) <♦)

Hyaline casts - - -

Hyaline droplet change + - - -

Necrosis - - - -

Regeneration - - - -
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of dally injections of DCA and the action exerted on the

kidney in animals given DCA in the form of a slowly absorbed

subcutaneous implant. They show that hydrallazine in

single injections daily influences blood pressure, and pre¬

vents the evolution of fibrinoid arteriolar necrosis and of

glomerular and arteriolar lesions of the "exploding" type

observed in groups 23 and 25 of experiment 1(f).

Nevertheless, they fail to confirm the production of

focal glomerular necroses of a type seen in groups 7, 8 and

10, composed of animals exposed to the continuous action of

slowly absorbed subcutaneous DCA.

It has already been mentioned in the course of the

discussion following experiment 11(d) that the different

response observed in groups 7 and 15 can only be the result

of a small number of variables. These includedt-

(1) Use of anaesthesia for injections.

(2) Frequency of injections of hydrallazine - 6 times

weekly in group 7, 7 times weekly in group 15.

(3) Incidence of convulsions in animals receiving the

highest doses of hydrallazine.

It was shown that anaesthesia did not influence the pro¬

duction of focal glomerular necroses. The role of convuls¬

ions will be considered shortly in an independent experiment
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(experiment 111(b), animal group 32).

Now the present group confirms again the failure of

development of focal glomerular necroses in an experiment

in which the animals have clearly been exposed to the full

action cf DCA, but in which injections of hydrallazine have

been given each day, instead of six days weekly as in groups

7 and 10, This difference in treatment is apparently small

but may be critical* a single large intramuscular injection

of hydrailazine, as shown in the following experiment, in¬

fluences blood pressure for much of the 24 hours following

its administration. In the course of an experiment where

daily injections of hydrallazine prevent the full blaze of

renal activity which is associated with DCA overdosage, it

is at least conceivable that the omission of a single

injection might allow an upsurge of blood pressure which

could cause focal hemlglomerular necrosis.

The following observation, relevant to the foregoing

discussion, indicated the mode of action of a single large

dose of hydrallazine in animals subject to the full action

of DCA (Text Fig, 21, Table 67),

Experiment,

A single, large, intramuscular dose of hydrallazine

was given to each animal of group 24 one morning following



?AI3LE 67
Experiment 11(g). Animal Group 2A.

Serial blood pressures following single injection mg. 10

Time Hours
1

Males
2 3 Mean 1

Females
2 Mean

Grand
Mean

Before
injection
(1000 hrs.) 0 154 228 176 186 215 160 187 186

11.15 hrs. If 104 126 92 107 96 84 90 100

12.30 %k 96 102 73 92 116 76 96 92

14.30 84 118 124 109 120 92 106 107

18.00 8 92 168 92 117 142 72 107 113

22.15 12i 94 186 110 130 136 126 131 130

10.15 24 172 198 166 179 193 162 177 178

(Blood pressures in mm/Hg.)
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the earlier measurement of the animals blood pressures.
!
Blood pressures were then recorded at intervals for the

following 24 hours (see Test Fig. 21)

This observation shows that a single large injection

may exert a prolonged effect, and that the mechanism sug¬

gested above as a possible explanation for the development

of focal glomerular necroses, has in fact some factual

support.

Nevertheless it remains difficult to account for hemi-

glomerular necrosis on this basis in the absence of evidence

of vascular damage such as afferent arteriolar necrosis.
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Text Figure 21,

GROUP 24
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CHAPTER 4.

Experimental 3erie? 113;

Introduction:

In the first two series of experiments described in

this thesis, the action of hydralazine on the kidneys of

animals subjected to a regime of unilateral nephrectomy with

overdosage of DCA and of salt was contrasted, under varying

conditions of administration, with the effects produced by

overdosage with DCA done. It was shown that the administra¬

tion of increasing amounts of hydrallazine by intramuscular

injection on 6 days weekly, under ether anaesthesia, would

cause multiple focal glomerular necroses, whereas the same

doses given on 7 days weekly without anaesthesia did not

have this effect. Lesions did not appear when DCA was given

in more rapidly absorbed form, although the pharmacological

activity of hydrallazine was confirmed in these circumstances

by the prevention of the lesions of severe hypertension.

In the discussion of the factors concerned with the

development of hemiglomerular necroses under these rather

critical conditions, it was suggested that the use of

anaesthesia for injections, or the development of convulsions

during treatment might each have played a part in the evolu¬

tion of these changes.
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The experiments described in this short series were

undertaken with a view to determining whether the two

factors, anaesthesia and intermittent convulsions, could

play any part in the development of the glomerular changes.



(
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Expffirtflg"* 111 U).

experiment I (g), page 133)

Because of the nature of the observations required,

this experiment and experiment 1(g) were in fact combined,

and the material, methods, procedure and results of experi¬

ment 111(a) are identical with those of experiment 1(g),

page 133.

Sssite*

The results of experiment 1(g) have been described

previously and will not be repeated here. From the results

it was clear that neither the daily intramuscular Injection

of an innocuous fluid such as salt# nor the daily use of

an anaesthetic such as ether, influenced rat renal structure

or led to the development of multiple focal glomerular

necroses.

The results of this experiment were clear-cut and re¬

quire little discussion. Repeated innocuous daily injec¬

tions, or the daily use of ether anaesthesia for the purpose
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of making these injections, do not seem to be sufficient

to influence renal structure alone, and do not cause focal

hemiglomerular necroses.



- 226 -

Efffffffrpyrt 111 (b)

(Animal group 32)

This experiment was undertaken to determine whether

repetitive convulsions by themselves would cause multiple

focal glomerular necroses. It is already known* for

example* that asphyxia may lead to petechial haemorrhages*

particularly upon the surface of lungs and heart, both in

man and in animals, and it appeared possible that the action

of extremely large doses of hydrallazine in causing convul¬

sions in rats might be one explanation for the development,

under such circumstances, of multiple focal hemiglomerular

necroses.

MSSM'

4 male and 4 female albino Wistar rats of a laboratory

bred strain were used. The animals were maintained under

circumstances which did not differ significantly from those

of animals used in earlier experiments.

Picrotoxin was used in the form of a 0.3P> solution*

each 1 ml. containing 3 mg.
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Methods!

Histological methods used in the examination of tissue

from the animals in this group did not differ from those

used in the experiments of Series I and II.

££2££te*

To each animal dally intramuscular Injections of

increasing amounts of picrotoxln were given, beginning with

a dose of 0,15 mg. (0.1 ml.) and increasing, in the case of

the larger, male animals, to a dose of 0.5 ml. (0.75 rag.)

before convulsions occurred. The doses causing convulsions

in each animal were as follows!

Males Convulsant dose females Convulsant dose

1 0.75 rag. 1 0,375 mg.

2 0,75 rag. 2 0.375 mg.

3 0.75 mg. 3 0.375 rag.

4 0.6 mg. 4 0.375 mg.

Results! (Tables 68, 69, 70)

Generally, the onset of convulsions caused death either

immediately or within 1-2 hours. In spite of careful

observation, it was not possible to be certain that any

animal survived a dose which caused convulsions.



TABLE 68.

Experiment 111(b) Animal Group 32.

TEKHIHAL VALUES

(Group begun 6.2.53)

Rat Weight
g.

Heart

g«

R.Kidney
g.

L.Kidney
g-

Male

1 105 0.75 0.8 0.82

2 (19.2.53) 175 0.85 1.5 1.8

3 (20.2.58) 125 0.85 0.85 0.91

4 < n ) 135 0.74 0.79 0.81

Mean 137 0.80 0.98 0.83

Female

1 (11.2.58) 105 0.75 0.8 0.82

2 ( « ) 120 0.83 0.7 0.64

3 ( " ) 100 0.53 0.45 0.51

4 (13.2.58) 120 0.51 0.4 0.46

Mean 111 0.65 0.59 0.61

Grand Mean 124 0.72 0.77 0.72
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Histological changes* (Tables 69, 70)

Few abnormalities were found. The structure of the

kidneys was clearly influenced to very slight degree by the

terminal occurrence of convulsions. In particular, no

focal heraiglomerular necroses were seen. There was wide*

spread, incidental proteinuria.

Di.smsioni

The results of this experiment indicate that convulsions

by themselves do not cause focal glomerular necrosis. On

reflection, a more complete analogy with the groups which

did show focal glomerular necroses would perhaps have been

provided by the administration of repetitive doses of

plcrotoxin to animals submitted to the action of excessive

DCA and salt following nephrectomy? it is clear that

further work is desirable on this aspect of the subject.

Nevertheless, the conclusion lends weight to the evidence

which suggests that it is unlikely that the focal glomerular

necroses occurring in animals treated with large doses of

hydrallazine are due to the direct convulsant action of

this drug itself. This accords with the finding that not

all the animals found to have focal glomerular necroses had

in fact suffered convulsions.



, K§£i Slight (+)
TABLE °9 , Moderate +

Severe ++

Experiment Ill(b). Animal Group 32. Extreme +++

Males Femfllep

glomerular ghmges 234123

Endothelial cell proliferation ------

Epithelial cell proliferation ------

Capsular thickening ------

Capsular adhesions ------

Tubularisation ------

Endothelial cell swelling ------

Enlargement of tufts ------

Segmental tuft necrosis (acute) ------
" " " (subacute) ------
" n h (fibrosed) ------

Transudative capillary change ------

Hyaline droplet change ------

"Explosive" lesions - - - - — -

Fibrinoid arterial necrosis ------

Fibrinoid arteriolar necrosis ------

Arterial intimal hyperplasia ------
with elastic reduplication



TABLE 70 .

SjgporiiuQnt Ill(b). Animal Group 32.

Ke.v; Slight (+)
Moderate +

Severe ++

Extreme +++

Males
2 3 UTUBULAR CHANGES

females
1 2

Dilatation of

a. prox.conv.tubules

b. thin Henle limb

c. wide Henle limb

d. dist.conv.tubules

e. collecting tubules

Protrusion of tubular cell
cytoplasm

Protrusion of tubular cell
nuclei

Vacuolation of collecting
tubule cells

Proteinuria

Hyaline easts

Hyaline droplet change

Necrosis

Regeneration

(♦) (+) (♦) (+) (♦) (♦) (♦)
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Expayiawnlffll Seyles IV

(Animal groups 4, 5, 29, 31)

The information obtained from the experiments described

in series X and II showed that large doses of hydrallazine

under certain carefully defined conditions, caused focal

glomerular necrosis in uninephrectomised rats given excess

DCA and salt. It was demonstrated that these necrotic

lesions were distinct from those of DCA intoxication, and

that in fact hydrallazine precipitated focal glomerular

necrosis while preventing the more blatant lesions caused

by DCA.

In an associated group of experiments the factors de¬

termining the occurrence of this focal hemigloraerular necro¬

sis were examined in more detail. It was shown that slowly

absorbed DCA in the form of subcutaneous implants would

"sensitize" the glomeruli to the action of hydrallazine,

but that larger doses of more rapidly absorbed DCA subcut-

aneously masked the effect. It was further demonstrated

that the injection of hydrallazine discontinuously, i.e.

six days weekly, would lead to widespread heraiglomerular

necrosis but that continuous action, by injections on each

day of the week, prevented this effect.
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The suggestion that the focal necroses were the result

of the anaesthesia used to inject the animals of groups 7

and 10, was investigated and disproved. The role of the

convulsions produced by large doses of hydralazine was

investigatedj it was shown that daily injections of in¬

creasing amounts of a convulsive agent, picrotoxin, did not

influence renal structure.

While, therefore, the early observations (experiments

1(b) and 1(c)) suggested that excess salt and DCA, with or

without uninephrectoray, might rarely lead to focal hemi-

glomerular necrosis, the precise role of DCA in the produc¬

tion of these changes was by no means clear.

It was decided to investigate this further by studying

the action of hydralazine on the kidneys of animals sub¬

jected to a different hypertensive regime. It was thought

that this might help to demonstrate whether the action of

DCA on electrolyte regulation played an integral part in the

response to hydrallazine or whether the changes would occur

in the kidneys of animals made hypertensive by a renal

mechanism.

The purpose of this experiment therefore was to define

the action of toxic doses of hydrallazine on the kidneys of

animals subjected to constriction of one renal artery, a
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procedure known to cause systemic hypertension in the

absence of hydrailazine,

la&sskl*

Male and female albino Wistar rats of a laboratory bred

strain were used. They were maintained in circumstances

which did not differ significantly from those used in the

case of animals in earlier experimental groups.

The "clips" applied to the renal arteries were made of

fine silver strips of 0,070 x 0.006 inches measurement

(0.175 x 0.015 cm»)« Each "clip" was made by cutting 1 cm.

of silver strip, and bencBnq it, under gentle heat over a

small sheet of steel» of 0,3 mm, thickness. The open ends

of the U~like clip formed in this way were then gently

prised apart with a scalpel to allow space for the entry of

the artery.

Hydrailazine was used in the form of a 2% solution,

each 1 ml. sterile ampoule containing 20 mg.

Methods?

Blood pressures were recorded in the early experiments

by the optical method of Byxom (1947). Later a tail
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piethysinograph was used (Appendices 3 and 4, Volume II).

Clips were applied to the left or right renal artery,

under ether anaesthesia, through an abdominal (loin) incision.

The left renal artery was selected when possible, and the

pedicle reflected forwards. The clip was applied around

the renal artery after separation from the vein and the

distal ends of the clip drawn together until the arterial
'

Constriction was judged sufficient* The kidney was then

returned to the abdomen, and the wound closed with interrup¬

ted sutures.

Histological methods used to examine tissue obtained

from animals at the close of the experiment did not differ

from those used in earlier experiments.

P£2£2du£gt

Animals were divided into two principal sections.

Those of animal groups 4 and 5 were subjected, respectively,

to left and to right renal artery clipping. Those of groups

29 and 30 were treated similarly (by left renal arterial

clipping) and were subsequently injected daily with increas¬

ing amounts of hydrallazine given by the intramuscular route,

beginning as soon as it was reasonably certain that their
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systemic blood pressure had risen as a result of the clip¬

ping. The dose of hydrallazine adopted rose from 1 mg.

daily at the beginning of the experiment to amounts approx¬

imating to the L.D.50 four weeks later, at which time the
experiment was terminated.

Results (Figs. 74 - 82)

Group 4t (Text Fig. 22, Tables 71, 72, 73)

The degree of change in the structure of the kid¬

neys of the animals of group 4 depended largely upon the

efficiency of clamping. Occasionally, complete or almost

complete renal infarction was produced. In other instances

infarction affected only segments of the cortex, depending

apparently upon the precise distribution of the vessels

clipped. In one kidney partial infarction of one segment

with glomerular and vascular crowding due to tubular atrophy,

was accompanied by the classical changes of malignant hyper¬

tension in the remaining, non-infarcted area (thus according

with the conception that the kidney tissue subjected to the

effects of arterial clipping is protected against the action

of the hypertensive mechanism). No changes were found

which resembled those of DCA overdosage, but a single glom¬

erulus had undergone heminecrosis in association with
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Text Figure 22.



TABLE 71.

Experiment IV(a) Animal Group A

BLOOD PRESSURES

RAT
8.12.55 11.1,56 13.1.56 18.1.56 25.1.56 6.2*56 13.2.56 20.2.56 27.2.56

1 122 130 160 ? 195 215

2 110 110 130 - - - - -

3 120 165 110 210 210 220

4 126 120 180 130 120 -

5 120 180 160 185 142

6 120 - - - - - -

7 98

8

Mean 111 118 151 160 171 167 217



Experiment I?

72-

jll&SfiOzaH£Jka

£azi Slight (♦)
Moderate >

Severe ++

Sxbrease +++

"RaF
GLCHEBBLAR CHANGES

Endothelial call proliferation

Spithellal call proliferation

Capsular thickening

Capsular adhosiona

Crescent formation

Tubularisation

Enlargement of tufts

"Ballooning" of tuft cells

Segmental tuft necrosis ( cute;
Segmental tuft necrosis

(Subacute)
Segmental tuft necrosis

(Fibrosed)
Transudative capillary change

Hyaline droplet change

Explosive lesions
Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia
with elastic reduplication

Malignant hypertension
♦ partial infarction

+♦

(♦)

"Crowding of
glomeruli at
one margin

Focal ischaemic
cortical scar



HADLfi .. 73,
Experiment IV Animal Group A.

Key: Slight (+)
Moderate +

Severe ++

Extreme +++

Rat

TUBULAR CHANGES

Dilatation of

a. prox.conv.tubules

b. thin Henle limb

c. wide Henle limb

d. dist.eonv.tubules

e. collecting tubules

Cytoplasmic protrusion of
tubular cells

Nuclear protrusion of
tubular cells

Vacuolation of collect¬
ing tubules
Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(+)

(Autolysis)

(+)

Segmental cortical
infarction

++

++

Interstitial inter
tubular fibrosis

(malignant hyper¬
tension)

(+)

One kidney

partly in¬
complete
infarction,
partly com¬
plete. Other
intact.

(+)

Almost com¬

plete
infarction
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malignant hypertension (Figs. 74 - 82, Volume III).

GrOUP 5s (Text fig. 23, Tables 74, 75, 76)

The response of the animals in this group was of a

type similar to that seen in the kidneys of the animals in

group 4. Some showed complete renal infarction, while

others showed no significant change* from normality. Some¬

times the totally infarcted kidney was represented only by

a residual fibrotic and calcified mass of connective tissue.

In a single Instance there was crowding of glomeruli as the

result of widespread cortical ischaemia. No changes re¬

sembling those seen in the kidneys of animals subjected to

excess DCA were found, and in none of the glomeruli had

necrosis occurred,

Gr<WR? 2?i,

Initial observations on the blood pressures of the

animals in groups 29 and 30 were disappointing. In only

two instances had a significant rise in pressure occurred

after one weeks both these animals died soon afterwards,

A further group of seven animals (three males

and four females) was therefore started, and they were
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Text Figure 23.



TABLE 74 .

Experiment IV(a) Animal Group 5.

BLOOD PRESSURES

vo
m

vO
in

\d
in

NO
in

NO
in

NO
m

NO
in

NO
in

NO
in

NO
in

NO
m

NO
m

NO
m

NO
in

RAT h iH h h C—1 h CM CM cm CM co en CO sf

3 c»
h a o

cm
co
cm

vr\
cvi

NO co
rH

o
CM

t>
cm

in 3 8 cm

1 130 130 124 ? 95 134 112 130 117 166 146 146 126 120

2 130 158 185 158 140 165 148 164 162 146 146 190 182 195

3 120 112 110 114 98 106 102 108 136 138 112 120 122 106

4 116 135 130 104 150 133 128 140 137 135 132 148 167 132

5 112 - - - New
rat

132 128 128 122

6 mm 116 - - New
rat

115 132

7 128 144 152 126

8 116 114 118 142 135 126 122 168 142

9 112 116 118 122 142 124 122 138 128

10 128 132 120 132 130 148 180 - -

MEAN 127 125 131 132 141 133 143 150



TABLE 75

Experiment IV Animal Group 5.

gey: Slight (+)
Moderate +

Severe ++
Extreme +++

GLOMERULAR CHANGES
Rat

5 8 10

Endothelial cell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Crescent formation

Tubula risation

Enlargement of tufts

"Ballooning' of tuft cells

Segmental tuft necrosis (acute)

Segmental tuft necrosis
(subacute)

Segmental tuft necrosis
(fibrosed)

Transudative capillary change

Hyaline droplet change

Explosive lesions

Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyerplasia
with elastic reduplication



WM.
fiagspgafr IV.

TUBULAR CHANGES

Dilatation of

a. prox.con®.tubules

b. thin Kenla limb

c. wide Henla limb

d. dist.con®.tubules

e. collecting tubules

Cytoplasmic protrusion of
tubular cello

Nude; r protrusion of
tubular cells

Vacuoletion of collect¬
ing tubules

Proteinuria

Hyaline caste

Hyaline droplet change

Necrosis

Regeneration 1 kidney total
ly infareted

ta Slight (♦)
Moderate ♦

■MmA Sam 5. H.
Rat

3 5 6 3

(Autolysed)

Only the part- - -
ly calcified
remains of a
kidney now - Cortical
seen ischaemia

with crow¬

ded glomer¬
uli
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substituted for the originals. After one week there was

sufficient evidence of a rise in blood pressure in the

majority to justify beginning the administration of hydral¬

azine. It was possible to continue this for four weeks.

ESStii&L*

(Text Fig. 24, Table 77)

One week after the application of renal clips

the mean blood pressure had risen to 138 mra.Hg. There¬

after the .mean pressure recorded 6 hours after the daily

hydrallazine injection was maintained within the lower

range of normal.

Mqilfa' (Text Fig. 25, Table 78)

A steady rise in mean weight occurred, from 143 g.

at the time hydrallazine was started to 182 g. at the close

of the experiment.

TctW, (Table 79)

Hparft yreW*

The mean heart weight at the end of the experi¬

ment was 1.31 g.» with a heart/body weight ratio of 0,72%,



BLOODPRESSUREINmm/Hg —K>U5 OoQO



TABLE 77.

Experiment IV. Animal Group 29/30.

BLOOD PRESSURES in mm./Ha.

Rat 17.2.53 25.2.58 12.3.58

Males
1 136 88 S3

2 122 82 91

3 150 126 97

4 146 116 109

Mean 133 103 95

Females
1 130 92 108

2 145 112 94

3 140 96 89

Mean 133 100 97

Grand Mean 138 102 96
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Text Figure 25.

Males

Females

Mean

TIME IN WEEKS



TABLE 78 .

Ex-oeriment IV. Animal Group 29/30.

WEIGHTS IN GRAMS

Eat 17.2.53 25.2.58 12.3.53

Males

1 14-5 160 -

2 145 158 180

3 177 195 225

4 137 155 200

Mean 151 167 201

Females

1 115 150 175

2 138 140 160

3 145 150 155

Mean 133 g. 143 g. 163 g.

Graad Mean 143 g. 157 g. 132 g.



TABLE 79 .

Experiment 17. Animal Group 29/30.

TERMIKAL MEASUI^-K-ITS

Rat Height
(in grams)

Heart
Height

(in grams)

Kidney
Weight

(in grams)
Serum S

iag./lOO ml.
odium

m.Eq./l.
Serum Potassium

Eg./100 ml. m.Eq./l
Males

2 180 1.50 0.84 345 150.0 17.5 4»49

3 225 1.30 1.20 349 151.7 17.7 4.54

4 200 1.20 1.40 328 142.6 22.5 5.81

Mean 201 1.30 1.14 341 143.1 19.2 4.95

Females

1 175 1.30 1.50 336 146.0 18.5 4.75

2 160 0.95 0.61 332 134.3 16.4 4.21

3 155 1.70 0.80 - - - -

Mean 163 1.32 0.97 334 140.4 17.4 4.48

Grand Mean 132 g. 1.31 g. 1.06 g. 333 144»9 18.5 4-76
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The males had a slightly lower ratio than the females.

w<4q

The mean kidney weight at the close of the exper¬

iment was 1.06 g.t giving a mean kidney/body weight ratio

of Q,oQ%» The ratios for males and females did not differ

significantly.

Serum aodlumt

The mean terminal serum sodium was 144.9 m.Eq./l.,

a figure within the normal range of 135-145 m,Eq./l. The

sodium level was slightly higher in the males and just out-

| side the normal range.

The mean terminal serum potassium was 4.75 ra,Eq./l.
within the normal range of 3.5 - 5.5 m.Eq./l. Males did

not differ significantly from females.

Histological changes? (Tables 80, 81)
(Figs. 74-82, Volume III).

Clipped kidneys showed evidence of varying degrees of

ischaemia.

Changes in the histological appearances of the un¬

dipped kidneys were not remarkable. The effects of renal

arterial dipping, i.e. vascular responses of the



taut* an KEYs Slight {+)
, „?Q Moderate +

, Severe ++
Experiment IV, Animal Group 29/30. Extreme +++

GLOMERULAR CHANGES
2

Male
3 1

Female
2

Endothelial eell proliferation

Epithelial cell proliferation

Capsular thickening

Capsular adhesions

Tubulaxisation

Endothelial cell swelling

Enlargement of tufts

Segmental glomerular necrosis acute
" " n subacute
" » ,f fibrosed

Transudative capillary change

Hyaline droplet change

"Explosive" lesions

Fibrinoid arterial necrosis

Fibrinoid arteriolar necrosis

Arterial intimal hyperplasia with
elastic reduplication.

(Autolysis)

(♦>

All kidneys show occasional small cortical foci
atrophy and interstitial fibrosis.

of tubular



„ KEY: Slight (+)
Moderate +

, Severe ♦+
Experiment IV. Animal Group 29/30. Extreme +++

TUBULAR GRANGES
Males

3
Females

2

Dilatation of
a. prox. conv. tubules
b. dist. conv, tubules

o. 'thin Henle limb

d. wide ilonle limb

e. collecting tubxxles

Protrusion of tubular cell cytoplasm

Protrusion of tubular cell nuclei

Vacuolation of collecting tubule cells

Proteinuria

Hyaline casts

Hyaline droplet change

Necrosis

Regeneration

(Autolysis)
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hypertensive type, appeared to have been almost entirely

prevented by the administration of sufficient hydralazine

to maintain the blood pressure near the normal level.

Occasional small foci of tubular atrophy and of replacement

fibrosis were found scattered among the cortical tissues

of the majority of kidneys. Hyaline droplet change was

seen in occasional glomeruli, and in one tuft (of male

rat 2) there was a single segmental glomerular scar, in¬

distinguishable from those found in the kidneys of group

7 (experiment 11(d)).

DiSffiSSlomi

Hydrallazine appears to protect the kidneys of animals

with "renal" hypertension against the morphological changes

caused by the rise in blood pressure. In none of the

kidneys from treated animals was there evidence of glomerul¬

ar or vascular disease attributable to hypertension. At

the same time, hydrallazine given to animals developing

hypertension of "renal" type does not appear to prejudice

the structure of glomeruli in the manner sometimes seen

when hydrallazine is given to animals developing DCA hyper¬

tension. Thus it has not proved possible to reproduce

segmental glomerular necrosis in an alternative form of
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experimental hypertension.

This raises the question as to the role of toe blood

pressure variations in the aetiology of gloraerulonecrosis,

lazine acts as a haptene, precipitating focal glomerular

necrosis by a disturbance of the immune mechanism. At the

same time it points to the importance of DCA in predisposing

to the evolution of this form of glomerulonecrosis, thus

substantiating the suggestion, put forward later, that

steroids other than DCA although possessing certain common

actions (e.g. on electrolytes or on blood pressure) do not

lead to focal glomerular necrosis under the influence of

hydraliazine.

In reaching these conclusions, the importance of

intermittent injections of hydrallazlne must be borne in

mind, since the absence of focal glomerulonecrosis in the

present series may be partly due to sustained daily treat¬

ment.

doubt on the suggestion that hydra!


