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Prior to 1951 nephrosis was a disease characterised by
capriciousness of course and unpredictsability of outoome. The
prognosis of the nephrotic petient was thought to be very poor
and the multiplicity of alleged remedies in use served but to
underline the inefficacy of any one of these.

In 195% the newly discovered technique of paper chromato-
graphy attracted attention to the "nephrosis peptide”, and
synchronously ACTH and cortisone became available for clinical
trial. It was decided therefore to undertake a tripartite
investigation, firstly into the nephrosis peptide, secondly into
the natural history of nephrosis in the children seen at The
Royal Hospital for Sick Children, Glasgow, and thirdly, into
the modifications preduced by steroid therapy in the pattemm
of disease.

The chromatographic investigation of the nephrosis peptide
and the active peptide of posterior pituitary extracts led to the
biological assay of a variety of vasopressic agents during the
period 1951-56. This series of experiments are descrided in Part I
of the thesis. The attempt to establish the natural history of
nephrosis as seen at the hospital was begun at the same time and
the tracing of patients took eight years to complete. The ml.tl
of this investigation are given in Part II. Treatment with ACTH
and cortisone bYegan in a very tentative fashion in 1951. 4As our

knowledge/




knowledge increased so also did the level and duration of

dosage and the purity and potency of the available preparations.
The newly acquired knowledge of the natural history of the disease
enabled the effects and value of stercid therapy to be assessed
accurately during the period 1951-1959. The series of therapeutic
tests carried out have been described in chronological sequence in
Part 111, Treatment with prednisolone which was devised and tested
here has been widely accepted.

Throughout this work Professor Stanley Graham has been a
constant source of help and encouragement. Both he and Dr, J.H,
Hutchison made clinical cases available and these children were
nursed in the wards of The Royal Hospital for Sick Children,
Glasgowe.

I am indebted to Dr. H.E.C. Wilson for instruction in the
partition chromatography and his laboratory carried out the routine
biochemical investigations of the patients, Dr. JeD. Dekanski
taught me the technique of pressor bdioassay in the rat. With each
of these colleagues I have published jJoint scientific communications,
The almost incredible feat of Miss M, Walker who traced every single
one of 164 cases of nephrosis occurring between 1929 and 1957 merits
the highest praise. A number of these children were scattered over
five continents and the complete follow-up of them involved the
unu‘mpommotwmfouuunoonomtomxn
indebted.

The contents of this thesis have been composed in their
entirety/



entivety by myself, wnaided. The olinical work, the bioassays,
and the chromatographic investigations were dome by myself and

routine biochemistry was oarried out by the hoepital laboratory
as acknowledged above. A list of relevant publications is given

at the beginning of the bibdliography,



PART 1

EXPERIMENTAL INVESTIGATIONS



In 1948 Dent, using two-dimensional paper chromatogrephy,
deteoted an unusual peptide in urine from patients with nephrosis.
N-fmm-aoonnm!onmmmmmid
195155 at the Royal Hospital for Sick Children where the “nephrosis®
peptide was found in the urine of such patients. The gquantity
present varied considerebly from patient to patient, and in the
same patient from time to time. Similar peptide was found in the
urine of patients with oedema due to other causes such as acute

haemorrhagic nephritis, anaphylactoid purpure, polyarteritis nodosa, and

pre-eclamptic toxasmia, It was noted in the urine of patients who had
sustained trauma such as a burn, a scald, or a fraocture, or who had
undergons a surgical operation (Armeil and Wilson, 1953). Barlow (1952)

'Mdmmdomﬂ‘ antidiuretic activity in the hlood
of oedematous patients with nephrosis and this finding suggested the
possibility that this urinary peptide might be related in some way
to antidiuretic activity. It wae therefore decided to examine
some commercial extracts of the posterior-pituitary gland to
establish whether eny peptide was present end if so to determine
vhether or not it possessed antidiuretic activity. Right posterior
pituitary preparations in every day use as antidiuretic and
oxytocic agents were subjected to two-dimensional filter-paper
chromatography. The technique described by Consden et al. (1944)
was used firstly to analyse the amino-acid and peptide structure of

the/



the extract, and secondly to separate the components for individual
investigation. The nephrosis peptide (as descrided by Dent) had
& high Rf. in phenol and & very low Rf. in bdutancl-acetic acid.

0«5 ml. of the liquid pituitary extracts were pipetted onto
a gpot two inches inside the corner of a sheet of No. 1 WVhitman's
filter paper. The preparation was run with phenol ammonia as
-o1m,th9omumuﬁmmumu
acid. The resultant was developed with 'Ninhydrin' and the
various fractions present could then be identified by their
disposition on the filter paper,

In order to isolate the different components of the
tha.wmmthuncmm
devised. The contents of an smpoule of the extrect were pipetted
as @ line of spots three inches from the edge of a sheet of filter
paper. This preparation was then run in phenol ammonia for about
forty hours, by which time the phencl edge had moved about fifteen
inches from the line of application of the material. This fifteen-
inch length of paper was next cut into six or seven strips at
right angles to the line of flow of the phenol. The strips were
eluted separately by capillary flow of distilled water so that each
.1mommmwummuummumm
in phenol (FMig. I). The remaining preparation was a snuff and wes
firet dissolved in 2 ml., of distilled water, centrifuged, and the

supernatant/



FIGURE I

Diagrammatic Representation of a Simple Chromatographic Method of

Separating Various Substances in Solution.

e mmmmmmm e

A = Solutions applied as a line of spots on filter paper prior to

running

B = Phenol run in progresss

substances travelling with phenol in

proportion to solubility in the phenol ammonia

C = Paper dried and about to be cut in strips at right angles to flow

of phenol

Note:s

For simplicity the various substances are shown separately:

practice each spot consists of a mixture of the substances.




supernatant fluid them applied to the paper in the same way sas
before. '

Vhen it was desired to odbtain a pure preparation of poly-
peptide from the end strip, the following teochnique was adopted.
The contents of an ampoule were pipetted in a line of spots as before,
run in phenol ammonia, and the paper was then reversed and run back
in butenel scetic acid for twenty-four hours (Fig. II). By this
means traces of amino-acids such as arginine and lysine, which
would otherwise have lain close to the end strip of a simple
phenol run were separated and any acetylated amino-acide which
might have been present were removed. The nephrosis and pituitary
peptides being insoluble in butanol remained stetio (Fige II).

The end strip was eluted and the eluate divided into two portions -
the one Deing subjected untreated to partition chrometography,
the other hydrolysed in 6N. hydrochlorie: acid for thirty-six
hours, neutralised and then similarly investigated.

In oxder to cobtain peptide from urize for analysis and sssay
the following method was employed. The urine was deproteinised by
reising its temperature to 100°C, sdjusting to pH 5.5 and filtering
when cool. The filtrate was then treated with sodium tungatate
and sulphuric acid (which was found to precipitate the peptide).
The precipitate was centrifuged, washed in water, recentrifuged,
and dissolved in ammonia. This concentrate was pipetted on to the
paper in a line of spots as desoridbed above, run in the same
ulmioumudrwmupmm”m-ﬂdmmp“
for assay. By this means the residue of 20 to 30 ml. of urine

could/



FIGURE II
Diagrammatic Representation of Method Used to Obtain Samples of

Substances Highly Soluble in Phenol Ammonia but not in Butanol and
Acetic Acid.

LINE OF APPLICATION

e wien e e e R

>

N ELE
BIUTIAN|O L

END STRIP CONTAINING PEPTIDE

The end strip is removed and then eluted with distilled water.



could be applied %o one sheet of paper. A solution containing the
tungstate and sulphuric acid only was run under identical conditions,
corresponding strips eluted, and the product tested as a control..

AESUIRS
Posteriop-Fituljary Rxtracts

A substance highly eseluble in phenol but not in bdutanol was
present on chromatographic analysis of each of the eight commercial
preparations. This substance ococupies the spot "L" as shown in
Fig. 111, which is & photograph of an asctual bi-directional chromato-
graph, This substance has a high Rf, in phenol and a low Rf. in
butanol acetic acid.

For the following reasons this unknown substance "L" is
thought to bde & polypeptide.

(1) The sudbstance is not a protein, being soluble in phenol
ammonia. |

(2) The substance can be dialysed through a 'Cellophane' membrane
and retain its form and activity.

(3) fThe substance when hydrolysed yields at least twelve amino-
acids. These are arginine, leucine, isoleucine, valine,
aspartio acid, glutemic acid, cystine, lyeine, glyocine,
alanine and traces of threonine snd serine. (Fig. VII).

The presence of such peptide in these extracts having been

established/




established the substance was tested for antidiuretic activity.
Strips of chromatograph paper were prepared as described, eluted
by distilled water and each eluate reduced in volume to 1 ml. The
antidiuretic activity of the eluate of each strip was assayed in
rats by the method of Burn (1931). At the same time duplicate papers
were developed with Ninhydrin to display the position of the various
amino-acids and peptides, The time of half-diuresis (the time
between the gevaging of 5 ml. of water per 100 g. of rat and the
excretion of 50 per cent. of this fluid as urine) was erbitrarily
accepted as the critical measurement. The results obtained on
testing eight different extracts are shown in Table I.

In each series the eluate of the end strips of paper (which
had been shown on dupliocate sheets to contain the peptide) possessed
strong antidiuretioc activity remarkably potent in view of the minute
amount of the substance present (Table I). On two ocoasions the
chromatograph paper was cut into strips from one end to the other
and the eluate of each strip in turn was tested for antidiuretic
activity. In each case antidiuretic activity was present in the
end etripe and in neither case was antidiuretic activity present
in a strip whioh did not contain the peptide (Fig. III and IV).

At a later stage the more delicate method of rat dbiosssay
(as desoribed later in this thesis) was employed and the results
of using this method to test the strip elutions is shown in Fig. V.
When the potent eluate of such end strips, shown to contain the
peptide, were tested following hydrolysis with 6N HCl, so that the

peptide/



FIGURE III

Photograph of Bi-directional Chromatogram of Posterior Pituitary Extract.

FozZd-cm
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Eleven amino-acids (A — K) and one peptide "L" were present. The
dotted lines coincide with the lines of cleavage in an exact duplicate
sheet which was cut into strips, each separately eluted with distilled
water and tested for antidiuretic activity. (Fig. IV).



FIGURE IV

Antidiuretic Response of Rats to Eluates of Strips Prepared from
Chromatogram of Posterior Pituitary Extract.

_DIRECTION OF FLOW

IN  PHEN
" Gk

TIME IN HOURS

9 8 7 6 5 4 3 2 |
NUMBER OF STRIP

3
CONTROLS

The antidiuretic response is confined to the strips in which the peptide
"L* (Fig. I1I) was present. The time refers to time of half-diuresis
in rats (see context).




FIGURE V

Vasopressic Response of Rat to Intravenous Injection of Eluate from
Serial Strips of a Chromatographic Run Similar to that shown in Fig., III.

This is a continuous tracing of the blood pressure of a dibenamised rat.
The peaks are produced by the end strips of the phenol run.
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IAME T

Antidiuretic Activity of Peptide Extracted from Commercial Posterior-
Pituitary Preparations by Chromatography Tested in Rats by Estimating
L ame O N per oen ) A

Ad O L AL L

y
-

Anti-
Time of 50% diurvesis (hr.) diuretic
activity
| e e et e e e -
Prepar— Pyﬁh
ation n etrip 1 2 Control | Control
— ‘f e |
A Yes 8+ 8+ 1.1/2 | 1.3/4 +
B Yes 8+ 84+ 1.1/2 | 1.1/2 +
¢ Yes he1/2| 6 1./ | 1.1/2 +
D Yes | 6.1/2| 3.1/ 1.1/2 | 11/4 >
B Yes 3 | 5 1.3/ |1 .
P Yes T+ Set/h| 141/2 | 141/4 +
¢ Yes L T+ 1.3/ | 141/2 +
tmu Yes 3 6+ 1.1/2 | 1.1/, +

peptide was no longer present, the antidiuretic activity had
disappeared.
Electrophoresis of the pituitary extracts (using the method of Cremer
anl Tiselius) was then carried outs The peptide was shown by
Finhydrin staining to have moved towards the negetive pole, Stripe
of filter paper were again cut at right angles to the flow and
each strip was separately eluted and the eluates tested for anti-
dduretic activity. The results of one such test are shown in Fig. VI.

The/



FIGURE VI

Antidiuretic Activity of Eluates from Serial Strips from Filter
Paper on which Posterior-Pituitary Extract has been Subjected to
Electrophoresis.

HOURS TO HALF DIURESIS

+3 42 +| O -1 -2 -3 -4

The antidiuretic activity as shown by the time of half-diuresis in
rats is confined to the area wherein the peptide lay in a duplicate
sheet stained with Ninhydrin.

135
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The antidiuretic activity was confined to the area wherein the
peptide lay, as shown on duplicate sheets.

It therefore seems that this peptide containes the antidiuretic
fraction of these preparations from the posterior lobe of the
pituitary gland. No antidiuretic activity was detected in any
other component of the extracts, end if the peptide was hydrolysed
the antidiuwretic sctivity was lost. The presencs of 2t least
twelve amino-acide, some in greater concentration than sthers,
makes it likely that the molecular weight of the substance lies
between 1200 and 2000. The finding of Turner et al. (1951) that
the very pure vasopressin which they analysed contained only eight
amino-acids suggests either that the peptide described herein is
& less advanced stege in the bdbreakdown of the macro-molecule, or
that some other substance, such as the oxytocic factor, has run
identically in all these tests. A high concentration of similar
peptide was found in human pituitary gland, and small traces have
been found in other organs.

Urinary Peptide

"Nephrotic peptide”™ obtained from the urine of patients with
acute haemorrhagic nephritis, nephrosis and pre-eclamptic toxaemia
was then subjeoted %o a similar investigation. Certain problems
arose before sucoessful ohromstographic results were obtained, owing
to the necessity of removing contaminants, such as albumin. On ‘
chromatography, the "nephrotic peptide” beheved in & similar fashion

to/
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to the posterior-pituitary peptide. Hydrolysis showed that it
contained the same twelve amino-acids and the proportions nppoé
comparable. The similarity of the pattern formed by the amino-acids
of the two peptides is shown in Fig. VII. When the nephrotic
peptide and the posterior-pituitary peptide are subjected to electro-
phoresis they both move towards the negative pole (Fig. VIII)

whereas ACTH (a similar peptide) does not.

"Nephrotioc peptide" from the urine of seven patients was then
injected subcutaneously into rats. This was done on twenty-two
occasions, and in only three instances did & well-marked anti-
diuretic response result. It has been stated by Pickford (1952) that
the method used was orude, testing only to 20 mlU of antidiuretic
sctivity, whereas the method of Jeffers et al. (1942) will detect
0.02 mlU of antidiuretic activity. Though further cobservations with
a more sensitive method are essential, it is clear M this urinary
peptide has much lese antidiuretic activity than the pituitery
peptides On eight of the twenty-two occasions on which "nephrotie
peptide” was injected subcutaneously into rats, convulsions ensued
shortly thereafter. These convulsions occurred within five minutes
of the injection, lasted up to two hours, and appeared to leave no
permanent damage (although large doses of postoperative urinary
peptide killed some of the animalas). This convulsant effect is
much greater if the peptide is given intraperitoneally and may de
a result of traces of phenol combining with peptide therefore
persisting.

The following test was made on two volunteers who were /



FIGURE VII

Comparison of Amino-Acid Yield Following Hydrolysis of Pituitary
Peptide and Urinary Peptide.

CHROMATOGRAPHIC CHARTS OF AMINO
ACID YIELD OF HYDROLYSED PEPTIDES

."0 PITUITARY ANTIDIURETIC
112 W@ PEPTIDE
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The two peptides are seen to contain the same amino-acids.
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FIGURE VIII

Comparison of Electrophoretic Movement of Pituitary Peptide and Nephrosis
Peptide.

CTARTY

A = control, arginine spot only
B = pituitary peptide + arginine
C = nephrosis peptide + arginine

The arginine is used to control the relative distance run from each spot.
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were non-smokers. Bach drank a litre of warm water and when brisk
diuresis had started, smoked a cigarette, inhaling deeply and
producing & well-marked antidiuretic response. No peptide was
detected directly by chromatography of the urine passed by either
person bvefore smoking, and no antidiuretic or convulsant effect was
demonstrated on injection of eluates into rate. The urine passed
after the "smoking antidiuresis™ in subject G.A. possessed anti-
diuretioc activity; and, although the "nephrotic peptide” was not
visible when 0.5 ml. of urine was run, the presence of thise
peptide was clearly shown by the amino-acid yield of hydrolysis

of the eluted end strip of a double-run chromatogram. In

subject C.G. the ™nephrotic peptide" was easily seen, antidiuretioc
activity was present, and the end strip of a sulphuric acid-
tungstate precipitate of this urine caused convulsions in rats., It
is presumed that the inhaled nicotine released an excess of anti-
diuretic hormone from the posterior lobe of the pituitary gland,
antidiuresis ensued and thereafter the presence of urinary

peptide was detected. The finding that the eluate of the strip
containing this urinary peptide from a normal person caused
convulsions in rats strongly suggests thaet this is not an unaltered
pituitary peptide.

213CUSSION

The following possible explanation of the results so far
obtained is tentatively advanced. Several of the hormones of the

pituitary/



pituitary gland - @.g. -——- oxytoein and vasopressin -~ are peptides
with a similar though not identicsl amino-acid content. Smell
quentities of such peptide can be found in the urine of normal

people, and the quantity present may be increased by inducing anti-
diuretic activity with nicotine, In a group of diseases MM
by oliguria and oedema end renal deamage (nephrosis, acute haemorrhagic
nephritis, and pre-eclamptic toxaemia) a considarable quantity of
gimilar peptide is found in the urine. Some of these urinery peptides
closely resemble the peptide present in the posterior lobe of the
pituitary, behaving Mllﬂ; on chromatography, hydrolysis and
electrophoresis. These properties are shared by a variety of

similar peptides. Vhere haematuria existe the peptide split off
haemoglobin by phenol must be differentiated by its structural
variastion from the nephrosis peptide esince its chromatographie
behaviour is identical. They differ in their antidiuretic activity
in rats. Tt seems likely that at least some part of the urinary
peptide is the altered form in whioh the antidiuretic peptide of the
posterior lobe of the pituitary gland is excreted. In the presence
of disease complications such as the existence of similar peptides
derived from the pituitery gland, haemoglobin or other sources,
failure of the liver to dispose of peptides, and failure of the
nephron to maintain peptides in the plasma must inevitably arise.
Byrom (1938) bhas shown that oestrin will inorease tenfold the
sensitivity of the rat's kidney to damage by vasopressin, It seems
possible/

19



possible that an abnormal balance of hormones, together with an
excess of pituitary antidiuwretic peptide, may be concerned in some
way with the production and course of the disease characterised

by the presence of cedema and of an excess of such urinary peptides.
Pickford (1952) takes the view that the adrenal oversctivity
procedes that of the pituitary, in & mumber of conditions in which
an excess of antidiuretic substances have been found circulating.
Whether this order of events be correct or not, the occurrence of
this peptide (which we believe to be derived from the posterio:x
pituitary hormone) in the urine of these patients seems to confimm
her theory of excessive antidiuresis. It does not appear impossible
that the influence of exocessive antidiuretic hormone may contribute
to the onset of ocedema in such disesses as nephrosis. The excretion
of increased quantities of this urinary peptide following traume

or surgical operation suggests the possibility that an excessive
output of pituitary hormone may ocour at this time and such water
retention has in fact been demonstrated by Le Quesne and Lewis (1953),
Le Quesne (1954) and Eisen and Lewis (1954). Purthermore, it has
been shown that various species react differently to heterologous
antidiuretic hormone. Man is, weight for weight, twenty times more
sensitive than rat to the antidiuretic hormone of the ox (Burn,
1931). It may well be that humen antidiuretic hormone is & less
efficient antidiuretic in rats. With the possibility in mind

that exceseive protein katabolism or other factors contribute it is

suggested/



suggested that such substances in urine be termed & "peptide group"
until more informstion is available. Sinoe our observations the
similarity of the pituitary and urinary peptides has been odbserved
by workers in Italy using almost identical methods ((Valeri, Zacco
and Perrini (1953)). These peptides reise many interesting problems.
Since it seemed possible that their presence in disease was dve to an
excessive exoretion of & physiological end-product, it was considered
important that quantitative methods of estimating the daily output

in urine should be devised. MNany fruitless attempts to perfect

such a method were made and the probdblems attending the evolution

of such a method proved immense., It was decided therefore to try

to devise a more delioate method of estimating the vasopressic
activity of plasma, in the hope that differing levels in health and
disease might yield helpful information.

By paper ohromatography & peptide containing at least twelve
amino-anids has been extreried frox eight different commercial
posterior-pituitary preparations. This peptide hll strong anti-
diuretic sctivity and when the sclutions are divided into their
component parts it is the only part of these extracts possessing
this property. It probably is or contains the antidiuretic
factor.

The "nephrotic peptide™ is present in the urine of cedematous
patients/



patients with such diseases as nephrosis, acute haemorrhagic nephritis
and pre-eclamptic toxaemia. On chromatography, electrophoresis end
hydrolysis followed by chrometography this peptide behaves like the
posterior-pituitary peptide; but on injection into rate it seldom
inhibite diuresis and may cause convulsions, probably due to phenol,
"Nephrotic peptide” was found in the urine of two normal people
after diuresis had been induced by nicotine and on injeection into
rats it caused convulsions.



A tentative suggestion that pituitary vasopressin might
contribute to the maintenance of ocedema and be exoreted es & peptide
in the urine having been mooted, it was decided to establish whether
an oxoess of vasopressic activity existed in the plasma of patients
with such peptiduria, Since the greatest amount of the "nephrosis™
peptide seemed to be present in urine from patients in the hyper-
tensive stage of acute glomerulonephritis plasma from eight such cases
was tested, In emch instance the blood yressure exceeded 125/95 mm.
of meroury and "nephrosis" peptide was present in the urine of each
patient. In no cese was & previous history of renal disease obtained.
Blood was removed from time to time during the course of the illness
and after the patient had been asymptomatio for some time.

Five millilitres of systemic venous blood were removed from
the antecubital vein of the patient and to this dlood 500 units of
heparin were added. The specimen was at once centrifuged for 10
minutes at 1500 revs./minute and the supernatant plasma removed and
chilled to 4°C. It was then packaged and despstched overnight to the
laboratory.* Control samples of plasma were obtained from healthy
children/

*The estimations of vasopressic activity of plasme from these eight
cases was made by Dekanski at Organon Laboratory on my request.



children of comparable age in a similar fashion. The pressor activity
otthoplmsuﬁuthﬂdﬂﬂntlwthm.!bmtn
vasopressin described by Dekanski (1952) and later by a modified
technique for angiotonin. Samples of plasma to be tested by the
latter method were treated with sodium thioglycollate to 0.01 molar
concentration for thirty minutes before assay began. The pressor
activity was at first measured against International Posterior
Pituitary Lobe Standard and later against Solution Angiotonin.
Throughout this book the term “ocat unit" is used to refer to the
"Eli Idlly" cat unit of angiotonin defined as followss-

*The standard preparation is & vacuum dried powder thirty

microgrammes of which are designated as one unit. It corresponds
approximately to that amount which produces a rise of roughly
30 = 50 mm. in the bdlood pressure of the pithed cat. OCreat difficulty
is experienced in standardising because from animal to animal and
moment to moment angiotonin does not give comparable pressor responses
to any other known pressor agent." This unit is one tenth of that
proposed by Braun-iienéndes and other South American workers since
4 Iilly oat units oan be derived from one millilitre of plasma
whereas 0.4 (Braun-Menéndes) units are produced by & like amount.
The Braun-Menéndes unit of angiotonin is that which produces a rise in
carotid dlood pressure of 20 -~ 30 mm. of mercury in an average chloral-
osed dog weighing 10 kg. (O.M. Helmer, personal communication 11.9.53.)

A qualitative expression of the various types of response obtained

when/




when plasma is injected intravenously into the rat is given in

Figure IX: The response to O.4 ml. of plasma from a control subject

(A) was little greater than the response resulting from a like quantity
of normal salines the response from O.4 ml. plasma of a patient with
acute nephritis and hypertension (B) is greater and markedly asugmented
when the plasma has previously been retained for twelve hours at 37°C.

This simple visual comparison gave way to a four point method
of assay in an endeavour to obtain absolute values capable of valid
comparison. Injections were given in a series of groups of four, each
group consisting of & high and a low dose of the known solution
(vasopressin or angiotonin) and two differing volumes of the plasma.
The large dose was generally double the small dose and the oxrder of
injection was varied from group to group. In Figure X quantitative
comparison of the pressor activity of plasma from a hypertensive patient
and Solution Angiotonin is produced. By measuring such recordings an
approximation of the absolute qusntity of pressor activity ocould bde
arrived at by calculation (Arneil and Dekanski, 1954).

The vasopressic activity of the plasma from these eight patients
ranged from 51 - 118 cat units per 100 millilitres of plasma. These
values are shown in Table II which also includes results obtained from
plasma derived from these same eight subjects when restored to health
and normotension. A mmber of samples from normal children were
similarly assayed and these results are also shown.



FIGURE IX

Pressor Response to Various Injections of Plasma.
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FIGURE X

Quantitative Estimation of Pressor Activity in Plasma.
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A = 0.2 c.u. angiotonin NS = 0.5 ml. normal saline

B = 0.1 c.u. angiotonin P = 0.8 ml. normal saline

C=0.32 ml. plasma TA = vasopressically active plasma
+ thioglycollate

D = 0.16 ml. plasma TS = angiotonin + thioglycollate



ZABLE II

Vasopressic Activity of Plasma Samples Expressed
88, Cat Units (1411y) per 100 mle

———

Acute Nephritis Group Healthy Children

During After
Hypertension L Recovery
55 <10
61 <10
67 <10
51 10
56 <10
118 <10
62 <10
57 10

-

<10
<10
<10
40
<10
<10
<10
10

DL OREFUN - i
DI ARV -

The vasopressic activity in pathological plasma seemed to be greatest
during the acute stage of the illness when hypertension, oliguria and
oedena were most marked. This synchronism in four patients is
illustrated in Figure XI: such parallelism may de coincidental and
reflect a common relationship to the onset and course of the disease
rather than a direot relationship bdetween blood pressure and plasma
vasopressic activity.

The absence of detectable pressor activity in plasma removed from
healthy children is recorded in Figure XII. In a few instances
unexplained vasopressic activity was noted in plasma from such children.
For this reason the absence of vasopressic activity in plasma from
formerly hypertensive patients was established in each case in an

endeavour to preclude misleading results (Table II).



FIGURE XI

Relation of Systemic Blood Pressure and Plasma Pressor Activity
in Four Cases of Renal Hypertension.
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Note that the fall in blood pressure approximately parallels the
decrease in plasma vasopressic activity, possibly due to a common
relationship to the disease process.
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FIGURE XII

Pressor Responses to Samples of Normal Plasma.

FIGURE XIII

Pressor Responses to Vasopressin

29

AS = Angiotonin
2 c.u./ml.

P, = Plasma 1
P, = Plasma 2

All figures refer
to ml.

A = 0,4 ml., normal
saline

B =8 milli-units
vasopressin

The smoked drum
is not moving
continuously.



There seemed little doudbt that the systemic venous blood from
these patients in the hypertensive phase of acute nephritis possessed
considerable vasopressio activity. Thies pressor activity could not
have been due to adrenaline, noradrenaline, iso-amylamine, piperidine
or nicotine since the actions of these substances are blocked hy
dibensmine treatment of the rat preparation (Dekemski, 1951). The
rise in blood pressure produced by vascpressin is more sustained and
presents a quite different pattern (o.f. Fig. IX and Pig. XIII).
Furthermore, if the plasma was treated to 0.01 molar with sodium
thioglycollate for thirty minutes prior to essay no alteration ococcurred
in the pressor activity (Armeil and Dekanski, 1954). The pressor effect
was therefore not due to pituitary vasopressin which would be rendered
inaotive by this treatment. A

Other vasopressic factors which ocour in fresh plasma are the
vagotonins, of which the most important is serotonin (S-hydroxy-
tryptemine) (Rapport et al. 1948; Rapport, 1949). This substance
exerts a depressor sction on the blood pressure of the dibenamised rat
(Dekansld, 1954) and would, consequently, tend to mask vesopressic
activity rather than produce it. The possibility that the plasma
pressor activity might be due to hypertensin® was then considered.
Solution Angiotonin was obtained (through the courtesy of Messvs,

Ki Lilly & Cosy who flew supplies in from the United States when none
was availsble in this country) and the pressor effects of this compared

with/

*Throughout this text "hypertensin” is used to refer to the end product
of the action of renin on hypertensinogen in vive or in vitro and

"angiotonin® to refer to Solution Angiotonin (Idlly).



with hypertensive plasma. Similarities were observed and solutions were
noted to produce a rapid but evanescent rise inllood pressure: to be free
of tachyphylaxis and to resist treatment with sodium thioglycollate..

At this point the mensurations made by Dekanski were repeated by
me at The Royal Hospital for Sick Children, Glasgow, Divergent results
were at once apparent; the plasma from the same eight patients (taken
off during the hypertensive phase and retained et 4°C meantime) was not
found to have the seme excess of pressor activity which Dekanski had
noted. It seemed that either the plasma had lost its vasopressic power
or had failed to gain it. One possible explanation was that the
activity had been augmented in vitro during transference through the
post to the outside laboretomy. A specimen of suoh plasms was there-
fore divided in two parts; one was retained at 4°C and the other at
37° for twelve hours. The results of this test &re shown in Pigure IX
and show the acquisition of hypertensive potency.

At this stage of inveatigation the possibility that plasma from
patients with renal hypertension might contain an excess of renin which
would act in vitro on plasme hypertensinogen under suitable thermal
conditions and thereby produce an excess of hypertensin began to
receive serious attention. In this disease the levels of hypertensinase
and of hypertensinogen in the plasma have been shown to be within
normal limits (Haynes and Dexter, 1945a & b). It was appreciated that
other similar pressor systems might exist and it was decided to
investigate fully the properties of plasma from normal subjeots in this

respect. wl’/



Consequently the experiments described hereafter were underteken. In
order to appreciste the pointe involved a lmowledge of the renin/hyper-
teneinogen pressor system is essential and an cutline is given belows

Since 1898 when Tigerstedt and Bergman reported pressor activity
in saline extrects from kidney substance the poseidility that a
humoral factor might ceuse hypertension in humen patients haes attracted
attention. Attempts to elucidate the point were ineffectusl until
1934 when Goldblatt and his co-workers clearly demonstrated thet
continued renal ischaemia was followed by hypertension in dogs. The
simple and reliadle techniques which they devised gave & new impetus
to research work on this sudject in the experimental animal. The
idea of producing ischasmia by restricting the renal afferent blood
flow is not new and Katgzenstein is reported as having noted slight
elevation of the blood pressure of dogs following this procedure as
long ago &s 1905. Bridguen end Herose (1918) failed to confirm this
finding following acute unilateral renal ischaemia but drew attention
to the important results which might ensue when prolonged renal ischaemia
was experimentally produced.

Goldblatt's technique had been applied to other mammals such
as monkeys, rabbite and rats (Coldblatt, 1937; Pickering and
Prinsmetal, 1938e; Kempf and Page, 1942). It therefore secemed
highly probeble that some such system existed in man and the search for
evidence of a renal-pressor mechanism was continued.

In the experimental animel it was shown that this rend-pressor

system/




system was humoral in type and exhaustive investigetions were

carried out. The mechanism appears to be as follows, (although leock
of oompletely pure test substances has delayed final proof): Renin is
& protein-like substance present in normal kidney, the factor which
Tigerstedt and Bergman had postulated in 1898, Renin msy be prepared
as & powder from animal and human kidney extracts and different
methods have been employed. The most useful methods seem to de
thise descrided by Dexter, Haynes and Bridges (1945) and Heas,
Lemfrom and Goldblatt (1953a). Renin is thought to act on plasme
hypertensinogen $o produce the active peptide, hypertensin, which is
rapidly destroyed, the rate of destruction depending on the smount of
hypertensinase present in the plascma, The level of hypertensinase
varies greatly in different species and is low in the plasma of men
and present in considerable gquantities in his kidneys. Mufiom et al.
(1939) ave said to have been first to suggest the ensymatio nature of
renin and this suggestion has deen amply confirmed (Haas, lLamfrom and
Goldblatt, 1953b). The level of renin in plasma may be measured
directly by intravenous injection (Pickering and Prinsmetal, 1938a)
or by & variety of indirect methods (leloir et al. 1940a; Page,
194083 Dexter, Haynes ani Bridges, 1945). Renin from different
species of animals varies in specificity and seversl different
fractions of renin have been shown to exist (Haas, Lamfrom and
Goldblatt, 1953¢). The blood pressure response to renin & slow in
onset, is prolonged and tachyphylexis ocours (Piokering, Prinsmetal,
1938; Blacket/



Blacket et al. 1950). Hypertensinogen is normally present in the
plasme in considereble quantities and is readily available for the
renction (Plentl and Page, 1943a). The source of plasma hypertensinogen
is the liver (Page et al. 1941) and the level circulating seems to
regulate production. It is found as & component of the alpha~P-
globulin fraction. Vearious methods of assay are availeble but that
of Haynes and Dexter (1943) is widely used.
'y Hypertensin (Angiotonin) the resultant of the interaction of
renin and hypertensinogen consiste of at least two polypeptides with
vasopressic aotivity (Skeggs, 1954). It is diffioult to purify and can
only be identified by bio-assay (Page and Helmer, 1940; Page, 1942;
Houssay and Taquini, 1938z and by Braun-Menéndes et al. 1940; and
Dexter ot &l. 1945). The unit of measurement veries with different
workers but there ie general agreement that tachyphylaxis does not
occur when it is injected to the experimental animal. The unit which
heas been adopted in this work is the cet wnit (Eli 141ly) (see sbove),
I% is thought that hypertensin injected intravencusly into man
produces peripheral vesoconstriction and reduction in the cardiasec
output (Bredley and Parker, 19413 Wilkine and Duncan, 1941),
Furthermore constriction of the efferent arteriole ccoure as judged
by the rise in glomerular filtration rate and fall in renal blood
flow (Corocoran et al. 1540). The polypeptide conteins at least
five amino scide (glyeine, alanine, leucine, aspartic acid and
glutamic meid) and five others may be present (histidine, arginine,

lysine/




lysine, tyrosine and threomine). (O.k. Helmer, persenal comsunication
154104534 )

Attempis to demonstrate an excess of hypertensin in eyestemic
plasme from & humen pstient with hypertension have not been convineing
and thisy the final proof, ie yet $0 be obtained, Nevertheless indirect
ovidence acoumulates: partial coclusion of the wenal pedicle hes
boen attempted (Quimby et al. 1345) and & clinical counterpert producing
hypertension in nephroptosis descrided by lieCann and Romensiy (1940d).
The most convineing finding however hes been the beneficial results
obtained following nephrectomy in patients with unilaterel renal
disesse and hypertension (Langley and Platt, 1947, and Pickering and
Reptinstall, 1953)«

It 4s clear that no method of estimation of hypertensin, using
animals such as the cat (Dexter et al. 1545) is likely to be
sufficlently sensitive %o detect the small rise per unit volume of
plasma which is likely to be present in & human patient with hyper-
tension. Thus an inorease of one cat unit per ml. of plasme would
reyrosent & rise of 5,000 cat unite in the total plasme volume of
& human. It soems moet improbeble that a rise to suoh levels would
ever ooours ' ‘

For this reason it seemed prudent to seek & more sensitive method
of wemsuring hypertensin, The sensitive method of bio-aseey for
pituitary vasopressin which hed been described by Dekanski (1951)
is well cetablished and it seemed to me that & similar method could

be/



be used to measure Solution Angiotonin. At this peint Dekeanski,
et my request, began to try his method on some Anglotonin (Dekanski,
1954) supplied by me and the investigstions now desarided were

carried out synchronously by myself at the Roysl Hoepital for Sick
Children.

METHODS USED IN THE ASSAY OF ANGIOTONIN

—

Hsteriale Mmployed

Rats: Male albino rats of the Glaxo strain yerying in weight from
240 -~ 320 g. were used exclusively.

prepeved by dissolving 5 mg. in os1 ml. 95 per cent ethanol
mede faintly acid (epproximetely 0.05 ¥) with sulphuric scid
and then diluted to 5 ml. with normal saline. This sudbstance
was not easily obtained dut Messrs, Smith, Klins and French
kindly supplied & small amount,

Heparin: (B.P.) The "Boots"™ preparation (200 u per 100 g. body
weight) was employed made up to 0s5 ml. in normal saline,

Urethsner The British Drug Houses preparstion wes used, 25 g
being dissolved in 100 ml. of distilled water. 175 mg. per
100 g. body weight was injected suboutaneously into the rats.

Yssopressine  Internetionel Posterior Pituitary lobe stendard,
100 meus/mls of normal mede wp to 1 ml. normal seline was

used/



used as a control substance.

Solution Angiotoniny This was supplied by Dre O.M. Helmer, of Hli
IAlly Research Laboratories, U,8,A, vhen no source of the
substance was available in this country. But for his sssie~
tance this section of the work would not have been possidle.
The substance arrived in sclution containing 10 cat units per
ml. and was diluted in normal saline or plasma to a strength
of 2 ocat units per ml. for assay purposes,

Sodium Thioglycollates This was prepared by adding 0.35 ml. of
thioglycollate aeid to 0.42 g of NaHCO, in 4 mls of distilled
water and meking up to 5 ml. when effervescence had ceased.
Sodium thioglycollate solutions of vasopressin, angiotonin
and plasma to a total concentration of 0.1 or c.o! molar
end the mixtures left for varying periods before testing.

Mioroburetter A 2 ml. microburette with reloading thietle funmel
attachment was employed. This delivered accurate volumes of
normal saline rapidly and repeatedly into the femoral #gin,
via fine polythene tubing.

Mancmeters The success of the method devended largely on the
nanometer employed. This was designed and budlt by N.E,
Condon, The Department of Physiology, University of Edinburgh,
It consists bdasiecally ofa U tube with a droad buld st one side,
80 that the surface area of mercury therein is infinitely
great ocmpared to the capillary tubing on the recording side.
The/



The upper part of the duldb contains normal saline which is

in direct, air-free contact with the intre~arterial blood

of the rat. The capillary tube has a float and on top of this
& stilette. By this device the sensitivity of the recording
apparatus is doubled and a direct reading of pressure increase
obtained, as opposed to the conventional U $ube mancmeter
(Hc-m)-

Method of Assay

The stock solutions having been prepared as above, the albino
rat received a suboutaneous injection of urethane, When suitably
ancesthetised a median incision was made in the neck and & polythene
tracheotomy tube inserted (Fig. XIV and Fig. XV). The carotid
artery on one side was dissected clear, three ligatures passed loosely
round the vessel and the wound covered with a warm saline pack. The
right femoral vein was then exposed, the deep dranches ligated and a
fine drawn polythene camnula leading from the mioroburette and
containing normal saline was tied into the vein. 200 units of heparin
per 100 g. of rat wore immediately injected intravenocusly through a
rubber cuff attached to the cannula and washed in with 0.2 ml. of
saline from the burette. The cannuls haying been firmly tied in
place, the wound was closed.

The carotid artery was ligated as far distally as possible
and the proximal part clamped by & fine arterial cleamp. Using
iridectomy scissors a small incision was made in the vessel wall and

o/



FIGURE XIV

Method of Bioassay

-

FIGURE XV
Rat Preparation in Detail




a8 drawn polythene cannula containing normal saline and in direct
continuity with the manometer was inserted and tied in place with

two ligatures, The saline was kept flowing slowly but contimuously
%0 preclude the introduction of air bubbles into the hydraulic system
with resultant loss in sensitivity. The tube running from rat to
manometer was then connected with the reservoir to make the hydraulie
pressure in the system approximately equal to that in the rat's
arterial oiroculstion and thus prevent blood lose. The arterial clamp
was then released and the stilette at once began to oscillate with the
pulse of the rat.

Successive doses of dibenamine (each of 0.5 ml. of the standard
solution) were given until the blood .wnm settled at about 50 mm.
of meroury. The rat preparation was then tested by intravenous
injection of standard sclution and of normal saline. The work of testing
unknown solutions could then commence., After each injection through
the rubber collar the dose was washed in with 0.2 ml. of normal saline
from the burette.

Exeliminary Observations

When Solution Angiotonin was injected into the prepared rat it
became obvious that a rise in bdlood pressure resulted. This reaction
was compared with standard pituitary vasopressin and the following
observations were mades-

(a) The response to Solution Angiotonin was more rapid and much
more transient than that of vasopressin (Pig. XVI).
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FIGURE XVI

Pattern of Pressor Responses to Angiotonin and to Vasopressin.

MoAs,
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ANGIOTONIN.

50F

VASOPRESSIN.

The upper part of the tracing shows the response to O.4 cat units
angiotonin; the hypertension is largely over after two minutes.
The level is basal in three minutes. The response to 8 milli-units

of vasopressin, on the other hand, persists for seven minutes.
These are continuous tracings.



(b) The pressor effect of Solution Angiotonin was not altered by
standing for one hour after sodium thioglycollate had been added
%o 0,01 molars The pressor effect of vesorressin was abolished
by this treatment (Pig. XVII, Fig. XXVIII and XXIX).

Successively larger doses of Solution Angiotonin were them injected
sequentially into the rat. The intrinsic order of such series of
injeotions was usually varied but Figure XVIII shows & simple
aritimétio progression in dosage. The volume of all injections was
equal, From this tracing a straight line graph has been drewn
relating the response (rise in dlood pressure expressed in mm. of
neroa’y) to the log-dose. During the course of such experiments it
became clear that tachyphylaxis did not coour, uwp to at least 30
injections. These observations were then utilised to provide a four
point quantitative method of assay based on the methods of
calculation suggested by Holton (1948) for vesopressin. A series
of groups of injections was given, each group consisting of & large
and & small dose of the stendard and the unknown solution. In each
case the large dose was twice the potency of the small and all
injections were made up to a standard volume with normel saline,
Three to five minutes elapsed between sach injection, and the group
of injections wes repeated four times, varying the intrinsic order in
each group (e.g. ARDC, ACDB, DCAB, CDBA) es shown in Figure XX. The
values for the elevation in bdlood pressure resulting from such an
injection, expressed in mm. of mercury were then obtained.

The graphic results of such a four point assay are shown in

Figure/




FIGURE XVII

Pressor Responses to Angiotonin and Vasopressin with and without
Added Sodium Thioglycollate.

A = 8 milli-units vasopressin
B = 0.2 cat units solution angiotonin

+ T.G.A. = following retention at 0.1 molar sodium thioglycollate
for one hour

b5



FIGURE XVIII

Pressor Responses to Increasing Dosage of Angiotonin,

100

C = Ou4 ml., normal saline

1, 2’ 3, L}’ 5 = 001, 002’ 0.3’ OQLI- arld 005 oat units Of angiotonin
made up to 0.4 ml. with normal saline.



FIGURE XIX

Relation of Pressor Responses (mm./Hg.) to the Logarithm of the
Dose of Angiotonin Producing Same. -

mm./Hg.
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Vertical scale refers to rise of blood pressure (mm./Hg.)



FIGURE XX

Quantitative Comparison of Unknown and Standard Pressor Solutions.

& 0.8 c.u. angiotonin.
& Oo4 ml. of "unknown "solution.

FIGURE XXI
Graphic Resolution of Results Shown Above.
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U = unknown solution. S = standard angiotonin.
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Figure XXI. From these data, M (the difference in log-dose of
control and etandaxd producing @& like vasopressic response) was
measured graphically and found to be 0.153+ The ratio of
standard to unknown = R = antilogarithm M

o.o‘ = ’bm
Allowing for the volumes concermed the unknown is measured graphically

to contain the equivalent of 2.844 cat units of angiotonin per ml.
In actual fact this "unknown" sclution contained 3 cat units per
ml., an experimental error of 5 per cent.

Unfortunately the arithmetical calculetion of results is by no
means simple. The values obtained from the experiment shown in
Fig. XX were as followe:

Volume of
Injection
Solution | (ml,) 1021 31 & [Swm | Neen
A Ouh cous | Standard 0.5 9| 8| 9|1 36 9
B 0.2 mls | Unknown 045 122 |13 |13 | 13 51 |12.75
C 0.8 cous | Standard 0.5 16 |15 |17 | 16 64 16
D Oy mls Unknown 0.5 19 18 21 20 78 19.5
5 |54 |60 |59 | 229

The statistical methods of Holton (1948) were adopted in the
following fashion.

Statistical Methods.

By the null hypothesis (Schild, 1942) eince there is no
difference between the standard and the unknown substance, standard
1



mummm-oummu in Table XI

oe ¥ = 0,158
The ratio of unknown to Standard (R) = antilog. M

oe i. antilog. 0-',‘ = Yol

Therefore the ratico of the dose of unknown to that of standard

(2 ocat units/ml.) is Te44 to 1,00 and the unknown solution contains

the equivalent of 2,80 cat units per ml. It has been seen that in
the error in

variation are shown in Table III. The sum of squares of
deviations of all the ocbeervations from the common mean, which is
the total sum of squares, is 251.44 in this example.
#hen the sum of squares due to known causes have been

subtracted from this total sum of squares the remainder is the

LR



of assay. The remainder, divided by ite nine degrees of

freedom gives the variance of an individual observation socording
%o the usual formula for standard deviation. In this estimation
the residual sum of is 4.,0625. (This has nine degrees of
freadom because from (n-l) i.e. 15, 6 must be sudbtracted to allow
mmhmnmuofmums

3. Varience, S°y = Ouh514

These results are displayed in Table III below in which F
represents the variation ratio, e.g. for the deviation from

parallel
Fe

~RABLE 111
. ress ”
Jource of Sum of Degrees of
Variation Squares Freedon Variance b 4 P J-J
Between
groups 566875 3 1.8958 | 1420 |.01<p<08]
Between
unknown and
standard ”OM 1 525625 11644 40,001
Between high
and low dose
(regression) |[189.0625 1 189.,0625 | 418.8 <0+001
Deviation from
parallel 000‘” 1 000‘” 0.14 >e20
Error of
assay 40625 9 0.4514 - -
.——-——F——-L-,,,., — o -
of squares 2514375 15 - - -

—rt

A table (Fisher and Yates, 1948) of Fforny = 1andn,e9

(vhere/
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(m-,m%mtuawamroramnzmmw
and error variance respectively) gives p >0.20. This means that

The standard error of ¥ may de cobtained by applying Schild's
formulas=~

(4= ( logs high dose ~ log: low dose ) ).
s% « . 0
ﬁ; 2:;”.; 0.0002765

SN « ,/0,0002765 = 0.0165

ms%mnuudlmﬁ(hxﬁ)ﬁ-mtu
& value obtained from tables by the degrees of freedom applicable to
the error sum of the squares. In this example it is ¢ = 2.262.

Je Fiducial limite of M = 041585 0,0375 = 0,120 « 0.196
R« antilog. M % limite for R = 1.322 - 1.572

These caloulations depend on the relationship of log-dose and
pressor response being exactly linear: This is probably true only
within & limited range. In practice valuee from 0.10 to 1,00 cat units
woere found to be a satisfactory range of dosage for this rat prepar-
ation,

The methods employed and results obtained closely accord with
those parallelly obtained by Dekanelki (1954). The sensitivity of
the/



the method appeared qv.v'.ﬁo satisfactory and vasopresaic activity of
Oel oat unit ocould ecasily be differentiated, Since this was much

more delicate messurement then any rreviously desorided it seemed

possible that it might prove of value both in the standardising of
solutions and in measuring much emaller amounts of activity than hed
hitherto been possible. This hope proved short-lived for in 1954

Picarelli and oo~workers described & much easisr method which would
disoriminate activity less than one twentieth of a cat unit. If the
claims for this guines~pig ileum method are substantiated it will

doubtless be ;referred, since it is so very much easier to perform.
It is ironical that an almost identical technique %o this had been
qualitetively employed by me during the course of this work in the
differentiation of angiotonin and activated plasma (see later) but

not used for quantitative estimations.

DEVELOPMENT CF VASOPRESSIC ACTIVITY IN PLASMA FROM NORMAL

SRR ST e | -

During the course of these investigations it had been noted on
occasions that plasma derived from apparently normal subjects possessed
unexpected and wnexplained vasopressic activity when tested in the
dibensmised rat (Arneil and Dekansicd, 1954). An attempt to investigate
the source of such activity wes uniertaken as follows.

Mothods
Ten male and ten female subjects aged from T to 4O years and in

good/
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good health were selected. Systemie venous blood was removed by syringe
uwomu«um(u&u)m»mmnnmotum. The
blood was spun immediately at 1500 revolutions per minute for fifteen
minutes and the supernatant plasma removed end chilled te 4°C, During
the course of various experiments this plasma was inoubated; on such
cccasions inoubation wes at 37°C ani the plusma was therafter chilled
to and retained at 4°C s before. The vasopressic sctivity of these
plasma samples was tested by injection into the dibenamised rat, using
the methods desoribed in the foregoing chepter.

Eesults

The plasma from each of the twenty normel subjects was
divided into two partes one portion wes chilled to 4°C at once and
the remainder retained at 37°C and then cooled as before. In each
msmummmmmnuwuﬂum
vasopressic sctivity than an equivolumetric injeotion of normal
saline whereas that which had bdeen incubated possessed maried vaso—
pressic sotivity. Qualitative illustrations of this happening arve
shown in Pigures XXII and XXIII. CQuantiative measurement was
essayed using Solution Anglotoniny this proved unrelisble (for
rossons given later) and only approximate mensurstion could be mede.
Vevertheless it may bhe stated with confidence that the plasma from
each of these twenty subjects acquired a level of vasopressic
activity considerably in ecxess of the equivalent of 100 cat unite
of sngiotonin (Iilly) per 100 ml.

An/
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FIGURE XXII

Preseor Responses to Saline and to Normal Plasma Retained at
u C and 37 C for 12 hours Respectively.

Mm/“’. C = 0¢4 ml.

normal saline

g: Os4 ml. of
"normal"
plasma prev.
retained at
temperature
indicated for
12 hours

C & 37°

Pressor Responses to Further Samples of Plasma Retained at
L °% and 37 C for 12 hours.

Mw/ Hq.
80

A) Plasma from

Bg = 3 normal

C controls

A' = 001-]- C.U.
angiotonin

S0

© 3 L 31° 1 31° A

A 8 C

This tracing derives from a 300 g. rat which proved much
less sensitive to the vasopressic agent than the 240 g. rat

used in Figure XXII.



An attempt was then made to assess the rate at which such
vasopreesic activity was gained and further semples of plasma were
obtained and incubated for varying periods. Figures XXIV and XXV
illustrate the results obtained in two typicel cases; activity wes
marked within six hours, maximal by twenty-four hours and when
incubated for longer periods activity diminished rether than increased.
These findings were confimed in six samples of plasma, It was noted
that plasma could de incubated and then chilled, or chilled and them
inoubated, or chilled, incubated and then chilled once more and yet
retain its acquired vasopressic activity. Thie property persisted
mmnwmnt.‘o.

“hen sequentially larger smounts of activated plasma were
injected into the rat the resultant alterations in blood pressure
ccourring are shown on Figure XAVI. Graphically these resulte
suggest & straight line relationship between rise in blood pressure
(mm, /bge) and log-dose (Fig. XAVIL) euch @s might result from the
presence of a pharmacologically active substance.

The cause of such development of vesopreseic activity was
uninown and no account of comparable findings were to hand. The
substances most likely to be responsible seemed to be the adrenalines,
the organic amines, the vasotonins, pituitary vasopressin or hyper-
tensin. The rat preparation used excluded the sction of some of
these substances., Thus pressor activity could not have been due to
adrenaline, nor-airenzline, iso-amylamine, tyramine, piperidine or
nicotine/

2



55
FIGURE XXIV

Pressor Responses to Plasma Stored at 3700 for Varying Periods.

mnm/'ﬁ}

0) refer to injection

q0 6) of 0.4 ml, of
i 12) normal plasma 2
4 24 ) retained at 37 C
for 0, 6, 12 & 24
70 hours respectively.
-
50 -

O 6 R 24 O

FIGURE XXV

Pressor Responses to Plasma Stored at 37°C for Varying Periods.

M. /Hg
100 +
75 T

°0 -+

O 12 24 48 A a

0, 12, 24, 48 = no. of hours at 37°C before injection of 0.4 ml.
pl asma.,
Aa = 0.8 & 0.4 c.u. solution angiotonin respectively.



FIGURE XXVI

Pressor Responses to Injections of Increasing Volumes of Active

1y 2y 3y 4y & 5 refer to injection of 0.1, 0.2, 0.3, O.4 and 0,5 ml.
of plasma respectively.

FIGURE XXVII

Graphic Resolution of Results Shown Above.
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IN 30 ¢
B.P.

Mm./ Hg.
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(Dekansii, 1951, 1952)s Furthermore, the vasotonine (( of whioh
serotonin (S-hydroxytryptamine) is the most important)) have &
depressor effect on the blood pressure of the dibenamised ret and
should therefore mask rather than produce pressor effect (Dekanski,
1954). The pressor effects of pituitary vasopressin and the active
plasma factor were then compared, Differences were at once upparents
The duration of the pressor response to vasopressin in saline or in
plasma was much longer thean that of active plasma (Fige XXVIII) and
prior treatment to 0,01 molar with fresh sodium thioglycollate for
30 minutes virtually abolished the activity of vasopressin whilst the
activity of plasma was not affected meterially (Fig. XXVIII and
Pige XXIX). For these reasons it Mthn plasma pressor activity
was not due to pitultary vasopressin.

As in the oase of plasma teken from hypertensive patients with
acute nephritis it was considered possible that the substance concermed
might be hypertensin derived from the ensymatic action of renin on
hypertensinogens which is groater at 37°C than at 4°C. When carveful
comparison was made however several minor differences came %o be
noted,

The first of these was a difference in the charscter of the
olevation of blood pressure produced. Vhen active plasma is injected
_ the rise in blood pressure is very rapid, a sharp peak is followed
by an immediate fall with a shofildefing effect as the pressure nears
normal levels once more. This characteristic appearande is seen to

w




FIGURE XXVIII

Pressor Responses to Vasopressin, Angiotonin and Active Plasma
+ 30 Minutes Treatment to 0.01 Molar with Sodium Thioglycollate
{Continuous Tracing).

S MINUTES INTERYALS

8 milli-units vasopressin in plasma
O.4 c.u. angiotonin in plasma

ADH
A o
AP O.4 ml. plasma after 12 hours at 37 C

FIGURE XXIX

Pressor Responses to Vasopressin, Angiotonin and Active Plasma,

A = 8 milli-units vaso-
pressin

B = 0.4 c.u. angiotonin

C = 0.4 ml. plasma after

6 hours at 37°C

+ T.G.A. indicates prior

30 minutes

+TG.A.

treatment to 0.01 molar
sodium thioglycollate for



advantage in Figures XXIII, XXIV end XXV. 'hen angiotonin is
injected the rise is less rapid and the high level meintained for &
longer period befere the steady fall to the daseline ensues (Fig.
XXV and Pig. XXXII.) Mumum of difference were gained
when employing the standard method of recording alterations in
bioed pressure (i.e. with the drum stationery during the rise and
during the lattar part of the fall). DBy this method more readings
may be recorded in & shorter length of trecing. When this
difference in pattern was being studied it was decided to compare
continuous tracings and this has been done in Figures XXVIII,

XXX and XXXI. The difference of the pattern of response to esctive
plosus and angiotonin ies quite clear, With a little experience the
pattern of these pressor responses may be recognised visually with
comparative ease. (See Fig, XXXIT),

The second obeervation pointing to & difference existing
between the two substances wes the fagt that the relstive
mathﬂi of the rat to these two sudbstances seemed to vary from
time to time and akimal to snimal. The fortuitous results of
errors in technique emphssised this point as follows. Incubated
plasma was being compared in activity with angiotonin when air
emboliem coccurred, & mot unusual mishap. Before this accident the
rat had been responding well to both vasopressic substances but
following the incident reacted to angiotonin and not to active
plasma (Fig. XXXII). A similar ocourrence was noted on two
sudbsequent occasions.

Thirdly/



FIGURE XXX

Pagtern of Pressor Responses to Plasma Previously Retained at
37°C for 12 hours, Fresh Plasma and Angiotonin.

ACTIVE PLASMA Nmw

FRESH PLASMA W

ANGIOTONIN ==

Each injection was of O.4 ml. The dosage of angiotonin was 0.4 c.u.
A and B refer to two different rat preparations; note the close
similarity of responses. In each case the response to active plasma
is more sharply peaked and more evanescent than that to angiotonin
(see also Figures XXXI and XXVIII).
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FIGURE XXXI

Pattern of Pressor Responses to Plasma and to Angiotonin.

S
S

0L
P

PLASMA PLASMA ANGIOTONIN

AFTER 12 HRS. AT 37%. AFTER 12 HRS. AT 4°C,

All volumes = 0.4 ml. The dosage of angiotonin used was 0.4 cat
units. The sharp peak and "concave" fall in blood pressure after
injection of active plasma is well seen. It is this characteristic
of the fall in blood pressure which produces the characteristic
shouldering (see Figure XXXII).
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FIGURE XXXII

Pressor Responses to Active Plasma and Angiotonin Before and
After Air Embolism.

M. /H,
100 +
75 1

50 -+

O 12 24 48 Aa O A 12 24

AIR
EMB OLUS.

10om1. of fresh plasma was divided into four parts, retained at

38 ¢ for O, 12, 24 and 48 hours respectively, and then chilled to

L C. 0.4 ml. of each sample was injected and then 0.4 and 0.2 c.u.
of angiotonin. At this time air embolism occurred and subsequently
the injections of "O", "12", "24" and of 0.4 c.u. angiotonin were

repeated.



Thirdly, following the suggestion of Gaddum (1955) that, when
in doubt about the identity or otherwise of twe factors, they should
be compared using a different method of assay. Angiotonin and
active plasma were compared using the isolated guinea~pig ileum
preparation in Tyrode's solution. The pattern of contraction was
quite different when these two substances were injected (Fig. XXXIIIX).
The contraoction produced by angiotonin was wmuch greater and of
longer duration than that resulting from & dose of activated plasma
which would have produced an approximately equal rise in blood
pressure in the rat preparstion. Furthermore, the contraetion of the
ileun was not muoh greater when incubated plasma was used than when
frech plasma was employed.

From these three findings it seems likely that this substance
is not identical to engiotonin, It is possible that humen hyver-
tonsin might vary elightly from that of lower vertebrates dut this
seens & very speculative hypothesis. For the same reasons angiotonin
is not 2 relisble standard by which to measure this plasma vaso~
pressic factor and any such quantitative mensurstion should de
accepted with reserve.

The work of Reid and Bick (1942a and b) drew attention to &
factor present in fresh gerum and old plessma which they found
caused contractions in the isclated ox carotid artery and guinea-
pig uterus. They considered thie substance to be derived from
platelet disintegration. IExperiments were carried out to compare
the/
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FIGURE XXXIII

Response of Isolated Guinea Pig Ileum to Perfusion with Various
Fluids.

M.
10O T

501

OJ.

A 37° 4

A = 0.3 c.u. angiotonin.
37"y 4 = 0.4 ml. plasma from nosmal subject retained for 12
hours previously at 37 C and 4 C respectively.



65

L]

the éffects of the plasma muor.suhnmo and the fagtor deseribed
by Reid and Biek in serum. Blood was withdramn and divided into
four partes the firet was allowed to clot and the serum removed;
the seocond was heparinised and centrifuged at 3,000 rev. for 30
ninukes o remove Shrosbocytes; from the thizd portion plasns was
removed by the standard method; and the fourth specimen received
Aventment siniise to $had aocisded $0 $h¢ Ahind bub 'was shaicen
vigorously with glass beads for JO minutes to encoursage platelet
digintegration.

Ho excess or vasopressic activity in the serum was noted
until it had been warmed to 37°C (Fig. XKXIV) for a period of hourss
The thrombocytopenic plasma developed vesopressic activity on
inoubation as befowe (Fige XXXV). The fourth specimen posseseed no
excess of vasopressio activity until inocubated (Fig. XXXVI). It
therefore seems that this vasopressic factor is not released during
bloed oiottm. is not dependent on the presence of & large sumber
of platelets, and is not produced when platelets break down in
large numbers. Foxr all these reasons it does not seem to be
identical to the factor described by Reid and Bick.

It seems therefore that human plasma will regularly develop
an excess of vasgpressic activity as tested in the dibenamised
rat when inoubated at 37°C. This activity is not caused by the
adrenalines, serotonin, pituitary vasopressin, engiotonin or the
faoctor of Reid and Bick. The exact nature of the substance
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FIGURE XXXIV

Pressor Responses to Samples of Serum.

.OO o Vertical scale
refers to blood

pressure of rat
(gm./Hg.)

L~y 37 refers

to the injection

of O.4 ml. of serum
retaingd at hOC

and 37 C
respectively for

12 hours prior to
injection.

50 F

z7°  L° 37

FIGURE XXXV

Pressor Responses to Thrombocytonormic and Thrombocytopenic
Plasma Samples.

PP,

75

3,000 Revs.

“o and 370 refers to prior retention at this temperature for 12 hours.
Each injection = O.4 ml., plasma. C = O.4 ml. normal saline.
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FIGURE XXXVI

Pressor Responses to Agitated Plasma.

P refer to the

JeOEZon of 0.4 ml.
of plasma, previously
shaken with glass beads
and retained at
temperature indicated.

= injection of

0.2 l Oul4 coure
angiotonin respectively.

Vertical scale = B.P.
in mm./Hg.

Horizontal scale = time
in 5 minute intervals.

Continuous tracing.

FIGURE XXXVII

Pressor Responses to 0.4 ml. Cerebro-Spinal Fluid.

ho and 370 refer to injections of 0.4 ml. C.S.F. previously
retained at this temperature for 12 hours. oFinal injection =
0.2 ml. of plasma previously retained at 37 C for 12 hours.



responsible is as yei unknown. Cerebro-spinal fluid does not
develop thie pressor activity when incubated at 37°C (Pig. XXXVII).

Since 1829 when the firet successful iransfusion of humsn blood
' mnﬂmh”hﬂ“ﬂlt‘hmo{msv&hu\h
thorapeutic messure has become widespread. The subsequent use of
oitrated blood (lewisohn, 1915) greatly inereased the scope of such
trestment, permitting indirect transfusion and storage of blood in
bank form. Furthermove, this led to the realisation that
corvuscles were not necessary to save the life of a man dying of
haemorrhage (Ward, 1918) and alternatiye fluid to whole blood
begen to be used, Plasma, which required no grouping, withstood
stuorage for longer pericds, and was capable of drying and
reconstitution, came to be regarded as of great value and proved
successful in the treatment of battle casualties, shoek,
Laemorrhage and burns. As more and more rapid rates of trans-
fusion came to be recommended (Creham, 1944, Harkins ot al. 1945)
some alarm began to be felt at the possibility of deleterious side
effects arising from alterations occurring in plasme constitution
during storage (Keynes, 1943).

Formal plasma retaine the capacity to develop vasopressie
sctivity on incubstion indefinitely when retained at 4°C amd thise
seemad to parallel the conditions preveiling when plasma is stored

in @ dlood bank preperatory to trensfusion, For this resson
samples/




samples of such plasma were obtained from the local blood bank
(thanks to the courtesy of the Director) and tested for vaso-

preseic activity.

Details of Material Used

Pight samples of plasma were obtained from the local blood
bank, The time which had elapsed between the removal of blecod
from the donors and vasopressic estimation varied from 70 to 258
days. The plasma had been prepared by a modification of the
process suggested by Maizele (1944) which is briefly as followss-

- 40O ge of kaolin B.P, is weighed into a wide-mouthed bottle
of 5 l. capacity. To this, 400 ml. of distilled water ies added
and well mixed. The addition of the water is necessary to ensure
efficient sterilisation of the keolin in the autoclave., The
flask is closed with a two-holed rubber stopper ﬁtxod with
suiteble glass tubing and is then sterilised at 121 C for one
hour. After pressure in the autoclave hes been released, 15 inches
of vacuum is applied in order to dry the kaolin as much as possible.
Plaspa (espproximstely L l.) iz withdrawn under aseptic conditions,
from 16 bottles of bloed into each of the kaolin bottles. The
pooled plasma and keolin are well mixed by repeated shalking during
15 minutes and then stored frogzen at -10 C for not less than 5 days.

omnmmforprom-m, the plasma is allowed $o thaw
at 4 O When ocompletely thawed out, it is gently mixed and allowed
to stand at 4°C for 24 hours to allow the kaolin to settle. The
supernatant fluid is firet clarified dy passage through asbestos
pads of clarifying quality snd then sterilised by passage through
eterilising asbestos pads in a frame filter. The sterile plasma
is filled aseptically, in 400 ml. quantities, into steri%o trans-
fusion bottless The processed plasma is incubated at 20°C in a
dark cupboard for 21 dayes. Defore issue each bottle is carefully
inspected for the presence of foreign bodies and dacterial or
fungal codamination. Plasma prepared in this way is clear and,
being practically free from fibrinogen and prothrombin, will not
form fibrin clots on storage for periods of about 4 to 6 months.




Results

Bach of the eight samples of plesma (which varied in age from
70 to 258 days) was found to contain an excess of vasopressic sotivity
when tested in the dibensmised rat. These results are shown
qualitatively in Figure XXXVIII. An approximation of the quantity
of pressor activity present revealed & range of from 120 - 210
cat ynite per 100 ml, plasma, It will bde seen that the pattern of
prossor response produced by the blood bank plasms is identioal
to that arising when fresh plasme is retained st 37°C for scme hours.
It sesms 1ikely thet the vasopressic aotivity develops in pard
during the period of 21 days when the plasma is retained at a
temperature of 20°C prior to bottling and this supposition is
supported by the experimental results shown in Figure XXXIXs

The vasopressic concentration obtaining in these samples
of plasme ere very oonsiderable in degree. It seemed possible
that plesma administered rapidly as an intravencus drip might
produce a phermacological rise in the blood pressure. The hypo-
thesis was tested experimentally in the following fashion. An
wm_mmqu'.uwmmm
pressure was being continuously recorded. Fresh plasma was then
infused at a rate of 0.25 ml. per minute for a period of four
minutess The animal was rested for ten minutes and the intra-
venous drip was repeated for & similar $ime, at the same rate
using bank plasme. Figure XL illustrates the results, showing

olearly/
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FIGURE XXXVIII

Pressor Responses to Injection of Various Samples of Blood Bank
Plasma and of Angiotonin.

C | 2 A 3 4 ‘\.(:L 5 €5 A ‘\| 7

1y 24 39 4y 54 6, Ty refer to injection of 0.4 ml. of various
samples of blood bank plasma with no previous incubation at

37°C.
C = 0.4 ml, fresh plasma,

Ay, A1 = 0.4 c.u. angiotonin from one of two control solutions
(A and A??T

Note that the sensitivity of the preparation lessened slightly
during the course of this experiment.



FIGURE XXXIX

Pressor Responses to Various Samples of Blood Bank Plasma

C = Injection of 0.6 normal saline

19y 29 3y 4 = Injection of O.4 ml. of plasmg prepared by blood
bank prior to retention at 20 C during processing.
A& B = Injection of O.4 ml. of plasma prepared by blood

bank after retention at 20 C during processing.

Note that the plasma (1, 2, 3 & 4) possesses considerable
vasopressic activity before being retained at 20°c. Samples
1, 2 and A are derived from one "pool" of plasma and samples
3y 4 and B from another.
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FIGURE XL

Pattern of Pressor Response to Continuous Intravenous Drip of (A)
Fresh Plasma and (B) Blood Bank Plasma.

DURATION OF INTECTION,

11111

== cm==a

LLCEESEERRTEEETRTRDTTEEEE

Duration of infusion = 240 seconds

Volume of infusion 1 ml.



clearly that the blood bank plasme ceuses & more rapid rise to &
higher level than fresh plasma, Such a rate of administration
approximates $o the administration of one pint of plasma to the

adult humen in 15 minutes (i.e. 35 ml, per minute). This rate is
mich slower than the 143 ml. per minute advocated dy Graham (1944)
and others (Keynes, 1949). It would seem, that if man is as

sensitive to this plasma factor as rat, then the rapid administration
of plasma may bo accompenied by s phammacologiocal alterstion of the
pattern of the rise in blood pressure. Neo continuous method of
observing human blood pressure is as yst sufficiently accurste to
make possible the direct measurement of this phenomenon if such in
fact ocours. 1t would superficially appesr that a vasopressic
property might in fact be of henefit to shocked and hypotensive
patients. Despite this bDenefit the fact that a fluid which is
frequently introduced in large quantities intravenously into very
ill patients contains a phammacologically active substance whose
exact propensities have not as yet been defined is a matter which
must give rise to some concern.

It would seem prudent in the light of this finding that the
question of exemining the exaet properties of stored plasme should
be raised once more.

A prensor substence develops in human plasma when it is retained

at/




et 37°C for a fow hours or at lower temperatures for & longer period.
This substance is unknown, but is not vasopressin, adrenaline, nor-
adrenaline, angiotonin, a vasotonin or a known vasopressic orgenic
emines It is present in excess in bdlood bank plasms, and ocours
more freely in the plasma of nephritic subjects with hypertension,
Various properties of the pressor sctivity are deseribed.
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PART 11

A SURVEY OF 164 CHILDREN WITH NEPHROSIS

but in the ligquid milieu

its element)

atmosphere Af it breathes, salt or fresh
intérieur scees “.m‘”“mu“m

(the

water Af that is
condition for freedom and independence of existence: the

mechanism which allows of this is that which ensures the
milieu intérieur the maintenance of all the conditions

"The living organism does not really exist in the milieu
necessary %0 the life of the elements.”

extérieur

Claude




The syndrome characterised by albuminuria and hypo-
proteinaemia is readily recognised clinically and is called
nephrosies This term nephrosis used by Miller (1905) has also
been employed by other investigators such as Volhard and Fahr
(1914), Munk (1918), Capen (1926), Bvens (1932), Farr (1942),
Galan (1949)y Allen (1952), Pishberg (1954) and Todd (1957).
mwhumw-amhmmutm
pretation has been placed on the meaning of the word. Other
synonyms such as tubular nephritis (Wolbach, 1930), lipeid
nephrosis (Block, 1948 and Schwarts, 1943), lipaemic nephrosis
(Hoymann, 1946) and oedematous nephritis (Rennie, 1947) have also
been employed. Ellis (1942) explained the nephrotic syndrome as
a second form of nephritis dut this over-simplification did
little to elucidate the problem and gave an impression of the
syndrome as occurring almest entirely in adults and having a very
high mortality rate, when in fact the syndrome is commoner in
children and relatively benign., The term "the protein loeing
kidney" used by Platt in 1959 also refers to this state.

Since so many synonyms are extent it is imperative that the
individual investigator should define the meaning of nephrosis as
used by him. The term "mephrotic syndrome" is used to refer to
all conditions in which the clinical picture of considerable

proteinuria/



proteinuria, hypo-albuminaemia, oedema and hyperlipaemia co-exist.
The underlying disorder may be one of a variety of diseases and
various causes of the syndrome may be outlined thus.

(1) Infantile Nephrosiss A familial disease, probably congenital
and always fatal, whose ocourrence is being recognised with
increasing frequencys.

(2) Toxic Nephrosisf Proteinuria following ingestion of a drug
such as gold salts, or tridione, or a poison such as corrosive
sublimate and hypersensitivity to bee stings or poison oak.

(3) Collagen Hephrosis: This arises during the course of
disseminated lupus erythematosus, anaphylactoid purpura and
polyarteritis nodosum.

(4) Renal Vein Thrombosiss This sometimes presents as nephrosis.

(5) Symptomatic Nephrosiss Associated with metabolic processes such
as amyloidosis or disbetes mellitus, infections such as

syphilis or neoplasia such as diffuse sarcomatosis.

(6) Post-Nephritic Nephrosist A very rare condition following some
time after an attack of acute glomerulo-nephritis and usually
with impaired glomerular function co-existent.

(7) "Hephrosis": This represents the bulk of all cases ocourring
during childhood in which no obvious cause is apparent.
Throughout this communication the unqualified term "nephrosis®
is applied to cases of the nephrotic syndrome which did not fall
into any one of groups 1 -~ 6.

U000 3 0 N8



Eaterial

The children were admitted to the Royal Hospital for Sick
Children, Glasgow, during the period 1929 - 1957. Their medical
care throughout this period was under the supervision of one of
three senior paediatricians giving a reasonable degree of continuity
and comparability of diagnostic oriteria throughout. Children
with the nephrotic syndrome and falling into groups 1 - 6 as
described above have been excluded and the four cases of
infantile nephrosis are described elsewhere.

There remain 164 children who were admitted with nephrosis.
Bach one of these oasés has now been traced. Ninety-one of the
102 survivors have been examined here and the remaining 11 examined
on my behalf at various ciinice in England, Africa, Asie, Australasia
and the Americas. Sixty-two patients have died and the medical
practitioners responsidle for their care and for certifying the
causes of death or carrying out post mortem examinations (where
applicable) have been interrogated, or the relevant reports
scerutinised. Reasonably accurate assessment of the cause of
death has been possible in sach case.

The hospital records of these patients are extensive and
give a detailed history of each patient and the Pesults of the
physical examination on admission to hospital carried out by a
Junior and a senior paediatrician. Where possible the daily
volume of urine passed by each patient was recorded together with

the/



the protein content therein (Bsbach method). Patients were weighed
regularly and the blood pressure recorded by sphygmomanometry.
Biochemical investigation included routine investigation of the non-
protein nitrogen (N,P.N.) level in blood and the serum protein level,
Fractionation of serum proteins was carried out by chemical means
(after Howe 1921) and/or electrophoresis (after Cremer and PTiselius,
1950). Blood cholesterol levels were measured by chloroform extraction
in 144 children (lieboff, 1924). Detailed analysis of the biochemistry
of urine and serum has been carried out by chromatogrephy, bio-assay,
electrophoresis, spectrophotometry and various other methods, (Arneil
and Wilson, 1952, 1953a and b, Arneil 1956a, b and o, 1958, 1959).

Findings

Ihe Incidence of Nephrosis

The number of cases beginning each year during the period 1929
to mid-1957 is shown in Figure XLI. Throughout this time the total
population of the area from which the children were derived did not
vary widely. During the period 1947-1952 a marked increase in the
birth rate occurred partly related to the return of the armed forces
from the second world war. This may partly explain the increased
incidence from 1948-1955. Since 1952 & number of cases have probably
drifted to other paediatric units now in the area, The total
population of the area from which these cases are drawn amounts to
2 = 3 million, or 400,000 - 600,000 children. Taking a round
figure/



FIGURE XLI

The Annual Incidence of Nephrosis

1929-517

Cases. 6L

B GUAIAC #ue, '}
15¢ ReC. +

The black squares represent caseswith macroscopic haematuria and
stippled squares cases with microscopic haematuria

the

81



figure of 500,000 children aged 0 - 12 years in the area and the
average admission of ten cases per amnum (101 cases during the period
1948-57) the actual incidence of admiseion to this hospital is 2 per
100,000 children which may be compared with the figure of 2.3 per
100,000 for children aged O - 9 years in Cleveland, Ohio (Rothenberg
and Heymann, 1957). There does not seem to be & seasonal incidence,
gince the greatost numbers of cases began in November, May and August
and the fewest in December, March and October.

When the number of cases is related to the age at onset a very
interesting picture unfolds (Figure XLII). Only four cases ocourred
during the first six months of life but the highest incidence is
in the period from the seventh to the eighteenth month amd no fewer
than 48 cases (29£) fell into this twelve-month period. 21 per cent
of the 168 children were aged less than one year at the onset of
ocedema as opposéd t0. 2 per cent in the composite U.,S. series of 425
cases (Barnett et al, 1952). A second sigmificant rise in incidence
was noted in chijdren sged 5 - T years. Scottish children first
attend school when sged 5 years and are there exposed to a variety of
infections, bacterial and viral in origin. It is interesting to note
a eimilar rise in incidence in this age group reflected in Todd's
figures for Liverpool (Todd, 1957).

There were 98 boys and 66 girls in this group giving a
malesfemale ratio of 312. This difference is not uniform throughout
the various age groups. In the very young children (0-18 months old)
there/



FIGURE XLII

Age at Onset of Nephrosis

No. of AGE IN YE'RS
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Note the very high incidence during the first two years of life. In

fact the peak lies in the period 7 — 12 months. Black areas represent

cases with macroscopic haematuria on admission and stippled areas
those with microscopic haematuria.
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there is an almost equal inoidence (25 males:26 females) but from the
age of 18 months to 13 years there are 73 males to 4O females (1:8:1).

Mnc_th-tonyomww-mmmmotonuaupmu.
admitted to these wards was 101 and in the like period 328 ohildren with
acute haemorrhagic nephritis were admitted. The ratio of nephritis to
nephrosis in this hospital is therefore J.5t1. Since a child with
acute nephritis is much more likely %o be treated at home or in other
hospitals than is one with nephroesis these figures are bdiased against
nephritis.
History and Onset

The onset of periorbitel ocedema drew the attention of the parents
to the illnese of their child in 156 ingtances although the significance
of this occurrence was frequently not appreciated until generalised ocedema
or ascites was noted in addition. In the remaining children swelling
of the legs, or of the abdomen was the first sign to be noticed, and in
a few occasions infections, usually pneumeococcal in origin, drew
attention to the illness. The period between the onset of recognised
abnormality and admission to hospital varied from less than one day to
more than one year. Twenty-eight per cent of cases were admitted within
one week of omset, 78 per cent within one month of onset and 98 per cent
within one year of onset. A number of the children had been treated
previously in one or more of a variety of hospitals and earlier data
concerning them were available.

The question of whether or not an infection, or a pyrexial incident
had ccourred prior to the onmset of renal disease was raised in cach case.

A/



A story of infection during the three weeks preceding ocedema was
obtained on 53 occasions (32%). The commonest infection was of the
upper respiratory tract and was remarked on in 32 cases (20%4). This
infection was corysal in type in 16 children and pyrexia with sore
throat in 4 children, In the remaining 12 children the type of
respiratory infection was indeterminate and presumably could be
symptomatic of either viral or bacterial infection. This incidence
of respiratory infection for the group could be explained as
fortuitous if the average child in Glasgow suffered from three res-
piratory infections per annum which is not unlikely in an over-
orowded city with the climate prevailing. In the group aged 7 -

18 months however respiratory infection closely preceded the onset
of nephrosis in 23 per om of cases and this relationship could
only be expleined by chance if on the average ten such infections
ocourred per anmmm. It should be nphutnd that coryszal infection
was most frequent and presumably was viral rather than bacterial

in origin.

Overt infection was present in 33 children at the time of
admission to hospital. In five of these peritonitis was present,
three others had definite pw infections and twenty-five
had a variety of other lesions including mild respiratory infections
and & superficial form of cellulitis.

A history of immunising injection with nephrosis immediately
following was given by six patients. Judged against the background of
immunieing procedures in young children this does not seem a significant
incidence/ '



incidence but it cannot be denied that in individual cases the
association of urticarial reaction to a first injection and
nephrosis following a second seems difficult to gaimsay. The
suggestion of immunisation provoking nephrosis has been ourrent for
decades and it seems possible that it may contain an element of
truth.

Sixteen (27#) of the children aged 2 years or less had ingested
considerable quantities of mercurous chloride extending over a period
of weeks or months prior to the onset of nephrosis. Six of the
remainder had not received this chemical and 28 had ingested small
amounts, Since ingestion of mercury was a very frequent practice
in babies of the hospital class during the period 1940-1955 and
because mercury was present in the great majority of such teething
powders it is difficult to assess the significance of these
observations, The total daily excretion of mercury was found to be
significantly higher than in controls in several instances, but
perhaps more signifiocant is the fact that the incidence of nephrosis
in children aged 6 = 18 months has dwindled rapidly since mercury
was removed from teething powders in €his area(1955-56). It is
diffioult to do other than ineriminate calomel, but equally difficult
to explain why the maximal incidence of such cases was during the
period 1948-54 since calomel in considerable doses was prescribed
for & number of infants by many medical practitioners at the begimning

of the twentieth century. Teething powders are prescribed by grand-
mothers, chemists/



chemists and neighbours and given indiscriminately to a very large
percentage of all infants, therefore it would seem likely that such
cases represent an individual sensitivity to the drug rather than
simple overdosage. Alternatively some other factor may have been
operating during the period 1948-54. This might be the nephrotoxic
effects of excessive calciferocl widely used at this time.

Qedena

Periorbital ocedema was noted at or prior to aduission in 162
children (99 per cent), cedema of ankles or sacral area in 155 children
(94 per cent), and aseites in 77 children (47 per cent.) Since
ascites ie indeterminate and difficult to detect in its early stages the
last figure is largely subjective, There was no significant difference
in the pattern of oedema in the children with and without haematuria.

In some male children the scrotum was grossly distended and required
support, in others the ascites caused the umbilicus to be everted

and the heart and liver to be displaced by the increased intra-abdominal
pressure. Gross periorbital ocedema obstructing vision and increasing
the liability to conjunctivitis was noted on ocoasions. Pleural trans-
udates of varying amount were present in a few children.

The duration of ocedema ranged from days, to weeks, months, years,
or until the death of the patient., It was sometimes constantly and
sometimes intermittently present, and static or variable in amount.

The degree of ascites and of peripheral cedema did not necessarily
run parallel and one may be present out of all proportion to the other.

In/
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In the present series of 16 cases the duration of the ocedematous

state varied fs showm in Table IV, Since deaths from infection had

cut short the period of oedema in 39 children, the values are given
relation to the remaining 125 children in whom diuresis actually occourred.

ZABLE IV
Duration Nos of
of Oedema Cases
<3 months 51 wg
3=12 months N 3%
13=24 months 18 145
K 2l months 19 | ¢
125

The duration of oedema tends to be shortest when no hasmaturia is
present, being of less than 3 monthe duration in 45 per cent, of those
with no haematuria, in 33 per cent. of those with microscopic heematuria
and in 19 per cent. of those with macroscopic haemsturia. The average
duration of cedema is shorter in infants than in older children. Oedema
lasted less than 3 months in 75 per ocent. ofchildren aged less than
two years.

The degree of oedeme fluctuates widely and wildly, presumably
influenced by alterations in sodium and water retention. Partial
diureses ocour from time to time and complete shedding of cedema

may/



may occur spontaneously or follow treatment or acute infection. Such
episodes of diuresis are acocompanied by a dilution of the concentration
of protein in the urine due to the inorease in urinary volume. In the
present group of children rapid diuresis with loss of ocedema and ascites
end a diminution of albuminuria occurred in 111 patients on 161
occasions. It is exceedingly difficult %o decide if a diuresis has
been produced by a pyrexial incident or some form of treatment. A
child who is fevered perspires freely, and may vomit, and diarrhoea

is a very common complication in young mephrotics, Water and sodium are
lost by all these routes and oedema may decresse in consequence. It is
only where clear ocut increase in urinary volume ocours that diuresis

has occurred. In the present series sustained febrile illness due %o
severe infection ocoourred in T4 children. Thirty-four (46) of these
children died and subsequent diuresis occurred in 21 (28%) of the 4O

who survived. Oedema returned in 10 of these 21 patients in whom
diuresis ocourred and 4 of these children have since died.

It ie often difficult to know whether or not treatment was
responsible for producing diuresis. An oedematous nephrotic may de
started on treatment one day and a diuresis begin the next day without
any association necessarily existing between the two happenings. In
general, the longer the duration of oedema, the more likely is diuresis
beginning soon after the start of treatment to be related to the
commencement of therapy. For instance, & boy had been oedematous
continuously/



continuously for five years, prednisclone therapy was started and
three weeks later he was free of cedema and has remained so for some

yearse.

This seems clearly to be cause and effect.

In order that

some idea of the relative importance of the various factore may bde

arrived at these diureses have been split arbitrarily into three

groupss~

(a) diuresis within 10 days of an acute febrile illness

(b) diuresis within 20 days of commencing treatment

(e) diuresis in which neither (a) nor (b) or any other

explanation is obvious

IABLE V
Factors Related to Diuresis
All Post On

Time of Diuresis Causes | Infection |[Treatment | Unknown
Less than 3 months after

onset 48 I 25 19
3=-24 months after cuset 57 1% 26 17
More than 24 months after

onset 13 3 8 2
Total 118% 21 59 38

(*Note that in seven children episodes of diuresis due to treatment
and infection occurred at different times.)

The apparent frequency of improvement related to any form of treatment
uuumuouuxyunummmm- persists less than

3 months/
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3 months since et this time spontanecus remission is common. On the
other hand diuresis following treatment will be more significant in
Mqo'ulammmmmmmmfuumu or more and
steroid treatment has this preperty. Following diuresis one of three
things may happeny either the oedema returms, or proteinuria continues
without a return of ocedem=. or the patient becomes asymptomatice. It

is interesting to compare the outcome of diuresis to the various

known factors.

'“::“' RESULTING STATE

Cases Dead Proteinuric | Asymptomatic
Spontaneous 38 15% % 78%
Post-infection 21 19% 33% W8%
After treatment %9 15% 174 687

-t 1
Total 113 16% 16% 68%

From these findings it is clear that optimal results arcse from
spontaneous remission but these were, of course, most common in the
early stages of disease. Many of the remissions attributed to treatment
were probably spontaneous but co-incident with the start of treatment.
The prognosis in even the minority of children in whom diuresis ocowrred
after/
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after infection is worse than when diuresis was spontaneous or due
to treatment.

Urinalysis
The urine of each child was tested for the presence of protein

by acidulation and boiling, for the presence of hasmoglobin by the
Guaiac test and for red blood cells by miocroscopy. The volume in each
twenty-four hour period was measured where practicable and an
estimation of albumin content per litre made by the Esbach method,
from which the total albumin loes per day was caloculated. In a
number of cases the daily urinary output of sodium, chloride and
potassium was measured. Bidirectional partition chromatography was
carried out on & number of urines, with particuler emphasis being
placed on the presence or absence of nephrosis peptide (Arneil and
Wilson, 1953b).

Yolume of Urines The two outstanding features with regard to the
volume of urine passed during the 24 hours were the oliguria during the
period of oedema formation and the polyuria associated with diuresis. .
In the initial stages the daily urinary output might be as low as 200 ml. 5
and during diuresis might rise to 4,000 ml. or more.

Proteinuriar Albumin accounts for almost the entire protein content
of the urine of most nephrotics although small proportions of alpha,
beta and gamma globulins may be present., For all practical purposes
the terms 'proteinuria'’ and ‘albuminuria'’ can be used as synonymous in
nephrosis.

Proteinuria fluctuates greatly in duration and in both the

amount/
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amount of the total daily lose and the concentration per unit volume
of urine in nephrosis. The smount present ranged from about 0.25 g./
litre to 24 g./litre and from 0.25 g./day to 10 g./day. The proteinuria
may be transient or may persist for a very long time, during which time
the patient is asymptomatic. Amongst the 102 survivore of this series
proteinuria had persisted in 14 children for 5 years or more and in
5 ouldm for 10 years or more.
Where the course of the illness is fajrly rapidly dowmhill
proteinuria tends to remain gross and oedema to persist intermittently
or continuously throughout life. In the majority of cases however |
(74%) the total daily lose of protein in the urine decreases after some
weeks, monthe or years and the cedema graduslly recedes. This decrease
in proteinuria may lead to recovery, become a chronic state or be
followed by relapses Prior to 1951 proteinuria seldom recurred if it
had once disappeared completely. (This should not be confused with
a reduoction in proteinuria). Steroid treatment has made this ocourrence
not infrequent and in fact transient loss of proteinuria followed by
a return of this symptom is & common result of inadequately sustained
steroid treatment. A
Haematuria: The incidence of cases with ummpio or macrosoopic
haematuria at onset followed the anmual incidence or incidence in relation
to age fairly closely (Figs. XLI and XLII). This confirms the findings of °-
Rothenberg and Heymann (1957) Macroscopic hasmaturia, as judged by @
positive Guaiac test was present in 18 patients (11%), microscopie
haematuria/



haematuria (= 710‘ ReBsCs ) in 29 patients (18%) and 7/ hed no
*  4n 12 hrs.

evidence of haematuria on admission. On a few occcasions patients who
had been free of haematuria at the cutset developed this symptom some
monthe after the onset of the disease. Heymamn and Rothenberg (1958)
showed that the red cells in the urine of these nephrotic urines are
usually intact and the wrine red in colour, on contrast to the many
lysed cells and haemoglobin giving a smokey brown colour to the urine
of acute haemorrhagic nephritis.
Elsotrolyte Gontents
(a) Sodium During the period of oliguria and oedems formation the
daily output of sodium was very low indeed, often amounting to
less than 20 mge. per day. Vith rapid diuresis the level rcse to
as high as 6,000 mg. per day.
(b) Chloride These levels roughly paralleled those of sodium
being as low as 30 mg, daily during cedema formation and as high
as 11,000 mges daily during diuresis.
(e) Potessium During the oedematous period and alse during diuresis
this value did not fluctuete so much as did those of the sodium and !
chloride. The potassium exeretion did rise significantly after .
approximately one week of treatmert with chlorothiaszide and could

lead to hypokalaemia if supplementary potassium were not added.

Findings in the Blood
The non-protein nitrogen (N.P.N,) content of the blood was

determined in 161 patients at the time of their admission to hospital,
This/
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This value was less than 45 mg./100 ml. blood in 153 children (95f)
end above this level in 8 cases (57). The N.P.N. level was above

45 mg./100 ml. in 5 of the 18 children in whom macroscopic haematuria
was present at the onset of the disease (28%) and in only three of the
remaining 146 cases (2%).

The total serum protein level was estimated in 150 ocedematous
children soon after the onset of illness. The average value was L.50g.
of serum proteins per 100 ml. with a standard deviation (S.D.) of
0+T7g+ The proteins were fractionated chemically in 116 instances
using the method desoribed by Howe (1921). The values cbteined weres

Average serum albumin level 1,85 £.100 ml. S.De = 0.72 g

Average serum globulin level 2,53 g+100 ml. S.Ds = 047 g
This represents an average so-called "albumin/globulin ratio" of
1.85/2.53, When the proteins were separated electrophoretically, using
& modification of the methoddescribed by Cremer and Tiselius (1950)
quite different values are obtained. Thi method was used to measure
the serum protein fractions in 42 cedematous ceses. The average
level was found to bes

Average total serum proteins Le3 0476
Average serum albumin level 049 0.38
Average serum « and § globuline

level 2.8 0.84

Average serum y globulins level 0.6 0.25
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Whilst the very low serum albutn level is the outstanding feature
the low average level of y globulin is worthy of note since it may
contribute to the high incidence of infection at this stage. In
order to demonstrete the inaccuracy of the term albuminsglobulin
ratio the two methods of estimation were carried out synchronously
on ten oedematous nephrotics. The results obtained were as followss

ZIABLE VIII
Chemical Method Electrophoresis
kverege serum lovel (Howe) g./100 ml. (Cremer & Tiselius)
serum 8+/100 ml.
L S—

Albumin 146 0.7
ﬁomulm 3.0 349
"Albumin/globulin ratic” 11,9 115.6

The explanation of this is that the chemical method separates
albumin and some « globulins from the remaining globulins. These
facts are illustrated in Figure XLIII,

A further interesting point arises from this disorepancy; when
Rennie (1933) caleculated the low levels of osmotic pressure obtaining
in the serum of such cases the formulas of Govaerts' (1925, 1926) were
useds These results depend on the quantities of albumin and globulin
present.s The merit of his observations has been widely recognised but

Rennie's hypothesis is made stronger still if the electrophoretic values

. are accepted. The average osmotic pressure of the serum of these ten
nephrotics/



FIGURE XLIII

Electrophoretic Pattern of Serum Proteins
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Note the differing points at which the serum proteins are divided by
electrophoretic and chemical methods.



nephrotics is 13 mm. of mercury when the chemical recults are used
but only 9 mm. if the electrophoretic results are employed. Whilst
such quantitative figures based on electrophoretic technigques may not
be absolute and their validity is controversial they are sufficiently
acourate to demand further attention for this problem. The muddled
thinking involved when using the older method is clearly revealed.
What really matters is the low level of plasma albumin and not the
relative proportions. There seems no reason why we should not say so in
llinphfm.

Throughout the period of oedema the levels of total serum proteins
and of albumin tend to remain low. In general it is true to say that a
nephrotic who has a serum albumin level of less than one gramme per 100 ml,.
will be oedematous whereas ome with a serum albumin level exceeding one
granme per 100 mls will be free of ocedema, There are exceptions in both
directions however and the best tests for cedema are still a ropid
increase in weight or the presence of pitting on pressure or the presence
of periorbital swelling!

Sooner or later the daily loss of protein in the urine deorcases
and the serum albumin level rises. The presence or absence of
oodema does not always scem to vary directly with the level of serum
albumin and the degree of secondary aldosteronism present is probably
relevant. When proteinuria eventually settles to minimal amounts or
disappears altogether the level of serum albumin returns to nommal., In
a series of 81 cases followed for 2 - 28 years, the following results
were obtained.



IABLE IX
Electrophoresis of Serum Proteins 2 - 28 Years
After Onset of Nephrosis
Serum Protein Levels g./100 mls
Status Nos| Aldbumin @ & p Globulin | y Globulin Total
Mean S.Ds | Mean __ S.De |Mean B.D, [Mean _ S.D,
Asymptomatio|60 | 3.7 0.6 | 2.2 0.5 |Telh  0s5 | 742 046
Slight
Proteinuria 9 30‘ 008 24 005 14 0.3 Tk 0.8
|Gross
Proteinuria |12 1.8 1.2 2.7 0.7 0.9 Ol Sely 1.1
All Cases 81 S 1.0 | 2.3 0.6 | 13 0.5 7.0 0.8
_i

It will be noticed that the serum biochemistry of patients who were
asymptomatic or had slight persistent proteinuria had returned to within
normal levels. In such patients, when proteinuria remains gross, the
total serum proteins, albumin, and gamma globulin are lower and the
alpha and beta globulins are slightly elevated.

The relationship of these various fractions of serum biochemistry
to the clinical status of the patient is shown in Figures XIIV, XLV,
KI¥I and XLVII. These clearly show the trends mentioned above.

Blood Cholesterol lLevel: The blood cholesterocl level was estimated
on 135 patients at the time of their admission by the method of
Lisboff (1924). These results dete from 1929 and the range of results
is showm in Figure xuViII. The mean value was 317 mg. per 100 ml,
blood and the standard deviation 129, During this period (using
chloroform extraction of whole blood) the range of average values

was/
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FIGURE XLIV

Total Serum Protein Levels in Nephrosis (2-28 years from onset).

gm./loo ml.

No. of

Ceses

20

io

The black areas refer to patients in whom gross proteinuria persisted
and the stippled areas to those in whom slight proteinuria was present.
It will be seen that the cases with proteinuria tended to have lower
levels of total serum proteins.
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FIGURE XLV

Serum Albumin Levels in Nephrosis (2 - 28 years from onset).
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The black areas refer to patients with gross proteinuria and the

stippled areas to patients with slight proteinuria. Note that the

cases with proteinuria tend to have much lower levels of serum
albumin,
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FIGURE XLVI
The Serum « and § Globulin Levels in Nephrosis (2

-28 years from onset ).
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The black areas refer to patients with persisting gross pr
and the stippled areas to those with slight proteinuria.

oteinuria
of a and P globulin are higher in those with proteinuria.

The levels
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FIGURE XLVII

Serum Yy Globulin Levels in Nephrosis (2—28 years from onset ).
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The black areas refer to patients in whom gross proteinuria persists
and the stippled areas to those with slight proteinuria. The levels
of y globulin tend to be lower in those with proteinuria.
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FIGURE XLVIII

Blood Cholesterol Level at Onset of Nephrosis
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The method used was chloroform extraction of whole blood.
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was acoepted as 80 - 130 mg./100 ml. This scale of values is much
lower than those obtaining when total cholestercl in serum is
estimated by methods such as those of Zlatkis (1953).

The persistence of hypercholesterolaemia is a fairly delicate
measure of contimuing disease in the nephrotic subject. In general
it may be said that when gross proteinuria persists the blood
cholesterol will remain elevated but that 'l trace of proteinuria may
remain without alteration of serum cholesterol values. The results
of carrying out serum cholesterol estimations on 52 cases of nephrosis
2 - 28 years after onset were as followss

IABLE X
Serum Cholesterol (mg.per 100 ml.)
. s
Bange | Mesn | Steniard Deviation

Asymptomatic
Cases 52 LO-140 89 25
Proteinuria
Slight 7 | 671-140 87 22
Proteinuria
ﬂﬂrou 6 65-280 195 85
Fgm 65 4,0-280 97 35

The method employed was chloroform extraction of whole blood, I% will
be seen that the values obtained for patients with persisting gross
proteinuria were considerably higher than those for asymptometic
patients or those with minimal proteinuria.

These/



These trends are clearly shown in Figure XLIX.
The erythrocyte sedimentation rate
(BeSeRe) was measured in 58 children. In every instance it was greatly

elevated and exceeded 30 mm. in the first hour whether carried out by

the Westergren or Wintrobe method. In most instances the reading

was in fact very much higher than this arbitrary level. The sedimentation
rate remained elevated during the active period of the disease and

seemed to be related to the level of serum albumin as measured by the
electrophoretic methods The long temm follow-up of cases revealed

that where patients were asymptomatic the E.S.R. was within normal

valuess Vhen proteinuria persisted the E.S.R. varied anl when oedema

was present it was alwaye elevated.

Blood Pressure: This estimation was carried out by sphygmomanometry
and stethoscopic method at the time of admiseion. Definite hypertension
was noted in 10 children, 1In 4 the hypertension was considerable and
each of these had macroscopic haematuria. 8Slight elevation of the
systolic blood pressure was present initially in 16 other children.

Such minor elevations might have been emotional in origin or dus to an
experimental error occasioned by oedema of the subcutaneous tissues of
the army or folding of the cuff.

In the late stages of the illness when renal failure begins to set
in elevation of the blood pressure is not uncommon.

It seems therefore that apart from the late stages of the
illness hypertension is uncommon in the nephrotic syndrome of childhood
but ies sometimes accompanied by other signs of glomerular damage such

as/
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FIGURE XLIX

Blood Cholesterol Levels in Nephrosis (2-28 years after onset).

BLOOD CHOLESTEROL
No.of LEVEL
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. o 100 200 300
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The method used was chloroform extraction of whole blood. Those patients
with persisting gross proteinuria (black) tended to have higher levels
than those with no proteinuria or slight proteinuria (stippled).



as haematuria and nitrogen retention. :nmumuum
haematuria the ocourrence of hypertension is rare.

The gross proteinuria of nephrosis is the basic and continuing
process upon which innumerable variations are superimposed by the
interaction of a variety of factors. Some of the influences relevant,
such as the differing causal agencies, secondary aldosteroniem and
intercurrent infection, modify the natural tendency $o recovery and
their effects vary from producing rapid fluctuations in the degree of
oedema present to causing sudden death. In one sense each case may
be regarded as following & highly individualistic course but in practice
cases fall into a pattern which is diagramatically shown in Figure L.
This scheme is certainly an oversimplification of the problem, but
serves to give one a bdackground against which to assess the progress
of a given case.

mrmgtMMQMtﬁuMMﬂlm
satisfactorily account for the low plasma albumin level which sets in
motion the train of reactions. One suggestion, that defective synthesis
of albumin (either qualitative or quantitative in degree) might be
responsible, has now been disproved. The finlings of Gordon (1959)
have raised the possibility that in the early stages of nephrosis albumin
may be lost through the alimentary mucosa as well as through the nephrons
and this hypothesis merits ettention: The idea that the high plasma

cholesterol/




Schematic Representation of
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cholesterol might be due to loss of thyroid hormones by renal exeretion
ie now discounted and it is seen as one facet of a general lipoprotein
metabolic upset associated with proteinurie.

Our clinicel impression was that meny factors such as the age
and sex of the patient, the duration of cedema and proteinuria and the
presence or absence of haematuris were of considerabdbly signifiocance,
Before dealing with those it is well to lock at the various "typical"
groups into which a large number of the patients with nephrosis readily
divides (Fige LI). It is againet such a dackgrounl of possible disease
patterns (with meny subdivisions) that the effect of therapy must be
roviewed.

Ihe Frogoeds of Nephrosis

Prognosis will first be considered in relation to the entire group
and then in respeot of various subdivisions, The overall results for
the 164 patients from 1929 -« 1957 are as followss

ZTABLE X1

Ihe Outcome of 164 Cases of Nephrosis
T A AR AL R AR

As at March 1959 Two years efter onset
'—""'rm"—"——"“_"m 2
Asymptomatic| 80 49 70 43
Proteinuric | 22 13 50 0
IP.!!___T_R B " 3 R
Total | 164 164

It will be seen that there is a considerable difference between the status
at/



FIGURE LI

Common Patterns of Nephrosis
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at two years from onset and some time later, due to the modification

of the state of many patients whose proteinuria persisted for longer
than two yearse A long-term follow-up is elways bedevilled by the
inability to assess acourately the point in time when certain alterations
in the clinical state cccurred. The exception to this rule is that
ebsolute occurrence, death. In the present series the date of death
has been established for each child by scrutiny of the death certificate
and/or post-mortem report. These may reasonably be considered as very
relisble in respect of the relevant dates. In Table XII the length

of time from the recognition of disease until the time of death of the
62 children concerned is recorded. Death ocourred within two years in
no less than L4 of these cases (72% of all deaths).

ZIABLE XII

Years Number Died of Died of

| _Followed | Died & __ Infootion & Renal Feilure %
0 -1 161 35 21,3 28 1701 7 be3
1=-2 164 9 55 5 3.0 4 2y
2-3 159 5. 3. 1 06| & 2.5
3 =4 151 6 . L0 0 0 6 b0
h -5 142 2 1ok 1 0.7 1 0.7
5 =6 132 0 0 0 0 0 0
6«7 124 0 0 0 0 0 0
7-8 107 1 049 0 0 1 0.9
8~-9 89 2 242 0 0 2 2.2
ﬁ.:\.q 81 112 Bl 1 1.2 ]
?.ﬁ?mﬁ;} b 39.6% 21,45 18.24
[years
10-28 15 1 13 0 0 1 1.3

The actual cause of death cannot be obtained with the same degree
of certainty as the date of death. By perusing the death certificate®of

these/



these children, interviewing the parents and practitioners concerned,
and serutinising hospital records and post-mortem reports however, &
fairly comprehensive record has been cbtained. If there is bias it
seems likely that it lies in ascribing deaths ooocurring during the
early years to renal failure, when in fact they were due to
unrecognised respirdtory or enteral infeoction occowrring inter-
currently in the gromsly cedematous patients.

It was at once apparent that there were two principal causes
of death, In the year following onset infection was by far the most
‘significent factor but in later years remal failure became of
importance. These facts are graphically displayed in Figure LII.
It is also at once apparent from these figures that the mortality
in any series of nephrotic patients cen only be considered significant
when related to the duretion of the illness. In actual fact in this
group of 164 patients, 75 were foliowed for periods of from 10 - 28
years and so far only one death has ccourred after the tenth year
of disease. Nevertheless the expectation of death in any series of
m“mhmunlut&ﬁomdmfnm
each patient has been followed and the method used to caloulate the
peroentage mortality in the group allows for this (Table XII). Thus
62 patients dying out of a group of 164 gives & martality of 37.8%,
buS if the figure is "corrected" to a percentage basis relating to
length of follow-up it becomes 39.6F after ten years of illness, Thus,
Af the conditions prevailing persist one would anticipate that

e
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FIGURE LII

Time of Death due to Infection and Renal Failure in 62 Nephrotic
Patients

NEPHROSIS.
MORTALITY

No.
.- INFECTION
— RENAL

o
YEARS FROM ONSET

It will be seen that death from infection is practically limited to

the first two years after onset.
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s%‘oéx 16&; children would be dead ten years after the onset

of disease:. This would be a total of 65.3 children or in other words
4 or 5 more of the remaining children should die between June 1959
and June 1967. ,Since these children have all survived at least two
years these deaths should be due to remal failure (Fig. LII).

This method of calculation has been used to produce Figure LIII
which is the calculated mortality for this group of 164 patients during
the firet ten years of illness. The deaths from infection and remal
failure are shown separately.

Whilst it is comparatively simple to establish the date of death
of these children it is very difficult to estimate when the proteinuria
ceases. Agcurate figures are available with regard to almost all cases
up to the point two years from the onset of ocedema., An attempt has been
made to do likewise for cases followed for ten years or more and these
results are given in Table XIII.

TABLE X111
Status of Nephrotic Patients Two Years and Tem Years After Onset of
—mi59880

Ald Point in Time No. |Asymptomatic|Proteinuric Dead

Cases 2 years after onset |164 43% 30% 27%

Less 2 years after omset |131 Sk 38% 8%
|leaths from |10 years after onset| 46 724 5% 23%
infection (approx.)

These facte are rather difficult to grasp in tabular fom but
diagramatically are quite lucid. Figure LIV illustrates the calculated

progress/



FIGURE LIII

Calculated Percentage Mortality for Group During 10 Years Following
Onset of Illness
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FIGURE LIV

The Course of Nephrosis During the First Decade Following Onset
(Calculated)

NEPHROSIS.

COURSE

°/o (164 CASES)
100

7s ASYMPTOMATIC
- 56%
o
25
DERD 2> 40/
(o] - — - . g #

o 2 [N [ 4 10
DURATION OF ILLNESS

(YERRS)

The greatest changes have taken place during the first two years. Note
that of those children with protdnuria persisting at 2 years roughly
50% become asymptomatic after 10 years.
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progress of this entire group of 164 patients during the ten years
following onset of illness (provided the behaviour of cases so far
followed for more than two years dut less than ten years runs true to
form).

Since infection, the major cause of death in these cases, is
likely to virtually disappear it is interesting to recaloulate these
figures less deaths from infection (Tadle XIII, Figure LV). It is
a remarkable fact that when deaths due to infection are allowed for
during the period 1929-57 the mumber of patients asymptomatic after
ten years of disease was 72%, Since the caloulation depends on an
unproveble premise (that the subsequent course of patients who died
of infection would have paralleled that of survivers) this figure can
only be regarded as speculative.

The relationship of the following factors to the outcome of
nephrosis will now be considereds:

(a) The duration of cedema

(b) The duration of proteinuria

(@) The age of the patient

(@) The sex of the patient

(e) The presence of haematuria at the onset of disease

(a) The Duration of Oedemas The oedematous period is considered

118

as commencing with the first appearance of ocedema and terminating with

the/



FIGURE LV

The Course of Nephrosis During the First Decade Following Onset
(Calculated less deaths from infection)
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This represents the results which would have obtained if no deaths
from infection had occurred. It also suggests the pattern of behaviour
to be expected in the future if deaths from infection are eliminated

and no improvement in renal function is effected by therapy.
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the final disappearance of the sign. The presence or absence of
peri-orbital cedema is usually readily perceptible and forms a relatively

eccurate index of onset.

The persistent sacral or ankle oedema which is

much less obvious to parent and unwary clinician is less accurately

defined and may lead to error in underestimation of the period of ocedema.
Nonetheless the period may usually be assessed with reasonable accuracy.
The overall results for the group are given in Tabdble XIV,

Duration of cedema |
" Less than | 3 - 24 Nors $han R
64 80 20 3 164
48 (75%) 43 (5u%) 11 (55%) 102 (62%)
46 (72%) 30 (38%) 4 (20f%) 80 (49%)
2 (37) 13 (165) 7 (35%) 22 (13%)
16 (25¢%) 37 (46%) 9 (45%) 62 (38¢%)
2 (3%) 17 (21%) 7 (35%) 26 (16%)
14 (22%) 20 (25%) 2 (10%) 36 (221)
BERETTS

These figures tend to be confusing and are probably more readily gresped
in diagrematio form as in Figure IVI.

The interpretation of these results seems quite clear.

mortality rate and persistence of proteinuria are directly proportional
to the duration of ocedema whereas return to the agymptomatic state is

inversely/



FIGURE LVI

PROGNOSIS= DURATION OF OEDEMA
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The percentage of patients asymptomatic is directly proportional to the
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duration of oedema and the percentage dying or proteinuric is inversely so.
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inversely related. It will be seen that many of the deaths (particularly
during the first two years of cedema) are due to infection. Simce these

happenings may blas results and are probably no longer true these figures
have been recaloulated, excluding such deaths from infection (Table XV),

ZABLE XV

Duration of Oedema and Clinical Result in Cases of Nephrosis
a n

e n

Duration of Cedema

Less than 3 - 24 More than
gu:oon L i_nth. months 24 months Total
[Total number 50 60 18 128
Survivors 48 (96%) | w3 (712%) | 11 (61%) 102 (80%)
Asymptomatic 46 (92%) | 30 (50%) , (22¢8) 80 (63%)
Proteinuric 2 (u%) 13 (22%) 7 (39%) 22 (179)

lod ot wenall  2(ap) - | 17 (288) | 7 (399 26 (20%)

Once again these results have been graphically interpreted as shown
on Figure LVII. This very clearly demonstrates once again that the
eventual outcome may be dirgetly related to the duration of oedema. The
frequenay of death, and of persistent proteinuria is directly proportional
tofho dmtiohofmboduu, and the frequency of return to the
asymptomatic etete is inversely proportional. It should be remembered
that no fewer then 92% of children in whom oedema persisted far less than
3 months are now asymptomatic and that only 22% of these children in
whom oedema lasted two years or more are in this state.



FIGURE LVII

PROCNOSIS =< DURATION OF OEDEMA
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The percentage of children asymptomatic is directly proportional
to the duration of oedema and the percentage dying or with protein-
uria is inversely proportional thereto.
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(b) The Duration of Proteinuria: Since the cessation of
proteinuria is free of subjective sensation it stands to reason that

patients are unable to =tate when such & change occurred. In very

few instances did patients test their own urine regularly dut the

majority of children attended the Royal Hospital for Sick Children

until proteinuria had ceased.

In other instances it was only

possible to say that the proteinuria had lasted for at least "x"

months and less than "y" months.

In other instances where

proteinuria persisted in 1944, say six years after onset, and was

#till present in 1958, it was presumed that it had remained present

constantly.

For all these reasons the figures in this section must

be regarded as approximations and less accurate than those relating

to the duration of oedema. Table XVI contains these data concerning

the entire group.

Duration of proteinuria
L3ss than 3-24 More than
Status 3 mths. months 24 mthe. Total
otal Noe 8 1
Savivers  [2h (659) | (568 | % (609 108 (62%)
Asymptomatio |24 (65%) 4 (56%) 12 (24%) 80 (49%)
Proteinuric |- = - - 22 (45%) 22 (13%)
Dead 13 (35%) 34 (447) 15 (31%) 62 (38%)
Died of
infection |12 (32%) 20 (26 %) b (8%) 36 (22%)
ied of renal
failure 1 (3%) 14 (18%) 11 (23%) 26 (ﬂiﬁ):__i
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These results are shown graphically in FPigure ILVIII. It
will be seen that the proportion of patients becoming asymptomatic
is inversely proportional to the duration of cedemas By the
nature of the analysis no patients with proteinuria have had this
sign for less than two years. The percentage of deaths is highest
in the group of patients whose proteinuria lasted 3 - 2, months,
Since a death by infection is likely to be the factor distorting
results these results have been recalculated, discarding cases
dying of infection (Table XVII).

ZIABLE XVII ~
Duration of Proteinuria and Clinical Results in 161). Cases of Nephrosis
{less deaths from infection

Duration of proteinuria

Less than 3 - 24 More than
Status 3 months months 24 monthe Total
otal no. 25 | 8 45 128
Survivors 2y (96%) u (76%) 34 (76%) 102 (80%)
Asymptomatic | 24 (96%) uh (76%) 12 (27%) .80 (63%)
Proteinuric - - - - 22 (49%) 22 (17%)
ied of renal
failure 1 (&%) 14 (24%) 11 (24%) 26 (20%)

These results are m@.puonuonumm-monmﬁm
the direct relationship between duration of proteinuria and death or
continuing disease and the indirect relationship of the duration of
proteinuria and apparent recovery very clearly. It should be noted that

where/



FIGURE LVIII
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PROGNOSIS ~DURATION OF PROTEINURIR
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The proportion of children asymptomatic is directly proportional
to the duration of proteinuria whereas the number dying is inversely

proportional,
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FIGURE LIX

PROGNOSIS ~DURATION OF PROTEINURIA.
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The proportion of children asymptomatic is directly related to the
duration of oedema and the number dying inversely so.




where proteinuria persisted for leses than three months no less
than 96% of patiente became ssymptomatic (apart from deaths due
to infection)s This is ih marked contrast to the figure of 277
asymptomatic for children in whom proteinuria had persisted for
2 years or more.

(e¢) The Age of the Pationtt A study of the distribution of age
at onset of thise 164 cases shows that there are two distinot

components; (&) a very high pesk between 6 and 18 months of
age and (b) a steady incidence from 18 months of age onwarde with
a small peak at the age group 5 -~ T years. Vhen these two groups
are compared the findings are as shown in Table XVIII.

ITABLE XVIII
inical Outoome in Children Aged (a) 1-18 months
Clinical Status | Age at onset
1 - 18 months | 14 - 13 years

Number 51 13
Survivors 36 (71%) 66 (58%)
Asymptomatio 32 (63%) 48 (42%)
Proteinuric % (8%) 18 (16%)
Dead | 15 (29%) 47 (42%)
Died of renal

failure 3 (65%) 23 (21%)
Died of '

infection 12 (23%) 2y (21%)

It is clear that the death rate from renal failure at 21¥ is
much higher in the older children as compared to the rate of 5.9%

in/ .
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in the younger group. This results in a much higher total mortality
in the older children since death from infection was roughly
comparable in each group (24% as compared to 21%). In eddition the
persistence of proteinuria is much more frequent in the older children
(16#) than the younger ones (8%).

A visual comparison of these results is given in Figure IX,
To confirm the validity of these results by allowing for the frequency
distridbution of mﬂon of follow-up an estimation of mortality for
the first ten years following onset has been made as was done for the
whole group in Table XII. These results are seen in Table XIX,

TABLE XTX .
Oalcuhtod lorhlu after m Years of Illnm 1n Children aged

Age at - onset

Bt T U Wanths = 13 years

L Years No. followed [Died # |No. followed |Died €
0~-1 &b 13 254 113 23 2001
1-2 - o © 13 9 8.0
2=-3 51 0o o 108 b 37
J=h 50 0 O 101 4 4O
b~=5 48 0 0 94 3 3ol
5 =6 L6 0 0 86 0 0
6 -7 L3 1 243 81 0 0
7-8 4o T 229 67 o} v}
8-9 54 0o 0 55 2 3.6
9 -10 31 o © 50 1 2.0

al
mﬂﬂcﬁ 03 Lhe5

The calculated death rate is much lower in the young age
group and & very much higher percentage of deaths in this group

wers/



FIGURE LX

Comparison of Prognosis in Children aged O - 1% years and 1% - 13
Years at Onset
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The mortality is lower and asymptomatic state more frequently
achieved in the younger age groupe.
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FIGURE LXI

Comparison of Prognosis in Children aged 0 - 1} years and 1% - 13
vears at Onset of Nephrosis (less deaths from infection)
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It will be seen that the prognosis for the younger group is much
better when deaths from infection are eliminated.
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were due to infection during the first year of illness. In young
~Anfants it is often possible to obtain & more clear story of
incidents preceding illness than is possible in the more mature child
whose 1life is much more complicated and who may already have suffered
from other disecases. A careful enquiry into possible aetiological
factors .was made in each of the 51 omoqedt-iamthnut@t.
In 12 children (23%) a corysel infection hed been noted during the
10 days prior to onset of oedema. This was occasionally accompanied
by a few loose stools. It was not suggestive of streptococcal
infection but seemed viral raether then bacterial in type. Glasgow
is & grossly overcrowded and underprivileoged city, and therefore

the incidence of respiratory infection is high. Nevertheless in
order $0 explain these findinss by chance one would have to assume
that scute coryzal infection occurred in each infant in the city

on 10 occasions per year., This seemd unlikely.

In 5 children (10%) resction to immunising procedure scemed &
possible contributory factor. These children, having reacted
unfavourably to one immunising injection, developed nephrosis almost
st once following & subsequent injection. This frequency of
occurrence is not statistically significant but nonetheléss is
highly suggestive in individual cases., It may be that antigen-
antibody reactions occasioned by infection or immunisation procedures
aggravate rather than initiate proteimuria., Conversely it might be
that latent hypogemmaglobulinaemia incresses liability to corysal
as well as pheumococcal infection.

In/
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In 40F of children no contributory factors of any kind were
obvious prior to the onset of oedema, Whilst this lack of information
is in part due to bdad history taking in the psst, it i= also possible
that a oonsiderable period of time had elapsed since the onset of
proteinuria in these cases.

In 14 children (27%) a clear cut story of ingestion of mercurous
chloride in quantities well above the average was obtained, and in
several an excessive urinary output of mercury was measured. In
Glasgow, prior to 1955, practically all babies of b« Lospital elass
received some calomel, usually at the behest of grandmothers, neighdbours
and chemists, on the pretext of soothing teething disorders., Since
almost all babies were given some meroury it is difficult to incriminate
this chemical directly, but it does seem highly suggestive that many
of these babies developing nephrosis received larger amounts of calomel
than usuali,. Since mercury was removed from most teething powders by
1955 one looked for a reduction in incidence. Figure LXII shows that
in faot cases continued to ocour during the period 1955-1957. If all
such cases were dve to mercury and no mercury had been dispensed %o
infants today one might expect the disease to disappear in this age
groupe. Neither premise is nﬁolm but a dimimution in incidence
has certainly occurred recently. As will be seen however, at least
two of the five children in whom nephrosis arose in 1955-57 had
received merocury prior to illness. During the period Jammary 1958
to date no further cases have ocourred in this age group.

(a)/
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FIGURE LXII

Incidence of Nephrosis in Patients aged 1 year - 18 months
(51 cases)

N o. of Cases
s @

IO -

: w..

O L .23 3Ry
1930 1940 1950 1960

This illustration shows that the number of cases occurring in this
age group rose sharply between 1940 and 1950 and fell away there-
after. Since 1957 in fact there have been no further cases in this
age group. The stippled areas refer to cases in whom a clear cut
history of the ingestion of mercurous chloride in excess was obtained.
The areas filled by vertical stripes refer to cases in whom upper
respiratory infection immediately preceded the onset of oedema.
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() The Sex of the Patients It is somewhat surprising to note
that the prognosis of the two sexes differs consideradly. The results

of analyeis are shown on Table XX.

JARLE XX

Outoome of Nephrosis According to Sex of
W

9

Surviving 56 (57%) | 46 (71%)
Asymptomatic | 46 (47%) | 34 (52%)
Proteinuric | 10 (10%) | 12 (19%)
Dead 43 (u3%) | 19 (29%)
Died of renal

failure 18 (188) | 11 (17%)
h\fc::ion 25 (25%) 8 (12%)

A number of possible explanations might be advanced in an
endeavour to explain these differonces between the sexes. It might
have been that a higher proportion of cases had occurred amongst
females than males of recent years. This was not so since 48 of the
last 76 cases were males, giving a ratio of malestfemales = 1.7s1
(ofs 1.501 for the entire group). Another possidle explanation ocould
have been that the male children were, on the whole, younger than the
females. This again was not true since 42% of males were aged less
than 1} years at the time of onset of iliness vhereas 15% of females
fell into this age group.

Another possible factor introducing bias could have been the

presence/
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presence of hasmaturia at the onset of disease. In fact however
initial heemeturia was present in 15 females (23%) and in only 14 males
(14%), This should have biased the results in the opposite direction
sinoce nine of these fifteen girls with haematuria died subsequently.
It seems that the difference is explicable on grounds of liability to
infection since the deaths from remal failure smount approximately
to the same proportion, whereas deaths from infection are commoner in
males.

(e) The Presence of Masmsturia st Onset of Oedema: The finding
of haematuria of significant degres at the onazét of nephrosis was :
recorded in 29 instances. A comparison of the course of these patiente
with $hei of the remaining 135 cases is of intereost (Table XXI).

ZTABLE XXT

Comparison of Clinical State of Patients witk and without Initial
JHaematuria

Haematwria | No Haematuria

Nos of cases | 29 135
Survivors 11 (38%) 91 (67%)
Asymptomatic | 10 (35%) 70 (51%)

Proteinuric 1 (3%) 21 (16%)
Dead 18 (625%) W (33%)
Died of

infection 11 (38%) 25 (19%)
Died of remnal

failure 7 (24%) 19 (14%)

It therefore seems that the death rate in children with initial gross
haematuria was 627 compared to 33f for the remaining children. It should

be/
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be emphasised that the onset of haematuria does not, as a rule,
significantly precede the period of gross proteinuria and ocedema dut
the onsets appear to virtually coincide. This initidl gross haematuriea
may be accompanied by hypertension and/or nitrogen retention.

8ince a few red blood cells are normally present in urine it
should be clear that it is quite impossible to differentiate small
increases in the presence of such cells unless a count is made of
the total content of the wrinary output for 24 hours. Since this
"-mnudomithmllmmuotnomminﬁum
haumaturia (Guaiac test +ve or red blood cells ircreased on
exemining microscopically) with those casem'dn whom no red blood cells,
or very few red blood cells were seen microscopicallye
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In 1951, when this investigation began, little was known
of the asctions of cortisone and ACTH, or of their effects on
nephrosis. The methods of treatment employed during the period
1951-1959 have repeatedly altered in line with the inoreased
understanding of the action of these hormones at the relevant time.
Broadly speaking steroid therapy has passed through three main
periods. During the first perdod (1951-54) short-term courses of
cortisone and ACTH of 5 - 12 days duration were employed. During
the second peried (1955-57) progressively longer courses, of higher
dosm.ofmncunwmm\-m In the past two
years new compounds such as triamcinolone, methylpradnisolone,
dexamethasone and chlorothiagide have become available and have been
useds In 1951 the variability of the oedema in nephrosis remained as
mysterious as the pathogenesis of the disease and even at a later
date the most exhaustive investigetion of Bder ot al. (1954)
emphasised the "unknown setiological factors" in such anasarca. The
classical work of Starling (1896) invoked the hydrostatio pressure
of the fluid in the oapillaries, the colloid osmotic pressure of the
plasms proteins, and the integrity of the capillary walls as the
primary factors involved. This led Spstein (1917) o suggest that
the oedema of nephrosis was due to a decrease in the plasma protein
level secondary to the albuminuria, with a consequent fall in plasma
osmotic pressure. This view was supported by the work of Remnie (1933)
but could not be sccepted as the complete explanation, for a variety
ot/ ‘
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of roasons (Bler, 1954). Current interest in sodium metabolism
had interested recent investigators in the part played by this
base in promoting nephrotic cedema (Keith, Power and Dougherty,
1950). Sodium retention was envisaged as a compensatory reaction
to low plasma osmotic pressure, effected by salt retaining hormones
derived from thoairenal glands. That such hormones might in fact
produce oedema even in subjects with normal kidney function is
exemplified by the efrect of administering an exocess of
desoxycorticosterone acetate to healthy subjects. levitt and Bader
(1951) had shown that both cortisone (17-hydroxy 11-dehyirocortico-
sterone) and corticotrophin (ACTH) had some sodium retaining activity
in the extracellular fluid. Such retention was more pronounced
during the first few days of therapy but this period might be
followed by sodium and water diuresis if treatment was continued.
Furthermore, Addis et al. (1950) had shown that experimental
albuminuria in eanimals was made worse by ACTH or cortisone and
improved by adrenalectomy. It had also been firmly established
$hat immediately following an intemsive course of either ACTH or
cortisone there was a transient depression of endogencus cortisone
production by the patient. (luotocher and Deming, 1950; Kendall,
19515 Mclntosh and Holmes, 1951). During this period following
cessation of treatment certain "withdrawal phenomena" were known
to occur in other diseases such as acute rheumatism, rheumatoid
arthritis and ecsmema, presumably due to a temporary lack of

endogenous adrenal 11-oxysteroids. Assuming that similar adrenal
depression/
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depression would ocour in nephrotic patients to whom hormones were
administered it scemed possidle that diuresis from loss of sodium,
and a lessening of the proteinuria might result during this period.

Cortisone and ACTH were administered to nephrotic patients in
large doses in order to test this hypothesis and obeervations were
lﬁ.pﬂ&..ﬁ“dﬂnmmmnnlheflhnm
such treatment.

Rifteen oases of nephrosis admitted to the Royal Hospital for
Sick Children, Glasgow, were chosen for this investigation. BEach
satisfied the following criterias
(1) Persistent cedema and ascites were present

(2) The urine contained protein exceeding 3 g. per litre
(Bsbach method)

(3) The serum albumin content was low with consequent reversal
of the albumin/globulin ratio and a lowering of the total
serum protein content

(4) The blood cholesterol level exceeded 250 mgs per 100 ml.
(m,mm)

(5) The body weight had been reasonably stable or increasing
during the ten days preceding treatment

(6) The non-protein nitrogen content of the bhlood was less than
40 mg. per 100 ml.

(7) The systolic blood pressure was lese than 120 mm. of mercury
and the diastolic pressure less than 90 mm. of mercury

(measured by a sphygmomanometer cuff)
Fifteen courses of ACTH and fourteen courses of cortisone were

given to these fifteen cases of nephrosis. One case (P.MoD.) was

treated/
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treated with ACTH before ocedema developed, because she satisfied
the remaining criteria and it was hoped to prevent this sign
developing. Throughout the text, first, second and third courses
of ACTH are shown thus - (As1.), (A.2.)y (Ae3s)y ((eege BeBs (As2.))
and similarly the symbols (Cete), (Ce24)y (Ce3s) are used to represent
successive courses of cortisone. The ACTH cases received a diet
containing not more than 88 milli-equivalente of sodium daily end
the diet of patients given cortisone contained less than 22 milli-
equivalents of sodium per day.

' The ACTH was given by intramuscular injection for twelve days ,
in amounts varying from 40 %o 100 mg. daily,together with 2 to 3 g.
of potassium chloride by mouth. OCortisone was given in dosage
varying from 100 to 300 mg. deily (with a dietary supplement of

2 g mmﬁcnm)maﬂnwm Eleven courses of
cortisone were given intramuscularly andi three courses orally.

The patients were weighed each day and the urinary protein
concentration was cotimated by the Esbach method. In some of the
younger patients difficulty in obtaining the urine made collection
of the complete 2k hours specimen difficult but this was essayed
vhenever practicable. Samples of blood were withdreawn before treatment,
at the end of treatment and several times during the "withdrawal period”
and thereafter.

The total serum protein content was ectimated and was
fractionated by electrophoresis. The non-protein nitrogen and plasma
cholesterol were also cnm as were the erythrocyte sedimentation

rate/
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rate (BsSeRe) and the packed cell volume (P.CeVs) (Wintrobe method).
Throughout the text a diuresis is arbitrarily regarded as polyuria

causing fluid loss equivalent to 2 litres of water, or to more than
20 per cent of the body weight of the patient.

LCTH Treatment
The effects of ACTH on the cedema, proteinuria, serum protein

level, ecsinophil count, blood cholesterol and erythrooyte
sedimentation rate will now be discussed under various headings.

Qedema
Variations in cedema are most readily measured by alterations

in the body weight of the patients. During the first six days of
ACTH therapy the average weights of patients increased as compared to
the six days preceding treatment on twelve occasions, but on three
occasions the average weight fell. The gain in weight varied from
Os1 kgs t0 1.9 kgsy the average gain being 0.6 kg. During the
second six days of ACTH therapy weight gein occurred in eight cases
and weight loss in seven; five of these latter cases subsequently
ceased to de cedematous. On no occasion when a case continued to
gain weight for 12 daye did diuresis subsequently ccour. Thus from
thirteen courses of ACTH given to eight oedematous patients diuresis
resulted in five instances. The weight lost by these five varied from
2.6 kgs t0 10.0 kg. (everage loss = 6.2 kg.). More detailed
informstion is given in Teble XXII in which the average weight of
the patient for a series of six day periods, before, during and
after/
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after treatment is shown. In E.B.(A.1,) and D.MoG.(A.1.) the gross
mmmguu»mrumamn in the remaining
three cases cedema has remained abosent for more than six years
((DeMo(Aa10)y JoFo(Auts), and EoBo(Ae2.))
Proteinuria

On fourteen of the fifteen occasions on which ACTH was given
the proteinuria increased soon after treatment began and in one case
remained unchanged. Diminution of the proteinuria usually occurred
1 to 6 days af'‘ter hormone treatment had ceased and was unassociated with
water loss on seven occasions. In three cases in which diuresis
commenced during therapy a marked lessening of proteinuria occurred
towards the end of ACTH treatments In ome case (P.McD,) where
complete colleotion of urine was achieved frequently during observation
the total daily output of protein doubled when ACTH was given and
fell to one half of the original quantity when treatment was stopped.
In enother case BeB.(A.1.) the daily output of protein (which
before treatment with ACTH ranged from 2 to 4 grammes) rose to 4 %o 9
grammes in the early days of treatment, and later fell to 0 to 1 gramme
per day for the last week of therapy, and the urine remeined free of
excess protein for 5 years after treoatment stopped. This indicetes
clearly that the fall in proteinuria was not due to dilution of the
urine and certainly not due to a2 fall in plasma albumin which had in
fact, altered little during this period. It may therefore be accepted
that the esdministration of ACTH to patients with nephrosis increases

proteinuria/
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proteinuria for the first few days of treatment and the proteinuris

If diuwresis takes place hefore
the absolute daily loss of protein leseens, then some dilution of the
protein in the urine will inevitably occur. On fourteen occasions

proteinuria persisted after treatment and returned to its former gross
levels in all these cases except JelN.(A.1.), AJR.(As1.) and E.B.(A.2,)

Serum Proteins
The total serum protein levels were measured before treatment,

after twelve days of ACTH, and sixteen days later. Complete records
were obtained om thirteen occasionss the details of such results

are shown in Table XXIII. It will be seen that on ten occasions
thiudmdnoomtmjooﬂ.otomrm\wo.scou-m
mmw-nmuummois.o;.unnm. The
total protein level increased slightly in three of the remaining five
cases and fell in two.

In twelve cases it was possible to compare the total serum
wMMmMWtMMnMWNM
treatment stopped. The total serum proteins rose by more than a gramme
per 100 mls on five occasions, by less than one gramme on six cccasions,
and fell slightly on one occasions In each of the four cases in vhom
the most setisfactory diureses had by then occcurred ((D.HeG.(A.1.),
JoNe(Aate)y EeBo(As2,) and D Me(As1.)) the level of total serum
proteins after treatment exceeded the level bdefore treatment by at

least/
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least 1 g+ In B.Bu(As1.) and AsR.(As1.), vho each had & transient
dduresis, the total serum protein level rose during ACTH therapy

and fell after it had been stopped. It is interesting that in two
oedematous patients in whom a marked rise in proteins was noted during and
after ACTH treatment, diuresis did not ocour.

The various components of the serum protein content were
measured and these results are shown in Teble XXIII. The «, p and
Y globulins were estimated separately, but at this time (1951) mo
significant differences were noted in the behaviour of these
globulins which are shown as a total.

Several interesting points arose when the alterations in serum
albumin levels were studied. In fourteen instances the levels immediately
wmummmnummm on five occasions a
rmmmxmamum‘mmuwuww
time diuresis had ocowrred in two of these cases; in the nine remaining
cases a decrease occurred in the level of plasma albumin, Sixteen
days after ACTH treatment an increase exceeding 1 gramme per 100 ml.
had ocourred in the serum albumin level of five cases and in four of
these diuresis had eslready begun.

The alterations in serum globulin were also of interest. In three
of the thirteen instances when complete results were obtained the
total globulins were markedly lower sixteen days after ACTH treatment
than befores In two of these cases diuresis had occourred and
in all three a marked imcrease in serum albumin was noted. In
0sIs(Ae2.)y ome case in which the total serum protein
level/
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lovel rose and no diuresis had occurred, a marked increase in
serum globulin level explained this rise.

All these results indicate that ACTH gan cause s disappearange

w12 TO%S eI Drotaelin low

albumin is not always associsted with diuresis ((E.M.(4.2.)); and that
((CoaXel(Ae2.)).
Nevertheless the cases in whom the best results were obtained were

those in whom the greatest increases in serum albumin occurred in the
sixteen days after treatment ((D.M.(As1.), DeMoG.(Aets)y Jol.(As1,.),
EeBu(A42,)).

Qther Observations

Serial eosinophil counts were completed on eleven occasions
and very marked falls cccurred during ACTH therapy; in all cases
exoept P.MoD.(A.2,) the levels returned to normal when treatment was
stopped. During ACTH therapy the plasma cholesterol level rose in four
cases and fell in nine (Tsble XXIV); after treatment the level was
lower ih ten of the cases where comparison was possible and higher in
two. In all five cases in whom diuresis occcurred the cholesterol
level was lower sixteen days after ACTH treatment than before and in
four cases had fallen to below 250 mgs per 100 mls The packed cell

volume was esctimated before, during and after treatment with ACTH
but little alteration occurred in any case.
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aration of the total plasma volume unless the total red blood
gell volume altered pari passu . The erythrocyte sedimentation rate
was high in all cases and was not altered by treatment except in
the two cases rendered asymptomatic.

Qedema

/n inorease of more than 0.5 kge in the weight of the patient
during cortisone therepy as compared to the preceding six days
occurred on nine occasions, the maximum weight gained being 2.7 kge
(Teble XXV). Three cases did not gain weight and in each of these
cases marked diuresis occurred subsequently. Diuresis occurred in
gix of the eleven cases who gained weight during cortisone therapy.
In each case the marked loss of fluid ocourred two to twelve days
after the cortisone had been stopped.

This weight loss ranged from 2.7 kg t0 9.4 kg, and
represented a loss of up to 57 per cent. of the final body weight of
the patient. Diuresis occurred in nine children and after a period
varying from 12 o 78 days, but the oedema returned on seven occasions.
In R.P.(C,1.) and A.P.(Cs1.) oceodema had not recurred eight years later,
Diuresis did not occur in five cases end in each instance the ocedema
wes inoreased by the treatment.

Proteinuria
On every occasion the proteinuria increased during cortisone

therapy/



- o - £°gT 9°8T ¢°8T G 61 6°LT LT (2)°N°C
> B - 0°LT 8°9T1 AR ) 66T 2* 11 9°fT (T)*N°C@
- 0 G°92 2°'¥e 1 A% £4 9°¢€2 T°E2 v°12 g 0¢c (2) 'w*a
- 0 - - L°62 9°ge T 62 9°ge 6°L2 (T)"wm°d
o 0 - 0°62 IS 862 0°se G°te i (T)°x°0
* B 8°8T £°8T L°6T g°se v°Le e°Le 0°L2 (T)*a°B
* * = 6 Tt 0°1t ¥°g2 A 19 26t s (€)g°z
* . - 0°Tf £°62 Lotk G 6t 8 % 1 0°1t (2)‘g°s
* * - = g0t g2t 6°6¢ g Lt T°6¢ (T)'g°=
* * - 0T G°2T £t T ¥e°ot ¥°6T 9°¥T1 (2)"B°r
* * 8°ST T°48T 0°¢fT 6°6T G°6T £°6T 2°8T (T)*B°r
* . °9°6T 6 61 g°0e ¥°92 o°ge €°g2 §°g2 (T H'E
0 * 8°0T 9°0T 60T : O X 2°t1 c°'tl i % : (T)°d°v
] * 6 1T ¢'tt ° | G 34 O 5 ¢ A48 G°tT 8 €T (1)d°"®

ecsdeT| se1se | suos1ja0) | euoe 3100 | 8uoOE 4I0D suos j3x0;| suos13a0) [eUoST3X00 [PUOSTLI0)

J83 Y J243Y I3 3V I91JY I9% 3V uo axoJeg

-8y | —anq pAeq 0€-G2 |sfeq ¥2-61 [sfeq QI-ET|sf=q 2T - L|sfeq © - T| sfeQ oAl | 84BQ XIS

pe3e3s spowxed J0F (°SY) e3yfteM efeIeay

A

LJHOISM ACO€ ODNIMELTIV X9 NAOES £V VIE@IO NO ZNOSIIEOD 40 SIOEJJE




153

therapy and fell below the original level 36 to 72 hours after

the hormone was stopped. That this reduction was dwe to decreased
deily loss of protein amd not to dilution of the urine dus to water
diuresis was apparent from the marked fall from 16 g. protein per litre
to less than 0.5 g. protein per litre which ooccurred in one case with
no parallel increase in urinary output. This finding was more
sccurately confirmed in EeBu(Cefe, G2 and 0s3.) where total daily
urinary cutput was measured end the total quantity of protein lost
daily assessed. Proteinuria returned on twelve occasions after a
period varying from 3 to 56 days. In the two remsining cases
proteinuria has not returned after eight years ((A.P.(C.1.) and
a.r.(c.i;)).

Zerum Proteins
The effect of five days' treatment with cortisome on the total

serum protein level was observed on ten occasions. On two ooccasions
the total serum protein level rose and on five occasions fell. Two
to four weeks after the cortisone was stopped the total serum proteins
had risen in ten of these cases, the rise varying from O.1 g. to

148 g« A small diminution had occcurred in the remaining two cases.
These measurements were made in seven of the nine cases in whom
diuresis later cccurred; the level of total serum protein rose in all
seven cases, by varying amounts (range = 0«1 g« to 1.8 g« per 100 ml.)
On five occasions ((A«Pe(Cets)y RePe(Cate), EeBo(Ca24), EaBa(Ca3s),
HoDe(Cols) and Felo(Ce2,)) the proteins had risen by 1 g. per 100 ml,
or more and in the firet three a diuresis had by $hen coouwrred. Three

months/
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months after treatment two children ((R.P{C.1.)) and ((A.P.(C.1.))
showed further increase in their total serum protein content but
in all others except F.M. (C.1.) the serum proteins had fallen to
their original low levels, The various components of the serum
proteins were messured and these are shown in Table XXVI. The «,

f and y fractions of the globulin were separated but, as no
significant individual alteration was noted at this time they were
shown as "$otal globulins™, It will be seen thet during cortisone
therapy the level of serum albumin fell on seven occasions and rose
on threes Two to four weeks later the albumin hed risen by more
than 0.5 g+ in five caeses and in all five children diuresis had
cwourred by this time. Thus the overall pattern in cases responding
%o cortisone treatment was a fall in serum albumin during treatment
followed later by & much larger rise.

When the alterations in the levels of serum globulins are
reviewed it may be seen that, while trnhont was boing given a
rise coourred in four cases and & f£all in six ceses, Diuresis later
occurred in four of the six casas whese serum globulin had fallen
and in two of the four cases which showed a rise in total serum
globulins., Two to four weeks after treatment six out of the twelve

cases had & lower level of serum globulins and by then diuresis
had oscurred in four of these. Ihis fractionation shows clearly
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It should be emphasised thet the typical electrophoretic protein
pattern, as showmn in all these cases before treatment, is not specific
for nephrosis but ocours after burns, acute infections or trauma (Teilum,
Mngback, Herboe and Simonsen, 1951).

Having ascertained the quantity of each of these componsnts of the
serum proteins per unit volt-a_ of blood an attempt was then made to
determine the total quantity of each protein in ciroulation. To this
end the blood volume was estimated before and after treatment in four
cases, two of whom responded by diuresis. From these values it was
possible to calculate the absolute circulating quantities of each
fraction (Table XXVII). It will be seen that the marked drop in
blood volume which ocourred in RePe(Cels) and JeNe(Cel.) who responded
to cortiscne, tehded to mesk the absolute fall in globulin (measured
per unit volume) whilst the actual level of the albumin was, in the
same way, oxaggerated. Nevertheless, the final level of circulating
albumin in RePs(Cs1s) smounted to 13.4 g, (the original level had
been only 3.8 g.). This case responded by diuresis and neither
oedema nor albuminuria has recurred. In the two cases who failed to
respond by diuresis ((C.¥.(Cels) and FoMu(Cols and Cu2.)) & fall in
albumin end rise in fibrinogen occurred during treatment.

Other Observations
During cortisone therapy @& marked rise in the cholesterol

content of the blood occcurred in one patient on three occasions, a
marked fall in three cases and little change occurred in the remaining
five cases observed. After treatment was stopped a fall ocourred

in/
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in the cholesterol level, as compared to the original value, on
thirteen occasions and a rise occurred in one case only. In those
cases who relapsed after treatment and in the cases who did not
respond by diuresis, the cholestercl returned to the high initial
levels, In A,P. and R.P. on the other hand, the levels fell to
normal and 8 years after treatment heve remained there, Fuller
details are given in Table XXVIII. Serial ecsinophil counte were
performed on thirteen occasions: during treatment the level fell
in twelve cases and rose in ome ((JsH.(Ce2:)). Afier trestment o
rapid rise to normal levels was observed in all cases. The
erythrocyte sedimentation rate was elevated to very high levels in
all five cases in which the measurecment was made and was altered but
little by treatment., Packed cell volume measurements were made on
ten cases and again showed no alteration in plasma volume which
would account for the altering biochemical findings.

In this series diuresis occurred in cedematous nephrotics on
nine occasions after fourteen courses of cortisone (64% succees); and
onﬁnomtmbymommotM(}aﬁswom). The
extent of the diuresis is bdest judged dy expressing the weight of
cedema lost as & percentage of the final body weight, and this is
done in Table XXIX., It will be seen that the weight lose in each
treatment group varied from 20 per cent. to @bout 55 per cent. of the
ftnnlbodyul‘tulthdwﬁinoftholalctmudm

differ/
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A Q-0 H CORTISONE
gl PR el
Patient |piuresis | Weight by Patient | piuresis :.z;: :
(kg.) |Diuresis | (kgo) [Diuvesis
Da.(1) [11.0 27% RePu(1) | 10.5 314
7.8, (1) |20.2 55% AP(1) | 1044 274
E.B. (1) |28.5 255 J.(1) | 19.1 L6%
BeBs (2) | 2742 238 JH.(1) | 134 36%
DoMoG.(1)] 119 4,8% J.He(2) | 12.2 20¢
B.B.(1) 29.2 20%
BeBs(2) | 29.0 265
B.Bs(3) | 28.0 23%
HoDu(1) | 1745 574
F Saten
Mean 1,.’ ’6’ Mean 18.8 32’
RS

* The second course of Cortisone given to E.B. when his weight was
rising sharply as ocedema increased after his first diuresis following

differ significantly in the two groups. Two of the cortiscne
treated cases and two of the ACTH treated cases have had apparently
permanent remissions but such occurrences might have been fortuitous.
The two hormones appear to produce a diuresis similar in extent and
duration but cortisone seemed to be the hormone of choice, and
cortisone promotes diuresis in a larger proportion of cases.

A striking point of difference in the two groups was the time
of onset of diuresis. This did not coour in any of the cortisone

troated/
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treated group until after the administration of the hormone had
coased whereas in all the cases treated successfully with ACTH
diuresis started during the administration of the hormone although
an acoceleration of the diuresis ocourred when ACTH treatment was
stopped. Since a five day course of cortisone was given on each
cccasion in this series it wes not poseible to sey thet diuresis
pxolonged %o 12 daye. This point hed been investigeted by
Luetscher (1951) and it appeared at that time that diuresis did

not ocour during the administration of cortisome. It should be
emphasised that although diuresis was provoked on fourteen occasions,
only in five instances did loss of ocedema persist more than three

months.

In both groups the proteinuria became aggravated during
treatnent and deocreased rapidly as a rule when hormone therapy was
stopped. On three occasions during ACTH treatment, however, the
proteinuria lessened sharply and this finding may be explained by
the work of Lauson ot n..(1951.). In every instance but four
(that is, on twenty-five ooccasions) the proteinuria later returned
to the former gross levels. It appears that treatment with either
ACTH or cortisone might temporarily affect the proteinuria in some
way which was apparently unconnected with diuresis. This factwas
encouraging since it suggests that these hormones might have some
influence, however indirect, on the basic cause of this disease:
their action being more complex than a simple diuretic.

Similer/
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Similar alterations in serum proteins were produced by
both hormones, the tendency being to return the pattern towards
normal after treatmenty that is, to increase the serum albumin
level and roduce that of the serum globulins. The rise in level
of aldbumin tended to be most marked in cases who had responded dy
diuresis. Figures IXIII and IXIV show clearly the similarity of
the response of the serum proteins to cortisone and ACTH
respectively. In Figure IXIII are shown the patterns of three
cases; R.P.(Cets) who had & diuresis and is apparently cured,
JeN.(Ce1s) who had @ transient diuresis and C.Y.(Ce1s) who had
no response. The firet had & marked and persistent elevation of
the serum aldbumin level after treatment, and the second a transient
slevation of serum albumin content; the third no such response.
Figure IXIV demonstrates 2 similar sequence of events in cases
responding completely, temporarily and not at all to ACTH
((Dola(Asin)y DuMoGe(Aete)y Bela(Aets))s

It appears quite certain that the diuresis precipitated
by ACTH or cortisone is not dependent on alterations in the serum
proteins and may occur quite separately. This is clearly shown
by the case of J.N.(Cst1.) after cortisone treatment. In this doy
the cedema and proteinuria had both disappeared although the total
circulating protein had fallen from 72.9 g+ to 5T«.4 g+ and the
Sotal ciroulating aldumin had risen by only 0.7 g Furthermore,
the fact that the albumin level in this boy's serum did not rise,
despite the cessation of proteinuria, is strongly suggestive of

some/
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FIGURE ILXIII

ELECTROPHORETIC PATTERN OF SERUM PROTEINS .
RELATION TO CORTISONE TREATMENT

BEFORE CORTISONE Yy, AFTER Y, AFTER
A

P A A
ii Plx‘
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A
(b) JN
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Albumin

Alpha Globulin
Beta Globulin
Gamma Globulin
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FIGURE LXIV

ELECTROPHORETIC PATTERN OF SERUM PROTEINS.

RELATION TO ACTH TREATMENT

BEFORE
ACTH “es AFTER Y2 AFTER

D.M.

D.M<G.

E.M.

Albumin

Alpha Globulin
Beta Globulin
Gamma Globulin
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some factor modifying albumin metabolism unless it were being
lost elsewhere. The effects of ACTH and cortisone on the
cholesterol level of the plasma were essentially similar. During
hormone therapy & rise ocowrred in the blood cholesterol level of
some cases in each group and in the others a fall, dut in both
groups a considerabls fall occurred where diuresis arose,
followed by a returm to the former high levels if the nephrotic
state worsened agrin (Armeil and Wilsom, 1952, 1953). These
findings only partly sgree with the results of Conn et al. (1950)
who suggested that the level of plasma cholesterol was depressed
by ACTH therapy (due to a fall in cholesterol esters, used to form
cortisone). Adlersberg ot ale. (1950) suggest that cortisone
therapy has & "sparing effect" on cholesterocl esters and causes

a rise in plasma cholesterol. They also noted hypercholesterole
semia when ACTH was given over & period which appears contradiotory
to the findings of Comn quoted sbove. Wolfson et al. (1950) have
obtained evidence to suggest that such a rise in cholestercl on
ACTH therapy may result from a depression of the uoﬂvitydth
thyreid gland. In both groups an eosinopenia developed during
therapy and disappeared when the hormones were stopped. This
eosinopenic response to therapy was more marked in the ACTH
groups In neither group was the packed cell volume or the
erythrocyte sedimentaticn rate influenced by treatment.

Toxie/



The toxic effects resulting from these hormones are
worthy of note. In the cortisone group low grade eellulitis
(common in any nephrotic patient) occurred in two cases and
these infections were easily controlled by penicillin., Inm
the ACTH group sterile abscesses developed in three cases,
large, fluctuating, rainless, sloughs forming insidiously
and painful induration at the sites of injection were common.
Precordial pain was complained of by two patt_cat-, diarrhoea
ocourred on one occasion and faecal impaction in one case.
A major complication ocourred in GeB.(A.2.) who suddenly
developed status epilepticus on his nineteenth day of ACTH
therapys (80 mgs daily). A lumbar puncture was performed
and the cerebro-spinal fluid was foundl to be normal. MNarked
hypokalaemia was found to exiet (serum potassium & 3.2 m.eq.
per litre) despite the fact that 3 g. potassium chloride had
been given daily throughout the administration of the hormene.
Electrocardiographic tracings confirmed this finding and both
serum level and electrocardiograph were rapidly restored to normal
when potassium chloride was administered by gastric tube. Despite
edequate and prolonged sedation with intramuscular paraldehyde
the boy continued in deep coma, with intermittent convulsions for
72 hours; throughout this period no hypertension was present. He
gradually returned to consciousness but has now a psychopathic

personality/
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personality reminiscent of the post-encephalitic state. E.B,
had been an intelligent boy, eight years of age, and had no
history of having a fit prior %o this incidents The advent of
convulsions in patient receiving ACTH or cortisons has been
recorded on several occasions in the United States of America.
Sprague (1951) mentions four such cases and quotes two others who
progressed $0 coma and died. The post mortem finding (in one of
these cases) consisted of degeneration of the cells of the
omﬁdowlc; an ominous portent. Another fatal case was
recorded by Geppert et al. (1952); this ooccurred during cortisone
treatment and at post mortem revealed only congestion of the
brain with no abnormalities of the neurons and a teminal
bronchopneumonia, Other cases have been recorded by Lowell et
als (1951) and Dorfman et al. (1951). Such cases were noted to
have hypokalsemia and alkalosis @s had our case but one must
oconclude that some direct action of the hormones on the bio-
physiology of the cells of the cerebral cortex is involved, It
appears that E,B. was fortunate to recover, after lapeing into
coma of a type which has previously proved fatal,

¥hen considering possible mechanisms by which ACTH and
cortisone might relieve the anasarca of nephrosis in 1954 it
was first essential to visumlise the process of oedema formation

in/



in thie disease. Whatever the pathogenesis of nephrosis might
be, the occcurrence of gross preteinuria due to an organic or
functional lesion of the nephron was indisputable. That such
proteinuria was partly reeponsible for the fell in plasma albumin
level had never been seriously questioned, although diminution
of hepatic synthesis of albumin had been suggested as a comple-
mentary factor. A fall in the level of albumin in the plasma
causes a marked decrease in the osmotic pressure of the latter.
In these 15 cases the average osmotic pressure exerted by the
MWquBJ-«.n‘. as opposed to the average
figure of 30.9 mm. Hg. obtained by Covaert's formula as

employed by Rennie (1933). The lowered osmotic pressure results
in compensatory retention of sodium and cbloride (Gamble, 1949)
and oedema becomes apparent. This is probably due to & failure
of the plasma to uplift the extravascular extracellular fluid

in consequence of diminished plasma osmotic pressure (as Starling's
hypothesis suggests)s As a result, whatever the pathogenesis
may be, water, sodium and chloride must be retained (imerson et
als 1951) and this is effected by an inoreased activity of
adreno-corticoid hormones (Deming and Luetscher, 1950) and of
vasopressin from the posterior pituitary gland (Robinson and
Farr, 19403 Leuson et al. 1952)., These hormones act on the
renal tubules and first produce and then maintain the
saline-logged state of the nephrotic. Any process which inter-
feres with the production or balance of these hormones may lead

to/
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to loss of mp, water and oedema. If the bdasic process of
proteinuria and hypo-albuminaemic persiste, loss of cedema of this
type will last for as long as the diminution in hormones retaining
salt and water persists, and ocedema will then return.

!hoWotoérummMontMunbmmldmm
balance in oedematous patients, the resultant of the interaction of
these hormones was then considered.

It had been shown beyond any reasonable doubt, that the
administration of cortisone in large doses causes depression and
atrophy of the adrenal cortex (w, 19513 Eeclntosh and
Holmes, 1951) which results in & deficiency in hormone output on
stopping cortisone. A ocessation of the exeretion of ACTH by
the anterior lobe of the pituitary affects the zonae reticularis et
fasciculata but not the zona glomerulisa of the adrenal cortex.
(Deane end Greep, 1946). It seemed importamt that this atrophy
of the adrenal cortex probably resulted in diminished output
of mot only the 11-oxysteroids, but all other corticsl hormones
as well, Thus & diminished output of 17-ketosteroids can be
shown in the urine and & bemeficial effect cccurs in cases of the
adrenogenitel syndrome. (Bishop et al, 1952). A diminished output
of cortisone in response to ACTH may be demonstrated during this
period by the poor eosinopenic response to ACTH administration.

The loss of sodium and chloride presumed to result from diminished

169

activity of the salt retaining hormones has been clearly demonstrated

by luetscher (19%51).
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Desoxyocorticosterons acetate is fifty times as potent in
rotaining sodium as cortisone and it seemed likely that a human
equivalent of this eynthetic substance must exist and be affected by
adrenal depression. (A new corticoid substance has been described by
Reichstein (1953) which is present in beef adrenal. The work of Tais,
Simpson and Grundy (1952) has postulated the presence of a similar
substance which they named eleeotrocortin but it was Reichstein who
finally identified it as 16-hydroxy 11-desoxycorticosterons). It seems
virtually ou'tun that during the days succeeding the sudden stopping
of cortisone or ACTH treatment the adrenal output of all these hormones
is markedly diminished until adrenal function returns. It is in this
critical period that the loss of sodium, chloride and water occurs
and may cause reduction in the cedema of nephrotic patients. This
conception of diurevis following ACTH or cortisone treatment is shown
in Migures LXV and IXVI.

It seemed possible that this mechanism might pley a part in
many of the well-imown methods of producing diuresis. Such forms
of stress as acute pneumococoal infection, measles, malaria, hurns,
scalds or the administration of nitrogen mustards all provoke an
outflow of adrenocortical hormones, followed by a sudden decrease
and poseibly a consequent diuresis. It had been known for many years that
diuresis doees in fact ocour after such acute incidents and the above
explanation appeared satisfactory. The intravenous infusion of concen-
trated plasma, human albumin and plasme substitutes, can only result in a
very/
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FIGURE LXV

Postulated Causes of Diuresis in Patients Treated by A.C.T.H.
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Postulated Causes of Diuresis in Patients Treated by Cortisone.

FIGURE LXVI
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very temporary emelioration of the abnormal osmotic pressure and,
should diuresis ocour, it will be temporary (m the basic fault
persists) unless spontaneous remission is provoked.

It seemed that the mechanism of adrenal depression was purely
an action on sodium and weter metabolism independent of plasma
proteina, That this action of cortisone does not depend on any
specific effect on the proteinuria seemed clearly shown by the
case of I.A.(Cs1.)s This boy, ag~d five years, suffered from gross
oadema, the resultant of marked hypoproteinaemia accompenying coeliac
disease. Both serum albumin and serum glodulin were reduced but the
plasma cholesterol level was normal. A course of cortisone, 200 mg.
daily (with 2 gremmes of potassium chloride) was given for five days
end was followed by a sharp diuresis and the loss of 7 kilogrammes in
weight{= 50 per cent. of his body weight). Oedema thereafter was
minimal for some months, although the serum proteins were little
altered and eventually the oedema disappeared. At no time was
protein detected in the wrine of this doy, precluding any action
on proteinuria as & possidble cause of diuresis. It is paradoxical to
find in 1959 (Gordon) that such cases have in fact & leak of albumin
into the gut and this may well have been improved by stercidel

The same general pattern was used as an explanation for diuresis
following ACTH or cortisone therapy (Piguree IXV and LXVI). During
treatment with exogenous cortisone, depression of the pituitary and
consequently of the adrenal cortex cocours. The withirawal of such
exogenous cortisone ie followed By a period of days before pituitary
and/
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and adrenal function return to normal. When exogenous ACTH is
given, and excess of endogenous cortisone results and depression
of pituitary function with hyperactive adrenal cortices results.
On stopping treatment a transient loss of adrenal hormone again
ocours wntil pituitary funotion is restored.

Such explanations were satisfactory for diuresis occurring
after treatment but did not account for water and salt loss during
ACTH or cortisone therapy. Seversl explanations for this
phenomenon have been advanced by Thorn et al. (1950). They
suggested that renal "tubular fatigue™ may result from a sustained
high level of 11-oxysteroids or that these hommones may indulge in
competitive inhibition with the desoxycorticosterone-like hormones,
or that increased glomerular efficiency may occur during ACTH or
cortisone therapy. None of these oxpimiim were oconvincing. Two
other possible theories suggested themselves, Mirstly, if cortisone
depressed the activity of the anterior pituitary gland, it might also
depress the funotion of the posterior pituitary, provoking water
diuresis and consequent sodium loss during treatment., This suggestion
of primary water loss during treatment and sodium loess after
treatment (diagramatically shown in Migs. IXV and IXVI end illustrated
in relation to case records in Figs. IXVII and LXVIII) and the
demonstration of sn excess of antidiuretic activity in the blood of
nephrotic patients (Lauson et al., 1952; Barlow, 1952) led to
the research on pituitary peptides descrided earlier.

Secondly, the improvement following cessation of short
courses/




FIGURE LXVII

t\‘C.T.H. Therapy

PRIMARY AND SECONDARY

DJURESIS, WITH RECOVERY.

IN KILOGRAMS

WEIGHT

ACTH THERAPY

CASE E.B.

PRIMARY
DIURESIS

35p —

SECONDARY
DIURESIS

25¢p |

NUMBER OF DAYS

The first diuresis is thought to be due to endogenous adrenal
depression and the latter diuresis to cessation of sodium-

retaining therapy.
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FIGURE LXVIII

Cortisone Therapy.

PRIMARY DIURESIS SECONDARY DIURESIS
WITH RECOVERY
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In the first example diuresis occurred during prolonged therapy
and in the latter example followed a brisf course of cortisone.
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courses of cortisone might in fact be related to the onset

of treatment with the benefite disguised by the sodium retention
during therapy, or delayed until more than five days from the
start of therapy. This explanation would account for the apparent
paradox of diuresis ocourring both during and/or after hormone
treatment. As a corollary to this idea & hommone with cortisone-
like action, free of sodium retention, might produce improvement
constantly during treatment. Such a hormone was sought in vain
until September 1955 when Messrs. Pfiser lLtd. synthesiged
"Deltacortril” (Delta-l-hydrocortisone, now called prednisolone)
claimed to have these properties (Bunim, 1955) and sent a supply
for chemical trial (Arneil, 1956a & o, 1958).

Before proceeding to the later findings it is interesting
to review the conclusions arrived at from these very -confusing
preliminary investigations. These were as followss
(1) Both ACTH and cortisone at first inoreased proivsiruria, which

then decreased markedly in most cases apparently irrespective of:-

the continuation of treatment;
b the ocourrence of diuresis;
¢) the level of serum proteins.

(2) Both ACTH and cortisone provoked diuresis in a mmber of

1mmmthuomdqm be independent ofs-

the continuation of treatment;
the diminution of proteinuriaj
the level of serum proteins.

(3)/
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(3) Both ACTH and cortisone tended to return the level of serum
proteins and of each component fraction towards average levels.

(4) Both ACTH and cortisone reduced serum cholesterol levels
when diuresis and diminution in proteinuria occurred.

(5) Despite (1) and (2) above, it could generally be said that
diminution of proteinuria, diwresis, increase in serum protein
level and fall in blood cholestercl level were approximately
parallel.

(6) It seemed likely that incidental sodium retention due to
steroidal activity was modifying the time of occurrence of

Gauresis.

EPreliminary Group
Patients were selected on the same criteria as bvefore. The

children were kept in bed and received a diet containing lees than
2 g sodium daily without additional potassium intake, Urinalysis
and biochemical investigation were carried out by the same methods
as before. In four cases a forty-day course of prednisolone
(8~1-hydrocortisons) was given (60 mg., 40 mg., 20 mg., and 10 mg.
daily for ten days each). In the fifth case a five-day course of
60 mg. daily followed by sudden withdrawal of treatment was employed
(the type of treatment which had been employed with cortisone). The

five/
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five patients were all male, ranged in age from 2} - 8} years, and
had suf'fered from nephrosis for perieds varying from 1 - 260 weeks.

Iffects of Prednisolone Treatment
In each Sase the proteinuria decreesed markedly within six

days of starting treatment. Prior to starting treatment the daily loss
of protein in the urine had been 1 -~ 4 grammes; and this fell in each
case to less than 0.25 g. per day. In four of the cases proteinuria
disappeared oo'-plnoly in the next few days and is still absent 2 years
later. In the fifth boy (who had suffered from gross cedema and
proteinuria for more than five years) the proteinuria has greatly
decreased but still amounts to about 250 mg. per day.

In all five cases diuresis ccourred within eight days of
initiating hoarmone therapy, and the patients have remained free of
cedema. The periods range from 2 - 3 years. In Figure LXIX the
relationship of diuresis to treatment, ani to the decrease in protein-
uria in the firet three patients treated is shown; note that
decrease in proteinuria appears to precede diuresis in each instance.
These patients lost from 26 - 31 per cenmt, of their final body weight
during diuresis and after this were seen to be gaunt ani wasted.
(Fig. IXX). Tissue anabolism rapidly followed eand weight gain
gradually occurred thereafter. (Fig. x.xn). In all five cases
the serum protein level was initially low and roese to normal levels
within forty days of treatment starting. Table XXX gives details of
the biochemical findings in these five cases. It will be seen that

the/
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FIGURE LXIX

Relation of Diuresis (as judged by weight loss) and Albuminuria to
Prednisolone Treatment in Three Cases,
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Relation of prednisoione treatment and albuminuria to loss of
adema and consequent loss of weight.

Relation of prednisolone treatment and albuminuria to loss of oedema
and consequent weight loss.
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Prednisolone Induced Diuresis

(a)

(b)

Fic. 1.—Two photographs of a child with nephrosis:
(a) before steroid therapy; (b) three weeks later.
Note how the rounded contours of cedema mask
underlying wasting.
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FIGURE LXXTI

Diuresis Induced by Prednisolone
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The initial weight loss is due to diuresis and is followed by a
steady rise in weight from tissue anabolism.




Serum Proteins G,/100 ml. Blood 7 3. B,
+ Cholesterol]Wintrobe

Date fotal | Albumin _‘wwwum & Beta Globulins |Gamma Globulins |mg./100 ml.]mm/hr.

P.B. 28.9.55. 4.2 0.3 3.4 : 0.5 358 114
T'reatment | 9.10.55. 4.8 0.4 3.0 0.0 307 -
13.10:5%., $:5 Qo7 3.4 C.4 219 -

210,55, 5«9 1.4 3.8 QT 163 42

22.11.55. T:4 s | 3.4 0.9 150 14

3:1.56. 8.2 D 3.4 A 140 15

6:3.56% 5.9 202 Zal 1.9 67 12

o 30.4.56. 6.7 32 2.4 0.9 119 9
T.McG. 8.1).55 4.8 0.6 3.4 0.8 265 46
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the levels of serum albumin wers initially very low but rose

to within normal limits on prednisolone treatment in each case
(Figs LXXII). Although these improved levels were mainteined the
optimal biochemical findings were at the end of the foarty day
treatment period. It is intensely interesting to note that diuresis
ocourred with the level of serum albumin below 1.0 g per 100 ml.
in all five instances. The levels of gamma globulin which were
initially low, rose in &ll cases, and have remained materially higher
since then. The blood cholesterol levels which initially were
above 260 mg. per 100 ml, fell rapidly to below 150 mg. in the like
volume, and the erythrooyte sedimentation rates fell from very
high levels to within normal limite in all five ocases.

These findings are most interesting but even more important
is the fact that the proteinuria of nephrosis was consistently
reduced during the administration of prednisolone. No previous
form of treatment has consistently caused such a change end it
seems probable that other improvements such as the rise in serum
albumin and gamma globulin, the fall in the blood cholesterol and
the erythrocyte sedimentation rate and the esutrophy of the patient
are sequential to the alteration in urinary protein loss. The
mechanism involved remains obscure but prednisolone cannot act
simply by blocking some noxious influence since improvement
continues when treatment has stopped (as in the patient treated
for five days). It seems that exhibition of the drug benefite the
nephron, either directly or by upsetting some extrinsic factor (such

as/
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FIGURE ILXXII
Relation of Serum Albumin and Blood Cholesterol Levels to Prednisolone
Treatment.
G. SERUM ALBUMIN /100 mi.
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as an abnormal antigen/antibody reaction) which is acting upon
it, but that continuation of improvement is not necessarily dependent
on continued medication.

Although the main group of oases numbering 168 stopped in
early 1957 a number of cases have been treated with prednisolone since
then and some notes on these may not be out of place here. Thirty
children have been treated with prednisolone. Diuresis cocurred in
25 of these, proteinuria lessened in 24, and 17 are asymptomatic. In
dealing with such a chronic and unpredictable disease as nephrosis
it would be foolish to place reliance on a small number of cases
treated for such a shart time. Nevertheless tabulation of immediate
results of ACTH, cortisone and prednisolone treatment suggest that
the last is significantly superior to the earlier hormones.

Condition of Oedematous Nephrotics Eight Weeks
—ribor Starting Formone Thexapy .

A B c D
ACTH Cortisone  [EPrednisolone Frednisolone®
25

No. of cases 15 14 30
Free of oedema 3 2 25 24
Free of proteinuria 2 2 17 17

(* less "chronic" cases)
The figures given in column "C" are heavily biased againet prednisolone
because they include five nephrotic children whose illness had persisted
for several years prior to treatment, despite previous courses of
steroid and ACTH therapy. If these cases, which were really in a

chronie/




chronic state, are excluded then results were as shown in colume "D".
It will be seen that 96% become free of oedema and 68f free of
proteinuria within 8 weeks. These immediate results of steroid
therapy are incomparably better than those obtained with ACTH or
cortisons. This may be because of larger doses and longer courses
of treatment or because prednisolone has less sodium-retaining
action and is more successful in reducing proteinuria. Be that as it

In an unpredioctable disease of such a variable course ase
nephrosis it would be foolish to dogmatise on slender evidence.

Vhereas it was very unusual for a patient to relapse once proteinuria
hed entirely disappeared prior to the advent of steroid therapy, this
is no longer true. It is now a common ocourrence for a patient given
intensive sterocid therapy for a short period to lose all proteinuria,
but relapse fairly frequently ensues when dosage is reduced oo
rapidly. When the cases which have been given prednisolone therapy
and followed for two years are considered the results are as follows
(the five "chronic" cases excluded).

State 2 Years After Onset/
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State 2 Years After Onset

Prednisolone All Other
Ireatment _ Cases

Dead 2 (19) a2 (29%)
Proteinuric L (218) 46 (32%)
Asymptomatic 13 (68%) 57 (39%)

it will be seen that not only is the mortality significantly

lower but that the persistence of residual proteinuric is less
frequent. Since approximately 50#% of children with proteinuria
persisting two years after onset subsequently become asymptomatic
it seems highly probable that the recovery rate for the prednisolone
group will be in the neighbourhood of 80f%.

These facts are more readily appreciated in histographic form
and in Figure IXIII the situation is clearly summarised. The
various treatment groups are as followss
Group A3  1929-36 Pre-sulphonamide group.

Group Bs 1937-45 Sulphonamide available for treatment of
infection.

Oroup Cs  1946-50 Penicillin, chloramphenicol and streptomyein
available for treatment of infection.

Group D3  1951-54 Cortimone and ACTH short-term therapy available.
OGroup Bs 1955-5T7 Prednisolens therapy in large doses available.
All these patients have been followed for at least two years and
the clinical state referred to in each patient is two years from
onsets The columns are therefore comparable. It is obvious that
a very significant improvement in outlook has followed the use of
prednisolone/
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FIGURE LXXIII

Clinical Status Two Years After Onset.

NEPHROSIS.

. A B o D E
/o 1929-36 1937-45 1946-50 196(- 5¢ 1985-57

The dark areas represent deaths due to infection, the striped

areas deaths from renal failure; the stippled areas continuing
proteinuria, and the blank areas the asymptomatic state. All

figures expressed as percentages except those beneath the abscissa
which represent the number in each group.
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prednisolone therapy, From the discussion in past pages it is

clear that the deaths from infection have biased the figures against the
pre-antibiotic era. Figure LIXIV corrects this bias by excluiing
deaths from infection, It i1s at once clear that quite apart from
infection a decrease in deaths and in the frequency of persisting
protoinuria hes occurred. The higher death rate during the peried
1946-50 is ascribed to the use of mercurial diuretios.

iny new method of treating nephrosis must be measured against
the improved rate of recovery and the beneficial effects of
prednisolons therapy. For a new substance to be of value it would
require to be either & more active steroid then prednisolone with
fewer side effects or a substance effective in removing proteinuria
or oedeama in patients in whom prednisoclone therapy had prove:
ineffective, It is against this dackgrouni that three new substances,
triameinolone, methylprednisolone and dexamethasone are assessed.

Priamcinolons (9-o~fluore-16=a~hydroxy prednisolone)

This synthetic steroid with fluorine at the 9-alpha position
was claimed to have greatly increased gluco-corticold activity
whilst the hydroxyl radical at the 1l-alpha position reduced sodium
and water retention. It thus seemed to offer greater glucocorticoid
activity than prednisolone at a lower dosage level and with fewer
side effeots.

The/
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FIGURE LXXIV

Clinical Status Two Years Afte? Onset
(Less deaths from infection)

NEPHROSIS.

E.
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1929-3¢ 1937-45 1956-50 1981-54 1955-87
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The dark areas represent deaths from renal failure, the stippled
area persisting proteinuria and the black area the asymptomatic
state. All figures refer to percentage except those below the
abscissa which refer to total number in each group.
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The dosage of trismeinolone recommended for the nephrotic
syndrome is 20 mgs daily by mouth for a period of 30-45 days
(Hellmen ot el. 1957). On this dosage schedule results were not
satisfactory and consequently the amount given initially was
increased to 40 mg. daily. A% this level of dosage the beneficial
effects of the steroid were at once apparents The results cbtained
in treating one case successfully are shown in Figure LXXV.

m patients with nephrosis have now been given treatment
with triameinolone. Of these cases, five have responded with
satisfactory diuresis and in four proteinuria ceased or has been
reduced to minimel smounts. The serum proteins and cholestercl
levels have been returned to within normal limits and the erythrocyte
sedimentation rate has returned to normal. The dosage of triameinolone
given orally was initially 4O mge daily and this level was maintained
until diuresis and deorease in proteinuria commenced or for 20 days.
The level of daily dosage was then reduced to 32 mg. and, if the case
continued to improve, was gradually reduced to 12 mg. daily after
approximately six weeks treatment. This level of dosage was then
continued for a period of 3 -~ 6 months provided that proteinuria
remained minimal or ebsent and the hormone was then stopped. If
gross proteinuria recurred during reduction uf hormone intake or
following the end of treatment then the amount of triameinolone
being given was stepped up until control of proteinuria was

obtained.
Side-effects Patients receiving triamcinolone became moon-faced




FIGURE LXXV

Triameinolone Induced Diuresis
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as when other steroids are employed. All become obese but in two
anorexia and lethargy was later noted and weight was lost. One
patient developed marked hypothermia which responded rapidly to
symptomatic treatment., Five children developed widespread hirsutism
and another was noted to have faecal impaction. Collapse of
vertebral bodies have also been noted. These side-effects are much
more frequent than those produced by prednisolone treatment.

It may be that triameinolone, weight for weight, is slightly
more active than prednisolone but the high incidence of side-effects
seems $o cutweigh any advantages. Its use has dbeen discontinued.

Methylprednisolone (6-methyl-prednisolone)
This was used in one patient who rapidly became asymptomatic.
it does not seem to differ significantly in action from prednisolone.

Dexsmethasone (9-a~fluoro—16-a-methyl prednisolone)

This stercid was used very successfully on two 2ases of which
one was a severe nephrotic who had relapsed after three insufficient
courses of prednisolone. It has rendered him asymptomatic. The
dosage employed was 10 mg. daily initially tapered down overr a period
of four months. This was given with a restricted caloric diet
containing less than 88 milli-equivalants of sodium daily.

The second case was a girl with straightforward nephrosis of
one month's duration. She responded rapily to treatment with
dexamethasone and a very acourate assessment of her sodium,
potassium, chloride, protein and water output in urine for each

six/




six hour period during a period of three weeks duration was made.
The results obtained in treating these two cases with
dexamethascne are graphically shown on Figures LXXVI and LXXVII.
This stercid quite plainly requires a much lower dosage level
than prednisolone but since it is at present more expensive this
advantage is largely outweighed. Considerable further imvestigation
is required.

Shlorothiazide Therapy
Chlorothiagide (6-chloro-T-sulphanyl-1,2,4-bensothiadiasine=1,

1-dioxide) is not a steroid but the structure of this substamce is
interesting in that it contains not merely an unusual fused ring system
wherein is sulphur in ite highest oxidation state but alsc a sulphanyl
group attached to a bensenocid ring. Chlorothiagide influences the
handling of electrolytes by the renal tubules, causing a marked
inorease in the e tion of sodium, potassium, chloride, and

(at high dose levels) bicarbonate in the urine of experimental animals.
Natriuresis is accompanied by water diuresis. Chlorothiagide

may be given orally, or intravenously, and has a comparatively short
period of activity (4 - 6 hours). The substance antagonises the
sodium retaining activity of such steroids as 9-alpha fluoro-
hydrocortisone and cortisone itself.

In view of the experimental resulte obtained with this substance
it was decided to test the efficacy of the agent in freeing nephrotio
patients of ocedema. With this point in mind a nephrotic who had been
oedematous/
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FIGURE IXXVI

THE NEPHROTIC SYNDROME.

STEROID TREATMENT OF NEPHROSIS  (W.S.)
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FIGURE LXXVII

NEPHROSIS.
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The effects of dexamethasone on the serum protein levels and the
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cedematous for some months was treated with chlorothiazide
(Pige LXXVIII). Diuresis of water, sodium and chloride began,
within twelve hours and a dramatic fall in weight occurred as the
boy became free of his ascites aml ocedema. Despite this fact there
vag virtuslly no improvement in the daily loss of protein in the
urine. After 21 days of treatment chlorothiagide was discontinued
and trismoinolone therary begun. He immediately began to gain
woight and this presumed retention of fluid lasted for seven days
anl then levelled off. Of greater significance was the fact that
within ten days of starting esterocid therapy his proteinuria had
decreased markedly and six months later was scarcely perceptible.
It seemed therefore that in this boy chlorothiagide caused a
diuresis, but did not decrease proteinuria although such a reduction
was readily effected with steroid therapy.

It was then decided to test the effect of chlorothiaside
on the cedema of nephrotiecs who had repeatedly failed to respond to
steroid My. The effects on one such child are shown in Figure
LXXIX., It will be seen that diuresis of water, sodium and chloride

began shortly after the start of chlorothiasmide therapy and that
loss of weight was considerable as the oedema wes shed. The daily

loss of protein in the urine decreased but not to a significent extent.
From this result it seems that chlorothiaside will induce loss of
water, sodium and potassium in a patient with nephrotic cedema who has
failed to respond to steroid therapy. These observations have

subsequently been confirmed in a number of patients. It should
be/ GRS




Comparison of Effects of Chlorothiazide and Triamcinolone
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FIGURE LXXTIX

Chlorothiazide Induced Diuresis
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be noticed that the potassium lost in the urine inoreased as the
treatment was continued and in order to avoid the risk of hypo-
kalaemia it is prudent to give all such patients 1 - 2 g of
potassium daily (i.e. 2 - 4 g. of potassium chloride daily).

Neonatal nephvosis is a congenital form of the disease which
is usually fatal within a few months of birth. Steroid treatmeht
788 been of little or no value in treating these cases and our
experience in four cases here has confimmed this finding. Since
these infants tend to remain in an oedematous state and are very
suscep“ible to enteral infection it seemed that chlorothiagide therapy
might prove of benefit. A female ohild aged 5 monthe who had been
oedematous from birth, due to congenital nephrosis, and in whom
steroid therapy had proved valueless was given 500 mg. chloro-
thiagide daily and this relieved the oedema. This dosage of
chlorothiazide maintained her free of ocoloma for many weeks there-
af'ter although the albuminuria pereisted.

From these findings it would seem that chlcrothiazide has
the following effects in the treatment of nephrosiss
(1) Chlorothiagide in sufficient dosage causes diuresis of water,

- sodium and chloride, and to a lesser extent of potassium. The
necessary dose varies from patisnt to patient. This effectively
relieves oedema.

(2) Ohlorothisside treatment does not seem to reduce the amount
of proteimuria significantly.

(3)/



(3) Ohlorothiaside may remove the cedema of a patient refractory
to steroid therapy.

(4) Chlorothiagide may remove the oodema of & patient with congenital
nephrosis and may keep him oedema~free if adequate maintenance
dosage is given for & period.

Final Remarics on Therapy
The investigations carried out so far have made it quite

clear that adequate steroid therapy has the following beneficial
effeoots.

1« Proteinuria deoreases during treatment, in the large majority
of cases, and often ceases.

2. Diuresis of water, sodium and chloride occurs.

3; Oedema and ascites disappear.

e The levels of serum albumin and of gamma globulin rise.

S5« The serum cholesterol content falls.

6. The nutrition of the patient improves.

T The liability to infection of the patient decreases.

8. The erythrocyte sedimentation rate returns to within normal
limits.

These changes may de of a temporary or a permanent nature.
Individual patients recover after a short periecd of steroid therapy,
others require long continued or repeated courses of treatment, and
still others fail to respond to adequate and prolonged therapy.

The response is more favourable in patients without initial haematuria

and/
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and when the disease has been present for less than a year.
Steroid therapy in our hends has produced the following side~
effectss
1.  "Moon-face" development in almost all children. This recedes when
treatment stops, and is usually absent after one year,
2. Obesity of a Cushingoid typet this ocan be minimised by
preseribing a limited caloric and carbohydrate intake throughout
- treatment.
3. Temporary glycosuria.
None of these side—sffects has caused any serious alarm to
the elinician or upset to the patient.

The toxic effects which we have observed in steroid therapy
of nephrosis have been few and far between. The status epilepticus
related to hypokalaemio alkslosis produced by ACTH in ome boy has
already been described. Faecal impaction apparently due to
intestinal hypotonia occurred on five occasions, presenting as sub-
acute intestinal obstruction. This readily resolved when an enema
was given. Vhen triamcinolone was used in lieu of prednisolone
hir-uﬂ-_m observed in most patients, muscle weakness i. some
patients and collapse of vertebral bodies and skeletal decalcification
in one case, These apart, no serious toxic effects have been noted.
Together with investigetions here, parallel work in other parts d
the world led to various types of treatmeht being devised. In the
UsSsAs much enthusiasm for ACTH by injection was voiced until 1956,
when prednisoclone and prednisone came into use. The form of treatment

advoocated/



advocated there was to continue steroid therapy for many months, often
in intermittent dosage. The idea of giving such treatment on perhaps
only three days a weak, was to stimulate endogenous adrenal activity.
fperican nephrologists almost all gave continuous antibiotic therapy
during treatment with sleroids. Here this was found to be guite
unnecessary as a routine, although sometimes used in individuals in whom
repeated respiratory infections seemed to be triggering off relapses.

~ Finally, the scheme for optimal steroid treatment of nephrosis

in childhood used here in July 1959 is appended.

A Dietetio Treatment

1. The diet to contain less than 88 meeq. (2 g.) sodium deily
during steroid therapy.

2+ The diet during steroid therapy to be isocaloric with intake
prior to treatment and low in carbohydrate content.

L Antibiotic Treatment
1+ Any obvious infection to be treated by large doses of anti-

biotics, prior to stercid therapy.

2« Any infections ocowrring during therapy to be treated at onoce
with appropriate antibiotic.

5« When recurring infections urigger relapse prophylactic anti-
biotic treatment to be given thereafter.

£ Sterold Treatment
1« Prednisolone is the steroid of choice.

5




2. The initial dosage 60 - 80 mg. per day, irrespective of the
sige of the patient.

5« The dosage to be reduced by 10 mg. every 10 days and discontinued
provided proteinuria becomes and remains minimal (£ 100 mg./day)
or ceases.

4 Should a return of gross proteimuria ococur during diminution of
steroid intake then dosage should be increased, and thereafter
reduced more elowly.

2 (Chlorothiaside Treatmont
This palliative treatment is aimed at reducing oedema when

steroid therapy fails. Dosage of approximately 1 - 4 g. daily is
required and 2 - 4 g« of supplementary potassium chloride should be
given daily.

Results obtained in this investigation suggest that with this
plan of treatment it is probable that a continuing asymptomatic state
will be achieved in 80 - 85% of children with nephrosis. Since this
represents a twofold increase on the number obtaining prior to 1951
(when this investigation began) these figures are encouraging, but
many problems remain unsolved in the pathogenesis and treatment of
nephrosis.
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Gavin Cs Arneily M.Dey MeReCoPey FeRoFoPeSey DeCoH,

The nephrotic syndrome which is characterised by
capriciousness of course snd unpredictability of outcome has long
presented a c¢linical cupn and a therapeutic problem. Bi-
directional partition chromatography of urine revealed a peptide
excreted by patients with this disease and the like technique
showed similar peptides to be present in posterior pituitary
extracts. This proved to be the active polypeptide fraction of
the latter., Attempts to measure the presence of excessive
vasopressic activity in plasma of patients led to the use of a
very delicate method of biological assay for vasopressin. This
procedure was adapted to provide a new method of bio-assay for
angiotonin more delicate than those previously available. This
investigation led obliquely to the finding of unexplained pressor
activity in plasma from hypertensive nephritics, in incubated
plasma from normal subjects, and in blood bank plasma.

An endeavour was made to establish the elinical pattern
and natural history of nephrosis in children, To thies end 164
cases who had attended The Royal Hospital for Sick Children,
Glasgow, between 1529 and 1957 were traced to 1959 or until death.

Much/




Much information concerning the natural history of the syndrome
was obtaineds A number of factors which modified the course and
prognosis of the disease were defined and a background againest
which to sssess the value of new forms of therapy was established,

In 1951 cortisone and corticotrophin became availadble for
clinical trial. The actions, side-offects, and toxic effects of
these hormones were virtually unknown at this time. Initially
short and rather tentative courses of such steroids were given to
these nephrotic patients and the effects of treatment on ocedema,
ascites, proteinuria, serum proteins and electrolytes observed.
Conflicting and puzzling results were obtained initially dbut
clarification became possible when &-1-hydrocortisone (which
possessed much greater glucocorticoid activity relative to sodium
retaining power) became available. Since 1956 a series of
experimental therapeutic tests with prednisolone, triameinolone,
and dexamethasone has led to the evolution of effective therapy
for nephrosis. Gteroid therapy is used in judicious combination
with sodium restriction, antibiotic therapy, and with ohlorothiasido.
This type of treatment is now widely employed and the significant
improvement in the morbidity and mortality of nephrosis which has
occurred in recent years may be consequential,
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