


PROCEEDINGS OF THE NINTH ANNUAL
CONFERENCE

ON

THE NEPHROTIC SYNDROME

EDITED BY

JACK METCOFF, M.D.

Hero at Te NaTioNAL INsTrTuTES OF HEALTH
BETIESDA, MARYLAND
OcToner 24-26, 1957

Sronsorep BY Tue Nationar Nepnrosis FounpaTion, Inc.
143 E. 35Tu ST, New York, N. Y.

Copyright, 1958






Introduction

TABLE OF CONTENTS

1. Antigens, Antusbodies and Renal Lesions

A,

B.

Localization of Rabbit and Duck Anti-kidney Antibodies
by Dr, Beatrice Seegal o vvviuivreeeninrsvaaaans
Delayed Nephritis Due to Avian Annserum
byDr.KurtLange - vvesvveenoavsvonaranennnans
DiSCUSSION. e v e v s s v senear st
Experimental Anaphylactic Glomerulonephritis and Human
Nephrius
by Dr. Frederick Germuth. oo enrveveenoeananns
DISCUSSION. ¢ s cvaesoesosessrararesvrassron
Renal Lesions Due to Anticollagen Serum
byDr.SndneyRorhbard.........................
Discussion, « o« .« ceee .
Search for Ant_kidney ‘Antibodies in Panenrs
by Dr. Howard Goodman . s ivvvuescncnnns
by Dr, E. E. Pfeiffer. . . ... .
by Dr, Charloree Liu. ... ...

Discussion. « o v eis v nnnersnans

1. Lipoprotein Metabolism

A,

Lipoprotein Metabolism
byDr.DavidGithn. o oo v v vvnriivnnennerencvnnns
DisCuSSION. ¢ v v eevassonsvaonenevastsrranns
Lipoprotetn Patterns and Effects of Albumin Infusions
Nephrotics
by Dr.James Baxter. oo v v v inneeennnnerennas
DisCUSSION. v v o v e v vsrvnnnnerronsannnsseses
Alburmin and Hyperlhipemia
by Dr. Walter Heymann. ettt aa,
Discussion. .. ... it e acas e ax
Question of Interconversion of Lipoproteins
by Pr. MarunRodbell. ... ... aieu aat
Discussion. v v v ivnnsnanns
Unesterified Fatry-Acid Membohsm
by Dr. Robert Gordon, Jr. oo oot ivnnvinnancnnn.,
Discusston. ..., .unnnn fesesser e ta e,
Influence of the Pituttary and the Adreaal on Hyperlipemia of
Nephrotic Rats
by Dr. Peter Bally . ..ottt i iiiaiannn,
Discusston.cenennnson..

i

Page

13
33

39
50

52
57

(33
64
74
78

82
84

87

96

101
102

104
109

113
126

128
141



Table of Contents - 2

Electrolyte Metabolism

A.  Hyponatremia

by Dr.Jack Orloff v vuvsr vt nenennnniannnenan. 148
DisCUSSION . o v vt i e i i et e e e 154
B.  Aldosterone and Sodium Retention 1n Dogs with Experimental
Ascites
by Dr.James 0. Davis o vvvvveninennnennennanans 159
DiSCUSSION . v s e sttt it i o et 171
C.  Chlorothiazide 1n Nephrosis
by Dr. George E. Schremner o oo vovvvnnennrennanans 177
DiscUSSION, « v v v v vttt 183
D. Tissue Electrolytes, Nephrosts, and DOCA
byDr.Donald Gribetz . v v v o i vt v vevvinnnnnnnanaas 189
E.  Body Composttion and Electrolyte Metabolism 1n Nephrotic Rats
by Dr.Jack Metcoff «vvvvtvniennnenernnnronenes 195

Discussion. v o v v e snnnonas ceresesen 204

Work in Progress

A Dr. Jack Metcoff . 207
Discussion. . .. 208
B Dr. Walter Heymann . 209
C.  Dr.Sidney Wilson . . . 213
Discussion. ... 215
D. Dr.H.W.Spater.... 220
Discussion. ... 221
E. Dr.Reuben Meyer. .. 223
F Dr.Joseph Katz . ...... 224
Evaluations of Stercid Therapy
A. Dr.Conrad M. Riley ... 226
Discussion. .« s« 229
B. Dr.Jerome L. Kohn. ... 230
Discussion. + « « « « 233
C, Dr.KurtLange..... 234
Discussion. + » « 237
D. Dr.Wallace McCrory. 241
Discussion. . . - 242
E. Dr. Benjamin Kramer z:g
Discussion, « « + «
247

Closing Remarks. .



Fig. No.

1

2

10
11

12
13

18
19

20

21
22

23

24

25

INDEX TO FIGURES
Subject

Specific glomerular fluorescence in rat kidney after rabbit-rat
nephrotoxic antiserum injection .+, ..o
Glomerular fluorescence 1n rat kidney after rabbu-duck anti-
lung serum 1njection. . . . . .
Fluorescence 1n spleen of rat aﬁer rab 1t-duck anti-lung serum
INJECHION . o e o s ot sauseonraossrotossssossannsons
Persistence of glomerular fluorescence in rat kidney after
rabbit-duck ant:-lung serum injection <o oo
Estimaton of bound antibody 1n rat kidney by fluorescein
180cyanate “staining”; control, s i il v cai e e
Estimation of bound antibody in rat kidney. Section pretreated
with 1:5 dulution of antiserum. o o oL e et e e i e e
Estimation of bound antibody 1n rat kidney, Section pretreated
with undifuted antiserum .. .. ...
Rapid appearance of anubodies vs. duck seruminrat ... .
Mechanism of experimental nephritis (Kay) o v oo cvvvavenn
Chinical course of rabbit after 1njection of nephrotoxic duck serum
Effect of larger dose of nephrotoxic duck serum on clinical
course of injected rabbit . . v L i il
Typical response to nephrotoxic duck serum sn rabbie . .. ... .
Induction of tmmediate nephritis 1n sensitized rabbits following
injection of duck nephrotoxic serum, e s e e vennienan
Section of rabbit kidney showing proliferative and exudanve
hanges 1n kidney of drabbst voovoeaan,
Nephrotoxic serum nephritis following sensitization with
nephritic gamma globulin, 4 - v r e et it e e,
Comparison of Kay and Lange concepts of pathogenests of
nephrotoX1C Nephritis ¢ v s sr i ies et erronnnennans
Difference in reaction of the rat kxdney to weak and potent doscs
of same nephrotoxic serum . .... PR
Necrotizing arteritia in rabbit followlng bovine albumin. . .
Typical glomerular lesion in rabbit following 1njection of
bovine albumin. o« vt v it i et i it
Antigen elimination curves in rabbits after injection of bovine
albumin s . s ieeanaa Cereceracanan
Focal glomerular necrosis followmg bovme albumin anjecuion, .
Arterial granulomatous lesions sn kidneys of rabbits following
mulnple injections of bovine albumin. . ... .

Anaphyl effect of injection of soluble anugen-annbody
complexes 1ato ncrmal BUINCAPIES oo vvvonnnrunnnnsnss
-ation ol platelet bodies in serum of pauent

with wdiopathic thrombocytopenic purpura....v. ...,
Nephrius tnduced by parabiosts of healshy and nephritic rats .

v

14
17
19
21

21
23

25

27

29

31

36
40

40

42
44

44

47

65
65



Fig. No.

26
27

28

29
30

31
32
33
34
35
36
37
38
39
40
41

42

43

44
45
46
47
48
49
50
51

52

Index to Figures - 2

Renal lesions 1n nephranic parabiont rats. .. ovveesunn. ...

Nephritis in a rat parabiont following delayed parabiosts with
NePhrItIc Tat v v v s e n e snnannnss

Renal lesions 1n parabiont following delayed parabiosis with
mephritic rat . . v i e i

Parablotic nephritts tntabred rats. . o v vt i it
Panophthalmitis 1n rat following injection of anti-rat eye rabbat
serum (Cf.Figs,31-35) v v vivnnnnenn...

Inflammatory vascularization of rat cornea .
Hyperemia of rat iris. . .. . .
Infiltration of 1r1s and ¢ihary body. . . ..
Perivascular round cell infiltration 1n rat retina. .
Periwvascular round cell infiltratonin rat retina, o o vy e v e,y
Correlation between serum levels of albumin and cholesterol
1n nephrosis .
Effect of albumin infusion on serum cholesterol and phospholipid
levels innephrosiS. o v oo v iiv i eennnnnnann
Effect of repeated albumin infusions on serum cholesterol,
phospholipid and triglyceride levels 1n nephrosis. .. oo ouu.s
Effect of albumtn 1nfusions on hipid componeats of various
Iipoprotein fractions. o v it ettt tie i sie e
Effect of albumin infusions and prednisone treatment and
concentrations of unesterified fatty acids 1n nephrotic patients.
Lipid and amino acid components of various lipoprotein density

classes. v venir iy
Composite diagram of blood unesterified fatty acid concentrations
(UFA) at various sites obtained during cardiac catheterization.

4
Kinetics of distribution of 1njected ct palmitic acid 1n the
clrculanonandasexpxredCOz......................

Schema of distribution of UFA 1n body compartments. . « v v v v v

Albumun as a carrrer of CM Jabelled UFA . oo sesvsonsss
Titration curve of albumin-facty acid interactions. v« .o v v e
Titration curves for stearate and palmitate . v oo oenenenons
Effect of hypophysectomy or adrenalectomy on plasma phospho-
Iipid, cholesterol and protein concentrations in nephrotic rats .
Correlation of serum phospholipid and protein levels in hypophy-
sectomized nephrotic and control rats v eves e veea e
Correlation of serum cholesterol and protein levels in hypophy-
sectomized nephrotic and control rats . oo v enea s en
Correlation of serum phospholiptds and protein levels in
adrenalectomized nephrotic and control rats.«eveueev e
Correlation of serum cholesterol and protetn levels 1n adrenalec~
tomized nephrotic and control rats v v v eve e

69
71

71
73
73

75
77

91

93

93

95

95

105

114

117

117

120
123
123

132

134
134

136



Fig. No.

53

54

55

56

57
58
59
60
61
62
63
64
65
66
67
68

69
70

72
73
74
75

76

Index to Figures - 3

Lack of correlation of liprd and d albumun ations
in nephrotic hypophysectomxzcd or adrenalcctomlzed T3t8. ..y
Proteins, chol ol and p p ntrations in Beta
lipoproteins of nephronc ra(s, a nephrom: patient, and in a
on-nephrotic analb nic patiente s« . vo oo
Beta Irpoprotein fractionation of nephrotic serum .
Beta lipoprote:n fr of “analbumi * pauent’s
serum . s eeaen
Intensity of nephronc syndrome in hypophysectomized rats. . .
Intensaty of nephrotic syndrome 1n adrenalecromized racs. ... . .
Effect of combined water and osmotic diuresis on urine excretion
1n nephrotic patients. . . Ceeeena
Effect of combined water and osmotic diures:s on urine exeretion
1n nephrotic patients. , « teeeana
Effect of combined water and osmotic diuresis on urinary
excrefion 1n normal and hyponatremic subjects e
Effect of water loading 1n a patient wath hyponatremia and renal
tnsufficiency v o e o v v s T
Urinary aldosterone, sodium and potassium excretion in a dog
with experimental 8sC10€S 4 o v v iviava et
Effect of adrenalectomy on sodium excretion 1n a dog with
eXpertmental A5CItES. vt s vt et et e n e eraaas
Influence of DCCA and adrenalectomy on sodium and potassium
excretion in dog with experimental ascites o v oo v v encu.non
Assay of urinary aldosterone excretion in dog with experimental
BSCIEES s e v s s sarocs v onntsnssasasanacassenanns
Effects of thoracic caval constriction and bilateral adrenalectomy
on aldosterone and sodium excretion « v e s et otevaeaaan
Localizanion of sodium retatning and potasstum excrenng acuvity
INdOgULINE. 4 s s eveennianosnnanan
Techmque for collecting adrenal vein blood . creienae
Aldosterone excretion in normal dogs and dogs with expcnmcnml
ascites and right heart fatlure «ovvvvnvnevinanan, .
Morphology of adrenal cortex in hypophysccmmxzed dogs with
expertmental asCItes. c c 4t ettt
Effect of body cast on aldosterone and electrolyte excretion in
experimental ASCIeS. .t sttt i it eas
Electrolyte excretion 1n nephrotic syndrome treated vn:h ACTH-
geland chlorothtazsde . o oo vl i e v iiviai. ..
Effect of chlorothiazide and sreroid administration in the
nephrotic syndrome <. ov.ua,. B
Effect of albumin, ACTH and chlorochmz:dc on clcclrolyxc
excretionana sephronc chald. oo v iivvinan e oL,
Electrolyte composition of muscle tn DCCA treated rats .
Skin composition 1n DCCA treated and nephrouc rats, . .,

DRI

Vit

Page

136
138
138
140
142
142
150
150
152
152
160
160
162
162

164

164
166

166

168

180
182
182

193
193



Fig. No.
78

79
80

81

Index to Figures - 4

Page
Structure of 6 dimethylamino-9.(3’-# -methoxy-L-phenylalanyl-
amino-3'-deoxy-D-ribosyl)-purine ¢« v v vttt 216
Survival curve of steroid-treated children 1952-57 (Riley). . . .. 227
Status of 51 patients 42 months after onset of nephrotic syndrome
(Riley) s oo eviteti it taineriasernoessasacsasnns 227

Effect of prolonged intermittent steroid therapy on survaval of
nephrotic patients (Lange) « v vvvee e enrasannennnans 239



INDEX TO TABLES

Table No. Tatle

23
24
25
26
27
28

29
30

31
32

Localization of anti-rat-organ sera injected in ratS. s o e oo s e
Amount of antibody required to "neutralize” anti-organ sera

bound inglomeruliofrats « oo v vineniiieverreannnnn,
Historical seq in prod of exper: ! glomerulo-

nephritis. .. .
Protocol of rabbxt 1njected with nephrotoxic duck serum, .
Effect of cortisone on nephrotoxic duck serum nephritis. oo o000
Relation between duration of seasitization and nature of

allergic lestons anrabbits oo i viii st

y of pathol h tn nephritic parabiote rats ... .

Ant1- kxdney hemagglutmanon aters of human sera . o0 ..
Lipids and hipoprotein fractions in sera of patients with nephrosis
Alterations of hipoprotein fractions in nephrosis
A-V UFA differences in coronary sinus blood
Abolinion of A.V UFA differences by glucose and insulin LV, ...
Abolition of A- V UFA dxfferences by glucose and tnsulin LV, ...

Conversion of C' palmxtare wc! 0 1n fasting normal humans .
Principles of partition analysis o oo e i it iis et teeiin e
Technique of paruton analysis
Fatty acid-albumin interacuon. oo ...
Estimated free UFA concentrations .. ..viseresncesonnns

Incorporation of P*? into hver phospholipid-phosphorus 1n vitro .
Phospholipid content of the hver plasma pool. ... ...
Serum lipid values in hypophy d or adrenal
NEPHIONC Fals c oot t et tineteraveronsocnsannsnns
Effects of constriction of the thoracic inferior vena cava on
urinary aldosterone and sodium excretion 1n hypophysectomized
T S
Chlorothiazide 1n nephrosis - Electrolyre balance studies.
Chlorothiazide 1n nephrosis ~ Summary data .o, ...,
Normals «vieresene

cesee fene

Comparison of total electrolyte 1ncrements in nephrotic rats va,
controls by (a) direct analysis and (b) balance measurements, ,
Distribution of edema 1n nephrotic rats. o v v v evevnneennnss
Change 1n total body electrolyte content after 12 days of
aminonucleoside 1NJCCHON 4 v v vt it rnnvnenennsanns
Change 1n body electrolyte content based on increment of tissue .
Effect of sodium free diet and diamox on chungc in body
COMPOSITION, « o 2 s s v oo s s s oo epan. R R N ]
Estimated urinary excretion (Intake Abody composinon), . . . o

16
22
32

46
70
76
89
90
116
116
118

119
122
122
124
125

129
130

143

169
178
179
190
191
192

196
197

197
198

198
199



Index to Tables - 2

Table No.

34  Muscle composition following diuresis with diamox and
sodtum-freediet v oo iu it i i e,

35 Musclecomposition. . v o i v .

36  Cellular concentrations of Na and K (Muscle). . . .

37 Muscleaminoactds. v iv et iiiiiaraae

38 Total skincontent .. .. ... . e .

39  Toral body composition. v v v e vsvesnunesans .

40  Nephrosis. Morrality data observed over past 30 years (Kohn)

41  Morbidity during first two years of disease (Kohn) . ...ov.tn

42 Status of hving patients (Kohn). ¢ v e v e vn v aenroenatonan

43 Therapeuric results with maintenance therapy (Lange). ..o u o

199
200
201
202
202
203
231
231
232
236



INTRODUCTION

The Ninth Annual Conference on The Nephrotic Syndrome sponsored by the National
Nephrosis Foundation convened at one thirty-eight o’clock at the National Institutes of
Health, Bethesda, Maryland, Drs. James Baxter and Howard Goodman, Laboratory of
Metabolism, National Institutes of Health, hosts.

DR. BAXTER: We are glad to see youhereand to welcome you on behalf of those

of us at the NIH. These sessions are informal, with emphasis on discussion, as in the
previous conferences.
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1. ANTIGENS, ANTIBODIES AND RENAL LESIONS

DR, HOWARD GOODMAN (National Heart Insutute): Perhaps the weather has
held up Dr, Heymann, (Dr. Heymann entered the meeting.) It could not be a beter
ume, Dr. Heymann, W1ll you come in and make yourself comfortable, then let me ask
you to chair this afterncon’s meeting. Dr. Heymann!

(Dr. Walter Heymann, Western Reserve University Schoolof Medicine, Department
of Pediatrics, assumed the chair.)

CHAIRMAN HEYMANN: 1 usually am on ume; bur I thought that one-thirty p.m.
was scheduled so that we would all be here by two o'clock. (Lavghter) Thus I thought
I would be fifteen minutes early. [ apologize for being late just the same and quote as
an excuse that we drove from Cleveland.

This afterncon, we have a on bod: and renal lesions
roduced by antt-kidney sera.
P Y

The program 1s crowded. If 1t 1s all right with all of you, we could take the two
firse presentations and have a joint discussion at the end of the second paper.

Dr. Seegal, would you Itke to stare?

A. Locahization of Rabbit and Duck Anti-kidney Antibodies

DR. BEATRICE C. SEEGAL (Department of Microbiology, College of Physicians
and Surgeons, New York): Ishould like to thank you for the tnvitation to speak here.
It 1s nos very often, 1n this specialized field, that 1t 1s possible 1o put one’s results
before such a crincal audience. We value she opportunity to report on our studies 1n
experimental nephrosis and nephrins.®

Several people have parucipated in the experiments tobe described. Dr, Margaret
Bevans has reviewed the renallesions and alsotnitiated the use of the Coons® techmque
for studytng the localization of nephrotoxic antisera. Dr, Hsu who 1s scarching for the
antgen ble for g the pr of nephrotoxic anniserum, has taken
the microphotographs you will see. Dr. Triedman and Dr. Metzger have prepared the
anti-rat.Jung sera to be described. Mrs. Hasson, Mrs, Rothenberg and Dr., Urguhare
have contributed 1n many ways to the project,

*This work has been supported by grants from the Nauonal Scignce Foundation and
The Natianal Institutes of Health.
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Our purpose has been to seek some information concerning the mechanism of
expertmentally produced nephritis and the nephrouc syndrome. The natural history of
the renal disease induced by the injection 1n rats of aun-rat-kidney sera 1s variable,
There may be an ummediate onset of a severe nephrotic syndrome characterized by
marked protesnuria, hypercholesterolemia and edema, Death may occur in a week or
two or the amimal may live to develop chromic glomerulonephritis, dying months later
of renal fatlure. On the other hand the 1ninal nephrotic syndrome may be absent even
though the renal disease also starts diately following 1n; Frnally nephritus
may develop oaly after a latent period of days or weeks. Both these latter pivo types of
disgase usually progress to chromc nephritis and terminate 1n renal failure months
after the injection of the antiserum,

Both 1n yitro and 1n vivo studies of the reactions berween nephrotoxic sera and rat
tissues have been made 1n an attempe to obtain informauon concerning the cause of the
variations in the progression of the renal disease, Some of the methods employed are
of importance ta the interpretanon of the results. The annsera were prepared by
injecung erther rabbits or ducks with rar kidney or other rac organs (See Table 1.
Both species of ammals received prolonged immumization, which lasted three to four
months when the organs were incorporated n Freund’s adjuvant]1) and five to six
months when saline suspensions were 1njected, Pooled sera obtained from two or
more rabbits or ducks and first absorbed with rat red blood cells were used for injec~
tion into rats, Some ducks as well as rabbits provided pools of antisera which elicited
an immediate nephrotic syndrome. Other duck and rabbicantisera produced immediate
nephritis but no nephrotic syndrome, Stillother pools of duck serum produced nephritis
only after a latent period.

The organ antisera first were tested 1n vitro by the Quchterlony agar diffusion
technique[2] which revealed that all the organ antisera possessed many annbodies in
common and some which were umque for the specific tssue. It was not possible to
dentfy the anubody associated with nephritis. Further 1 vitro studses employed the
Coons' techmque[3]. In this aspect of the work fresh sections of normal kidney were
covered with anu-rat-Xidney serum. After 30 minutes, to allow for the binding of
anubodies by the kidney antgens, the excess antiserum was washed off and an anubody
to the antibody, namely duck anti-rabbit-globulin or rabbit anti-duck-globulin, ragged
with fluorescein-1socyanate was added 1o the nssue. Wherever the qntx-rat.kxdney
serum had been bound in the kidney parenchyma the fluorescent-antibody also was
bound. When examined under ultravioler ight this ste was recogmzed by its yell'ow
Here again there proved to be many antigens in the kidney which
The nephrotoxic serum was bound to every part of the
Oun addition of the fluorescent anti-rabbit-
fluoresced. Serial dilutions of the

green fluorescence,
reacted with the antserum.
kidney when applied in mgh concentration.
globulin or anti-duck-globulin the ennre section

M,, and Thompson, G. E., Aspermatogenesis 1n the Guinea
lar Tissue and Adjuvants, . Exper, Med. 97: 711, 1953,
gical analysis, Suxth Internat.

(1] Freund, J., Lipton, M.
Pig Induced by Testicu.

[2] Ouchterlony, O., Gel diffusion methods for immunolo,
Cong. Microbiol., 2: 276, 1953.

[3) Coons, A. H., and Kaplan, M. H.,
prov wma hod for the d
body, J. Exper. Med., 91: 1, 1950,

Localization of anugen in tissue cells, 1 Im-
of antigen by means of fluorescent ant:-
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anu-rat-kidney serum were added to secrions of normal rat kidney and 1t was found
that at dilutions of 1:30 to 1:80 antibodies to cells were no longer demonstrable but the
basement membranes of tubules and glomerul: sull bound anubody. When the nephro-
toxic annserum was diluted about 1:100 or 1:125 a point was reached where anubody
was demonstrable only 1n the basement membranes of the glomeruli. Thus 1t appcared
that antibodies specific for the basement membranes of the kidney could still be demon.
strated at dilutions so great that other anubodies were lost from sight.

These studies using the Coons’ technique to trace the binding of anu-kidney anti-
body by specific structures in the kidney were encouraging. They could not, however,
answer the questions: What happens to anti-kidney or other anu.organ sera when
injected into the living ammal? Are the antisera bound 1n the glomeruli? Where in the
glomerul: and in what quantity? Are they bound elsewhere? How long do they remain
in the tissuea?

TABLE 1
ANTI-RAT.ORGAN SERA INJECTED IN RATS

Localization 1n Glomeruli as Demonstrated by the Coons’ Technique

Serum Amount Number  Nephrius Day Serum 1n
njected ml, of rats produced M glomeruly
RARKS 0.7-1,5 13 Immediate 4.291 Yes
DARKS 0.6-1,5 8 Immediate 1-17 Yes
or delayed
RARPS 0.8, 0.9 2 Immediate 2,3 Yes
DARLS 1.0.1.5 19 Immediate 1.259 Yes
or delayed
RARAS 1.4, 1.5 2 None 3,40 Yes
DARAS 1.3 2 Nene 1,17 Yes
RARBS 1.5 2 None 3, 40 No
RARSS 1.5 2 None 3, 40 No
NRS L5 2 None 2, 16 No
NDS 1.2-1.5 4 None 2-24 No

RARKS Rabbit ana.rat-kidney serum
DARKS Duck anti-rat.kidney serum
RARPS Rabbit anti.rat placenta serum
DARLS Duck anti-rat.lung serum

RARAS Rabbit anti-rat-aorta scrum
DARAS Duck anti-rat-aorta serum

RARBS Rabbit anti.rat.brain serum
RARSS  Rabbit anti-rat-serum serum

NRS and NDS Normal rabbit or duck serum



Fig. 1. Section of kidney from ratSDB707, kulled 4 daya after last of 3 daily 1nyections,

totating 0.9 ml. of rabbyt at-kidney serum. S d with fluore d
duck antt-rabbit-globulin and viewed by ultraviolet light. Only glomeruls have retaioed
o

4
materaal, g of injected ant 1 antibody 1n this

the
area (x 250).

Fiz.2. Section ofkidney from ratSDB817, killed6 days after last of 3 daily mjections,
toraling 1.2 ml. of duck ant-rat-lung serum, Secnon treated mith fluore scein-tagged
rabbat anti-duck-globulin and viewed by ultraviolet ight. Only glomeruls have recained
the £l matenal, local. of 1jected anti-lung antibody 1n this

area (x 250).
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In an atcempt to follow the distribution in vivo of nephrotoxic serum, rats have
been injected with ant-rat-kidney serum prepared etther in the rabbit or duck, and
with rabbit antu-rat-placenta serum and dack anti-rat-lung serum, all of which pro-
duced nephritis. Rabbit and duck anti.rat.aorta sera, rabbit anti-rat-brasn serum,
rabbis anti-rat-serum serum and normal rabbit and duck serum have been injected
nto control rats. Daily samples of urine have been tested for protein, the animals have
been inspected for edema and ascites and have been weighed each day. Some of the
pertinent data are summarized in Table 1.

One day to eight months after 1njection of the anusera the rats were sacrificed
and sections of organs were frozen and stored ina CO2 chest unnil clit sn a cryostat

according to Coons’ technique. So far kidneys have been examined for the presence of
the injected anusera 1n all animals, the lungs, spleen and adrenals in about half of the
ammals and the liver, heart, lymph nodes, thyroids, pancreas and ovarics in a few of
the rats. The tissues may be kept inthe CO,‘7 box for at least six months without show-

ing any loss in content of the injected antiserum. Secuons of the nssues are cut at 2
or 4 microns. They are placed 1n 95 per cent alcohol for 30 seconds which helps to
fix them to the glass shde. After washing with buffered saline, fluorescern tagged
duck anti-rabbic-globufin or rabbit anti-duck-globulin 1s added to the slides for 30
minutes. The sections are washed and covered with buffered glycerine and are ready
for examination 1n ultraviolet hight. Duphcate sets of nssue fixed in Zenker’s fluid
are statned with hematoxylin and eossn and periodic acid Schuff reagent,

The foreign serum was found in the basement membranes of the glomeruli in the
kidneys from all the rats which were injected with a nephrotoxic anuscrum, namely
anti-kidney serum, anu-placenta serum or anu-lung serum, Figure 1 illustrates a
kidney section from rat SDB 707 injected intravenously with pool 465-466, rabbit anu-
rat-kidney serum. A total of 0.9 ml. was given on three successive days. After the
first injection there was marked proteinuria and a full.blown nephrotic syndrome
developed, When killed on the fourth day after injection the animal had gained 33 per
cent 1n body weight. The urine contained 4 gm. per cent proten, There was 8 ml, of
ascine fluid tn the peritoneal cavity. The serum cholesterol was 350 mg. per cent
(75 mg. per cent 1s normal for the rat) and the blood urca mtrogen was 52 mg. per
cent. It may be scen from Figure 1 that the specific fluorescence within the glomerult
18 brilliant and there 18 no fluorescence tn other arcas of the kidney.

Figure 2 15 a photonucrograph of a kidney from rat SDB 817 which was njected
with 0.9 ml. of duck anti-ract-lung serum, This rat also had edema and when sacrificed
sax days following injecuon there were 5 ml. of fluid in the peritoneal cavity. Blood
chemustries are not yet completed. When sccuions of the kidney were “statned” with
rabbizanti-duck-globulintagged with fluorescein tsocyanare the duck serum was shown
to localize 1n the kidney 1n a manner comparable to that seen following the 1njection of
specific ann-kidney serum. The lung contained no demonstrable duck protein nor has
duck protein been found in the lungs of any rat injected with duck anti-rat-lung serum.

Certan cells 1n the red pulp of the spleen and cells iming the capillaries of the
adrenal cortex have contained the injected foreign scrum. Figure 3 1s a scction of
spleen from rat SDB 817, Fluorescence 1s seen in many cells outside the follicles and
occasionally in cells within the follicles.
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Fig. 2, Section of kidney from rarSDB217, kulled 6 days after last of 3 daily 1njecuions,
totaheg 1.2 ml. of duck ant-rat-fung serum. Section treated with fluorescein-tagged
rabbit anti-duck-globukin and viewed by ultraviolet Light. Only glomeruli bave retained
the fl matersal, ind focal of 1njected ant-lung antibody 1n this
area (x 250),
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In an attempt to follow the distribution 1a vivo of nephrotoxic serum, rats have
been injected with anti-rat-kidney serum prepared either in the rabbit or duck, and
with rabbit anti-rat-placenta serum and duck anti-rat-lung serum, all of which pro-
duced nephrinis. Rabbit and duck anti-rat-aorta sera, rabbit anti-rat-brain serum,
rabbit anti-rat-serum serum and normal rabbit and duck serum have been njected
1nto control rats, Daily samples of urine have been tested for protein, the ammals have
been inspected for edema and ascites and have been weighed each day. Some of the
pertinent data are summarized in Table 1,

One day to eight months after injection of the anusera the rats were sacrificed
and sections of organs were frozen and stored in a CO,_ chest unnl cbt 1n a cryostar

according to Coons’ technique. So far kidneys have been examined for the presence of
the injected antisera in all animals; the lungs, spleen and adrenals in about half of the
ammals and the Iiver, heart, lymph nodes, thyroids, pancreas and ovaries in a few of
the rats. The tissues may be kept inthe CO, box for at least six months without show-

ing any loss in content of the injected antiserum. Sections of the tissues are cut at 2
or 4 microns. They are placed 1n 95 per cent alcohol for 30 seconds which helps to
fix them to the glass slide. After washing with buffered saline, fluorescein tagged
duck anti-rabbit-globulin or rabbit ant-duck-globulin 1s added to the shides for 30
minutes, The sections are washed and covered with buffered glycerine and are ready
for examination in ultraviolet light. Duphcate sets of tissue fixed in Zenker’s flud
are stained with hematoxylin and eosin and periodic acid Schiff reagent.

The foreign serum was found in the basement membranes of the glomerult 1n the
kidneys from all the rats which were injected with a nephrotoxic antiserum, namely
anti-kidney serum, anti-placenta serum or anti-lung serum, Figure 1 illustrates a
kidney section from rat SDB 707 wnjected intravenously with pool 465-466, rabbit anti-
rat-kidney serum, A total of 0.9 ml. was given on three successive days. After the
first injection there was marked proteinuria and a full-blown nephrotic syndrome
developed. When killed on the fourth day after injection the animal had gained 33 per
cent 1n body weight. The urine contained 4 gm, per cent protein, There was 8 mi, of
ascitic flutd an the peritoneal cavity, The serum cholesterol was 350 mg. per cent
(75 mg. per cent 15 normal for the rat) and the blood urea nitrogen was 52 mg., per
cent, It may be seen from Figure 1 that the specific fluorescence within the glomerul
1s brilhant and there 1s no fluorescence 1n other areas of the kidney.

Figure 2 1s a photomicrograph of a kidney from rat SDB 817 which was 1njected
with 0.9 ml. of duck anti-rat-lung serum, Thisrar also had edema and when sacrificed
six days following injection there were 5 ml. of flud 1n the peritoneal cavity. Blood
chemistries are not yet completed. When sections of the kidney were “stained” with
rabbit anti-duck-globulin tagged with fluorescein 1socyanate the duck serum was shown
to localize 1n the kidney 10 2 manner comparable to that seen following the ingection of
specific anti-kidney serum. The lung contained no demonserable duck protein nor has
duck protein been found tn the lungs of any rat injected with duck anei-rat-lung serum.

Certain cells 1 the red pulp of the spleen and cells lining the capillaries of the
adrenal cortex have contained the injected foreign serum. Figure 3 1s a section of
spleen from rat SDB 817, Fluorescence 1s seen 1n many cells outside the follicles and
occastonally 1n cells within the follicles.



Fig. 1. Section of kidney from ratSDB707, killed4 days after last of 3 daily injections,
totaling 0.9 ml. of rabbitanti-rat-kidney serum Sectiontreated with fluoresceinatagged

duck anti-rabbit-globulin and viewed by ulraviolet light. Only glomerul have retained
che f matersal, indicating local of imjected 1 antibody 1n this
area (x 250).
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In an attempt to follow the distribution in vivo of nephrotoxic serum, rats have
been 1njected with anti-rat-kidney serum prepared either in the rabbit or duck, and
with rabbit anti-rat-placenta serum and duck anti-rat-lung serum, all of which pro-
duced nephrins. Rabbit and duck anti-rat-aorta sera, rabbit anti-rat-brain serum,
rabbit anti-rat-serum serum and normal rabbit and duck serum have been injected
1nto control rats, Daily samples of urine have been tested for protesn, the animals have
been 1inspected for edema and ascites and have been weighed each day, Some of the
pertinent data are summarized 1n Table 1.

One day to eight months after 1njecuon of the anusera the rats were sacrificed
and sections of organs were frozen and stored ina CO2 chest until cltt 1n a cryostat

according to Coons’ techmque. So far kidneys have been examined for the presence of
the 1njected anuisera 1n all animals; the lungs, spleen and adrenals 1n about half of the
ammals and the liver, heart, lymph nodes, thyroids, pancreas and ovaries 1n a few of
the rats. The ussues may be kept inthe CO, box for at least stx months without show-

1ng any loss in content of the injected antiserum. Sections of the tissues are cut at 2
or 4 microns. They are placed in 95 per cent alcohol for 30 seconds which helps to
fix them to the glass shde. After washing with buffered saline, fluorescein tagged
duck anti-rabbit-globulin or rabbit anti-duck-globulin 1s added to the shdes for 30
minutes, The sections are washed and covered with buffered glycerine and are ready
for examination tn ultraviolet hight. Duplicate sets of tissue fixed in Zenker’s fluid
are stained with hematoxylin and €osin and periodic acid Schiff reagent.

The foreign serum was found 1n the basement membranes of the glomerul 1n the
kidneys from all the rats which were injected with a nephrotoxic antiserum, namely
anti-kidney serum, anti-placenta serum or anti-lung serum. Figure 1 illustrates a
kidney section from rat SDB 707 1njected intravenously with pool 405-466, rabbit ant-
rat-kidney serum. A total of 0.9 ml. was given on three successive days, After the
first injeccion there was marked proteinuria and a full.blown nephrotic syndrome
developed, When killed on the fourth day after mjection the animal had gained 33 per
cent 1n body weight. The urine contained 4 gm, per cent protein, There was 8 ml, of
ascitic flud 10 the peritoneal cavity, The serum cholesterol was 350 mg, per cent
(75 mg. per cent 1s normal for the rat) and the blood urea mtrogen was 52 mg. per
cent. It may be seen from Figure 1 that the specific fluorescence within the glomeruli
1s brilliant and there 1s no fluorescence 1n other areas of the kidney.

Figure 2 1s a photomicrograph of a kidney from rat SDB 817 which was 1njected
with 0.9 ml. of duck anti-rat-lung serum, This rat also had edema and when sacrificed
six days following injection there were 5 ml, of fluid 1n the peritoneal cavaty. Blood
chemistries are not yet completed. When sections of the kidney were “stained” wich
rabbit anti-duck-globulintagged with fluorescein 1socyanate the duck serum was shown
to localize n the kidney 1n a manner comparable to that seen following the 1njection of
specific anti-kidney serum. The lung contained no demonstrable duck protein nor has
duck protein been found 1n the lungs of any rat injected with duck anti-rat-lung serum.

Certain cells 1n the red pulp of the spleen and cells lining the capillaries of the
adrenal cortex have contained the injected foreign serum. Figure 3 1s a section of
spleen from rat SDB 817, Fluorescence 1s seen 1n many cells outside the follicles and
occasionally 1n cells within the follicles.



Fig. 3. Secuoa of spleen from rat SDB817, see Fig. 2. Secuion treated with fluores.

tagged rabbit anti-duck-globulin and viewed by uhravioler hight, Some cells 1
red pulp have rerained the fluorescent material, sodicating that they also constitute a
site for localtzation of wnjected anti-lang globulin (x 250),
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Nephrotoxic sera are retained in glomerult for months. This is illustrated in
Figure 4 which 1s a photomicrograph of a kidney from rat H 851, killed 259 days fol-
lowing 1njection of 1.5 ml. of duck anti-rat-lung serum. [he injected duck protein is
demonstrable 1n the severely damaged glomeruli. One rat injected with rabbit anti-
rat-kidney serum, which was killed 291 days later when dying of advanced chronic
nephritis, presented a comparable picture., These findings confirm and extend the
observations of Mellors and his associates[4] who have reported the presence of
nephrotoxic sera in the glomeruli of rats over a period of three months,

Tissues from rats injected wich nephrotoxic sera and stained with hematoxylin
and eosin or Schiff's reagent have shown lesions only in the kidneys. The typical
lesions of acute, subacute and chronic nephritis have been frequently described{5-7|.
The Eesm]ns produced by anti-lung sera were similar to those produced by anti-kidney
seral8, 9].

The data so far presented have indicated a close correlation between localization
in glomerul of the injected ann-organ serum and the occurrence of nephritis, This
has been further supported by the finding (Table 1) that neicher anti-rat-brain nor
anti-rat-serum serum localized 1n the glomeruli, Normal rabbit and duck sera also
failed 10 show any localizanion in this area. Anti-rat-aorta serum proved to present
a problem, Both ducks and rabbits were immuntzed with rac aorta. No renal pathology
resulted from the injection of these sera. Nevertheless the examtnation of the kidneys
from two rats injected with rabbit anti-aorta serum and two rats injected with duck
anti-aorta serum showed localization 1n the glomerult of the injected rabbit or duck
antigen. The kidneys were studied from 1 to 64 days after injection, Fluorescence was
bright only in the kidney which was taken from an animal receiving 1ts last of three
consecutive injections 1 day previously. Fluorescence was slightin the other sections.
This observation showed that some sera which did not produce nephritis nevertheless
could localize 1n the glomerult to some extent,

It became imperatuve to find a meshod of evaluating the relation between the
amount of anti-organ sera localized in glomeruli and the development of nephrius,
A modification of the standard techmq ployed to d rate the specificity of
the reaction between glomerult and fluorescein tagged antiserum 1s being used to this

[4] Ortega, L. G., and Mellors, R. C., Analyncal pathology. IV. The role of localized
bod. i the pathog of nephrotoxic nephritis in the rat. J, Exper. Med.
104. 151, 1956,

[s] Heymann, W., Lund, H. Z., and Hackel, D, B., The Nephronc Syndrome 1n Rats,
with Special Reference 1o the Progression of the Glomerular Lesion and to the
Use of Nephrotoxic Sera Obtained from Ducks.J.Lab. & Clin. Med. 39: 218, 1952,

[6] Ehrich, W., Forman, C. W., and Seifer, J., Diffuse Glomerulonephrins and Lipd
Nephrosis. Arch. Path, 54: 463, 1952,

[7] Seegal, B, C. and Bevans, M,, The Productionof Glomerulonephrins by Immulogic
Methods. J. Chron, Dhs. 5: 153, 1957,

[8] Baxter, J. H., and Goodman, H., Nephrotoxic Serum Nephritis 1n Rats, I, Distribu~
nion and Specificity of the Antigen Responsible for the Production of N
Annbodies. J, Exper. Med. 104: 467, 1956,

{9) Triedman, R.S., and Metzger, H., Personal communication.

ephrotoxic



259 days after lasst of 3 dasly injecrions,
of duck anti-rat-lang scrum. Section treated with fluorescein~tagged
bubn and viewed by ultraviolethghr. Sclerosed glomerult fluoresce
glomeralt from ammais sacrificed earler. It may be
Tobulin rams n glomersh 8 months after 1njecnon

Fig. 4. Section ofkadney from ratHe51, killed
tataling 1.5 ml.
rabbit anti-duck-glo
although less braghtly than dud
concluded that duck anti-lung g
(x 250).



9
end. The experiments which have beencompleted to date are few tn number but ndicate
that the method offers a simple means of obtaining a rough esumate of the relative
amount of foreign protein bound in a given area of the body. The technique may be
lustrated by presenting a protocol of a specific antmal. Rat SDB 963 was injected on
two successive days with a totalof 0.6 ml. of rabbit anti-rat-kidney serum. The animal
developed a nephrotic syndrome. In three days the rat was killed and a piece of kidney
frozen and sectioned. Two-fold dilutions of duck anti-rabbit-globulin were added to
slides containing the kidney sections, and buffered saline to a control section. After 30
minutes all shdes were washed in buffered saline and then covered for 30 minutes
with duck anti-rabbit-globulin tagged with fluorescein 1socyanate. On examination of
these sections by ultravioler light stwas seenthat the control section contained briginly
fluorescent glomeruli, Figure 5. There was abarelyperceptible decrease 1n brightness
of fluorescence in the section previously treated with duck anti-rabbit globulin diluted
1:20. In the sections treated with 1:10, 1;5and 1:2,5 dil o L B
ness of fluorescence was found to be progressively less
section treated with the 1.5 dilution, Undiluted duck :
the rabbit antigen 1n the glomeruls so that no Fluorescence uevelopea on avaion or tne
tagged antiserum, Figure 7. It was concluded that the glomeruli 1n this rat retained
so much of the injected rabbit anubody to rat kidney that undiluted duck anti-rabbir-
globulin was required to “neutralize” this rabbit anubody and prevent 1t from binding
the fluorescein tagged duck anti~rabbit-globulin,

Results obtained from the exammauon of kidneys from 28 rats tested by this
“neutralization” technique are given in Table 2. It may be seen that kidneys from rats
which were killed within three weeks after injection of rabbit anu-rat-kidney serum
required erther undiluted antt-rabbit serum or serum diluted 1:2.5 to cover the rabbit
antubody 1n the glomerul and prevent binding of the tagged anti-rabbit serum, After
months of nephritis the amount of rabbit protein 1n the glomeruli has decreased since
dilutions of untagged anti-rabbit serum varying from 1:5 to 1:20 neutralized the rabbit
aatibody 1n the glomeruli.

The 1injection of nephrotoxic sera prepared in the duck, namely anti~rat-kidney
serum and anti-rat-lung serum produced similar results provided that the injection of
these antisera were followed by the immediate onsetof nephritis, The five rats snjected
with duck anti-rat-kidney serum, Pool llor Pool C, two anusera which produce nephri-
tis only after a latent period, were kulled within three weeks of 1yection, The addition
of dilutions of duck anti.rabbit-globulin diluted 1:5 or 1:10 to sections of these rats’
kidneys was adeq to prevent sub binding of duck ant-rabbit-globuln tagged
with fluorescein 1socyanate,

The four rats injected with rabbitorduck anti-aorta serum developed no nephritis.
Nevertheless the njected antibody was found 1n the glomeruls. It may be seen from
Table 2 thatitdid notpersistasn the case of rats injected with nephrotoxic annserum.
After 64 days very little of the serum prepared in the rabbit remained and a 1:40
dilunion of untagged duck anti-rabbit-globulin prevented binding of the tagged ant-
rabbit serum.

From the results of the neutralization tests reported in Table 2 1c appears probable
that 1aformation concerning relative amounts of nephrotoxic serum localized 1 glomer-
ul, following the 1njection of different antisera, canbe obtained, Furthermore the rate



Fig. 5. Section of kidney from rat SDB963, killed 3 days after 2 successive datly
1njections, totahing 0.6 ml. of rabbit anti-rat-kidney serum. Section treated with fluo.
rescetn-tagged duck anti-rabbit globulin, and viewed by ultraviolet hight. Only glom.
eruh have retained the fluorescent material (x250),



TABLE 2

ANTI-RAT-ORGAN SERA INJECTED IN RATS

Amount of Antibody to Rabbit or Duck Globulin Required
to “Neutralize” the Anti-organ Sera Bound in the Glomerult

Serum Number Nephritis Day Anti-rabbit or duck serum
injected® of rats produced killed to “neutralize”
RARKS 5 Immed:ate 3.20 Undil. or 1:2.5
RARKS 7 Immediate  22.291 1:5 to 1:20
DARKS 2 Immediate 1, 15 Uadil,, 1:2.5
DARKS 5 Delayed 1-18 1:5 or 1:10
DARLS 2 Immediate 1, 10 1:2.5
DARLS 3 Immediate 70.259 Undil., 1:5, 1:10
RARAS 2 None 3, 17** 1:10, 1:20, 1:40
64
DARAS 2 None 1, 18 Und:l,, 1:10

*For “Serum injected” see Table 1 footnote,
**Left kidney removed 37 days before death.

loss of such antisera from the glomeruli can be estimated. It 1s possible that some
correlation between nephrints and the amount and persistence of foreign protetn in the
glomeruli can be established.

The data presented here may be briefly reviewed. The studies described have
demonstrated that there is variation 1a the pattern of response to the injection 1n rats
of nephrotoxic sera, The disease produced may be associated with the immediate onset
of the nephrotic syndrome and end indeathof the animal within a few weeks or at most
a few months; 1t may have animmediate onset but a more protracted course and finally
1t may not start for days or weeks following injection of the antiserum, although once
1mtiated the disease usually ends in renal failure.

In vitro tests of nephrotoxic antisera have ind ! that many bodies are
produced following immumzation of rabbits or ducks with rat organs but the antibody
responsible for nephrits 1s not identifiable by the Ouchterlony agar diffusion technique
or by the Coons’ technique.

When ammals injected with nephrotoxic sera are sacrificed days or months later
the 1njected antiserum 1s demonstrated by the Coons’ technique 1n the glomerular mem.
branes.

An immunologic method has been described for assessing the relatve amount of
the antiserum 1n the glomeruli, This value hasvaried with the anusera injected. Those



Fig. 6. Section of kidney from rat SDB963, see Fig. 5, first treated with untagged
duck anti-rabbit-globulin, diluted 1:5 with buffered saline, thenwith fluorescein-tagged
duck anti-rabbit-globulin. Viewed by ultravioler light the glomerular fluorescence 1s
dimimished when compared with that seen 1n Fig. 5 (x 250).
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ammals which developanimmediate nephritis, with or without the nephrotic syndrome,
appear to have bound more of the antiserum 1n the glomeruls than have anumals injected
with antisera which produce nephritis only after a latent period. By the same method
1t 1s found that in an ammal injected with nephrotoxic antiserum the glomeruli retain
the foreign protein for months. It 1s possible that this immunologic assay of bound
antibody will be useful in establishing a relation between localized antibody and renal
disease.

CHAIRMAN HEYMANN: Thank you, Dr, Seegal. We w1ll postpone the discussion
until we have heard Dr. Lange, who will now discuss “Delayed nepbritis due to avian

antiserum.,”

B, Delayed Nephritis Due to Avian Antiserum

DR. KURT LANGE (New York Medical College): Ladies and Gentlemen! We have
very little to add to the beaunful studies by Dr. Seegal except possibly to one point.
namely, the statement that the delayed and immediate nephritis are the same, to which
we may have to take exception.

Our work has extended over the past eight years, with a great number of collab-
orators, especially Mr. Wenk and recently, Dr. Noble. But a great many others have
collaborated tn them with much merit.

One further credit should be given; thts 1s to a technique which was described by
Dr. Carl Cohen, of the Jackson Memorial Laboratory in Bar Harbor, which I think 1
will show to you very shortly. This 1s a technique for drawing blood from a rabbut,

Dr, Carl Cohen[10] has described how one caneasily take blood from the central-
ear artery of a rabbit. Youtransilluminate the ear and mtroduce a fine 24-gauge needle
attached to an adapter into the central ear artery, When the first drop of blood 1ssues,
an evacuated 20 ml. test tube with diaphragm stopper 1s connected to the other needle
point of the adapter. Thus, one can get blood samples as often as one wants, very
quickly and sterile if one so desires. We have taken up to 8 samples per day for 5
consecutive days, from the same animal, without any difficulty. That has helped a greac
deal 1n carrying out the different logical and b 1 tests which we have
had to perform on these animals.

Experimental nephritis, as Dr. Seegal has stressed, 1s important not only as an
tnteresting pathological entity, but also for the understanding of human glomerulo-
neph.ttis and nephrosis and, if 1t 15 simular, as a proving ground for therapeutic
approaches,

It 1s, therefore, necessary that the experimental disease simulate as closely as
possible the human d In glomerulonephritis, for example, there should be a tme
interval between the streptococcal sore throat and the onset of the disease, which may
vary berween 5 and 15 days; proternuria, and 1n most instances hematuria, except in
the nephrouc stage, and a fall in serum complement for prolonged periods of time 1n

[10) Cohen, C., A Method for Bleeding Rabbits. Am. J. Clin. Path, 25: 604, 1955,



Fig. 7. Secution of kidney from rat SDB963, see Fig. 5, first treated wath undiluted

1obul

and untagged duck anti-rabbut: then with fluor -tagged duck anti-rabbit-
globulin, Viewed under untraviolet light the specific glomerular fluorescence 1s absent
(x 250).
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most 1nstances; finally, a subacute phase can occur after the acute phase, uremia can

occur 1n the beginning and at the end of the disease, and complete healing may be
observed.

In our opinton, there are two enurely differeat types of disease, which we would
like to divaide and call the phasic and bipk disease

The mono;haslc disease s the one which Dr. Seegal has beaunfully described to
you, where Kidney emulsion of a rat 1s injected 1nto a rabbit :n numerous immumzing
wnjections, Finally, blood of the rabbicisdrawnand the serum 1s injected intravenously
1nto the rat, Without any time delay, 1f the serum is potent enough, there 1s appearance
of disease, certamly within less than 24 hours. As many observers (Dr. Pfeiffer[11],
who is with us here today; Dr. Heymann(12], and we[13]) have described, complement
falls very sharply for less than 24 hours; then it returns rapidly to normal. A direct
antigen-antubody reaction between the glomerulus and the antiglomerular mammalian
antibody has taken place, using complement 1n the reaction.

The same thing can be shown in 1solated kidneys with perfusion experiments, as
we have described[14]. When an 1solated rat kidney 1s perfused with rat blood which
has a certain complement content, and then anti-rat-kidney rabbit serum (so-called
nephrotoxic serum) 1s added to this blood. Within one passage through the kidney, all
or most of the complement 1s removed, even 1if the ureters are higated, so that there

1s no possibility that the pl could have ped into the urine,

The biphasic disease, in contrast, appears to be entirely different. The 1mportant
feature appeared to be the fime delay whichoccurs with great regularity and, we found,
without p b the 1ny of the antiserum and the appearance of the
disease,

We have tabulated the first individuals to describe a given expertmental arrange-
ment producing either mono- or biphasic disease (Table 3), In 1900, Lindemann first
described that he could produce nephritis inthe rabbit by giving guinea pig anti-rabbit-
kidney sera, The recipient animal was a rabbit; and there was no time delay between
injection of the nephrotoxic serum and the appearance of the disease. Others who
described a monophasic nephritis were: In 1933, Masug: described rat-rabbit-rat
disease, without a delay; Smadel: rat, rabbit, rat; Dr. Seegal, 1n 1946, rat placenta,
rabbit, rat; Stabley, dog, rabbir, dog, no ume delay. Recently, Mellor’s rabbut, goar,
rabbit, no tume delay. In all of these there was always immediate disease.

[11] Pfeiffer, E. F., Schoffling, K. and Bruch, H, E., Serumkomplement und Masugi-
Nephritis der Ratte. Verhdlg. d. Dtsch. Ges. f. 1nn. Med, 59, Kongress, 1953,

[12] Stavitsky, A. B., Hackel, D. B, andHeymann, W., Reduction of Serum Complement
Following 1n vivo Tissue Antigen-Anubody Reactions, Proc, Soc. Exper. Biol. &
Med, 85: 593-596, 1954,

[13) Lange, K., Complement Components in Human Nephrius and Nephrosis, Proc,
Sixth Ann, Conf, Nephr, Syndr. 77, 1954,

[14] Lange, K. and Wenk, E. J., Invesugations into the site of Complement Loss 1n
Experimental Glomerulonephrins, Am, J. Med, Sc. 228. 454_460, 1954,



TABLE 3

PRODUCTION OF EXPERIMENTAL GLOMERULONEPHRITIS

Intermediary
Year of Donor Anubody Reciprent Period of
Author Pubhieation Organ Producer Anmumal Delay
Lindeman 1960 rabbit kidaey  guinea mg rabbit none
Masug: 1933 rat kidney rabbie rat none
Smadel 1937 rat kidoey rabbit rat none
Seegal 1946 rat placenta rabbie rat none
Heymann 1951 rat kidney rabbie rat none
Stabley 1956 dog kidney rabbir dog none
Suckler 1956 dog kidney rabbit dog none
Mellors 1956 rabbit kadney  goat rabbat none
Masug: 1934 rabbit kidney  duck rabbit  more than 5 days
Fouts 1941 dog kidney chicken dog more than 5 days
Kay 1942 rabhst kidney duck rabbit  more than 4 days
Lange 1951 rabbst kidney  duck rabbit  more than 4 days
Laage 1955 rat kiduey duck rat more than 3 days
Staviesky 1956 rat kidney duck rat more than 3 days-
immediate in 10%
Lange 1957 rabbit kidney chicken rabbit  more than 4 days

Then, 1n 1934, Dr, Masugt described another cype of disease, without being very
much aware of the difference between the two observanons, He myecred rabbit kadney
emulsion 1o ducks, and the rabbit was then the recipient ammal for the duck 1mmune
serum; there was a time delay of at least 5 days between injection of the immune

serum and the appearance of climeal disease.

Fours and Corcoran and Page haveinjected dogkidney into chicken and the result.
ant tmmune serum nto dogs. There was 4 days delay. ln our own studies, which we
presented before this meeting in 1951, we used a rabbit-duck~rabbit system: with 4
days delay before the disease became noted. Stavitsky has taken rar kedney, injected
st tnto ducks, then the duck serum into rats. He has found mare than 3 days del;y
except 1n about 10 per cent of the animals, where an immediate proteinuria was noted.

We have taken recently rabbit kidney, given 1t thxckens and then injected the
chicken smmune serum back into the rabbit, andagain 2 time delay of more than 4 days
occurred. The same applies tn our observations on rat kidney given to ducks and the

serum tajected back tato the rat,
Dr. Seegal’s group has recently published a paper which we purposely did not put

on the table because we did not know where to put st In thewr paper, they stated that
they have produced, with ughly potent duck sera, ummediare disease tn the rat.
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I one anfalyzes the published charts of Hasson, Bevans and Seegal[15], one wajl
nom;‘e that 3 ?lecnonsno;xmmune duck serum are given 24 hours apart, as described
w the text, the so.called “immediate disease” occurring with the me
05t pot:
24 hours after the lasr injection. ¢ Fotent sera

in our opimon, counting of days of delay should start on the first day of immuniza-
uon; then one would get not an immediate disease but a 4 days delay 1o the appearance
of the disease with the haghly potent sera that Dr, Seegal’s group had. We would hke to
group these experunents tao, into the delayed disease category, unless Dr, Seegal can
tell us otherwise.

We have, then, a basic difference. In the first group, all antbody producers are
mammals and their ymmune sera produce immediate disease; and, 1n the second group
all anttbody producers were avians, giving always (with very few excepnons) delayeé
disease. We bave tried, with all means we knew of, to produce a duck serum against
rabbit kidney which gives immediate disease. We have not succeeded 1n doing so.

The rat, however, has a peculiarly bad reputation as a poor antibody producer,
a reputation which it apparently does not deserve,

When 6 rats were givenann-ratkidney duck serum in very farge amounts (2.5 mlL)
we nonced that within 3 days, antibodies against duck serum appeared in the rat, In 7
days, all 12 anmmals of this group had very high aaubody trters agatnst duck serum,

We have other data to show that within 3 days ta other groups, with other baiches
of duck 1mmune serum, antibodies can be found 1n the serum of the recipient rats, and
the disease occurs between the third and fourth day 1n these amumals. Apparently, the
rat 1s not such a poor antibody-former.,

ure § shows an example of such a rat, to whom anti-rat-kidney duck sera was
given, Between the second and third day after the first injecnion, proteinuria occurs,
Ac the same time, the antbodies to duck serum rise very rapudly, Serum cawmplement
falls to below normal levels simultaneously with the nise of the anttbody.

Fig,

disease averyinteresung interpretation, It had appar.

Kay has given thts biphasic
ently d M 's that there was a basic difference between the mono.

phasic and the bxpha:xc discase.,

Figure 9 represents Kay's[16}] 1dea about the mechanism of the disease. This 15
best described as follows:
One gives rabbic kidney locahzing duck serumtoa rabbic. This serumforms a coat

on the glomerulus of the reciptent rabbir, The coat consists of duck serum, which has
a special affinuty to the glomerulus. At the same time, the duck serum also gets into

M. W., Bevans, M., and Seegal, B. C., Immediate or delayed nephrins i
duced by duck anti-rat kidney sera. Archives of Pathology 64: 192.304,

{15] Hasson,
rats pro
1957,

16} Kay, C. F.,
bel Rab!‘n:s Injected with Nephro

The Mechamsm by which Experimental Nephritas is Produced
roxic Duck Serum. 3. Exper. Med. 72 559571, 194a,
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the general circulation, Antibodies are formed to the duck serum, and when they appear
within 4 to 6 days, these antibodies react with the duck serum on the glomerulus and
acute glomerulonephrinis results, with a fall 1n complement, The behavior of comple-
ment 15 our addition, which was not described 1n Kay’s original scheme,

At the onset of disease, anmbodies agatnst duck serum appear in the rabbit's
blood. This hypothesis was supported by the fact that when antibody formation, as
Kay has shown, was suppressed by massive total body X.ray radiation, the disease
would not occur, and anubodies to duck serum did not appear in the bloodstream; thus,
the occurrence of the disease was suppressed.Everybody, including ourselves, believed
fully 1n this explanation,

In general, our immune sera, unless we had a special purpose 1n making them
especially strong, were produced by gtving ducks 10 cc. of a 10 per cent rabbit kidney
emulsion of well-flushed rabbit kidneys every second day for two weeks, then one
week’s rest, then again injections every other day for two weeks; then, again, one
week’s rest, then blood was taken by heart puncture.

Each pool of duck sera consisted of the blood of at least 7 but mostly 10 ducks,
or when we used chickens, 10 chickens inorder to get uniformity of results, not relying
upon one duck or chicken alone.

The usual dose of immune serum giventoa rabbit was 1 cc. per Ib. of body weight
on 2 successive days, or the gamma globulin of this amount of immune serum which
produces adisease justas well as the total serum, omitung the other antigenic proteins.

We have tried to produce, as I stated before, a more potent serum to avoid the
delayed onset time 1interval 1f possible, but we have not succeeded, In 263 rabbirs 1n
whom we have produced the disease, we have never had one which had the disease
before the fourth day. We could produce an immediate severe hematuria and protein-
uria when we gave 15 cc.of the serum 1n one 1njection, With this amount, approximately
60 per cent of the animals died within 24 hours, but, on autopsy, 1t could be shown that
these anumals had petechiae throughout all mucous membranes of the body. We appar-
ently had animmediate serum reaction whichbad nothing to do with an acute glomerulo-
nephrius, for in the 40 per cent which survived the hematuria, prote{’nurm d\s:ppearerz
within 2 or 3 days and the rabbits after 5 to 6 days developed full-blown nephrius, o

which we are going to see several examples.

In the first instance, there was no fallin complement. Those which recovered, and
then got real disease 2 or 3 days later, showed an abrupt fall 1n complement and the
appcagrance of antibodies agatnst duck serum 1n the second phase.

bir which receives anti-rabbit-kidney duck serum?

What haEPE!;S :l;n:)cx:gly et:;n!:lg; two 1njections of 1 ml/1b, of anti-rabbir-kidney

e o or: 1ve:on days 0 and 1. There 1s no proteinuria until the fifth day; then

duck serum & urgs The next day, the ammal b anuric, Compl n simultane-

Lot occd ) th the appearance of anurta, anubodies (precipitins) to the duck
falls; and, nset of disease the BUN rises.

1
Z:iu);n appear 1n the blood, With the o
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Figure 11 shows an ammal to which a larger dose of the same serum was given,
by giving 1t for 3 successive days; the proteinuria 1s more severe, cholesterol rises,
complement falls, and the BUN rises very dramancally to values of 120, 160, then
decreases. At the end, after 35 days, the ammal was sacrificed.

I wish to stress one thing which Dr. Seegal has already mentioned, that you can
produce with less potent sera or with smaller doses of sera, a delay Ionger than 5
days; but you cannot shorten this interval to less than 4 days 1n our experience. You
can delay the clinical and histologic appearance of the disease to the seventh, eighth
and ninth day by using smaller amounts of the serum or by diluting it.

TABLE 4

MALE ALBINO RABBIT, 3390 gm.

Comple- URINE BLOOD
Day of ment Prot.g. RBC
exper. Procedure umts Volume /24 hrs, HPF Casts BUN Cholest,
-1 1.4 2 - - - 12 134
0 Anti-rabbit-
kidney duck
serum 5 cC.1.V. 110 - -- -
1 » 1.2 40 -— - -
2 ” 1.9 20 - - -
3 14 45 - - -
4 2.7 60 - - --
5 077 ' 15 0.5 15 oce.
6 0.66 45 0.5 15 -
7 0.58 40 0.43 30 - 122 178
8 33 0.3 50 --
9 0.52 35 0.6 40 many
10 18 07 30 many
11 35 0.8 45  many
. g:;; 100 0,2 20 few 190 162
::; 0.87 60 0,8 25 occ.
25 0.8 10 -
ig 60 0.2 - -
18 15 0.05 - .
80 0.3 occ. -=
. 0.92 110 0.2 7 -- 76 273
2 130 0,2 7 -
2 170 0,3 9 -
p 90 0.4 15 -
b 0.14 140 0.8 occ. -
- 0,51 180 0.9 6 -
27 ’ 250 0.8 20 -- 49 283
ig 0.13 210 1.2 - - 20

34 Found dead, autopsy performed.
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Table 4 represents the course of one animalfollowed for 35 days, which then died,
Around the fifth to seventh day together with the appearance of proteinuria, marked
oliguria appears, Red cells appear in the urine around the seventh to tenth day, but
later on disappear completely, The BUN first rises sharply then comes down slowly,
cholesterol rises quite markedly, and complement falls to very low values, at the same
time the disease begins, from 2.77 1o 0.77, from one day to the next,

Up to this point, everything appeared 1n full agr with the pt as sug-
gested by Kay,

But the next experiments did not bear that out. Swnce Kay had stated thas 1t 15 the
anttbody against duck serum which produces the disease, by forming a union with the
duck serum which had coated the glomerulus, we thought we mught need very hitcle of
the localizing anti-rabbit-kidney duck serum to achieve the coating and we could replace
the rest with duck serum; the ammal would form antibodses to that duck serum just as
well, and we would not have to go through the long procedure of producing so much
anti-rabbit-kidney duck serum,

Figure 12 shows on the bottom a normal experiment with the same nephrotoxic
serum, The ammal recerwved 7.5 ml. anti-rabbit-kidney duck serum on two successive
days. On the fourth day, proteinuria set in, discovered the first time on the morming of
the fifth day. The antibodies against duck serum appeared in the blood, then rapidly
rose to a high tter.

We then took only 2.5 ml. of anti-rabbic-kidney duck serum and added 5.0 ml. of
plain duck serum and did the same on day +1.

You will note that again on the fourth to fifth day, the anti-duck serum uter rises
very markedly; but no disease occurred, Disease was only discovered on the mormng
of the seventh day; that meant proteinuria started between the sixth and seventh days,

This was a very disqueung finding, namely, that the titer against duck serum
apparently was not too closely related to the occurrence of the disease.

Then we took 1.5 ml. of anti-rabbit-kidney duck serum, and added 6.0 ml. normal
duck serum. We got a nice rise of titer against duck serum, but st1ll more delay 1n the
occurrence of the disease. Between the eighth and ninth day proteinuria appeared and
with 1t the other clinical features,

d to know whether the duck serum added anything to the clinical

wef t:xi:ew:r:t::als. We therefore added normal human serum tnstead of normal

Stmkc - m as a filler; 1.e.: we gave 1,5 ml, anti-rabbit-kidney duck serum and 6.0

d“lc ?}:lman serum. You see tn the upper partof Fagure 12 that the duck serum uters

: 'covcry lirtfe; but the disease occure just the same as 1t did before with 0.5 ml. of

S O

anti-rabbit-kidney duck serum on the eighth to minth day.

ssibilities: one possibility was that the anttbody to the

This suggesmrizopl:r:::xf; responsible for the disease, but that another antibody
ek o ::lv::cd simultaneously must be responsible for the disease, Or a second
Whmhb Ilsrprvovas that the “glue”, the coaung, was not sufficient for the glomerulus o

s
l:t,:srsalct en’(’)ugh of the anti-duck serum antibodies.
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Fig. 13, Induction of “immediate” disease without latent period by transfusion of
serum from nephriic rabbic 1nto another rabbie injected 1 day previously with anti-
rabbit kidney duck serum. A demonstration of fixation of preformed anubodies on a
sensitized ("coated”) glomerulus. Row 1 . control. Antu-rabbir kidne
snyection followed ber's=a==5 —-=- - AR .
followed. Row 2 - - e
occurred. Row 3 . N - .
serum does not al.z. cou.ue vl auti-tavLiLklaney duck serum discase, Row 4 - shows
immediate onset of disease 1nsensinzed rabbu following transfusion of nephritic rabbic
serum.

y duck serum

serum
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Against the latter possibulity was the experiment with human serum where the
disease occurred just as 1f we had given only 1.5 cc. anti-rabbit-kidney serum,

\‘vld’l the next group of experiments (Fig. 13) we found suddealy that we could pro-
duce immediate disease, with a certain experimental setup.

The amimal 1n the bottom section of the chart (A10) was given 1 cc. per lb. of ann-
rabbit-kidney duck serum, one injection only.

This amimal showed proteinuria on the sixth to seventh day; on the sixth day, the
antibodies to duck serum rose; and one could sull establish a good relationship,

Then we did the following: We took rabbits who had severe nephritis for 2 or 3
days due to duck immune serum given 7-8 days before, bled them and transfused their
serum as shown in Row 2 - to normal rabbits.

When this was done, the normal rabbits did not get any disease. The blood of the
nephritic rabbits which had high antibody nters to duck serum did not produce disease
in a healthy ammal.

If, however, we transfused the same amount (50 m1,) of nephritis serum o a rabbit
which had one day before received anu.rabbit-kidney duck serum, we could produce
the disease immediately. Within 24 hours, the animal showed severe proteinuria and
the delay had completely disappeared (Row 4).Suchan animal does not have to produce
antibodies any more; 1t obtains the antibodies transferred by the transfusion from the
nephritic ammal onto a hidney which is sensitized.

To disprove the point that the duck serum atself is the culprit in this situation, we
sensinzed rabbits to plain duck serum; not to ant-rabbit-kidney duck serum, but to
plain duckh serum, We then transfused their blood, after previous sensitization of the
vectpient ammal with anti-rabbie-kidney duck serum, We obtained a disease 1n the
vecipient animal which was in no way faster than when we had given the anti-rabbit-
Mdney duck serum alone, 1.e., the delay was present again and was not abolished by
the traasfused anti-duck serum antibodics (Row 3).

We have had vecently < inthe lastserics we have studied - three exceptions whex:e
anintaln with thin latter typeof disease alsogot a rather rapid occurrence of proteinuria
with & short interval atead of the delayed type which they would get with the injection
wetum alone, We do not have an explanation for these rare exceptions

o nephrotonie
l did not get a rise in BUN, as the amumals

an yer, omplementa did ot fall; and dhey
with the ranafusion nephritn showed promply.

a control is shown, Anti-rabbit-kidney duck serum was

Finatly, i the wp row £ only antt-

piven, tollowed by plam vabbic serum; and, again, the disease occurs as 1
rabbithidney duck netwm were given, with the usual delay.

In short, thear experimenta seem to show thatwe transfer in :l}: blood of nephr:t;c
rabbits, an antibody t the localizing factor, not to duck serum which1s el'thex}‘_ a mod-
ificd duch serum, a duck serum with a special hapten, or a gamma globulin of 1ts own
without duck serum specilicity.
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Fig. 4. Gl 1 and exudative reaction in “immediate® discase, 24
hours after transfusion of nephrinc rabbit serum to previously sensitized rabbie.
(H& E etain)
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CHAIRMAN HEYMANN: May ask you on which day you obrained the serum?

DR, LANGE: This serum which was transfused was usually obtained two or three
days after the appearance of the disease; that means on the sixth or seventh day after
injection of the nephrotoxic duck serum,

DR. GOODMAN: One more question, Dr. Lange. When you made the antibody
against duck serum, was it an antibody to normal duck serum?

DR. LANGE: They were given plain, not nephrotoxic duck seruminstead of anti-
rabbit-duck serum. They formed antibodies to duck serum, as you saw in the last
slide; but this disease1s nottransferable, or does not contribute to immediate apppear-
ance of the disease.

Figure 14 1s a histologic section of the kidney of one animal which Dr, M. Wach-
stetn, who performs the histologic and histochemical studies on our material, was
kind enough to supply.One day after the transfusion of nephritic serum into a seasitized
ammal, 1.e., one day after the antmal was transfused and showed the immediate disease,
this amimal was sacrificed. You see the hematoxylin eosin stain 24 hours after the
transfusion and 48 hours after the anti-rabbit-kidney duck serum injection. Where all
our other ammals which were not transfused with nephritic rabbit serum - and Dr,
Wachstein has done about 150 such specimens - show nothing 1n the kidney sections,
this ammal showed large amounts of proteinaceous material in the tubuli. There were
proliferative changesinthe glemeruli, asevidenced by a marked increase in cellularity,
and exudative changes ind dbypr materialinand between theglomerular

tufts.

Figure 15 shows one more point; the transfusion of nephritis-producing serum
1nto a sensitized ammal can be done with the gamma globulin of the blood of the nephrit.
1c rabbit alone; you do not have to give the entire serum,

In the bottom row 1s anammalwhich received anti-rabbit-kidney duck serum, 1 ml,
per lb., on day zero, and received 30 ml. of nephritic rabb:t serum on the next day;
that means, serum of a rabbit which had the full-blown disease for two days. Wathin a
day, the recipient ammal comes down with an acute glomerulonephritis of the type you

have just seen.

When we used only the gamma globulin from the 30 ml. of that same nephritic

rabbit serum and injected 1t into another sensitized rabbit, we see almost an 1dentical

wcture (Row 2). The disease is transferable by the gamma globulin alone, and does
so: require the total serum, making 1t more probable that this 1s a true antibody.

1n the top row 1s showna control where only 1 ml. of 2nti-rabbit-kidney

Firally. It 1s evident that the lower two rows tndicate a trans.

duck serum per lb, was given.
fusion disease 1n a seasitized ammal.

h fference 1n the concept which Kay had proposed and which

Figure 1? :h&,:: c;lsec:sle.c;(:y suggested that the rabbit kidney localizing serum

:ve Trogp:zzckoserum on the glomerulus of the recipient ammal, that antibodies to duck
ocaliz
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serum are formed; and that, whenthese antibodies appear in the circulation, the previ.
ously coated glomerulus becomes damaged or destroyed with the use of large amounts
of complement and proteinuria occurs.

From our experiments we feel fairly convinced that the following 1s a better theory:
when one gives rabbit kidney localizing duck serum, a localizing factor which is not
duck serum, and possibly does not have the characteristics of duck serum, but1s a
gamma globulin, coats the glomeruli. Antibodies are formed to this localizing factor,

When these antibodies to the localizing factor appear 1n the circulation, the disease
occurs with the use of largeMI—nl'sonf%ﬁTe-ment.

Therefore 1f this were 1n anyway transferable to the human, one could understand
some experiments which were reported from Italy some time ago, 1n which the trans-
fusion of sera of nephritic individuals to normals, did not lead to any kidney damage
1n the normal. If this holds true atall, the only reasonable experiment would be to take
nephritic sera, if possible of the same 1ndividual, drawn while he has an acute episode
of nephritis or nephrosis, and 1mject this serumafter he has had a remission, Then we
are dealing with a sensitized kidney and the individual should perhaps come down with
a short-lasting relapse unul this antibody 1s disposed of.

Such studies are under way at present; | do not know whether they will show the
important bridge between experimental animal and human disease.

The next and last group of experiments was concerned with cortisone suppression
of the experimental disease.

if this 1s a disease in which the antbody formation of the recipient ammal plays
a deciswve role, as Kay has suggested and as we wish to modify, cortisone if given in
suffictent amounts should be able to suppress antbody formation and thus the disease,

Table 5 shows three ammals given 5 cc. of anti-rabbit-kidney duck serum on day
zero and day 1.0Onday 5 or 6 the rabbits came down with a 3+ or 4+ proteinuria, The
BUN rises quickly; this represents the normal course of this disease.

The same amount of anti-rabbit-kidney duck serum was given to animals which,
at the same time, recetved 60, 40 or 35 mg, of cortisone per kg, of bedy weight per
day. With this medication the onset of disease was much delayed and the disease was
much milder, there was hardly any rise in BUN, and much less proteinuria and much
fower antibody titers than in the controls. We have studied thts modification of the
disease 1n about eighty ammals. We found that the mimmal amount of cortisone which
will induce a sigmficant suppression of this disease 1s 5 mg. per kg.

The best results, without mortality due to corusone or significant electrolyte
disturbances, but with good depression of anubody formation and 1mprovement of
cortisone per kg. perday. With that dose, a very marked or com-
disease occurrred, indicating that if one interferes markedly
this disease can be altered decisively.

disease, was 20 mg.
plete suppression of the
with annbody formation,



31

{Pawiao) a1p Jode) Burznjesoy e ssur
IqqEI-nUE Yonp Y Tnr3wor3arqqes jo Sune

ViEANIZI04d
+¥

Ingn
3334 N1310H4

NNY¥3S Nona
ONIZITYI01

AINOIX lagvy

INIZIVI0T HllM 031¥p0
ol [RUEFLURE

S3iaoeitny

e

DJ3s upjap Aq pasnpoid
Shiydeu -dxa jo wsiuoyosw ayy jo
1d39N0D uno

*358251p 39npoad pue Juaws)

dwos yara 2uIquos
e8e satpoguue anqqey

.:.Eo_wgs&tn!,_
03 “f1093 8, Key jo uouesyipoy 9y iy

LLUETEIETY]
+r

INtgn
3384 N1310kd

ND¥IS 300
oRIZNYI01
A3INGIY Ligavy

AgoanNy

(uonppo uno _:uEu_QEou'
0295 uDiAD Aq padnpoid
syuydsu  dxs  jo wsiuoysaw sy o
1d3ONOO S,avy




32
TABLE 5

EFFECT OF CORTISONE ON ANTI-RABBIT_KIDNEY DUCK SERUM NEPHRITIS

DAYS
RABBIT =2] O +1 |+5] 46 [+7 |+8] +9) +10)+11]+12)+13|+24]+15  [+33
{
Therapy (ONE
B 5* | Urine Prot. -] -] - 3+ ]AN 4+ [4+] 4+} 4+ |D
BUN mg% 14 12 80
Therapy NONE
Beé Ur1ne Prot. = =) - ] )3 Jre J24) 44) 3+ 13+ |1+ |24 24 {24
BUN mg% 11 12 53
Therapy NONE
Cs |UrmeProt.| - [~} « |- |4+ ja+ Al\1 44| 14 3¢ [24 24 [24 |24 1+
BUN mg#% 17 15 52 53 32
Therapy |« 60 mg [Cort. Ly
F1 Urtne Prot. - |« - JANj- ) [TRf 14} 2+ |1+ fa+ )2+ )2+ |24
BUN mg% 15 25
Therapy &—}— 40}mg Cort.L_)
E4 Urine Pror. e b L Tae b ael 24 124 124 L2+ f24 134
BUN mg% 16 20 14
Therapy «—40]mg Cort.ty
Es Urine Prot. - - [—- N R S R BT B K E R R 1+
BUN mg% 12 21 14| |1e
Therapy < 35[mg|Cort. —y
C 11 | Urine Prot. -] - f- |- JTRJ2+] 24f 2+ |3+ |3+ |34 |24 j1+ -
BUN mg% 18 13 21 9
Therapy 35{mg|Cort. >
D1 Urine Prot. -l-tr- 11 rt-=-t-1-1" 11 I -
BUN mg?% 19 21 15 22 10
35|mg|Cort >
D2 U?::?Zm_ 5T - 14| 14) 24 |3+ 3¢ 3% 3+ |1s| |-
BUN mg% 16 23 21 18 4

§ ml. ant-rabbit-kadney duck serum t.v, on days 0 and 14,

1s received )
Ml amma 1 ammals either died early or showed evidence of severe proteinuria

*16 addinional contro
starting the fifth day and urema.

AN = anuria TR = trace D = died
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CHAIRMAN HEYMANN: We have heard two very stimulating presentations and I
would like to open both of them for discusston.

DR. DAVID GITLIN (Children’s Hospital, Boston, M h ):  Dr,Heymann,
1 would like to suggest a unifying factor between Dr. Lange’s experuments and those of
Dr. Kay.

When an antibody combines with an antigen, 1t is no longer the original gamma
globulin which 1t was to begin with., The structure opens up; and SH groups are now
exposed. It is entirely conceivable that an anubody would be formed against this de-
natured gamma globulin, which would react not only against the denarured gamma
globulin (now an antibody in reaction), but against normal gamma globulin as well.
1 think this would explain all of the results which have been presented.

1 would like to ask Dr. Lange whether he has concetved of the 1dea of reacting
glomerult with duck antiserum, washing these, injecting them 1nto an animal which
would not get nephrins. The glomeruli should contain the potentiating factor he 1s
looking for.

DR. LANGE: As an emulsion?

DR. GITLIN: As an emulsion, These rabbits should notgetnephritis; they should
develop anuibodies against whatever material 1s now on the glomeruli, derived from
duck serum, Such an antibody would p the kidney di to give the
type of response you have seenwith your antiserum obtained from rabbits with nephrutis.
It might even be reduced to a more sumple concept by taking a specific precipitate,
using some heterologous materzal with a duck antiserum, and then using specific duck
precip as the i izing factor. Would this not have the potenuating factor you
are looking for?

1 do not think Dr. Kay ever suggested that it was the whole serum which was

g the specific antibody resp 1n the rabbit; 1t was taken for granted that this

was a localizing antibody, and it was a rabbit antibody to the duck antibody which was
giving the reaction.

DR, LANGE: What we are doing at presentis to elute 1t from such an absorption,
not to give the enfire emulsion, but to elute 1t mith salicylate or -~

DR. GOODMAN: Along the same line of reasoning, if you immumeze a rabbit
not with normal duck serum, but with nephrotoxic duck serum, could you make an

body agatnst the specific antibody globulin you are interested 1n? Dr. Baxter and I
have discussed the possibility that the antibody againsta normal duck globulin may not
react with what may be an altered antibody globulin? Have you tried thaet

DR, LANGE: No; that 1s a good 1dea.
DR, FREDERICK G, GERMUTH, Jr. (Department of Pathology, Johns Hopkins
Medical School): [ would like to ask Dr.Stonef anyone has been able immunologically

to differentiate one type from another by making antibodies to an antibody. Dr, Grabar
has been trying to do that,
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DR. GITLIN: I would Iike to emphasize that this 1s not quite the same. You are
trying to disungush different gamma globulins as different antibodies. This 1s not the
same as distinguishing a normal gamma globulin from an antibody reaction,

DR. STONE: Frank Adler has injected immune precipitates from rabbir-anti-
guinea-pig serum, plus guinea pig serum, back 1nto guinea pigs. There 1s no indication
that the rabbit antibody which 1s 1nthis complex has been altered 1n any way. The anti-
bodies formed by the guinea pig against rabbit antibodies, whether free 1n serum or
whether on a complex, are identical.

DR, GITLIN: You mean he has two types of gamma globulin in guinea pigs, one
formed from a specific precipitate, and the other the 1solated, undenatured gamma
globulin’

DR. STONE: That1s right.
DR. GOODMAN: How about normal gamma globulin? Is that present, too!

DR. STONE: On the question of normal gamma globulin, Grabar, of course, says
that all globulins are antbodies; and, of course, all antubodies are globulins.

DR. GERMUTH: I should like to ask Dr. Lange another question. Dr. Lange, you
used, I believe, normal duck serum to get antibody, and found that you could not get an
accelerated response with a normal duck serum; but you had antubodies to the normal
duck serum, Could youtell us whether youhad antibodies to the antiglobulin component?

DR. LANGE: You can give gamma globulin as an anugen; so you have to assume
you have anubody to that duck serum gamma globulin. If you give, instead of duck
serum, the gamma globulin of duck serum to a rabbit -~

DR. GERMUTH: And got antibodies to that, then put them back 1nto that animal,
DR. LANGE: We did not get an accelerated response.

DR. MILTON RAPOPORT (Children’s Hosputal of Philadelphia): Are there other
antibodies in the sera which you prepared which are nephrotoxic?

DR. LANGE: In all probability there are, there are numerous proteins,

DR. RAPOPORT: The reason [ ask this 1s that, many years ago, 1n giving a chuld
of liver extract, we found thatthey got a severe local reaction with
hich had a high titer of Forssman’s antibody; and then, using hiver
hich also had Forssman’s antigea - I think one such
Presumably, there must have been Forssman's

repeated 1njections
the liver extract w!
extract prepared from a species w!
was beef . we did not get any reaction.
anngen 1n most of this liver extract.

of the duck or the rabbit to form anubodies?

Is there a difference in the capacity
but there are a lot of species., You are just

The rat kidney has Forssman's antigen;
focused on the nephrotoxic serum.
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Where this fits in, I do notknow; but you have either an accelerator or inhibitor of

this accelerated or delayed r depending o you are using rabbat or

duck anuserum. If [ have the nme sequences righe, with the rabbit sera you get an

immediate nephrius. This means there are prosthetic groups in it which would damage

the kidney. The duck ought to produce a simular serum which fits the kidney and does
not damage the kidney after five days.

DR. LANGE: It 1s very sumple why it does not. An avian antibody cannot fix
mammalian complement, Thereby, you get antigen-antibody union; but you do not get
p d g reactor. Only when a mammalian anubody
(namely, the one which i1s formed by the rabbit itself) combines with a mammalian
antigen does the complement-binding tissue destroying the antibody occur,

a 1 binding, tissue

Dr. Heymann and Dr. Pressman have shown very beautifully that, in the duck,
there 15 an immediate union. The complement does not fall; and nothing happens to
the glomerulus.

DR. RAPOPORT: If you remave the complement from a rabbit, do you geta
rabbit nephrotoxic serum; would you get nephritis?

DR, LANGE: That 1s what we are trying. Dr, Osler has shown that, when you
give preparations which destroy the complement, and thus make complement completely
nactive, a normal-zaabody skin reacuion does not occur,

CHAIRMAN HEYMANN: 1 believe that things are a little complicated, by virtue
of the fact that we are talking about duck serum which has been produced by different
schedules of injections, I believe, for instance, that Dr. Seegal has much more potent
sera than we have. Furthermore, it 1s confusing to have anti-kidney sera obtained
from ducks against rats, and to talk simultanecusly about anti-kidney sera obtained
from ducks against rabbuts, That also may be a different story.

We have for many years adhered to the view that duck anti-kidney sera produce
latent periods in rats, while anu-kidney sera obtained from rabbits do not.

A few years ago we investugated the length of the latent period tn relation to the
intensiey of the disease observed 1n seventy rats wnjected with anti-rat kidney serum
obtained from ducks[17]. The latent period tn the mild diseases varied from one to
thirty days, In moderately severe disease, the latentperiod varied from four to twenty
days, With very potent sera and resultng severe disease we had, like Dr, Seegal and
unlike Dr. Lange, marked proteinuria within the first eighteen honrs after the serum
njection,

DR, LANGE. Whart happened the next day?

CHAIRMAN HEYMANN: These rats usually died withinthree to five days because
of the severity of the disease.

[17] Stavitsky, A. B,, Heymann, W, andHackel, D. B,, Relation of Complement Fixanon
to Renal Disease 1n Rats Injected with Duck Anti-kadney Serum, J. Lab, & Clin,
Med., 47: 349, 1956.
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DR. GITLIN: 1 would lLike to emphasize that this 1s not quite the same. You are
trying to distinguish different gamma globulins as different antibodies. This is not the
same as distinguishing a normal gamma globulin from an antibody reaction.

DR. STONE: Frank Adler has injected immune precipitates from rabbit-anti-
guinea-prg serum, plus guinea pig serum, back into guinea pigs. There 1s no 1ndication
that the rabbit antibody which 1s 1nthis complex has been altered in any way, The ant-
bodies formed by the guinea pig against rabbit anubodies, whether free 1n serum or
whether on a complex, are 1dentical.

DR. GITLIN: You mean he has two types of gamma globulin 1n guinea pigs, one
formed from a specific precipitate, and the other the isolated, undenatured gamma
globulin?

DR. STONE: That 1s right,
DR. GOODMAN: How about normal gamma globulin? Is that present, too?

DR, STONE: On the question of normal gamma globulin, Grabar, of course, says
that all globulins are antibodies; and, of course, all antibodies are globulins.

DR, GERMUTH: I should like to ask Dr, Lange another question. Dr. Lange, you
used, I believe, normal duck serum to get antibody, and found that you could not get an
accelerated response with a normal duck serum; but you had annbodies to the normal
duck serum, Could youtellus whether youhad antibodies to the antiglobulin component?

DR. LANGE: You can give gamma globulin as an antigen; so you have to assume
you have antibody to that duck serum gamma globulin. If you give, 1nstead of duck
serum, the gamma globulin of duck serum to a rabbat --

DR. GERMUTH: And got antibodies to that, then put them back 1nto that animal,
DR, LANGE: We did not get an accelerated response.

DR, MILTON RAPOPORT (Children’s Hospital of Philadelphia):  Are there other
antibodies 1n the sera which you prepared which are nephrotoxic?

DR, LANGE: In all probabihity there are; there are numerous proteins.

DR. RAPOPORT: The reason I ask this 1s that, many years ago, in giving a child
repeated 1njections of liver extract, we found that they got a severe local reaction with
the liver extract which had a high uter of Forssman's anubody; and then, using liver
extract prepared from a species which also had Forssman's antigen - I think one such
was beef - we did not get any reaction. Presumably, there must have been Forssman's
antigen 1n most of this liver extract.

Is there a difference in the capacity of the duck or the rabbut to form antubodies?
The rat kidoey has Forssman's anngen; but there are a lot of species,, You are just
focused on the nephrotoxic serum.
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Where this fits 1n, I do notknow; but you have either an accelerator or inhibitor of

this accelerated or defayed reaction, d ding on whether you are using rabbit or

duck antiserum. If I have the time sequences nghr, with the rabbit sera you get an

immediate nephrits, This means there are prosthetic groups in it which would damage

the kidney. The duck ought to produce a similar serum which fits the kidney and does
not damage the kidney after five days.

DR. LANGE: It 1s very simple why 1t does not. An avian antibody cannot fix

mammalxan complemenr. Thereby, you get antigen-antibody union; but you do not get

d ying reactor. Only when a mammalian antibody

(namcly, the one whwh is formed by the rabbat itself) combines with a mammahan
antigen does the complement-binding tissue destroying the antibody occur.

Dr. Heymann and Dr, Pressman have shown very beauufully that, in the duck,
there 1s an immediate umon. The complement does not fall; and nothing happens to
the glomerufus.

DR. RAPOPORT: If you remove the complement from a rabbit, do you geta
rabbat nephrotoxic serum; would you get nephritts?

DR. LANGE: That 1s what we are trying. Dr. Osler has shown that, when you
give preparations which destroy the complement, and thus make complemens completely
1nactive, a normal-antibody skin reaction does not occur,

CHAIRMAN HEYMANN: I believe that things are a little complicated, by virtue
of the fact thar we are talking about duck serum which has been produced by different
schedules of injections. I believe, for instance, that Dr, Seegal has much more potent
sera than we have, Furthermore, 1t 1s confusing to have anti-kidney sera obtained
from ducks against rats, and to talk simultaneously about ants-kidney sera obtained
from ducks against rabbits, That also may be a different story.

We bave for many years adhered to the view that duck anti-kidney sera produce
latent pertods in rats, while anti-kidney sera obtained from rabbuts do not.

A few years ago we investigated the length of the latent period 1n relation to the
intensity of the disease observed 1n seventy rats injecred with anti-rat kidney serum
obtained from ducks[17]. The latent period in the muld diseases varied from one to
thirty days, In moderately severe disease, the latentperiod varied from four to twenty
days. With very potent sera and resulting severe disease we had, like Dr. Secgal and
unltke Dr. Lange, marked proteinuria within the firsteighteen hours after the serum
njection.

DR, LANGE: What happened the next day?

CHAIRMAN HEYMANN: These rats usually died withinthree to five days because
of the severity of the disease.

{17] Stavitsky, A, B., Heymann, W. and Hackel, D. B., Relation of Complement Fixation
to Renal Disease 1 Rats 1 rected with Duck Antickad y Serum, J. Lab. & Cha.
Med., 47: 349, 1956,
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DR. GITLIN: I would like to emphasize that this 1s not quite the same. You are
trying to distinguish different gamma globulins as different antibodies. This 1s not the
same as distinguishing a normal gamma globulin from an antibody reaction.

DR. STONE: Frank Adler has 1 d 1 precipitates from rabbit.antie
guinea-pig serum, plus guinea pig serum, back into guinea pigs, There is no indication
that the rabbit anubody which 1s inthis complex has been altered 1n any way. The anti-
bodies formed by the guinea pig against rabbit anubodies, whether free in serum or

whether on a complex, are 1dentical,

DR, GITLIN: You mean he has two types of gamma globulin in guinea pigs, one
formed from a specific precipitate, and the other the isolated, undenatured gamma
globulin?

DR. STONE: That 1s right.
DR. GOODMAN: How about normal gamma globulin? Is that present, too?

DR. STONE: On the question of normal gamma globulin, Grabar, of course, says
that all globulins are antibodies; and, of course, all antibodies are globulins.

DR, GERMUTH: 1 should like to ask Dr, Lange another question. Dr. Lange, you
used, [ believe, normal duck serum to get antibody, and found that you could not get an
accelerated response with a normal duck serum; but you had antibodies to the normal
duck serum, Could youtell us whether youhad antibodies to the antiglobulin component?

DR. LANGE: You can give gamma globulin as an anugen; so you have to assume
you have antibody to that duck serum gamma globulin. If you give, instead of duck
serum, the gamma globulin of duck serum to a rabbit -~

DR. GERMUTH: And got annbedies to that, then put them back 1into that amimal,
DR, LANGE: We did not get an accelerated response.

DR. MILTON RAPOPORT (Children’s Hospital of Philadelphia): Are there other
anubodies 1n the sera which you prepared which are nephrotoxic?

DR. LANGE: In all probability there are; there are numerous proteins.

DR. RAPOPORT: The reason I ask this 1s that, many years ago, in gaving a child
repeated injections of liver extract, we found thatthey got a severe local reaction with
the liver extract which had a high titer of Forssman's antubody; and then, using liver
extract prepared from a species which also had Forssman’s antigen - I think one such
was beef - we did not get anyreaction. Presumably, there must have been Forssman'’s

antigen 1n most of this liver extract.

Is there a difference in the capacity of the duck or the rabbit to form antbodies?
The rat kidney has Forssman's antigen; but there are a lot of species., You are just
focused on the nephrotoxic serum.
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Where this fits 1, 1 do notknow; but you have either an accelerator or inhibitor of

this accelerated or delayed r depending on whether you are using rabbit or

duck antiserum. If 1 have the ume sequences right, with the rabbit sera you get an

immediate nephritis, This means there are prosthenc groups in 1t which would damage

the kidney, The duck ought to produce a similar serum which fits the kidney and does
not damage the kidney after five days.

DR. LANGE: It 1s very simple why it does not. An avian antibody cannot fix
mammalian complement. Thereby, you get antigen-antibody union; but you do not get
a P ding, t d ying reactor. Only when a mammalian antibody
(namely, the one which is formed by the rabbit itself) combines with 2 mammalian
antigen does the complement.binding tissue destroying the antibody occur.,

Dr. Heymann and Dr. Pressman have shown very beauufully that, in the duck,
there 1s an tmmediate umon. The complement does not fall; and nothing happens o
the glomerulus.

DR, RAPOPORT: If you remove the complement from a rabbit, do yougera
rabbit nephrotoxic serum; would you get nephritis?

DR, LANGE: That 1s what we are trying. Dr, Osler has shown that, when you
give preparanons which destroy the complement, and thus make complement completely
inactive, a normal-antibody skin reaction does not occur,

CHAIRMAN HEYMANN: [ believe that things are a littfe complicated, by virtue
of the fact that we are talking about duck serum which has been produced by different
schedules of injections. I believe, for instance, that Dr. Seegal has much more potent
sera than we have. Furthermore, 1t 1s confusing to have anti-kidney sera obtained
from ducks against rats, and to talk simultaneously about anti-kidney sera obtained
from ducks against rabbits. That also may be a different story.

We have for many years adhered to the view that duck ant-kidney sera produce
lateat periods 1n rats, while anti-kidney sera obtained from rabbits do not.

A few years ago we tnvestigated the length of the latent period 1n relation to the
intensity of the disease observed in seventy rats injected with anti-rat kidney serum
obtained from ducks[17]. The latent period in the mild diseases varied from one to
thirty days, In moderately severe disease, the latentperiod varied from four to wenty
days. With very potent sera and resulting severe disease we had, like Dr. Seegal and
unhke Dr, Lange, marked proteinuria within the firsteighteen hours after the serum
njecuion,

DR. LANGE: What happened the next day?

CHAIRMAN HEYMANN  These rats usually died withinthree to five days because
of the severity of the disease,

[17] Stavatsky, A. B., Heymann, W, and Hackel, D. B,, Relation of Complement Fixation
to Renal Disease 1n Rats lnjected with Duck Anti-kidney Serum, J. Lab, & Clin
Med,, 47: 349, 1956, *
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Fig. 17. Differeace 1 reaction of rat kidney following injection of potet (on right)
or weak anti-rat kidney rabbit serum. Ammal on lefr had delayed onset of disease
(7¢h vs. 3rd day), little proteinurta, and a proliferauve rather than regressive lesion.
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DR. LANGE: We have had-that too; but, the day after injection they were free of
disease, which then appeared 1n three, four, or five days.

CHAIRMAN HEYMANN: We have not seen that. We believe that very potent duck
sera may produce d; d without d ble latent period. The question
that Dr, Seegal has raised has to be answered, whether or not the latent period nored
after the use of aviananti-kidney sera isonly dependent on the potency of the sera used.
This I do not behieve. It remains true that 1n moderately severe discase produced in
rats by duck sera there 1s a latent period often of considerable length, whereas 1n
moderately severe disease 1n rats produced by rabbitsera a latent period is not noted.

If one injects rats with not very potent anti-kidney sera obrained from rabbuts,
shight to moderate degrees of proteinursa may be noted after only two to four days.
This, however, does not necessarily mean that one s dealing with a true latent period.
It may be due to the fact that a slowly increasing protemnuria does not reach abnormal
degrees for four days, cven though it may be increasing day by day. It could very well
be that electronmicroscopy would show defimte ch of the foot pr in this
early phase, when proteinuria 1s not yet detectable and when light microscopy would
fail to show histological alterations.

In addition to these potnts, we have to contend with the fact that a rat injected
with anti-rat-kidney serum obtained from rabbits has an immediate complement drop,
whereas a rat injected with ana-kidney serum obtained from ducks has a complement
drop only after four, five or more days. At this ume, the latter produces anti-duck
serum protein anttbodies which were not deteceable before. Netther the hypothesis of
Lange, nor the older one of Kay explains why very potent anti-kidney serum obtained
from ducks does not produce a latent period. We have, however, hcard today from Dr.
Seegal that there 13 a difference 1n the localizauon of duck antibodies from weak sera
and antibodies obtained from very potentsera.lbelieve this 1s an interesting contribu.
1on, and possibly of considerable importance 1n reference to this problem.

DR. WILLIAM EHRICH (University of Pennsylvama) 1 should like to project a
slide which shows the difference in the reaction of the kidney to potent and weak sera
in rats treated with anti-kidney serum produced in rabbits. The two rats were part of
a lot of some 150 rats which received seven different doses (0.25.0.8 ml, of serum per
100 g. body weight) of one and the same antbody preparation.

In Fagure 17 the right photo shows a lesion due to a potent serum, the left a
lesion due to a weak serum, The ammal represented ar the right had 4+ proteinuria;
1t had the full-blown nephrouc syndrome. The animal represented at the left had little
proteinuria, The peak of proteinuria 1n the lattergroup usually came a hitle later than
that of the former (seventh instead of third day). Their lesion was proliferative rather
than regressive. There was an increase in the number of nucler.

These obscrvations are in full agreement with Dr. Seegal’s findings; they agree
also with the experience of Drs. Sarre and Moench of Freiburg in Germany. The latter
authors used young and adult rabbits and sera produced in ducks. With small doses or
weak sera they got a “nephritic” lesion, while, with large doses or more potent sera
they obrained a nephronc ayndrome. ‘
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Another point which T should like to discuss 1s Dr. Seegal’s demonstration of
gamma globulin 1n the glomeruli,

Dr. Drxon, not long ago, showed that fibrinoid contains gamma globulin. He drew
the conclusion at that tume that this would indicate that fibrinoid 1s due to an annigen-
antibody reaction. However, deposition of fibrinoid1s an wflammatory process, Gamma
globulin accumulates on a field of inflammation because of increased permeability of
blood vessels. This is an entirely non-specific accumulation, It does not mean thar
antigen or antibody 1s involved.

The glomerulus 1s a very special filter. Under normal circumstances, albumin
passes through, while under pathological conditions larger protein molecules may be
caught 1n the membrane.

1 wonder, Dr. Seegal, whether the anubody agatust aorta, which I understood you
to say did not produce glomerulitis, caused fluorescence of the glomerulus merely
because it was caught in the membrane, while 1n the other experiments an antigen-
antibody union was involved as well. Itisclear today that the deposition of a fluorescent
gamma globulin does not necessarily indicate an antigen-antibody reaction.

CHAIRMAN HEYMANN: Is there any further discussion, or would Dr, Lange and
Dr. Seegal like to have their last words?

DR. SEEGAL: I should like to make a comment concerning the latent period 1n
rat nephrins. When we have an exceprionally potent duck anti-rat-kidney serum, the
protemuria may occur within the first day following the injection of as little as 0.3 ml.

of antiseram.

Another point I should like to make concerns the relation of the latent period to the
development 1n the rat of anttbodies to duck protein. The latent period can vary from
two or three days to as long as three weeks or more. Antibody to the injected duck
serum reaches 1ts maxtmum 1nabout five days and rapidly dechines. It was not posaible
1n our experience to correlate the rise 1in serum antibody titer with the latent period

of the nephritis.

DR. MITCHELL RUBIN (Children’s Hospital, Buffalo, New York): Dr. Lange,
when you tnjected the antibody from normal duck serum, what was the volume of blood
containing antibodies? Was 1t a complete transfusion?

DR. LANGE: The rabbuts got about 150 cc. of blood.

DR. RUBIN: Do you think 1t1s comparable to the antibody the amimal had produced
actively?
DR. LANGE: We replaced abour half of the plasma. That means that 1f 1n the

there was a titer of 120, right after the transfusion, we had a

h we gave
serum whie i 1t would mean a twofold dilution.

uter of 60. If this means anything,
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If I may say one thing about Dr. Heymann's comment, the purpose was not to get
1nto an argument with Dr. Kay, or even to advance a different 1dea. The purpose was
to show that the latent period of the duck nephritis can be completely overcome f
antibodies are supplied passively right from the beginning, This means that the duck
sera produce diseases to antibodies developed 1n the rabbug; for, if we give these in
the form of gamma globulin, the rabbit will get immediate disease 1f 1ts kidney 15
sensitized. .

CHAIRMAN HEYMANN: It is good that the hypothesis advanced by Kay some
years ago has been taken up again. It obviously needs some supplementation.

Could I now ask Dr. Germuth to report on his work?

C. Experimental Anaphylactic Glomerulonephriuts and Human Nephrisis

DR. GERMUTH: For several years we have been studying “serum sickness”
type hypersensitivity and using this formofhypersensiuvity to wnvesngate mechamisms
1n anaphylactic reactions. We have bcen interested not only in the significance of the
ussue lesions but also the dynamics of antigen-anubody interaction. In most experi-
mental procedures where glomerulonephrinis is produced following the injection of
foreign protein, there also occurs a high wncidence of necronizing arteritts, Accord-
1ingly, this preseatation will be concerned with both experimental arteritis and glom-
erulonephritts,

Any discussion of experimental protracted anaphylaxis must necessarily include
the following topics:  a) logic and k log: q during hypersensitivaty,
b) mechanisms by which anugen-antibody reactions produce allerg:c lesions and ¢) the

relationship of the experimental lesions to human disease,

I shall begin by d g the behavior of h logous and g heterolog,
proteins following intravenous tnjection. When one injects into the blood stream of the
rabbit a homologous protein such as rabbit gamma globulin, the blood clearance of
this protetn 1s found to consist of a biphasic curve[18). The first portion of the curve,
characterized by a rapid disappearance of the protein, 1s due to equilibration of the
protein between the intravascular and extravascular fluids. This 1s followed 1n one to
two days by a slower disappearance of protein at a rate such that half of the protein
1s removed from the blood everyfive days, This phase of protein clearance 1s presum-
ably due to catabolism. In the case of a homologous protein, this phase of clearance
continues ata semulogarithmic rate without any deviation right up to the ume when the
protein can no longer be detecred by present methods.

In contrast to the biphasic nature of the blood clearance of a homologous protein,
the anjection of a heterologous protein such as crystallized bovine albumin, which
sumulates the production of antibodics, gives rise to a triphasic blood clearance. The
first two components are similar to those of the homologous protemn clearance, while

(18] Dixon, F, J., Bukantz, S, C., Dammun, G. J. and Talmage, D. W., The Nature and
Significance of the Antibody Response (A. M. Pappenheimer, Jr., Edisor), Colume
bia University Press, New York, 1953,
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Fig. 18. Necrotizing arteritis, mesentery of rabbit sacrificed 12 days after receving
0.5 gm. bovine albumin. H,&E. x 150
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Fug. 19. Proliferanve glomeruloncphritis  Two glomerult showing marked prolifera-
uve changes Rabbit received 0.5 gm. bovine albumin, H. & E. x 350
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the third phase 18 represented by rapid removalof the antigen from the blood as result
of anugen-antbody union[18, 19]. This phase ordinarily begins on the sixth to the
eighth day afrer the inmection of the foreign protein. lts onset and steepness depend
largely on the rate of antibody formation - a process which shows considerable varia-
tion from animal to ammal. After the antigen has been completely removed, free cir-
culaung annbody appears. Free antibody 1s not detectable during the early formation
of anubody since 1t must be fully saturated with the excess antigen 1n the body. On the
other hand, free antigen cannot be detected by ordinary methods when free antibody 1s
present.

Following the tnjection of a large quantisy of crystallized bovine albumin 1nto
rabbits - 0.5 gram appears to be opumal - a variety of lesions,are encoyntered which
may be attributed to allergy. These include glomerular lesions, granulomatous lesions
1n the spleen and Iymph nodes, necronzing arterins and endocardius. There 1s good
evidence that these four types of lesions are based upon the same immunologic and tis-
sue mechamsms, In Figure 18 1s shown anecrotizing arteratic lesion in the mesencery
of an amimal which was killed twelve daysafter the injection of 0.5 gm. of bovine albu-
mtn. There are present the features characteristic of acute human periartertns nodosa
(or allergic anguus if one prefers that term). The nature of the eosinophilic fibrin.
like material commonly called fibrinoid 1s still 1n doubt. It has been shown to contain
fibrin[20); but whether fibrin 1s the only or even the most important constituent of
fibrinoid remains unknown. The glomerular lesion usually consists of a proliferanve
alteration characterized by a marked increase 1n the number of glomerular cells and
swelling of the cells sometimes to suchadegree that the glomerular capillaries appear
bloodless (Fig. 19).

What 1s the rel hip of the develop of these lesions 10 the antigen clear.
ance curve? Studies by Hawn and Janeway[21] and from our laboratory[19, 22} have
shown an innmate rel hip between the develor of these lesions and the “1m-

mupe® (third) phase of anugen elsmination, In an extensive study on a large series of
amumals receiving 0.5 gm. of bovine albuminitwas found that the lesions firsc appeared
following the onset of antigen elimination by anubody, reached their peak incidence
when the antigen had just been completely eliminated by antibody, and resolved when
free antibody appeared inthe circulation and no further antigen-antibody union occurred.
These temporal relattonships strongly suggest that these lIesions are the result of
antigen-antibody interaction.

{19] Germuth, F. G., Jr., Comparauve histolog.c and tmmunologic study in rabbits of
induced hypersensinvity of serum sickness type. J. Exper., Med,, 98: 257, 1953,

{20] Githn, D., Craig, J. M., and Janeway, C. A., Studies on the nature of fibrinoid 1n
the collagen diseases, Am. J. Path., 33: 55, 1957,

[21) Hawn, C. van Z. and Janeway, C. A., Histological and serological scquences 1n
experimental hypersensitivity. J. Exper. Med., 85: 571, 1947,

[22) Germuth, F. G., Pace, M. G. and Tippstt, J. C., Comparative hustologic and 1m-
munologic studies in rabbits of induced hypersensitviry of the serum sickness
type. 1l The cffect of sensitization to homologous and cross-reactive antgens
on the rateof antigenel and the develop of allergic lesions, J. Exper.
Med., 101: 135, 1955,




42

1000

Micrograms of Antigen N per ML of ‘Serum

100

Blood Clearance 8 Lesions with 0.5gm. Bovine Albumin

998

(985}

983 (9gq)

0O 2 4 6 8 1012 14 18 18 20 22
Days

Montenegro, M. R..
4 from Germuth, F. G.,Jr., Flanagan, C., and gvo. M. R.,
g‘%l. zg.hrst:ipm;itHosp., 101 149, 1957,) Blood clearance and lesions with 0.5 gm,
e albsmint Tach Ling represents the serum antigen clearance of a single aptroal,
B e terwern seiecnon and day 2 16 due 15 equilsbranon, afrer duy 2 wrel
e e eapia clminahon, the cleatance 19 the resuls of caraboliam. Note e
- .
sumilsrity of the equibbration andsatabolic phasco of antgen climination of the 1ndund



43
It 1s well known that there 1s marked individual variation 1n the occurrence of
allergic lesions following the admmistranon of foreign protein[23). In order to gain
information as to whether varations 1n the rapidity of the immune response may be
1n part responsible for the presence or absence of lestons, a large scale study was
carried out on the immunologic and histologic sequences following graded doses of
bovine gamma globulin and of bovine albumin[24]. In Figure 20 are plotted the antgen
elimination curves of twelve animals eachof which received 0.5 gm, of bovine alburmn.
Those represented by sohd lines had lesions at autopsy while those represented by
broken lines did not have lesions. You can see that there 1s an inumate relationship
between the rapidity and magmitude of the antibody responses as measured by rates of
antigen elimination and the occurrence of allergic lesions. It 1s seen that 1f the antigen
1s sull present after the fifteenth day, indicative of a poor smmune response, the am-
mals did not develop lesions. This can be explained by the fact that the production of
allergic lesions requires a certain rate of antigen-anubody interaction. A simular
situation, bur a different temporal correlation, was seen with other doses of bovine
albumin and bovine gamma globulin[24].

Mention has already been made of one type of glomerular lesion which 1s often
encountered 1n experimental hypersensinivity. In addition to the ordinary proliferauve
glomerulonephrinis, some ammals, particularly those with a very rapid immune re-
sponse, exhibit focal necrosis of the glomeruli similar to the human lesion of “focal
embolic” glomerulonephritis (Fig. 21). When these lestons are few in aumber, they are
found predomunantly in the glomerult ad) to the cor dullary j Isas
of 1nterest that Rich[25) has recently shown that the glomerular proliferation which 1s
seen in advanced cases of lhipoid nephrosis 1s often confined to the glomerult nearest
the medulla. This 1s not to mean that lipoid nephrosis and experimental glomerulo.
nephrins rily havea h These observations suggest, however,
that the glomeruli low 1n the cortex might be more prone to certain types of imyury.

derauon of the rel hip of this focalnecrotizing leston to human glomerular
disease will be deferred for a moment.

The studies which have been discussed up to this point have been concerned with
immunologic and histologic correlanions 1n acute experuments; that 1s, 1n ammals
receivinga single injectionof antigen, Now whatoccurs when animals are given repeated
injecuions of bovine albumin and gamma globulin for a period of five to s1x weeks? In
this study[26], 1mjections of these proteins were given whenever the previous 1njection

[23] Ruch, A. R., The pathology and pathog of exper: ! anaphylacuc glomer-
ulonephritis in relauonship to human acute glomerulonephrinis, Bull. Johns Hop-
kins Hosp. 98: 120, 1956,

[24) Germuth, F. G., Jr., Flanagan, C., and Montenegro, M. R,, The relationships
between the chemical nature of the antigen, anugen dosage, rate of anubody syn-
thesis and the occurrence of arteritis and glomerulonephrins in experimental
hypersensitivaty, Bull. Johns Hopkins Hosp. 101: 149, 1957,

[25) Rich, A, R., A hutherto undescribed vulnerability of the juxtamedullary glomerul
1n lipoid nephrosis. Bull, Johns Hopkins Hosp. 100: 173, 1957,

[26] Heptinstall, R, H. and Germuth, F. G., Jr., Experimental studies on the immuno-
logic and histologuc effects of prolonged exposure to Antigen. L. Distribution of
allergic lesions following muluple injections of bovine albumin, gamma globulin
and albumin and globulin together with special reference to the occurrence of
granulomatous acteritis, Bull. Johns Hopkins Hosp. 100. 71, 1957.
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Fig. 21, Two glomeruli showing marked proliferative changes, There 1s focal necrosis
of the glomeralus on the left. H.& E. x 350, (Reproduced from Germuth, F. G., Jv.
Flanagan, C., and Montenegro, M. R., Bull, Johns Hopkios Hosp., 101 149, 1957,
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Fig. 22, Granulomatous renal interlobular arteriis, An uninvolved segmentof artery
Can see scen in the right lower coraer, Rabbit sacrificed on 35th day after recéiving
6 injections of bovine albumin and 4 of globulin, H. & E. x 300 (Reproduced from
Hepninstall, R. H. and Germuth, F. G., Jr., Bull. Johns Hoplins Hosp., 100. 71, 1957)
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of the parucular anugen had disappeared from the blood.

This schedule of antigen ad ationwas chosen because if one treats rabbits
with large injections of antigen without regard to whether there 1s already present a
tugh level of antigen in the blood, “immune blackout” may be encountered - a state 1n
which the amimal no longer synthesizes antibody. On the other hand, if the anugen 1s
given long after the previous injection of antigen when the animal has developed high
levels of circulating antbody, the animal may die from anaphylactic shock. In order to
follow the antigen 1n the blood, a capillary tube technique was devised which was cap-
able of detectuing as little as 5 to 10 micrograms of antigen tn the serum. Daily deter-
minations were done on each rabbit and whenever the test just became neganve, the
ammal receiwved an additional 1njection of anugen,

The animals which received multiple injections of antigenin this manner exhibited
arterial lesions in all phases of development; acute, healing and healed. Thesc lesions
were not only present 1n the heart, lungs, and y but were abundant 1n the kid-
ney, although arter:al lesions are seldom seentnthe kidney following a single injection
of antigen. Indeed, this has beenone of the criticisms against relating the experimental
lestons to human periarteritis nodosa, where the kidney 1s the organ most commonly
1nvolved. The arterial lestons in the kidneys of these experimental ammals often were
of the granulomatous or “tuberculoid” type (Fig. 22). This type of arterial lesion has
been seen particularly in asthmatics dying with periarteritis nodosa or “allergic
granulomatosis”.

What effect did the prolonged administration of antigenhave on the development of
glomerular lesions? It was interesting to find that although the animals killed after a
single 1njection of antigen showed a high incidence of glomerular lesions, those killed
after multple 1mjections did not show progressive damage to the glomeruh as was the
case with the arterial lesions, As a2 matter of fact, the glomerular lesion tended to
resolve and the glomeruli appesared quite normal except for an occasional adhesion
or scar,

The differences 1n the type and distributionof the allergic lesions following a brief
period of sensitizanion on the one hand and prolonged sensitization on the other can be
summarized as shown in Table 6,

Before going to the studies on the mechamsm by which experimental allergic
lesions are produced, it mught be appropriate to discuss here the significance of the
experimentally produced lesions in relationship to those of certain human disorders,
The arteral, glomerular and endocardial lesions of experimental hypersensiuvity
have been compared to human periarteritis nodosa, glomerulonephritis and rheumatic
fever. However, 1t 1s noteworthy that all of the lesions produced experimentally 1n the
rabbit can be observed 1n human periarteritis nodosa alone, Further, there 1s every
reason to believe that, just as i1n experimental hypersensitivity, the occurrence of a
given type of lesion 1n human pertarterins nodosa may be influenced by the length of
sensitization. Ball and Davson{27] have reported sixteen cases of periarteritis nodosa

[27] Ball, J. and Davson, J., Splenic lestons in periarterius nodosa, J. Path. & Bact.,
61: 569, 1949,
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TABLE 6

EFFECT OF LENGTH OF SENSITIZATION ON THE CHARACTER AND DISTRIBUTION OF

Arterial Lesions:
I csions:

Stage of Developmens
Character of Active Lesions

Distribution

Glomerulay Lesions:
LOTETAr esions!

ALLERGIC LESIONS IN RABRITS

Brief Period of Sensitization
(S1ngle injecnion of anugen or
muluple 1ajections up to 3 weeks.)

Acute (followed by healing and
healed)

Inflammatory and necrotizing

Heart, lungs, mesentery

High cidence of acute prolifer-
auve and necronzing lestons

Prolonged Period of Sensitization
(Muluple 1njections of antigen for
periods of 3 10 7 weeks.)

Acute, healing and healed

Inflammatory, necrotizing and
granulomatous

More widespread with extenstve
nvolvement of kidneys

No promunent lestons; occasional
glomerular crescents, adhestons

and scars

No prominent lesions

Splenic Lesions Hx%h wncadence of granulomatous

estons 1n Malpighian bodies

with respect to the occurrence of glomerular lesions. A review of their data shows
that of seven cases of periarteritis nodosa exhibiting only acute arterial lesions, all
showed the presence of necrotizing glomerulonephrins. However, in the nine cases
showing healing and healed arterial lesions, tndicative of a more prolonged disease
state, glomerular lesions were present 1n only two 1astances,

It 1s therefore clear, from experimental work and study of human autopsy material,
that the necrotizing and proliferanive glomerular lesions seen in rabbics are part of
a generalized disease process involving blood vessels varyingin size from capillaries
to the larger arteries. The glomerular lesions produced by experimental hypersensi-
uvity under conditions which often promote the development of arterial lesions must
be closely related if notr 1dentical pathogenetically to the glomerular alierations of
human periarterias nodosa, As stated previously, the glomerular lesions of experi-
mental hypersensstivity have often been compared to the glomerulonephratis in humans
following streptococcal infection, Although post-streptococcal glomerulonephritis may
be found in allergy, the possibility ewists that glomerulonephritis as an anatomical
entity mught result from a variety of injuries. The role of hypersensitivity in post-
1 glomerulonephritis therefore awaits clarficanon.

trepto

One of the most important problems n the field of hypersensitivity is the under-
sranding of the mechamism by which the lesions of hypersensiuvity are produced, There
are, of Course, many reasons for believing thatthe lesions which develop following the
1njection of forciga proceins are indeed due to antigen-antibody :nteraction. The most
wmportant of these 1s the temporal correlation between the development of lesions and
the “wmmune phase” of antigen elimmation. However, up until receatly, there was still
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Relotionship between the preciptin curve (Sa-onti Ba system) and the copacity of supernaient fluid
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lacking the demonstration that the lesions could be produced by the passive transfer of
antibody 1n the presence of antigen. In unpublished experiments carried out wrth Dr
Abou Pollack, the passive transfer of serum sickness has now been accomplished'
Rabbits were 1njected with 0.5 gm. of bovine albumin and, 24 hours later, infused lntra.‘
venously with porent anuserum. The rate of 1nfusion of antiserum was so chosen that
the anugen 1 the blood would be completely eliminated before the development of
lesions due to an actwve 1 resp to the i d antigen. Control animals
recetving antigen were infused either with saline or normal rabbit serum. In the animals
wnfused with antiserum the rate of antigen elimination was proportional to the rate of
antibody infused. The molecular ratio of antibody to antigen for complete elimination
of the antigen was calculated to be approximately 1 to 1, Thus less antibody was re-
quired for clearance of the antigen i vivo than for maximal precipitation bf antigen
in the test tube where the molecular ratio 1s approximately 2 to 1, Lesions were’
observed only 1n the antibody-1nfused antmals and were quite like those seen 1n active
sensitization, consisting of proliferative glomerulonephritis and necrotizing arterstis,
The results of these experiments will be published in detail in the near future.

For some time, we have been concerned with the h: by which g
anttbody reactions lead to lesions of hypersensitivity. It had been postulated that the
lesions were produced by the combination of free antibody with antigen in the tissues.
However, since the allergic lesions are initiated while excess antigen 1s present mn the
circulation 1t seemed unlikely that free antibody as such could get to the tissue sites
without prior combination with antigen. In one of our early studres the possibility was
presented that antibody might be transported to the tissues 1n the presence of excess
circulating antigen mn the form of soluble antigen-antibody complexes[19). It 1s well
known that soluble antigen-antibody complexes are produced in vitro when antibody is
added to excess aangen. Recently Steruberger and his colleagues(28] and Weigle[29]
have clearly demonstrated the presence of soluble antigen-antbody complexes 1n the
sera of ammals receiving foreign protewn. Our purpose was to determine whether

luble antg tibody plexes could elicit anaphylactic reactions in the normal
anumal, Since anaphylactic shock in the guineapigis a most sensitive indicator of ana-
phylactic reactions, the effect that soluble antigen-antibody complex might have on the
guinea pig was first tried, To tubes containmng 1 ml. of antiserum were added varying
amounts of antigen. After precipitation, the supernatant fluid from each set of tubes
prepared with 1dentical amounts of antigen was pooled and injected in 2 ml, volumes
into normal guinea pigs. The results of a typical experiment, 1n this case the bovine
albumin-antibovine albumin system, are presented in Figure 23. None of the animals
recewving whole serum or the supernatant flurd from antigen-antibody mixtures contatn-
ing excess antibody exhibited 1ll effects. However, the majority of guinea pigs receiving
comparable volumes of supernatant flud from antigen-antibody mixtures Ercpares wxd:
excess antigen and therefore containing solubl antibody plex:
signs characteristic of anaphylactic shock. At autopsy, the animals which died rapidly
showed the marked pulmonary emphysema typical of anaphylactic shock[30).

[28] Sternberger, L. A., Maltaner, F. andDeWeerdt, J., Estimation of circulating ant1-
body-antigen complex. J, Exper. Med., 98: 451, 1953.

[29] Weigle, W. O., In vivo antigen-antibody complexes, Fed. Proc. 16: 437, 1957,

§30) Germuth, E. G., Jr., and McKinnon, G. E., Studies on the biological propertes of
anugen-antibody complexes. [. Anaphylactic shock induced by soluble aatigen-
antibody complexes 1n unsensitized normal guinea pigs, Bull. Johns Hopkins Hosp.

101: 13, 1957.
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It was important to derermine whether the shock produced by the supernatant fluid
obtained from anugen-antbody mixtures was indeed due to soluble anugen.anubody
complexes or whether 1t was due to the iberation of histamine or proteolytic enzymes
by antigen-anubody interaction in vitro as supposedly observed throughout the ennire
precaipiun curve, In order to further determinethe immunologic basts for the anaphy-
lactogemc acuvity of the supernates, the effect of precipitation of the excess antigen
and ig 1body pl by the add of specific antiserum to supernates on
the anaphylactogemic activiey of the supernates was iovestigaced. When thus procedure
was done, st was found that the supernates no longer produced shock, Time wall not
permut further discussion of the numerous experiments carried out to investigate the
bualogie activsty of soluble antigen-antibody complexes. The evidence indicating that
soluble antigen-antibody complexes are responsible for shock ehicrted by the super-
natant fluid of anfigen-antibody muxtures 1s as follows: 1) But for minor exceptions,
only supernates from antigen-anubody mixtures prepared in antigen excess are cap-
able of eliciting shock. 2) Shock can be produced by muixtures of purified antsbody
(gamma globulin) and excess antigen. 3) The further addition of excess anubody to
supernates originally prepared tn antigen excess removes the anaphylactogenic prop-
erties. 4) Soluble antigen-antibody complexes, prepared by the dissociation of washed
immune preciprtates by alkali in the presence of additional antigen, produce shock.
5) The amount of antibody d in soluble antig 1body pl pable of
producing shock 1s simular to the amount required 1n passive anaphylaxis produced by
the simultaneous njection of antigen and antbody.

Not only can antig body pl. induce phylaceic shock in normal

guinea pigs but these materials are also capable of elictting a skin reaction of the
Arthus type when tnjected tatracutaneously. Of course, our main objective was to deter-
mune whether the lesions of serum sickness could be obrained by the intravenous infu-
ston of soluble complexes. ln preliminary experiments carried out with Dr. Abou
Pollack and Dr, George McKinnon 1t was found thas such nfusion would produce prolif-
erative glomerulonef hritts and gr 1 lesions inthe spleenwhich were morpho-
logacally simular to those of acuve serum sickness. Unfortunately, up to the present
time, necrotizing arterius has not been encountered. The fatlure to produce this Icsion
aught be due o difficulties in techmque, This 1s being further explored.

1t 18 clear that anaphylactic reacnons do not require the actual interacnon of
anugen and antibody 1n the ussues but may be produced by preformed anugen-anubody

pl acting on puble cells. Whether the effect of antigen-antibody com-
plexes 1s triggered by the addition of complement 15 presently under study.

Finally, I should hike to mentionbriefly studieson anaphylactie shock 1n the rabbur,
Our attention was directed to this study by the experiments done on the production of
lesions by repeated 1njections of antigen, Following a single wmjection of foreign prosein,
all of the lesions ordinarily auributed to serum sickness were obtained with exception
of the so-called anaphylactic pneumomtis which was first described by Rich{31] and
related by thisinvestig torh s However, this lesion was repeatedly

131} Gregory, J. E. and Ruch, A. R,, The experimental production of anaphylacue pul-
monary lesions with basic characteristics of rhoumate pneumonins. Bull, Johas
Hopkins Hosp. 78. 1, 1946,
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g n unpublished experiments carried out with Dr,
ﬁgzﬁupollack, the passive transfer of serum sickness has now been accomplished.
s were injected with 0.5gm. of bovine albumin and, 24 hours later, infused intra-
venously with potent antiserum. The rate of infusion of antiserum was so chosen that
the antigen i the blood would be completely eliminated before the development of
lesions due to an active immune response to the injected antigen. Control amimals
recewving antigen were infused exther with saline or normal rabbit serum. In the animals
infused with antiserum the rate of anngen elimination was proportional to the rate of
antibody 1nfused. The molecular ratio of anubody to antigen for complete elimination
of the antigen was calculated to be approximately I to 1. Thus less antibody was re-
quired for clearance of the antigen 10 _vivo than for maximal precipitation bf antigen
in the test tube where the molecular ratio 1s approximately 2 to 1. Lesions were'
observed only 1n the antibody-~infused anmimals and were quite like those seen 1 active
sensitization, consisting of proliferative glomerulonephritis and necrotizing arteritis.
The results of these experiments will be published in detai! 1n the near future.

For some time, we have been concerned with the mechanism by which antigen-
anttbody reactions lead to lesions of hypersensieivaty. It had been postulated that the
lesions were produced by the combination of free antibody with antigen 1n the tissues.
However, since the allergic lesions are imitiated while excess antigen 1s present 1n the
circulation 1t seemed unlikely that free antibody as such could get to the tissue sites
without prior combination with antigen, In one of our early studies the possibility was
presented that antibody mught be transported to the tissues in the presence of excess
circulating antigen in the form of soluble antigen-antibody complexes[19]). It 1s well
known that soluble gen-antibody compl are produced in vitro when antibody 1s
added to excess antigen. Recently Sternberger and his colleagues[28] and Weigle[29]
have clearly demonstrated the presence of soluble antigen-antibody complexes n the
sera of ammals receiwving foreign protein. Our purpose was to determine whether
soluble antigen-antibody complexes could elicit anaphylactic reactions in the normal
ammal, Since anaphylactic shock 1n the guinea pig1s a most sensitive indicator of ana-
phylactic reactions, the effect that soluble antigen-antubody complex mght have on the
guinea pig was first tried. To tubes containing 1 ml, of antiserum were added varying
amounts of antigen. After precipitation, the supernatant fluid from each set of tubes
prepared with 1dentical amounts of antigen was pooled and mjected 1n 2 ml. volumes
1nto normal guinea pigs. The results of a typical experiment, 1n this case the bovine
albumin-antibovine albumin system, are preseated in Figure 23, None of the animals
receiving whole serum or the supernatant fluid from antigen-antibody muixtures contain-
1ng excess antibody exhibited 11l effects. However, the majority of guinea pigs recewving
comparable volumes of supernatant flud from antigen-antibody muxtures prepared with
excess antigen and therefore containing soluble anngen-antibody complexes showed
signs characteristic of anaphylacuc shock. At autopsy, the animals which died rapidly
showed the marked pulmonary emphysema typical of anaphylactic shock[30].

{28} Sternberger, L. A., Maltaner, F, and DeWeerdt, J., Esumanon of circulating anti-

body-antigen complex, J, Exper. Med,, 98: 451, 1953.

[29] Wesgle, W. O., In vivo antigep-antibody complexes, Fed. Proc. 16: 437, 1957,
(30} Germuth, F. G., Jr., and McKinnon, G. E., Studies on the bxflogxca] properties of
antigen-antibody compl I. Anaphyl shock tnd by soluble antigen-

antibody complexes in unsensitized normal guinea pigs, Bull. Joh
101: 13, 1957,

ns Hopkins Hosp.
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It was umportant to determine whether the shock produced by the supernatant fluid
obtained from antigen-anubody mixtures was indeed due to soluble anugen-anubody
complexes or whether it was due to the Iiberaton of histramine or proteolyuc enzymes
by antigen-antibody interaction 1n vitro as supposedly observed throughout the enure
precipitin curve. In order to further determinesthe tmmunologic basis for the anaphy-
lactogenic actvity of the supernates, the effece of precipitation of the excess antigen
and antigen-anubody complexes by the addition of specific anuserum to supernates on
the anaphylactogemc acuivity of the supernates was investigated. When this procedure
was done, 1t was found that the supernates no longer produced shock. Time will not
permut further discussion of the numerous experiments carried out to investigate the
brologic acuvity of soluble antigen-antibody complexes. The evidence indicanng that
soluble antig body pl are resy ble for shock elicited by the super.
nasant flnd of antigen-antibody muxtures 1s as follows: 1) But for minor exceprions,
only supernates from antigen-antibody muxtures prepared in antigen excess are cap-
able of eliciting shock. 2) Shock can be produced by mixtures of purified antibody
(gamma globulin} and excess antigen. 3) The further addition of excess antibody to
supernates orwginally prepared in anugen excess ¢ the anaphylactog prop-
erties. 4) Soluble antigen-antibody complexes, prepared by the dissociation of washed
immune precipitates by alkali 1n the presence of additional antigen, produce shock.
5) The amount of antibody contained in soluble antigen-antibody complexes capable of
producing shock 1s stmular to the amount required in passive anaphylaxis produced by
the simultaneous 1njection of anngen and anubedy.

bod

Not only can antigen P induce phylactic shock in normal
guinea pigs but these materials are also capable of eliciting a skin reacuion of the
Arthus type when injected intracutaneously. Of course, our main objective was to deter-
mine whether the lesions of serum sickness could be obtained by the intravenous nfu-~
sion of soluble complexes. In preliminary experiments carried out with Dr, Abou
Pollack and Dr. George McKinnon it was found that such infusion would produce prolif-
eranuve glomerulonephrins and granulomatous lesions in the spleenwhich were morpho-
logically simular o those of active serum sickness. Unfortunately, up to the present
time, necrotizing arterins has not been encountered. The failure to produce this Icsion
mughe be due to difficulties 1n technique. This 19 being further explored.

le ts clear that anaphylactc reactions do not require the actual 1ateraction of
antigen and anttbody 10 the tissues but may be produced by preformed annugen.antbody

pl acting on ble cells. Whether the effect of antigen-antibody com-
plexes 1s triggered by the addinon of complement 1s presencly under study.

Fuinally, 1 should like to mentionbriefly studies on anaphylactic shock in the rabbar,
Our attention was directed co this study by the experiments donc on the production of
lesions by repeated injecnions of antigen. Following a single injection of foreign protein,

all of the lesions ordinarily attributed to serum sick were ob d with e
of the so-called anaphylacnc pocumonmitis which was first described by Rxch{ni and
related by thisinvestg toth P However, this leston was repeatedly

[31] Gregory, J. E. and Ruch, A. R., The experimental production of anaphylacue pul-
monary lesions with basic characteristics of rheumanc pacumonttia, Bull. Johas
Hopkins Hosp, 78: 1, 1946.
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seen 1a rabbsts which received multiple 1njections of antigen, particularly when succes-
sive doses of antigen produced symptoms of anaphylactic shock. In view of the large
amounts of antigen and antibody necessary to produce shock 1n the rabbit, it occurred
to us that the amorphous pulmonary thrombi described by Rich might be due to 1n vivo
anugen-anubody combination, Accordingly fluorescein-tagged antgens were injected
into highly sensitized animals. All of the animals which developed symptoms or suc-
cumbed to anaphylactic shock showed widespread obstruction of the pulmonary capil-
lartes by fluorescent immune precipitates[32]. This obstruction was of such a degree
as to readily account for the right-sided heart failure which is so characteristic of
shock tn the rabbit. This finding 18 1mportant not only 1n the understanding of anaphy-
lactic shock 1 the rabbit but also demonstrates the extreme caution one must employ
n relating experimental lesions to human disease.

It is clear that much remains tobe learned concerning the role of hypersensiuvity
ta disease. Certainly one of the most important problems 1s that relanng to the patho-
genesis of the tissue damage produced by antigen-antibody reraction,

CHAIRMAN HEYMANN: Thank you, Dr. Germuth, This paper isopenfor discus~
sion.

DR, EHRICH: I should like to ask Dr, Germuth whether he thinks serum sickness
1s an example of the anaphylactie type of allergy, or of the wheal and erythema type,
or both,

DR. GERMUTH: I cannot answer that.

DR. CHARLES A, JANEWAY (Harvard Medical School, Departmentof Pedzatrics):
1 think these experiments of Dr. Germuth's are terribly interesting. The way he has

kept working on the problem 1s very co dable, The p that the soluble

complexes may produce | Land p bly the symp of certain aspects of hyper-
sensxtxvity reactions, ts a Very interesting one,

We had an unfortunate opportumty to study serum sickness in the human under
somewhat unusual circumstances during the war, We were studying blood substitutes,
and gave people very large doses of plasma protein substitutes which were chemucally
very homogeneous but unfortunately proved to be powerful antigens, We unfortunately
saw quite a lot of serum sickness. Several things were apparent.

Farst, 1t was pessible to have serum sickness from very minute traces of globulin
impurities in the bovine albumin, These could be demonstrated by the appearance of
positive skin tests, or as pure gamma globulin, or by the disappearance curve of the

antigen.

. E,, Andrews, E, C.,Jr., Hepunstall, R, H,, and Germuth, F. G,, Jr.,
e occurrence of intravascular antigen-antibody
Bull. Johns Hopkins Hosp.

[32) McKinnon, G
An inmunchistologic study on th
precipitation and 1ts role in anaphylaxis 1n the rabbst,

101: 258, 1957,
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The umqueness of our expersment was the factthat we were dealing basically wish

almost a single, pure anugen in the immunologic sense. Whereas people dealing with

serum sickness in the days whenthey used large amounts of foreign protein were deal-
ing with mixtures of many different protein species,

The results which one would have predicred from our ammal experuments, which
were similar to those of Dr. Germuth but were not 1n such great detail, were just as
he said, anugen and antubody were never seen tn the circulation ar the samc time,
Presumably, if the antigen was responsible for the lesions and the disease, as well as
for antibody reacting with 1t, once the antibody had reacted wath all the available ant-
gen, the pauents should get well and the excess antibodies should appear 1n circulation.

This occurred with several of the patients; but we had the interesting experience
of observing several other patients who were every bit as sick, and reacted just as
violently, but 1n whom the process stopped short of completion; and the antigen did not
all disappear, Its curve, which had been descending steeply, straightened out, then
proceeded as 1t would had no serum sickness occurred, but at a level which would be
the equivalent of three months later tnsomebody who had not reacted. These individuals
never developed positive skin tests, and never developed positive precipitin tests m
the serum for this anugen; yet, certainly, they were clinically as 1l by any criterton
we could apply,

1 do not know whether Dr. Germuth’s observations help 1o explain our observation,
1 suspect they do. Inviewof Dr. Germuth’s work, 1t 1s possible that the serum sickness
actually occurs 1n the ume of antigenexcess, You snll have antugen present 1n the cir.
culation; there 1s no free anubody although, clearly, 1t 1s being formed. As for these
people, 1 suppose, we still cannot explainwhathappened, excepr that perhaps, for some
strange reason, they had lost their capacity ar that nme to respond further to this
injury, and therefore remained in the zone of antigen excess; antibodies were no longer
being formed to produce any complexes and, therefore, there were no longer any
symptoms,

DR, STONE. Many years ago, on the basis of very few experiments, a folklore
was latd down that anaphylaxis was due to some mysterious ussue-sensitizing anubody
and, 1n face, that circulating antibody was inhibitory of anaphylaxis.

People who worked 1n the field of hypersensinvity really always had this curious
hypotheais crop up, and did not quite know what to do about 1c.

We can look now at other species of ammals 1n which the work on anaphylaxis has
gotten less attention because of the wonderful reaction of the sensitized guinea pig to
its h 1 ugen, for ple, work done on anaphylaxis in mice. Anaphylanis
1s due to precipitauing anubody; and amimals die of acute anaphylacuc shock while
having high fiters of | log circulatng bodies 1n their serum, This 18 prob-
ably true of other species of animals, such as the rabbit and rat, which also have not
been used too frequently for anaphylactic experiments,

CHAIRMAN HEYMANN:  Any further comments or questions?
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Dr. Germuth, will you answer?

DR. GERMUTH: As you know, for a long tme anaphylactic shock 1n the rabbig
was attributed to spasm of the pulmonary vessels. If you saw 1n the [ungs of a patient
the number of thrombs that we see in the shocked rabbu, you would have litele doube
that death was due to acute embolization, I would think that 1n vivo antigen-antibody
precipstacion plays a very great role in anaphylactc shock in the rabbit. This would
explain the right-sided heart failure which 1s so common.

CHAIRMAN HEYMANN: [ have been told that we do not belong ito a union, and
that we do not have to stop at 5 p.m. sharp. If 1t meets with your approval, we mighr
connnue until six o’clock, 1 hope not longer.

Dr. Rothbard will discuss the renal lesions due to anticollagen serum,

D. Renal Lesions Due to Anticollagen Serum

DR, SIDNEYROTHBARD (The New YorkHospital): During the pastseveral years,
my colleague, Dr. Robert F. Watson, and I, at the New York Hospital.Cornell Medical
Center, have been nterested in the general biologic properties of collagen, one of the
characteristic constituents of connective tissue.,

Previous reports[33, 34] from this laboratory have shown by both 11 vivo and jn
vitro methods that collagen 15 antigenic. Purified preparations of collagen from the
tail tendons of rats, little altered from the nauve state, are soluble 1n dilute acetic
acid. Repeated intraperitoneal injections of collagen solutions over a period of time
induce complement-fixing antibodies 1n rabbits, Experiments were designed to show
by immunologic methods, enzymanc analysis, and electron microscopy that these anti-
bodies were specifically directed 1o the collagen fibers, Complement fixation and
precipitin tests have shown that the antibody 15 not directed to contaminants, such as
rat serum; and by inhibiion tests 1t has been shown that nssue polysaccarides do not
enter 1nto this reaction. Collagenase, anenzyme which attacks only gelatin and collagen,
disintegrated the collagen and destroyed 1ts serologic acuvity.

By clectron microscopy 1t was possible to obtain more direct informanon con-
cerning the specificity of the antibody, Purified solutions of collage.n upon neutrahization
develop fibers which have the characteristic banding and periodicity of native collagen.
Upon the addition of rabbit serum contaiming complement-fixing antibodies to these
solutions, the fibers were not formed, but rather macromolecular units or a globular
precipiate. Apparently, the antibody coats these macromolecules and thus prevents
fiber formation. 1f one adds normal rabbit serum instead of antibody, the usual fiber

1s formed.

[33] Watson, R. F., Rothbard, Sidoey, and Vanamee, Parker, The Antigenicity of Rat

Collagen, J. Exp. Med., 99: 535, 1954.
[34] Rochbgard, Sidney, and Watson, ’R F., Anugemcty of Rat Collagen. Reverse Ana-
phylaxis Induced 1n Rare by Anti-Rac Collagen Serum, J. Exp, Med,, 103: 57,

1956,
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One can easily see the characteristic banding and periodicity of the nauve fiber
obtained from the rat tail tendon. Collageninsolution 1n acetic acsd, under the electron
microscope at a magnification of about x35,000, appears amorphous. Upon neutraliza.
tion one finds the fiber reconstituted and showing the characteristic periodicity of the
native collagen. The electron micrographs provided strong evidence that the antibody
was directed toward the collagen fiber itself and supported the concept that collagen
18 antigenic,

Rabbit serum containing anibodies against rat collagen, wheninjected intravenously
1nto the rat, catses an unmediate reverse anaphylactic shock, often resulting in death,
Normal rabbit serum or serum containing antibodies to collagen from tunica or carp
swim bladder was without effect.

The shock had all the clinical and laboratory characteristics of anaphylaxts, such
as thrombocytop leukop with a rebound leukocytosis, lowering of the comple-
ment level, delayed blood coagulability, and the development of a refractory stare,

The pathological findings were characteristic of anaphylaxisinthis animal species
as reported by Parkerand Parker[35]indirect anaphylaxis and by Smadel and Swift(36]
1n reverse anaphylaxis, The most striking change was in the small intesune, Patchy
and diffuse hemorrhages extended from the pylorus to the cecum, and the lymphoid
ussue of Peyer’s patches was covered with petechial hemorrhages, Blood was often
found 1n the lumen of the small logical showed more wide-
spread vascular changes than seen in the gross. Erythrocyte thromb: were found 1n
numerous small veins and capillaries, Oftenthe erythrocyte outlines were lost, result-
ing 1n a homogencous hyaline acidophilic appearance. In the intesune, the smaller
meseoteric vessels were occluded, resulting 1n infarction of large areas, The alveolar
walls of the lungs were thick d g d, and d many of these erythrocyte
thromb1, Large numbers of polymorphonuciear leukocytes were sequestrated in the
capillaries of the widened alveolar walls.

The reacting substance in these sera containing the antbodies was found 1n the
gamma globulin fraction of the serum. Furthermore, by appropriate absorption with
preparations of collagen, the reacting aubstance was removed and no shock occurred,
an indication that the rabbit ant.rat collagen serum 1s specifically directed to a sub-
stance, apparently collagen, in the rat,

Since systemic anaphylaxis 1s one of the most sensitive indicators of the combin-
ation of antigen wath anabody, these studies, made 1n vivo, confirmed and extended the
1n_vitro studies of the antgemeity of collagen; bur, more tmportant, 1t gave us a clue
bydwhlch we mught be able o study in the artmal host tssue 1njury by specific ant-
bodies.

(35} Parker, J. T., and Parker, F., Jr., Anaphylaxis 1n the White Rar. J, Med, Re-
search, 44: 263, 1924,

[36) Smadel, J. E., and Swift, H.F,, Reverse Anaphylaxis in Rats wath Special A
to Kidney Damage. J, Immun., 32: 75, 1937, pectal Atteanan
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Careful examination of various sections from the animals injected with either
lethal or muluple sublethal doses revealed no apparent specific injury to collagen by
the methods employed. Since one of the aimsof these studies was ta attempt to demon.
strate injury to collagen by specific anubody, a variety of experiments was done.
During the course of these studies, a group of rats was immunized with normal rabbit
serum incorporated in the Freund adjuvant, Whenantibodies to the normal rabbit serum
were at a high level, rabbit ant-rat collagenserum was injected 1ntravenously and the
ammals sacrificed after an appropriate interval, Anunusual form of diffuse glomerular
lesions was found 1n the kidneys.

The kidneys of these rats were enlarged and pale with smooth surfaces and tense
capsules, On hemisection, no gross abnormalities were found, but on microscopic
study a generalized diffuse 1mjury to the glomerult was remarkable. The glomerul
were enlarged and relatively avascular with marked proliferation of epithelial cells
and, to a lesser extent, endothehal cells, reducing the capillary lumina; on occastons,
mitotic figures were seen. The capsular and capillary basement membranes were
thickened, shredded, and fused to each other. In large numbers of the altered glom_
eruli, gant cells of the Langhans type, resulting from the fusion of the proliferating
epithelial cells, were prominent features, A few of the glomeruli contained focal masses
of hyaline-like material, and 1n others, large amounts of pink-staining protein were
found 1n Bowman's space. Polymorphonuclear leukocytes and fibrin thrombi were
absent from the glomerular tufts. Many of the proximal and distal convoluted tubules,
as well as the collecting tubules, contained precipitated protein and hyaline casts.
There was lictle change 1n the 1aterstitial issue or tn the walls of the medium or large
sized vessels.

In contrast, I willdescribe a representative control glomerulus before the injection
of the provocative anti-collagen serum. The representative glomerulus was obtained
from a rat sacrificed one week after the last tnjection of normal rabbit serum incor-
porated in the Freund adjuvant. The ratarthis hme was immunized and antibody to the
rabbit serum was at 1ts peak level, Rabbit anti-rat collagen serum had not been given,
The noteworthy features were the patent capillaries, normal outlines of the basement
membranes, a single layer of epithelial cells inBowman's capsule, and the lac!c of any
fuston of the capillary tuft, However, there was an increase in cellularity, particularly
of the endothelial cells with dark nucles.

For comparison, various types of glomerular lesions found in rats which have
been immunized with normal rabbit serum incorporated in the Freund ad]fwant and
subsequently injected intravenously with rabbic anti-rat collagen serum, will be de-
scribed.

The most common type of injury to the glomerult seen in the experimer.ual x;'a::,
where the glomerular tuft 18 swollen and ischemic, includes diffuse pro]xferauonﬁ b T
epithehial cells, with monic figures, and, to a lesser extent: that of t.he ix;dot €. x:
cells. The proliferation often 1s so extensive that Bowman’s space is oblirerated,
Adhesions bind the parietal and visceral basement membranes, which are swollen and
shredded, Fibrin thrombi, necrosis, and polymorphonuclear leuk?cytes are not seen.
The exudative component of inflammation which often accompanies the proliferative

phase 1s very meager. A noteworthy feature is the minimal amount of blood in the

glomerular capillaries.
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Another common lesion in the glomerular tufts 1nvolves prominent, bizarre grant

cells, apparently formed from the coalescence of the glomerular epithelial cells, as

well as the proliferation of the epithelial cells. In addition, the capillary channels are

obliterated with almost complete loss of normal structure of the tuft, The proximal

convoluted tubules contain precipitated protein and casts 1n their lumina, but the ep1-
thehal cells of the tubules are intact.

One also commonly finds a distorted glomerular tuft with ntense proliferauon of
epithelal cells, containing a giant cell, fused and shredded basement membranes,
1schemia, and also hyaline.like masses,

A less common abnormality, occurring 1n addition to the enlarged glomerular
tuft, giant cells, and avascularity, resules in tubules with dilated lumina filled with
massive hyaline casts. Interstitial nussue changes were not seen 1n this instance.

We have observed an unusual instance in which apparently one of the Langhans
glant cells, contained 1n the glomerulus, has shipped from the glomerulus 1nto the
lumen of a proximal convoluted tubule.

An uncommon type of lesion may be observed in which Bowman’s space ts dilated
and filled with pink-staining protein-rich flind. This same flmd is seen 1n the lumina
of the nearby convoluted tubules. Interstiial involvement 1s absent. The 1scherma,
proliferation of cells, and thickening of the basement membrancs are present,

Control rats immumzed in the same way with normal rabbir serum incorporated
1n the Freund adjuvant and then injected intravenously with normal rabbit serum, high-
titered rabbit anti_group A streptococcus, anti-hemocyanin, or anu-fish collagen sera
failed to develop any of these renal glomerular lesions.

Microscopic examination of the experimental and control ammals revealed gran-
ulomata with epithelioid cells and multinucleated giant cells, without necrosis, tn the
lungs and regional lymph nodes draiming the sites of the 1njected adjuvant. However,
the glomerular renal lesions were found only in the rats injected with the anubody to
rat collagen.

For example, 3 microscopic section of a regional lymph node draining a site in-
jected with the adjuvant revealed a lack of caseation, large numbers of plasma and
epithelioud cells, lymphocytes, and the multinucleated grant cells, Lipid material being
phagocytized by the giane cells was noted,

Another granulomartous lesion found 1n both experimental and control rats was a
collecnion of epthelioid cells, plasma cells, and lymphocytes with multinucleated guant
cells, again withour necrosis,

Dr. Freund[37] noted similar lesions in studies with the adjuvant mixtures con-
taning dead tubercle bacilli and paraffin o1l, and considered these arcas as possible

[37) Freund, Jules, The Mode ofiAction of Immunologic Adjuvanes, Adv, Tubere, Res.,
7: 130, S, Karger, Basel New York, 1956,
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Careful examination of various sections from the animals injected with esther
lethal or multiple sublethal doses revealed no apparent specific injury to collagen by
the methods employed. Since one of the aimsof these studies was to attempt to demon.
strate injury to collagen by specific antibody, a variety of experuments was done.
During the course of these studies, a group of rats was immunized with normal rabbit
serum incorporated 1n the Freund adjuvant. Whenantibodies to the normal rabbit serum
were at a high level, rabbit anti-rat collagen serum was tnjected intravenously and the
ammals sacrificed after an appropriate interval. Anunusual form of diffuse glomerular
lesions was found in the kidneys.

The kidneys of these rats were enlarged and pale with smooth surfaces and tense
capsules. On hemisection, no gross abnormalities were found, buton MmiCroscopic
study a generalized diffuse injury to the glomeruli was remarkable, The glomeruli
were enlarged and relatively avascular with marked proliferation of epithelal cells
and, to a lesser extent, endothelial cells, reducing the capillary lumina; on occasions,
mitotic figures were seen, The capsular and capillary basement membranes were
thickened, shredded, and fused to each other. In large numbers of the altered glom-
eruly, giant cells of the Langhans type, resulting from the fusion of the proliferating
epithelial cells, were prominentfeatures, A few of the glomeruli contained focal masses
of hyaline-like material, and in others, large amounts of pink-staining protein were
found 1n Bowman’s space. Polymorphonuclear leukocytes and fibrin thrombi were
absent from the glomerular tufts. Many of the proximal and distal convoluted tubules,
as well as the collecting tubules, contained precipitated protein and hyaline casts,
There was little change 1n the interstitial issueor in the walls of the medium or large
s1zed vessels.

In contrast, 1 will describe a representative control glomerulus before the injection
of the provocative anti-collagen serum, The representative glomerulus was obtained
from a rat sacrificed one week after the last injection of normal rabbit serum incor.
porated 1n the Freund adjuvant. The ratatchts time was immumzed and antibody to the
rabbit serum was at its peak level, Rabbit ant1-rat collagen serum had not been given.
The noteworthy features were the patent capillaries, normal outlines of the basement
membranes, a single layer of epithelial cells inBowman's capsule, and the lack of any
fusion of the capillary tuft. However, there was an increase 1n cellularity, particularly
of the endothelial cells with dark nucler.

For comparison, various types of glomerular lesions found in rats which bave
been immumzed with normal rabbit serum incorporated 1n the Freund adjuvant and
subsequently 1njected intravenously with rabbit anti.rat collagen serum, will be de-
scribed,

The most comuon type of 1njury to the glomerult seen 1n the experimental rats,
where the glomerular tuft 1s swollen and 1schermie, includes diffuse proliferation of the
epithelial cells, with miconc figures, and, to a lesser extent, that of the endothelial
cells., The prohferation often is so extensive that Bowman’'s space 1s obliterated.
Adhesions bind the parictal and visceral basement membranes, which are swollen and
shredded, Fibrin thromb:, necrosis, and polymorphonuclear leuk?cytes are not seen.
The exudative component of inflammation which often accompanies the p{,‘ollferanve
phase 1s very meager. A noteworthy feature 1s the minimal amount of blood 1n the
glomerular capillaries.
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Another common lesion in the glomerular tufts involves prominent, bizarre giant

cells, apparently formed from the coalescence of the glomerular epithelial cells, as

well as the proliferation of the epithehal cells, In addition, the capillary channels are

obliterated with almost complete loss of normal structure of the tuft. The proximal

convoluted tubules contain precipitated protein and casts tn therr Iumina, but the ept-
thelial cells of the tubules are tntact.

One also commonly finds a distorted glomerular tuft with intense proliferation of
epithelial cells, containing a giant cell, fused and shredded basement membranes,
1schemia, and also hyaline_like masses.

A less common abnormality, occurring 1n addition to the enlarged glomerular
tuft, giant cells, and avascularity, results in tubules with dilated lumina filled with
masstve hyaline casts. Intersutial tissue changes were not seen 1n this instance.

We have observed an unusual instance in which apparently one of the Langhans
grant cells, contained 1a the glomerulus, has shpped from the glomerulus 1nto the
Iumen of a proximal convoluted tubule.

An uncommon type of lesion may be observed in which Bowman’s space 1s dilated
and filled with pink-statning protein-rich flud. This same flud 1s seen tn the lumina
of the nearby convoluted tubules. Interstital involvement 1s absent. The 1schemia,
proliferation of cells, and thickening of the basement membranes are present.

Control rats immunized 1n the same way with normal rabbir serum incorporated
1n the Freund adjuvant and then injected intravenously with normal rabbre serum, high.
titered rabbit anti_group A streptococcus, anti-hemocyanin, or anti-fish collagen sera
failed to develop any of these renal glomerular lesions.

Microscopic examination of the experimental and control animals revealed gran-
ulomata with epithelioid cells and mulunucleared gianr cells, without necrosis, 1n the
lungs and regional Iymph nodes draiming the sites of the injected adjuvant. However,
the glomerular renal lesions were found only in the rats injected with the anubody to
rat collagen.

For example, a microscopic section of a regional lymph node draining a site 1n-

jected with the adjuvant revealed a lack of caseation, large numbers of plasma and

pitheliond cells, lymphocytes, and the multinucleated giant cells. Lipid material being
phagocytized by the giant cells was noted.

Another granulomatous lesion found in both expersmental and control rats was a
collection of epitheliord cells, plasma cells, and lymphocytes with multinucleated grant
cells, again without necrosis.

Dr. Freund[37] noted sumlar lesions in studies with the adjuvant mixtures con-
taining dead tubercle bacilli and paraffin osl, and considered these areas as possible

{37] Freund, Jules, The Mode ofiAction of Immunologic Adjuvants, Adv, Tuberc. Res,,
7. 130, S. Karger, Basel New York, 1956,
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Careful examination of various sections from the ammals tyected with either
lethal or muluple sublethal doses revealed no apparent specific 1njury to collagen by
the methods employed. Since one of the aimsof these studies was to attempt to demon-
strate injury to collagen by specific anubody, a variety of experiments was done.
During the course of these studies, a group of rats was tmmunized with normal rabbt
serum incorporated in the Freund adjuvant. Whenantibodies to the normal rabbit serum
were at a high level, rabbit anti-rat collagen serum was injected intravenously and the
ammals sacrificed after an appropriate interval. Anunusual form of diffuse glomerular
lesions was found in the kidneys,

The kidneys of these rats were enlarged and pale with smooth surfaces and tense
capsules. On hemisection, no gross abnormalities were found, but on microscopic
study a generalized diffuse injury to the glomerul was remarkable. The glomerult
were enlarged and relanvely avascular with marked proliferation of epithehal cells
and, to a lesser extent, endothelial cells, reducing the capillary lumina; on occastons,
mitotic figures were seen. The capsular and capillary basement membranes were
thickened, shredded, and fused to each other. In large aumbers of the altered glom-
eruli, giant cells of the Langhans type, resulting from the fusion of the proliferating
epithelial cells, were promtnent features, A few of the glomeruli contained focal masses
of hyaline-like material, and 1n others, large amounts of pink-staining protein were
found 1n Bowman's space. Polymorphonuclear leukocytes and fibrin thromb: were
absent from the glomerular tufts. Many of the proximal and distal convoluted tubules,
as well as the collecting tubules, contained precipitated protein and hyaline casts,
There was little change 1n the interstitial ttssue or 1n the walls of the medium or large
sized vessels.

In contrast, 1 will describe a representative control glomerulus before the injection
of the provocative anti-collagen serum, The representative glomerulus was obtained
from a rat sacrificed one week after the last injection of normal rabbit serum incor-
porated in the Freund adjuvant. The ratarthis time was immunized and anttbody to the
rabbit serum was at its peak level. Rabbit anti-rat collagen serum had not been given.
The notewarthy features were the patent capillartes, normal outlines of the basement
membranes, a single layer of epithehal cells inBowman's capsule, and the lack of any
fuston of the capillary tuft. However, there wasan increase 1n cellularity, parncularly
of the endothelial cells with dark nucles,

various types of glomerular lesions found in rats which bave
1 rabbit serum incorporated in the Freund adjuvant and
ly with rabbit ann-rat collagen serum, will be de-
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Another common lesion 1n the glomerular tufts 1nvolves prominent, bizarre giant

cells, apparently formed from the coalescence of the glomerular epithelial cells, as

well as the prohferation of the epithehal cells. In addition, the capillary channels are

obliterated with almost complete loss of normal structure of the tuft, The proximal

convoluted tubules contain precipitated protein and casts in their lumina, but the ept-
thelial cells of the tubules are intact.

One also commonly finds a distorted glomerular tuft with intense proliferation of
epithelial cells, contarning a giant cell, fused and shredded basement membranes,
1schemia, and also hyaline-like masses,

A less common abnormality, occurring 1n addition to the enlarged glomerular
tuft, giant cells, and avascularity, results in tubules with dilated lumina filled with
massive hyaline casts. Interstitial tissue changes were not seen 1n this instance,

We have observed an unusual instance in which apparently one of the Langhans
guant cells, contained 1n the glomerulus, has shpped from the glomerulus 1nto the
lumen of a proximal convoluted tubule,

An uncommon type of lesion may be observed 1n which Bowman's space 1s dilated
and filled with pink-staining protein-rich flud. This same fluid 15 seen in the lumina
of the nearby convoluted tubules. Interstinial involvement 1s absent. The 1scherma,
proliferation of cells, and thickening of the basement membranes are present.

Control rats immunized 1n the same way with normal rabbit serum incorporated
in the Freund adjuvant and then injected intravenously with normal rabbit serum, high-
titered rabbit anti-group A strep anti-h yanun, or ant-fish collagen sera
failed to develop any of these renal glomerular lesions,

Microscopic examunation of the experimental and control animals revealed gran-
ulomata with epithelioid cells and multinucleated giant cells, without necros:s, 1n the
lungs and regional lymph nodes draining the sites of the injected adjuvant, However,
the glomerular renal lesions were found only 1n the rats injected with the anubedy to
rat collagen.

For example, a microscopic section of a regional lymph node draining a site 1n-
jected with the adjuvant revealed a lack of caseation, large numbers of plasma and
pitheltoid cells, lymphocytes, and the mul feated grant cells,Lipid material being
phagocytized by the giant cells was noted.

Another granulomatous lesion found 1n both experimental and control rats was a
collection of epitheliond cells, plasma cells, and lymphocytes with multinucleated grant
cells, again without necrosis.

Dr. Freund[37] noted similar lesions 1n studies with the adjuvant mixtures con-
taimng dead tubercle bacillt and paraffin o1l, and considered these areas as possible

[37] Freund, Jules, The Mode ofiAction of Immunologic Adjuvants, Adv, Tuberc. Res.,
7 130, S, Karger, Basel New York, 1956,
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new sites of antibody formation. The Freund adjuvantcontains hipids and mycobacteria,
each of which may induce the granulomata. Sausfactory antibody titers could not be
attained in the rats unless the adjuvant was employed, but use of incomplete adjuvant,
i.e., withour tubercle bacilli, did not affect the subsequent development of nephritis,
Thus, tubercle baciili can be excluded as playing a role 1n this disease.

To determine whether the normal rabbit scrum fractioncarried 1n the rabbit anti-
rat collagen serum was ial for the ind of this form of glomeruhitis, rats
were 1mmumzed with normal chicken or horse serum incorporated in the Freund
adjuvant and then were tnjected with the rabbit anti-rat collagen serum. Nephrins was
found, indistinguishable from that observed 1in rats smmunized with normal rabbat.
serum. The possibility that this lesionis just serum nephritis resulting from the inter.
action between rabbit globulin and 1ts corresponding antibody appears to be unlikely,
because rats immunized with normal rabbit serum in the adjuvant develop circulating
antibodies and do not show any apparent renal discase on subsequent injection with
normal rabbit serum. This experiment was also done with chicken and horse serum,
and no glomerular lesions were observed.

Examuination of the urine in several rats revealed proteinuria, microscopic hema-
turia, and granular and hyaline casts. Nitrogen retention was shown by study of the

blood.

The question arose whether this form of nephritis was in any way related to the
nephrotoxic nephritis in rats described by Masugi[38], Smadel[39], and Seegal{40].
Studies have been done with Dr. Beatrice Seegal of the Department of Microbiology ac
Columbia University to attempt to establish this point. Microscopic sections of these
two forms of nephritis from comparable rats were studied, and 1t was concluded that
they differed. The nephrotoxic nephrius lesion 1s characterized by the exudative com.
ponent of inflammation with fibrin thromb: 1n the glomerular capillaries, nfiltration
with polymorphonuclear leukacytes, and necrosis; whereas, the relnal lesion 1n the
present study 1s more extensive and shows more proliferauve cecl;u alr Chang)e x.; $c
glomeruli. Although bizarre giant cells were noted i some of the gcmerudx of the
nephrotoxic nephritis, those found 1n the present study were more extensive, disunct,
ang conststently observed. In vitro tmmunologic studies revealed the antigens to differ.

S 1 provided us with antisera against rat whole kidney and against rat glomer.
De. Secga© kidney antigen. Our own preparation of soluble rat tail collagen
al, as well as Wh?ile - ;b‘:ly werge a‘vaxlable. With these materials it was possible to
:ndc‘r(osscso:::;)r;:?n;:f fax:anonytests to determine whether the collagen antigen 1s related

o .

to the nephrotoxic antigen.

ezifischen Veranderungen der Niere und der

. di
[38] Masugi, M., Uber das Wesen der spdas Hepatotoxin. Beitr. path. Anat., 91: 82,

Leber durch das Nephrotoxin bzw.

1933. i duced by Injection of Anti-Kidne
tal Nephratis 1n Rats Induced by lny y
[39) Ssmadel. J'i E};rf;::::::‘;:d lmfnuno[oglcal Studies of Nephrotoxin. J, Exp. Med.,
erum. I
64: 921, 1936, Margaret, The Prod of Glomerulonephritis by

B. C., and Bevans, ]
(] f:\exiii'ologlc Methods. J. Chron. Dis., 5: 153, 1957,
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The resules of studies of the I fixation r¢ employing these anti-
gens and their corresponding anubodies, show that the collagen antigen does not fix
complement with antisera agamnst either the rat kidney or rat glomeruli, whereas
ample fixation to a titer of 1:32 is noted with antibody to collagen. Also evident, but
less clear-cut was the fact ** v [ D ! N
the presence of antibody to - .
antibody. The fact that rat - . . . .
probably due to collagen in - . . .
reaction occurred with purified rat tail collagen anugen and antibody to rat kidaey or
glomeruli because the collagen present in the rat kidney was not made soluble when
injected 1nto the rabbit for the preparation of the nephrotoxic antibody. Nevertheless,
1t ts possible to conclude that the anugen used for the production of nephrotoxic ne-
phrias differs from the collagen antigen employed in the present study.

Although the precise mechanism for the production of this renal lesion 1s not
entirely clear, all these experiments show that the rabbit anu-rat collagen serum 1s
essenttal, One hypothests ts worthy of mencion® chat two antigea-aaabody systeas
are involved. In the first system, the normal rabbit serum tacorporated tn the Freund
adjuvant induces antibodies to this antigen, and the subsequent reaction alters the renal
glomeruli sufficiently for the second antigen.antibody reaction, 1.e., anti-rat collagen
serum with a collagen antigen 1n the renal glomeruli, to produce the nephrius.

These experiments probably raise many more questions thanthey answer. Never-
theless, a method 1s available by which tissue injury by specific antibody may be studied
1 the ammal host,

CHAIRMAN HEYMANN: Thank you, Dr, Rothbard. The paper 1s openfor discus-
sion,

DR. GOODMAN: Have you imjected rats with Freund's adjuvant alone, without
incorporating any normal rabbit serum 1n 1t, for the original injections before putting
1n your anticollagen serum?

DR. LANGE: Have you used the antigen without Freund's adjuvant?

DR. ROTHBARD: Yes, Dr, Lange, inmany experiments, but they were not detailed
1n our pr Mufnple ‘i of normal rabbit serum over prolonged persods
were given to rats and subsequent injections of anti-rat collagen serum were gven
intravenously but no lesions were demonstrable. We attempted to follow the pattern of
Kay's experiment by multiple injecnions of rabbiranti-raccollagen serum ntravenously
wto normal ravs, but no renal abnormalities were found. This could be explained by
the fact that the ratis a relatively poor antibody former. Passive transfer of antibodies
to normal rabbit serum was also employed, High-utered serum was prepared 1n ratg
immumized with normal rabbit serum in Freund adjuvant, This antiserum was then
injected 1nto rats which were given the anti-ratcollagen serum. Again no lesions could
be found, Because the multinucleated giant cells mght have been due to the mycobac.
teria 1n the Freund adjuvant, expertments were done without these bacteria, but the
renal lesions were consistently observed nonetheless,
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Your question, Dr. Goodman, can be answered partly from the last point, The
incomplete Freund adjuvant was as effective as the whole adjuvant, but no experiments
as yet have been done with adjuvant not containing some form of normal serum, It is
apparent that the antibody 1o collagen has somcthing to do with this lesion.

Obviously, there are numerous other experiments which have to be done; but it
appeared appropriate to let you know at this tume that another form of nephritis 1n
animals can be induced by antibody, besides the nephrotoxic nephritis or serum ne-
phrius,

DR. HENRY BARNETT (Albert Einstein College of Medicine, Yeshiva University):
Would you want to say a httle more about the changes 1n the blood 1n the disease which
1s produced?

DR. ROTHBARD: Not many studies have been done along this line, but the BUN
does rise 1n the early phases of the disease. Rats now have been followed for seven
months, and more chronic changes are being noted 1n the microscopic sections of the
kidney lesions. There has been no evidence of a chinical nephrotic syndrome.

CHAIRMAN HEYMANN: How about edema?
DR. ROTHBARD:  As [ said, no nephrotic syndrome has appeared as yet.
DR, LANGE: Would you want to call these lesions nephrins?

DR.ROTHBARD: You can call 1t anything you like, Dr. Lange, but you will agree
these are not normal glomeruli. The precise anatomicalnature of this lesion interests
us less than the mechanism by which 1t1s brought about. What appears to be important
1s that these lesions are suggestive of injury caused by the collagen anubody.

DR. JULES FREUND: The nature of the morphology 1s very interesting to me,
because‘ 1t reminds one of the reaction to something which 1s not easily soluble.

One could argue that these lestons are derived from the ;nycobactena; but t;at 1:

wrong, because you have some controls 1n which the same adjuvant was ‘“le“f , an
h lesions. It is your combination. You do get these interesung lesiqns

e o ""dsu"- of sarcoid or noncaseating tubercles, or lesions around things like
e Temii‘ o d 50 on. So thenl would assume that there 1s something there which
e or ea s‘l o latllyle 1 w.tmder how long these lesions would stay, I would expect that
': “Q‘zoi*;Z‘P)érss'js‘: foz: a very long ume, but do you have any information on thac?
they

. months. I mentioned that we have sacrificed ammals at

D.R' ROT‘%RE‘ mi:v::d progressed to a point of fibrosis. Strangely enough, the

ha Umﬁ; f: the gelomseruh had disappeared, but you would expect that with the fibrotic
glant ce

change in the glomeruli.
DR.FREUND: But this type of lesion distinguishes 1t very much from Masug

nephritis, or any other.
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DR, ROTHBARD: Oh, yes. I think Dr, Seegal, who 1s sitting alongside you, would
agree wholeheartedly that, when we compared the two types of lesions, we were im-
pressed by the differences. The proliferative type of lesion in the present study as
compared to the exudative form in the nephrotoxic (Masugt) nephritis. You cannot
always separate, as you know, Dr. Freund, the exudative from the proliferative phase.
Even 1n tuberculosis, they go hand 1n hand. One will go a httle higher than the other.
But 1n these present experiments one 1s impressed by the high degree of proliferative
changes with, not a complete, but almost a complete lack of the exudauve components.

DR. FREUND. Do you suspect some insoluble material there? Maybe Dr. Ger-
muth would have something to add.

DR. GERMUTH: Yes, 1 think your point, Dr, Freund, 1s well taken. I would only
say, however, that we have seen several cases of 1t with nephrius where the lesion 1n
the glomerulus has been a granulomatous lesion, Whathas gone on there I do not know;
however, 1t has been recorded.

DR. ROTHBARD: [ went over Dr, Rich’s photomicocraphs time and again, and
yours; and | have seen Dr. Seegal’s slides, She, too, has described bizarre grant cells
but did admut - and I think she would again - that the multinucleated giant cells are
more prominent in these current studies. I was just curious about your statement.

DR. GERMUTH: When I said that, I meant in humans, not 1n our experimental
work.

DR. ROTHBARD. Oh, I know of one paper, too[41], and I looked up the photom.
crographs. I admit they were present, but not within the glomeruli.

DR, GERMUTH. They can be within the glomerulus; I have seen several cases
rmyself.

DR, JACK METCOFF: Would you be good enough to tell us what the source of
the collagen 1s, and whether you have any idea as to what point on the fiber or fibril
the antibody fixes?

DR. ROTHBARD. In all the studies the collagenwas obtatned from rat tail tendon
of Whelan strain hooded rats. This 1s the strain that Smadel and Farr[42] employed
at the Rockefeller Institute for Medical Research 1n New York in their studies on the
nephrotoxic nephritis. Unfortunately, there are very few colonies of this strain left 1n
the country.

Where the collagen fiber 1s acted on by the antibody 1s unknown to me.

DR, EHRICH: 1 should lLike to support Dr. Rothbard. These lesions do not occur
1n serum sickness,

{41] McManus, J. F. A,, and Kornsby, A. T., Granulomatous Glomerulonephritis
Assoctated with Polyarthritis, Arch, Path,, 52: 84, 1951,

[42] Smadel, J. E., and Farr, L. E., The Effect of Diet on the Pathologtcal Changes 1n
Rats with Nephrotoxic Nephritis, Am, J, Path,, 15: 199, 1939,
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However, [ have seen them once, not 1n serum sickness, but in five ammals which
had been treated with large doses of staphylococcal vaccine|43). We interpreted these
reactions as a primary response of the organism to bacteria or their products rather
than an allergic phenomenon.

DR. GERMUTH: Do you know what happens if you take collagen, as you have
done, and add another antigen-antibody system to 1t?

DR. ROTHBARD: We have not done that; but that 1s a good point.

I am glad someone has not brought up the question as to whether there 1s collagen
in the normal glomerulus,

DR. GERMUTH: [ have wanted to ask you about the experiments on Masug:
nephritis by Cruckshank and Hill[44] where they take an anttbody, put a fluorescent
dye on 1t, and have stained reticulin throughout many tissues, including tendon. Are
you certain you are dealing with collagen and not with reticulin?

DR. ROTHBARD: What 1s the difference between reticulin and collagen? Within
the lumitations of the electron microscope they are 1dentical. A perunent study on this
subject was published by Irving and Tomlin[45]. The silver staining of reticulin which
15 considered characteristic of this fiber 18 shown to be due to a complex of ground
substance. Collagen can be given the argyrophilic properties of reuculin by providing
the fibers with hyaluromic acid, blood pasma, or other blood proteins. This report
strongly indicates that mature collagen consists of rencular fibers in a ground sub-

stance medium.

DR. GERMUTH: 1 only thought 1t was interesting, 1f their work 1s correct, that
they did not stain collagen fibers as we know them.

DR. ROTHBARD: The reticulin fiber probably would stain in the same way as
collagen 1f one removed the polysaccharide from the reticulin.

46] have indicated that no collagen can be shown in the normal

Several ;::P:)tr:: [pos]sxble thatby removal of the ground substance the typical band-

lomerulus,
g ght be observed byelectronmicroscopy and the characteristic stain-

1ng of collagen my,
1ng demonstrated.

1 nologic methods, which are more specific, could be used to determune this
mmau

point.

30, 1929.
[43] ‘é Exi’ }]:Zi" ;d.::f f{ljlt? A. G. S., Histochemical Identification of a Connective
[44] Tru:l:xesAntlg.en in the Rat. J. Path. and Bact., ¢6. 283, 1953, Thewe A ot
(s3] an v, B A and Tomha, S. G.. Collagen, Re(xculu;n 1323 e1r Argyrophilic
45] irving, B S5 don, Sertes B, 142: 113, .
Properncsiﬂpéoc-\IEZK;eSrOC‘i‘LE: ::A Geood.R. A., Studies on Famtilial Nephrosis.
[46] ﬁarcqr:;?rul;r Ehanges Observed with the Electron Microscope. Am, .. Path.,

33: 791, 1957.
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DR. GERMUTH: That is why I thought Cruickshank’s and Hill’s paper was very
interestng.

DR. ROTHBARD. It was. D. G. Scott{47] employed the i histologic techme
of Coons and found two distinct antigens, reuculin and basement membrane, in the
renal glomerulus, as well as the basement membrane of the tubules,

Also more interesting, I think, 15 a very important point made by Goodman, Green-
spon, and Krakower[48] who found that there was an antigen common to both parietal
capsular membrane of glomeruli and collagen fibrils from cornea and rendon.

CHAIRMAN HEYMANN: Before you go back to your seat, I would like to say
that, as Dr. Barnett indicated, quite a few of us are very much interested in the bio-
chemucal alterations in this disease. If you ever have some spare serum, many of us
will be very happy to run the chermstries, whatever you want, and send the results
back to you.

Dr. Goodman, will you kindly present your material?

E. Search for Anti-Kidney Antibodies in Patients

DR. GOODMAN: It 1s late 1n the afterncon; and I will be short and show no shdes.
1 am 1in the unenviable position of talking about negative data, knowing full well that
there are at least two shdes 1n the audience which show posttive data on the subject 1
am going to discuss.

It 1s obvious from the precedingdiscussions that1in human renal disease antibodies
to kidney may not be detectable even if the renal disease has an immune basis. First
of all, the disease may not even be produced by an antibody against kidney; 1t may be
produced by an anttbody against an antigen, perhaps bacterial, which has localized at
the kidney. In this case one would certainly not expect to find any circulanung antubody
against kidney tissue. Secondly, even if the b m g that there
may be one) responsible for the renal disease does nvolve antibodies against kidney
tissue, those antibodies may either be absorbed by the tissue, and therefore not be
circulating, or they may be circulating, but not detectable by the still somewhat crude
methods we must use. Nevertheless, there have been many reports in the hiterature
which suggest that antibodies to kidney tissue are present :n some patients with renal
disease. 1 will not describe these 1n detail, but by the use of complement fixation or
adsorption of kidney extracts on collodion particles, reactions between patients’ sera
and suspensions or extracts of human tisswe have been found by some nvestigators,
wcluding Dr. Lange[49]). Voisin[50] has written a detailed survey of the work in this

[47] Scotr, D. G., A Study of the Anugenicity of Basement Membrane and Reticulin.
Brit, J. Exp. Path., 37: 178, 1957.

[48] Goodman, Morrts, Greenspon, 5. A., and Krakower, C. A., Antigenic Composition
of the Various Anatomic Structures of the Camine Kidney. J. Immun., 75. 96, 1955,

[49] Lange, K., Gold, M., Weuner, D., and Sumon, J., J. Cltn. Invest. 28' 50, 1949,

[50] Voisin, Guy, Cytotoxic Auto-antibodies, a clinical and expertmental critical study.
30th Congres Francais de Medecine, Alger, 1955, Par1s, Masson, 225-264, 1955.



62

field including references to work which failed to demonstrate such auto-antibodies.
In addition, the demonstration by Mellors[Sl] and his associates that gamma globulin
coated the capillaries of the glomeruli 1 certain patients with renal disease lends
SUPpOrt to an immune basis for their renal lesions. The work of Dr. Rose (who is here)
and Dr. Ernest Witebsky, has shown that the sera from some patients with chronic
thyrowditis contain circulating proteins which may be anubodies to thyroid extract.
Many other reports[50, 52] show that inamimals auto-1mmumzation with certain tissues
(central nervous system, testicular, or thyroid) 1s possible, and that lestons in these
tisstes can be produced by auto-tmmunization. Inview of al| these reports, Dr. Baxter
and I decided to see what we could find 1n the way of crrculating antibodies to kidney
tissue 1n the sera of patients with renal disease.

In our work we have chosen to use the complement-fixation test and the tanped
red-cell hemagglurination test. In the latter testthe red cell 1s exposed to dilute tannic
acid and 1s then capable of absorbing protein substances. When the tanned, antigen-
coated red cells are suspended 1nserumc g antibody, the red cells will agglusi-
nate and settle in positive patterns of agglutinated red cells. It 1s a sensitive method
for translating an antigen-antibody reaction into a visible reaction.

We have used tanned cell hemagglutination tests, coating the tanned red cells with
saline extracts of human kidney which were obtained at autopsy. We tested these kid-
ney extract.coated tanned red cells against the sera of twenty patients with the nephrotic
syndrome whom we have seen on our service, Four of these patients did not respond
to steroid therapy, and three are patients who died, after failing to respond to steroid
therapy. We were given two additional sera from patients presumed to have acute
nephritis. I could summarize our results with these sera by saying that we have not
found any evidence by complement-fixation or tamnic-acid hemagglutination tests of
antibodies which would react with the extraces of human-kidney ussue. We stopped at
this point, because we have engaged 1n other experiments to show that we are actually
coating the red cells with human-kidney antigens.

{ want to spend a few minutes discussing the one positive reaction we have fou.nd
because we have been rather interested in 1t. This was in the serum of a p;nent with
lupus erythematosus. It has been reported thatsome patients with lupus erythematosus
have sera contaiung high titers of complement-fixing anubodx;s agams;‘ t}:ss}:le anti-
gens(53]. In the three or four sera we have tested, we have not found suc. :!g n}:ers{i
but one serum had a nter of about one to ten, a very weak titer, W;len teste dth re
cells coated with a saline extract of human kidney. We wondered 1f we lv]vereh e;lec:;:g
t responsible for the LE cell phenomenon. We thought that the
atient’s serum mught be reacung with a2 nucleoprotein in the
15M saline 1s not supposed to extract nucleoproteins), 1n the
bultn reacts wich what s presumably a nucleoprotein in the
an then be phagocynzed to form an LE cell.

a reactant sumilar to thai
gamma globulin 1n our p
saline extract (although 0.
same way the gamma glo
nucleus to change the nucleus so 1t e

Iman, H., J, Exp. Med. 106: 191, 1957,

{51] Mellors, R. C., Ortega, G. L., and Ho and Egan, R, W., JAM.A,

(52] Watebsky, E., Rose, N. R., Terplan, K., Paine, J.R.,
164: 1439, 1957,
[53) Gajdusek, D. C., Nature, 179: 666, 1957.
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We then extracted liver as well as kidney by Chargaff’s method[54] 1n orderto

get out nucleoprotein, First the tissue was ground in a Waring blender with 0.15M

salme. The saline extract was discarded and the precipitate was washed again with

saline. Finally the nucle: were ground in a Waring blender with distilled water and

were extracted overnight with disulled water. A clear extract,was obtained by ultra-

centrifugation, We coated tanned red blood cells with dilutions of the distilled-water
extract of nucle: of liver and (1n other experiments) kidney.

With this procedure, we found good titers of agglutinins, or anubodies if you wish,
against tanned cells coated with the extractof nucle. I brought 1n a posttive test show-
ing the pattern of agglutination of the extract-coated red blood cells when they are
suspended 1n the patients’ serum diluted up to 1:1280,

I will just three aspects of this ph which have interested us,

1. What sera will show the r ? Three p with sy lupus erythe-
matosus have had titers of 1:340, 1:640, and 1:1280. The patient whom I originally
described was admatted with renal involvement, the others do not have an obvious renal
lesion. Sera from two other patients who are 1n clinical remission, but do have a pos-
wnve LE test, donot show this reaction. However, we have tested thirty other sera from
patients with many cond luding nephrosts, rh fever, hyperglobuli
and other disease states, and have not foundany positive reaction in any of these sera.

2. The second question 1s, what 1s the protein in the serum which is reacting
with the coated, tanned red cell? Dr. John Fahey has been kind enough to do a starch
electrophoresis analysis of the serum, It 1s defimtely the gamma globulin, which
produces the positive reaction with the coated tanned red cell.

3. Finally, whats the “antigen”, if you care to call 1t that, what 1s the substance
with which we are coating the red cell? Our extract 1s obtained by using a method for
extraction of nucleopratetn, The active substance 1s not wn saline extract of the nucles
or cytoplasm, or it 1s only present in very low concentrations. The activaty of the
extract 1s destroyed by desoxyribonuclease, although it 1s also dessroyed by trypsin.
The extract has a greater absorption at 260 than ar 280 in the Beckman spectrophoto-~
meter using the ultraviolet. We think a nucleoproteinis present. Whether this 1s actually
the active substance we do not know.

1 wull apologize for presenting our material 1n this prelimnary fashion, but we
wanted to tell you about the progress of our work to date. So far we have not succeeded
in finding autoantibodies 1n patients withrenaldisease in our preliminary expersments.
In the patients with lupus erythematosus I think 1t 1s reasonable to believe that we are
measuring something akin to the gamma globulin which 1s responsible for the LE cell
phenomenon. Whether our extract contains all the nuclear substances with which the
serum will react or only one of such substances we do not know. And whether the gam-
ma globulin which reacts with the extract of liver nucler has anything to do wath the
pathogenesis of the disease, of course, 1s a question which cannot be answered at
present.

[54) Chargaff, E., and Davidson, J. N., 1n The Nucleic Acids, Academic Press, New
York, p. 313, 1955,
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CHAIRMAN HEYMANN: May 1 suppl your staty s, Dr. Goodman, with
results that we obtained last year in collaboration with Dr. Rothenberg|ss}

The question may be raised whether one uses the right antigen. At the time we
had a model which we believed could test the sutability of the antigen to 1ncrease the
hemagglutination uter. An anti-human kidney serum obtained from rabbits of a certatn
tter served that purpose. When the anugen was altered by trypsin digestion or by
other procedures, we were able to increase the titer, let us say from 1:80,000 to 1:10
mullion; coating tannic acid treated red blood cells with such prepared antigen solu-
tions, did not alter our results obtained with sera of children suffering from the
nephrotic syndrome. They still remained negatve.

DR. GOCDMAN: Even though those same cells wauld react with anti-human-
kidney rabbit serum.

CHAIRMAN HEYMANN: Yes, up to 1:800,000 or 1:10 million,
DR. GOODMAN: We have had the same experience.

CHAIRMAN HEYMANN: 1 believe that Dr. Pfeiffer was first to tell me that he
would like to present some additional data. Dr. Pfeiffer]

DR, E. E. PFEIFFER (Frankfurt, Germany)- Dr.Bruch and 1[56) have been con-
cerned with the demonstration of antibodies against human kidney tissue since 1950,
when Franz Volhard sull was the head of our department, and currently since Ferdi-
nand Hoff has taken over our department, We got positive reactions mainly in cases of
progressive chronic glomerulonephritis, using the collodion-particle techmique. Dr.
Hoff 1n the early forties with a certan serological technique [57] and Dr. Lange 1n
1949 with the collodion-paruicles, also got positives. The positwve reactions have been
more consistent in hypertensive than 1n uephrotic patients. However, we were not
happy either with the method or the reproduction of the serological findings 1n the
individual case, therefore, we switched over to the complement-fixing test. However,
the results were even more disappotnting, Waith four different methods of complement

fixation, we had absolutely negative results(58].

M. B., Stavitsky, A, B., and Heymamn, W,, In-vitro Evaluation of
Nephrotoxic Sera 1n Experimental Nephrosis, Pediatrics, 18: 455, 1956.
[56) Pfflffer E. F. u. H. E. Bruch, Autoantikoeper gegen menschliches Nierengewebe,
Verh, Dtsch, Ges. Inn. Me:.. 56: 1‘59. l950.gege“ laches Mo be ber
toantikoerpern ereng
SEberndenuigc}l‘jlvo?:d:::kk:anken mit der Kollodium-Parukel-Reaktion, Dtsch.
leren -
Arch, Klin, Med. 144: 613, 1952.
[57] Hoff, F. and Wendlberger: Quoted 1n F.

Georg Thieme, p. 147, 19}458‘1:. and Bruch, H. E., Zur Problemank des Nachweises

[58] Spielmann, W., pfgxfngrégen gesundes und krankes Nierengewebe beiNierenkrank-

tikoerpern .
von r,::z::i: 'KQmilemen(bmdungsreaknonen. . Ges. Exp. Med. 123: 236, 1954,
en

{55] Rothenberg,

Hoff, Medizinische Klinik, Stuttgart,
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On some, we also tried the tanmc-acid hemagglutination test; and we were no
more satisfied with it.

Therefore, we attempted to find another way to approach this problem because,
of course, even with constantly reproducible titers of anti-kidney anubodies the path~
ogenic significance of these antibodies remains undetermined.

In some hematological d however, y ed of auto-allergic
origin, there 1s a method of proving the pathogenic effect of an auto-antibody against
blood cells, visible under the microscope 1n vitro, by transfusing the antibody-bearing
blood or serum of the patient to healthy human volunteers or certain suitable ammals,

Figure 24 demonstrates such 2 biological test with the serum of a patient with an
1diopathic thrombocytopenic purpura that contained 1n vitro antibodies against human
as well as rabbe platelets [59].

After injecting 10 cc. of the patient’s serum into a rabbit the thrombocytes in the

rabbit dropped from 321,000/mm3 to llZ,OOO/mm3 within one hour, to 48,000/mm3
after 4 hours; and the rabbit died after 24 hours due to thrombosis of the caval vein
(Curve I). This method was suggested by Miescher[60] 1n Switzerland and the first
transfusion experiments 1n human beings were done in this country by Harrington[61].
The 1njection of 5 cc. of the patient’s serum was followed by a minor decrease of the
circulating thrombocytes inthe rabbitand deathoccurredonly after 84 hours (Curve II),
The 1njection of the patient’s serum, 1mtrally absorbed with human or rabbit platelets,
as well as of the serum of normal subjects, resulted 1n only a slight drop of thrombo-
cytes lasting only a few hours (Curves Il and ).

Unfortunately, 1n diseases of parenchymatous tissues, like glomerulonephritis 1n
advanced stages, sucha simple biological ‘method 1s not available. As a rule, a single
transfusion of a nephrinic individual’s blood does not induce sigmficant signs of ne~

phritis i the healthy recipient.

visualizing the different nature of a fixed parenchymatous ussue anti-
Therefore gob\le circulating blood cell antigen, 1 1954 we decided to
ent 1n another way, that 1s, by establishing a contin-
phritic individual to 2 healthy recipient, by means

gen, compared with the m
perform the transfusion experim
wous blood transfusion from the ne
of parabiosls[éz].

1 W., u. Ditsch t, H., Die ki he Bed g des
gen Thrombocyten bet thrombocytopentscher

[59] Pfesffer, E. F.. CA, § -
Nachweises von Antikoerpern
h. Med. Wschr. 813 735, 1956.
¥§:P:I!;::c2;sscxgnnf::ancc of the Ant1-plateletFactorin Thrombocytopentc Purpura,
1: 229, 1956.
Ggrma}‘n Megtca(l:xga:l:g: S., and Hemmeler, G., Helv. Med. Acta, 19: 434, 1952,
[[g(:} xa‘:‘ifn;t:;n \-/"/. 1., Minnich, Ve, Hellingsworth, 1. V., and Moore, C.,J. Lab. Clin,

Med., 38: 1, 1951, K.,Sandritter, W., Schroeder, J., Steiger, H., Nephrit-

[62] Pfediffc;,ai;.Fl-)v‘icll}‘e’gif‘l_::ﬁ'gung durch kurzdavernde Parabiose, Z. Ges. Exp. Med.
1s der :

124: 471, 1954,



Fig:s 26 Transfer of experimental glo by means & Histo.
logical Changes = the kidney of the ewo parabwnls. the :hmcal rlndlngs of which were
guven n shde in a single gl 1 ly nephritic

anmal (left) 2o the originally healthy rat (right).

Fig. 27. Transfer of 1g tonephritis by means of parab Blood
proteins and proteinuria in a nephﬂm: parabsotic pair, 1n which the xpersmental
fephritis in the primanly nephriuic parabiont (upper rac) lasted 30 days before the
parebiosis with a healthy rat (lower animal) was performed.
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The experimental procedure 1s given 1n Figure 25: Mild nephritis was induced in
the first animal by the intravenousnjectionof a small amount of rabbit anti-rat-kidney
antiserum.

If the induced nephritis was too severe because of large amounts of the nephrotoxic
rabbit-antiserum used, the rats did not tolerate the parabiotic operation.

After the injection we waited 3-5 days until protetnuria and changes in the blood
proteins demonstrated that the nephritis had been established; then, the parabiotic
junction of a nephritic and a healthy ratwas performed. Three to five days later, when
the blood shunt between the two animals started to work, and 8-10 days after the 1njec-
tion of the nephrotoxic rabbit serum ito the first ammal, proteinuria and changes 1n
the electrophoretic patternof the blood proteins were observed in the originally healthy
parabiont too. At the end of the experiment there were - and this is easily understand-
able by the blood shunt between the two amimals - there were often the same quanttauve
changes 1n the blood proteins 1n both parabionts. Sometimes, the protetnuria was even
greater 1n the originally healthy ammal than 1n the primarily nephritic one.

We have sacrificed all these ammals on the 12th to 15th day after the parabiotic
junction, in order to prevent the so-called “parabiosts-intoxication” or “-allergy”,
which has been described after a longer duration of the parabiosis.

Figure 26 demonstrates the histological changes 1n the par whose chmical find-
ings we have just considered. In both ammals there was an mcreased number and a
swelling of the endothelial cells of the glomerult, swelling of the basilar membrane
and adherence of the glomerular loops. In the tubules, hyaline thromb: were present
and also hyaline droplets 1n the epithelial cells.

These changes have been classified as 3%, if the increase 1n the number of the
endothelial cells was marked, as 2+ if less, and as 14, 1f only swelling of the endothe-
lal cells and lLittle droplet formation was observed. Table 7 gives the summary of the
pathologlcal findings, according to this classification,

Out of 238 white rats of a single stran, but not inbred, which have bleen usbed n
this experiment, 68 have been finally evaluated, 13 nephritic and blS conl:rok pdara ;onc
and 6 other controls 1n whichonly the climcal findings have been checked to date.
pairs e, 2+ reactions occurred only3 times 1n the controls, while 3+ changes,
;Az yi:ai;:ds:ng,ns of an inflammatory process, were never seen in this group, also no
o teinuria nor striking changesin the blood proteins. In the nephritic para-
:‘g:‘:‘;:‘:;gricwever, 3+ changes were noted twice and 2+ changes occurred 7 times
1001 ,

1n the originally healthy parabionts.

s to the conclusion that these results show that auto-
d 1n the pnmanly nephritic parabiont, damage kidney
¢th First, as Dr. Heymann kindly suggested to me
tissue 1n bality was not excluded that the heterologous rabbit
by lewter two yea;s :(g:;h(ehgf::::phn);.c ammal were shunted later to the parabiotic
antibodics dmllexztin‘gmal heterologous antibodies 1n reality, produced the nephritis 1n

artner an

the orignally healthy ammal.

There are three objection

dies, su; sedly develope
antibodies s Ei?gmally healthy one:
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Fig. 28 Transfer of experimental glomerulonephrins by meansof parabtosis: Histo-
logical changes in the kidneys of the parabionic couple, the climical findings of which
have been given in Fig. 27. The lesions have been more progressive in the kidneys of

the primarily nephritic rat (left glomerulus) than 1n the orrginally healthy one (right
glomeralus.
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TABLE 7

SUMMARY OF THE MORPHOLCGICAL CHANGES IN THE KIDNEYS
OF THE NEPHROTIC PARABIOTIC AND THE CONTROL RATS

Intensity of

Reacrion Nephritic parabiosis Controls
prim. nephr, prim. healthy lefe right
animal animal
[ - 1 6 4
1+ 2 3 8 9
2+ 5 7 1 2
3+ 6 2 - -
No. of rats: 13 13 15 15

Therefore, Dr. Schoeffling, Dr. Sandritter, Dr. Treser, Dr. Kraus and 1[63] re-
peated these experiments but waited 30 days between the induction of the primary

nephritis and the parabiotic union.

from Figure 27, however, the results were the same as 1n the

As you can see
but only the histological changes differed between the two para-

former experiments,
biotic partners (Fig. 28)-

he glomerulus taken from a ktdney of the prumarily nephritic
been more progressive in this rat; the glomerular loops are
11 of Bowman's capsule, while in the kidaeys of the originally
ogressed to the same degree, presumably be-
hort time compared with the duration of the

As you can see 1n tl
amumal, the changes have
already attached to the wa.
healthy partner the lestons have not pr
cause here the nephritis lasted oualy a s!
disease 1n the first anumal.

as ratsed by the successful transplantation of a kidney
sto the nephritic twin, as performed at the Peter Bent
Brigham Hospital Boston, by Merrill and associates[64]. From these studies 1t
could be concluded that possibly no specific autoantibodies but the genenic differences
between the two parabiotic partners were responsible for the pephritts 1n the originally
healthy anmal. Therefore, we repeated our experiments with a stramn of rats inbred
over 59 generanons[ﬁs]. However, the results were exactly the same as before (Fag. 29).

The second objection w
from a healthy 1dentical twin «

631 Pferffer, E. Fo, Die Bedeutung des Parabioseversuches fuer das Autoallergie-
t ) Prey Verh. Disch. Ges. Allergleforschg. and Verh. Dtsch. Ges. Ophthalmol-

Meeting), 8-10 Sept. 1957, Heidelberg (1in press).
Sandriteer, W., Treser, G., and Kraus, E.: to be

problem,
ogie (Joint
Plesffer, E. Fos Schoeffling, K.
blished.
[64) i“/‘ller‘rsxlle J. P., Murray, 3.E., Harrison, . H,, and Guld, W. R., Successful Homo-
transp\z;ntanon of the Human Kidneys bewween Identical Twins,J. Am. Med. Assn.
160: 277, 1956.
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Fig.29 Transfer of expersmental glomerulonephrinis by means of parabiosis. Elec-
trophoretic pattern of blood proteins and protesnurianan iabred parabiotc pair which
has been umted on the fifth day after the injection of the nephrotoxic serum in the
upper, primarily nephriuc partner. Development of proteinuria and changes of the
blood proteins 1n the originally healthy animal (below) occurred as 1n the not-inbred
parabiotic rats {see Figs. 24 and 27).

Fig. 30 Morphological findings 1n the eye of a rar which kas been given rabbit anti-
rat.eye-antiserum: Hyperemia of the tria and the choroud tissue, tnfsltratnions of round
cells in the uvea, detachment of the retina, The lens han becorme opague.
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According to Dr, Mernill, with whom 1 recentlydiscussed our experiments, this
could have been expected, since in human twins, the nephritic kidneys are removed
after the transplantation while they remain 1n situ 1n our parabiotic rats. Experiments
are now in progress in which the kidneys of the primarily nephritic rat are removed
at the ume of the parabiotic junction.

The third objection was raised by the possibility that no anti-kidney-auto-antibody
but some pathological protein was developed as aconsequence of the nephritic process.
This protein was filtered by the kidneys of the healthy partner and produced the trans-
fer of the nephritis from one ammal to the other. Therefore, we tried to repeat our
parabilotic experiments but with inflammatory processes induced 1n other organs than
the kidneys.

The first organ process supposed to be transferred by means of parabiosis was
allergic encephalomyelitis and we learned that Dr. Freund and Dr. Lipton already had
done this successfully in rats[65]. However, we were not able to confirm their findings
because we failed to induce allergic encephalomyelitis 1n the first ammal by using
Freund's adjuvant technique, I am very happy to see Dr. Freund here today and I want
to take advantage of my stay here, Dr. Freund, to ask you 1f you can supply me with
some of your rats of that strainwhichis susceptible to develop allergic encephalomyel-
it1s. In the meantime, however, we decided to use another organ, the eye, With Dr.
Thel, Dr. Menk, Dr, Otto and Dr. Kurus from the Ophthalmological Department of
d Dr. Schoeffling, Dr. Treser and Dr. Bachrach from our own hosp1-
d the effect of an experimentally induced allergic panophthalmitis in
f parabiotic partners. The experimental procedure was analogous to
including the induction of the panophthalmitis 1n the first rat by
eye-serum which was produced by the sensitization of
sue 1n order to get lesions of the whole eye.

our University an
tal[66] we studie
the healthy eyes o
the renal experiments,
the injection of rabbic anti-rat-
the rabbits with whole-rat-eye-us

Within 24 hours after the 1injectionof this anti-eye-serum, hyperemia of the vessels
of the 1iris and the retina as well as hemorrhages were observed in 24 of 29 rats. 1
should like to mention that these changes could be easily noted clinically by ophthalma-
scopic eXxamination. In some of these ammals we found detachments of the retna too.

on of the whole eye, demonstrates the morphologi-
he injection of the rabbit antiserum, The
o one of these ammals after ¢ 3] y
el (m:iuzig:ta«l:hed There is hyperemia of the 1rts and the choroid tissue, and wnfiltra-
:e?‘:aofsround cells also have appeared in the uvea. The lens has become opaque.
10

cal findings m the eyes of the primary healthy parabionts
phthalmitic amsmals 5-7 days after the injection of the anti-
1n these experiments as ia the nephrinis studies

The next shde (Fig. 30), a secty

And now the histologi
which were umited with the o] i
rat-eye-serum. The lesions appeare

1 Allergic Encephalo-
F d, J., The Transfer of Experimenta. g phalo.
[65]) LlPtxl)n. N:nl:lhe' ;:i b;(;;:ans of Parabiosis, J. Immunol., 71: 380, 1953,
Mo lnCs; Experimentelle Unter hungen ueber organsp fische Veraenderungen
[66] Menk, G., . Ph Drech. Ges. Allergieforschg. and Verh. Dtsch, Ges, Ophthalmal-
am Auge, Nfret.mg) 810 Sept. 1957, Heidelberg (in press).
ogxef%]mn]r5 ; Th;el R., Menk,G., Schoeffling, K., Otto, X., Kurus, X., Treser,
Prleiffer, E- F- M

G., and Bachrach, 1.: to be publlshed.
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Fig. 31 Transfer of exy p halmitis by means of p Cornea
of an origanally healthy rar which has been united in parabiosis with a prsmaraly oph-
thalmisc parmer. Vascularizarion of the cornea as sign of a previous anflammation,

Fig, 32. Transfer of experimental panophthalmina by means of parabiosis Hyper-
ermia of the iris of an onginally healthy rac which has been uniced 1n parabiosts wich
4 primarily ophthalmruc partner.
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5-8 days after the parabiotic junction. They were parnially visible with the ophthalmo-
scope, they were demonstrable clearly 1n the tissue sections after sacrifice,

Figure 31 shows vascularization of the cornea as a sign of a previous inflamma-
tion and Figure 32 demonstrates hyperemia of the 1r1s; and infiltration in the 1r1s and
1n the ciliary body is shown 1n Figure 33, Figure 34 demonstrates marked infiltration
of round cells around the retinal vessels, which 1s better shown 1n Figure 35 at higher
magnification,

There were no pathological findings 1n the eyes of 10 parabiotic control couples,
united without any treatment. Furthermore, pathological changes were completely
absent in brain, heart, liver, spleen and kidneys of the originally healthy parabionts.
Thank you.

CHAIRMAN HEYMANN: Dr, Liu, I believe you also had some data to present.

DR. CHARLOTTE LIU: Thank you for the opportunity for letting me talk.

We collected sera from 148 hospitalized paticnts. Their sera were tested by Boy-
den’s hemaggluunation test[67]. The test was done by treating the sheep blood cells
with 1:10,000 tannic acid. The antigens for coating on the tanned sheep cells were the
high speed supernate of a 2 per cent saline kidney extract[68] and the tryptic digest of
kidney by Cole’s method[69). These were humankidneys obtained tmmediately or within
3.4 hours after death, The nitrogen content in these preparations was 1-2.5 mg.% for
the kidney digest and 0.1-0.15 mg.% for the kidney supernate.

In each test, we had at least one negative serum from a normal individual and a
positive serum from a rabbit immumzed against a 20 per cent hun'}an kidney homog-
| tubes were set up with tanned sheep blood cells without coating with
e lowest dilution of each serum and the tanned sheep cells coated
he diluent which had no testing sera. These control tubes all read

enate. Contro!
any antigens 1n thy
with the antigen 10 ¢
negative. . - )
the hemagglutination test from the 148 sera are summarized in
Table;rh;. ;;::letsnzzfrs were togtghe kidney digest. The kidney su;ernateT%ave titers zh?
e or two dilutions lower than those thh. the kidney digest. The majority o
e as hritic and nephrotic patients hadtiters at or above 1:40. The chronic
sera from acu nesme essentially negative, Some of the sera from patients with acute
nephrine p:t:ieﬂf: rs above 1:40, The rabbit anti-human-kidney serum had a hemagglu-
mff:t(‘z:: o? 1'(;0‘:) against kidney supernate and 1:6,400 against kidney digest.
mnn! B

rested to hear that Dr. Goodman found a positive test in Jupus erythema-
1 w«;sh‘:‘:: not included 1t 1n this table, but I have done one and its hemagglutinin
tosus.

titer was 1:160.

Treated with Tannic
d s10n of Proteins on erythrocytes
(7] ioyge:.ng.srl;'sezﬁ:n? ;:r:\iggluunauon by Antprotein Sera, J. Exper. Med, 93:
c1
7, 1951,
[68] .'l\?il;r. F. L., Strain-Specaficaty 1

1955. and Watson, D. W., A Specific Soluble Substance

. W J.,
{69] 5101"1' I:i'f:ililei;i;z:fNephrms,Proc.Soc.Expcr. Biol,and Med., 77: 498, 1951,
nvolve

n Tissue Anugens of Mice, J. Immun., 74: 63,
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We have also followed the titers 1n 24 nephrotic patients during their cortisone
treatment. Thetr hemagglutinin titers did not show any definite drop untl two or three
weeks after cortisone treatment. In these 24 patients, there were 91 per cent having
titers at or above 1:40 before the cortisone was started. At the third or fourth week
of treatment, only 37 per cent still had titers of 1:40 or above.

In conclusion, it seems that there were some anti-kidney antibodies demonstrable
by this hemagglutination test, However, these titers 1n patients are low. Dr. Goodman
pointed out that these antibodies would be bound with the antigen 1n the kidney, as soon
as they were produced. This may explain the finding of low titers of anubodies 1n their
sera..

TABLE 8

DISTRIBUTION OF ANTI-KIDNEY HEMAGGLUTINATION TITERS
OF HUMAN SERA BY BOYDEN'S TECHNIQUE

Number of 1:640
Disease sub;ects <1:10 1:10 1:20 1.40 1:80 1:160 1:320 or
more
Acute nephritis 35 5 5 3 9 6 6 0 1
Nephrotic syndrome 54 2 4 1 14 7 1 5 7
Chronic glom. nephritis 12 9 2 1
Term. nephrotic synd. 7 5 2
Normal 16 15 1
Infectious disease 14 4 1 ; 2 : 2
Rheumatic fever 10 3 4
Total 148

-kidney antibodies in the sera of patients with infectious
e antibodies 1n respect to renal disease ts uncertain.
human sera and the rabbit anti-human-kidney serum
ey; such as lung, liver and heart. They did show

actions to these other organs. However, these titers were generally lower than
e Tor k1di These organ cross-reactions are similar to the findings of the organ
:;onseef\oxécr:r::z.m nephrotoxic serum nephritis 1n rats[70]. It 1s probably a reflection
of tﬁe complexity of anugens and the distribution of these specific antigens 1n various

organs.

Since we also found ant1
disease, the signficance of thes
We have run some of the posituve hu
agatnst human organs other than kidn

CHAIRMAN HEYMANN: Thank you, Dr. Liu,

ficity of the Ant1-

hrins 1n Rats. L. Distribution and Specificiry

(ol NephP‘:::::;::lfl‘;mafigenPlroducuon of Nephrotoxic Anubodies, J. Exper. Med.,
gen

104: 467, 1956.
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DR. LANGE: 1 am in a very peculiar position. In 1946 we proposed that ant1~
kidney antibodies were present; and we believed at that time that they were the causa-
tive mechanism of nephritis and nephrosis. We explained the lack of their appearance
1n certain cases by the fact that they may be all absorbed onto the kidney.

Since then we have changed our mind and think that these antibodies, which were
so beautifully demonstrated here today, are actually secondary to the destruction of
kidney tissue by the primary deposit. There 1s at first a coating of the glomerulus by
a specific substance against which an anubody 1s formed which then destroys kidney
tissue as in the ammal experiments. The destroyed, degraded kidney tissue then leads
to production of an antibody against this degradedkidney. We now think 1t 1s this latter
antibody we described in 1946, The experiments reported here today nicely clarify this
concept.

DR. MILTON RAPOPORT: (Children's Hospital, Philadelphia): There were some
preliminary studies which I think Dr, Liu said nothing about. These were attempts to
produce antubodies to homologous organs on which she spent a great deal of time. She
used kidney enzymatically digested, or saline extracts of kidney, and immunized rabbits
with their own kidneys mixed with cocci. You get antibodies; but these anubodies were
demonstrable not only with kidney tissue, but also with an o1l emulsion and with a
great many other tissues. I thunk our trite concluston was that we had partially immu-
mized the rabbit to himself, there was somethingin the kidney which every other organ
shared. Perhaps some of the studies reported here today are of this nature.

DR. N. R. ROSE (Buffalo, New York): The hypothesis that various diseases
might be caused by auto-1 1s a tume-h ed one; and I think, by now,
there 1s hardly a disease left which has not been accused of being caused by an auto-

anubody.

But 1 think 1t 1s necessary to establish this; and there are certatn criteria which

we should fulfill in order to implicate defintely an body 1n the prod of
disease. I think the most important one s to have some 1dea as to what the antigen

involved 1s, and how 1t mught possibly function as an autoantigen.

such allergic encephalomyelitis, tesucle tmmumization
and more recently certain thyroid diseases, we feel,
represeat rather special antigens which apparently are somewhat 1solated from the

: mmunological sense. Specifically, they are not available autogenously, as
bodyl 1w Zr:h;; the usual immunological tolerance which the body would naturally develop
a rule, s al constituents does not occur. Therefore, these are foreign substances;
‘OWardf “: "02;‘: made available to the antibody-forming sites by some accident, 1t 1s
i:i::e‘watbiz that they would stimulate autoantibody formation.

In the case of thyroud,
the thyroid globulin 15 store
form.

The question arises,
are hidden from the blood stream?

The experimental diseases,
to produce a spermatogenesis,

of course, one has to have 2 rather unique situation where
d1n sacs withinthe thyroid ussue, and 1n somewhat 1solated

do other organs of a similar nature have such antigens which
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We know of none; and here we come to the problem, in doing these tests, to which

Dr. Goodman referred; that 1s, what anngen can we use 1n trying to demonstrate such
an antibody 1n the patient’s serum?

It seems fairly unlikely that we would be able to demonstrate such antibodies with
an antigen which is normally accessible tothe blood stream. Therefore, one 1s tempted
either to find antigens which are isolated anatomically or which are 1solated by some
chance of solubility., That 1s the great interest in Dr. Goodman's demonstration of a
reaction with a nuclear protein. Perhaps also this sort of reasoning rmght be apphed
to collagen and other substances which are not normally soluble and, 1n that sense at
least, somewhat 1solated.

One also must be quite cautious, I think, 1n labeling a serum factor an antibody.
In order to do this, we are really confronted with the necessity of establishing two
things: One 1s that the antubody arises by tmmunization, and that 1t 1s specific 1 1ts
function, The eastest way of doing this would be to immunize an experimental animal
artificially with the anngen which we believe 1s involved, to show that the antibody
results from immunization, and that 1t 1s perfectly specific in 1ts function,

Again, we feel thatthis canbe done and has been done 1n certain instances, thyroud,
for example. For that reason, we are content to call this factor present in the serum
of certain patients with thyroid disease an autoantibody.

DR, CONRAD M. RILEY (Presbyterian Hospital, New York): I was parucularly
interested 1n Dr. Pfeiffer’s report of his parabiotic rats and the transfer of something
from one parabiont to the other, which produced proteinuria at least.

We had a simular idea; and Dr. Ruth Alice Davis, who was working with me a few
years ago, performed quite a few experiments inwhich she collected blood from acutely
nephrotic rats (induced by nephrotoxic serum), pooled it, and gave normal rats a re-
placement transfusion. I cannot remember the volume, but we figured that we had
pretty completely replaced the rat's blood volume. In the few rats who survived - 1t
was a difficult experiment - we were unable to show any kidney lesions or even 1n-
creased proteinuria over the next few days. Therefore, 1t seems that one single large
dose of serum from a nephrotic ratwas not effective 1n doing the same thing as chromc
dosage 1n your parabiotic rats appeared to do.

DR. PFEIFFER. 1 agree completely and lthink 1t1s mainly a quescion of quanticy,
that 1s, how much and how long these hypothetical autoantibodies are allowed to attack
their parenchy tissue gens 1n healthy individuals. Also I think that 1t mighe
be possible to transfer such an inflammatory process only by means of transfusion,
that 1s, without the parabiosis, if you provide a reliable transfer of large amounts of
blood or serum from one ammal to another; e.g., in rabbits this should be done by
ustug this beautiful technique of drawing blood from the arteries of the ear, demon-
strated so mcely by Dr. Lange. Then, large amounts of blood, serum or gamma glob-
ulin of diseased rabbits could be given to healthy rabbits.

In regard fo such transfusion experiments in human nephrotics I should like to
mention Dr. Poli 1n Milan, whom 1 visited some years ago. He transferred blood from
patients with nephrosis to others with cancer, andtwo days later observed proteinuria.
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If I remember right he published this observation 1n an Italian book[71].

To surmmarize, I think the parabiotic procedure 1s not necessary to induce nephritts,
encephalitis or ophthalmitis 1n healthy individuals wth the blood of diseased individuale
of the same species. Repeated transfustons of large quantities of blood or serum should
do 1t alone,

DR. GEORGE SCHREINER (Georgetown University Hospital): I wonder 1f anyone
recalls the patient on the westcoastwhowas cross-transfused? The child with nephro-
sis was connected 1n vivo-transfusion with his father and the father died.

There was clearing of edema through the father’s kidneys; but, thereafter, the
father developed an aplastic anemia which, 1 understand, was diagnosed as a sort of
anaphylactic reaction of the bone marrow; and the father subsequently died.

DR, WALLACE McCRQRY (Philadelphia, Pennsylvama): Would someone com-
ment on what 1 find a little confusing. I believe 1t has been reported before - I am
embarrassed that 1 do not remember by whom - that clamping a kidney and 1njecting
sera prevented development of nephrotoxic disease in that kidney, How was the obser-
vation compatible with these results?

CHAIRMAN HEYMANN: I believe that Dr. McCrory refers to the work that we
published some years ago, when the left renal pedicle was clamped for twenty-five
minutes after the 1njection of anti-kidney serum[72]. Not all ammals developed uni-
Jateral disease, As far as Lremember, only 30 per cent of the rats developed nephrotic
renal disease on the non-clamped side only. This was established by histological con-
trol 1n each 1nstance, and Dr. McCrory 1s correct 1n finding this incompatible with the
interpretation advanced by Dr. Pfeiffer for the results that he obtained 1n his parabionic
experiments. 1 believe that a different interpretation has to be considered, 1n that the
parabiosis was established well within the half-life time for heteronephrotoxic anti-
bodies, which 1s about s1x weeks. Thus, 11 15 possible that the sull present annbodies
wandered from one amimal to the other. If the parabiosis would have been established
two or more months after the injection of anti-kidney sera, we would be hard up for

an explanation.

Dr, Hey-
. PFEIFFER: We did experxmenrs[ﬂ] which were similar to yours, ey
manr[n)RWe repeated the studies, originally published 1n 1939 by Sarre and Wirtz[74)

{71} Pols, E., Fistopatologia e clinica del Protido Plasma, Societa Editrice, Delfino.

Milano, 1951. i :

. and Hackel, D. B., Role of Kidney 1n Pathogenesis of Experimental

(72} :e)';:‘r:‘::l‘; l:vp::lnpemla 1n Rats. Proc. Soc. Exper. Biol. and Med., 89. 329, 1955,
(73] P?eplffer E YF. Die Bedeutung der tierexperimentellen Glomerulonephrius fuer

b , Habils hraft,
das Verstaen

dms der menschlichen Nephritispathog

955,
gr:::ffa;:;Mla(m. E‘;nselnge Funktionsbehinderung emner Niere und experimentelle
c . Ko,

hg. and Verh. Disch. Ges.
hritis, Verh. Dtsch. Ges. Allergeforschg

gxlpl:tr;\ea‘i‘rlr{:;:é’lera]‘::n! meeting), 8-10 Sept, 1957, Heidelberg (1n press),

[74] Sarre, H. and Wartz, H, quoted 1n [73].
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1n rabbits after injection of nephrotoxic sera from ducks. We used rats which were
given rabbit anti-rat nephrotoxic serum. However, we did not observe unilateral
nephritis 1n rats. We observed the same intensity of glomerulonephritis on both sides
histologrcally. In one outof sevenanimals, we found one degree less glomerulonephriis
1n the clamped kidney than 1n the kidney of the other side.

Furthermore, we studied the same problem by producing an experimental hydro-
nephrosis on one side, because of a case report of Fahr in the German literature. In
1941, he described a case with unilateral hydronephrosis who died with glomerulone-
phritts, which was found only 1n the kidney which was not hydronephrotic ?75].

In 1944, Reub: fromSwitzerland, reported thatafter umlateral experimental hydro-
nephrosis 1n rabbats, the experzmentaf glomerulonephritis following injection of nephro-
toxic duck serum also was established only in the kidney without nephrohydrosis([76).
Therefore, we studted this problem 1n rats, but again, found no histological difference
between the glomerulonephritic lesions in both kidneys[58].

DR, LANGE: Could it be that the difference here again 1s that we are dealing
with two different diseases? Dr. Pleiffer has transferred an antibody against kidney;
and, unt1] this antibody was completely absorbed onto the kidney which was still in the
circulation, 1t would continue to damage the other kidney when the clamp was removed
from 1t after twenty or thirty minutes.

The systems are different, too, Withduck serum, you cause an immediate localiza-
tion; and the ammal forms 1ts own anubodies against the antigen. When the clamp 1s
removed, the previously clamped kidney has no localization, has no resilience; 1t 1s
not immunized, When the antibodies come, they damage only one kidney, and not the
one which has not been sensitized,

CHAIRMAN HEYMANN: 1 think there are a few things which a few of us have to
get together and talk about privatelyl Dr. Goodman, Dr, Liu, and 1, cerrainly should do
so because we all did the same thing with different results. Once, we did compare our
techniques, step by stepy with Dr, Liu, The only difference that we could find was that
Dr. Liu used lyophilized antigen, while our antigen solutions just had been kept frozen.
Thus we repeated several sera after having lyophilized our antigen without obtaining
different results. There possibly are other factors involved,

L will have to have another marunt with Dr. Pfeiffer to talk things over.

If there are no other questions, the meeung 1s adjourned.

(75] Fahr, G., quoted 1n [73].
[76] Reubs, quoted 1n [73).



II. LIPOPROTEIN METABOLISM

The Conference reconvened at nine-fifteen a,m. Dr, Baxter presiding

betteiﬁél:lgi\ﬁedﬁ.'ﬁg:}ig: :Vé ?ave 2 long program ths morning; I think we had
berrer get @ . Dr. David Githin 15 going to start off with discussion of lipoprotein

A. Lipoprotein Metabolism
DR. GITLIN: Thank you Dr. Baxter.

This morung, I have been asked to discuss some of cur

. work on 1

The individuals primanily concerned were Dr.Dave Cornwell, Mrs. DZn‘fﬁ’argoa[Z::.
Dr. J. L. Oncley, Dr. Walter Hughes, Dr. Charles A. Janeway, and Dr, Paul Cross’

The stze of our group is a little out of proportion with the results. (Laughter)

The lipoproteins, labelled with 1131, were isolated 1n the conventional manner of
flotation 1 solutions of differing spectfic densities by means of ultracentrifugation,
The labelled 1solated lipoproteins were studied immunochemically and electroj ghor t )
1cally, as well as ultracentrsfugally. proret-

ultracentrifugal analysts, after labelling, over 90 per cent of the
Id be recovered 1n the analogous fraction when 1t was added esther
labelled carrier protein. With electrophoresis, we obrained
horests the labelled lipoproteins migrated with

With regard to
labelled protemn cou
to unlabelled serum or:to un
the expected patterns: In starchelectrop
the analogous, unlabelled fraction.

The chylomicra labelled very poorly or not at all with 10dine, because of their

very low protein content.
we eliymmnated the chylomicra from consideration in this study, by

In any event,
00 G, for about thirty minutes before we analyzed any samples.

centrifugation at 25,0
By this procedure, we did not lose any label.

we studied were adult volunteers, and the patients were
difference berween the turnover of the Lipoproteins in a
he nephrotic syndrome and the turnover 1n adults.

The normal individuals
children. We could find no
chuld who had recovered from tl

In normal adults, Sf 3-9 hipoprotesns disappeared witha half-hfe of approximately

three days.
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The half-life or the turnover half-tume of the 1odinated Sf 3-9 Lipoprotetn was a

htele bitfaster, notvery much, 1n nephrotic children than 1n the child who had recovered
from the nephronic syndrome, or in the normal adult.

In these nephrotic children, the cholesterol artributable to the Sf 3- lipoproten
was ether normal or somewhat decreased, This would indicate that the metabolism of
the Sf 3-9 lLipoproteins was comparatively normal in these particular children; the
rate of synthesis was normal; and the turnover half-time was increased only shightly.

After 1ntravenous njection of labelled Sf 10-200 lipoproteins 1n normal persons,
increasing amounts of label became associated with the 3-9 hipoproteins. Apparently,
a conversion was taking place, the Sf 10-200 protein moiety becoming Sf 3-9 protein
moety. The loss of radicactivsty from Sf 10-200 lipoproteins mn the nephrotic individ-
uals was considerably slower than occurred in the normal individuals,

Thus the fractional rate of conversion of the S 10.200 hipoprotetns 1n the nephrotic
child 1s quite decreased compared to normal adults.

After a series of calculations, partially based upon several assumptions which
may not be true entrely, we decided that the following scheme represents the metab-
olism of Beta-lipoproteins 1n normal and nephrotic individuals.

In the normal individual, there 1s synthesis of low-density beta lipoproteins,
Sf 10-200. There may be some synthesis of the high-density beta hipoproteins as well,
we do not have evidence either for or against this, The individual low-densaty hipo-
protein molecule either may be converted to a higher-density beta lipoprotein, Sf 3-9
or may be catabolized. The Sf 3-9 molecule goes on to be catabolized as well. The
major pathway in normal persons 1s through the high-density beta lipoproteins. In this
particular scheme, the work of a number of investigators indicates that lipids are
released during the conversion process, and that, :f they accumulate, there 1s an inhibz-
nion of conversion., The hipids are removed by combination with albumin, So, for all
practical purposes in the normal individual, there 1s no 1nhibition of this conversion,
In the nephrotic individual, the major pathway seems to be to the synthesis of low-
density lipoproteins. For some reason, the conversion of low.density to high-density
ltpop 18 wnfub Asa g » there maybe an accumulation of Sf 10-200
hpoproteins. The major pathway for removal of Sf 10-200 lipoproteins 1n the nephrotic
chuld 1s through catabolism; some go through the pathway of conversion and then become
catabolized.

Based on the correlation which a number of people have found between hypoalbu-
minemia and hyperlipemia or hypercholesteremia, we assumed that the albumin was
involved. Rosenman and others have indicated tn rats that, if one infuses albumin, the
accumulation of liptds s prevented.

We find now that this 1s not the entire picture. By some odd set of circumstances,
1 each of the five or stx patients we studicd, the hypercholesteremia was ateributable
to an increase in the low-density lipoproteins, SF10-200, When we studied this process
a bit more, we began to find other individuals, as Dr. Baxter found, who had only a
slight increase, a three-fold increase, inthe Sf 10-200 Iipoprotesns. In these parucular
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individuals, the hypercholesteremia was attributable mainly toanaccumulation of S£3.9
lipoproteins.

We gave heparin to a number of nephrotic children. Some patients would clear the
5f 10-200 lLipoproteins very rapidly; in others, converson would not take place. We
began to realize that there was something more than just albumin 1nvolved; and we
came to the conclusion that the other matersal which 1s 1volved 1s lipoprotein lipase
or 1ts equvalent; namely, that, in those nephrouc individuals in whom there 1s an
accumulation of the Sf 10-200 lipoproteins, lipoprotein lipase was deficient. If we give
other individuals heparin, they remove what low-density hipoproteins they have accumu-
lated, and these go, apparently, info the high-density fraction. In those individaals who
bave an increase in the ligh-density beta hipoproteins, they apparently can clear wich
heparin, in addition to which the fractional rate of turnover 1s apparently normal, This
would indicate that there 1s an increase in the synthesis of the high-density beta lipo-
protems-

Whether this tncrease 1n synthesis results from an increase in conversion, or
whether this pathway exists at all, we cannotsay; but our present feeling in the matter
1s that there may be a variety of defects in the nephrotic syndrome, that there 1s an
increase in the synthesis of the low-density lipoproteins, and a variable degree of
inhibition of conversion, If this block 1s overcome, or if 1t did not exist 1n the first
place, accumulation of liptds would occur 1n the Sf 3-9 lipoproteins.

I think Dr. Bally will give further evidence that albumn 1s not the only factor 1n
1inhibiion of the converston process.

DR. PETER BALLY: Iwull talk abous it at eleven o’clock.

CHAIRMAN BAXTER: I think we should have a limited discusston of this paper
Some of the other papers will bear on the same subject, Perhaps we can save

now.
ussson until after ar least the first three papers.

some of the general disc

1 would like to ask Dr. Gitlin, just to begin with, why he thinks hipoprotein lipase

1s deficient, and just where the deficiency 1s. Then perhaps Dr., Kora or Dr. Rodbell

will comment on this.

DR. GITLIN: Whether 1t ts lipoprotein lipase we do not know. We know that in
. ¢ individuals we studied they do not clear with heparin; that 1s to say,

la
the particy e 1s no loss of radioactivity from the Sf 10-200 tnto the

there 1s no conversion, ther
Sf 3-9 fraction,

sduals whose hypercholeslers)ler;:la 1s due Kolabhllg!hdcg?cemranlnn of

teans (that is, Sf 3-9), when we give labelle 10-200 lipo-
hxgh-densxtg'e:eflﬂvchzzg;:xn_ Cgr(xversmn of Sf 10-200 to SF 3.9 lipoproteins may occir,
pmtem:, [ ngcholester"l and n the SF 10.200 lipoproteins, which one cannot get in
end 2 dmpd lals 1n whom the major cause of hypercholesterolemia 1s due to accumula-
d"\ose in ;1“ Suf 10-200 lipoproteins. In those children who have hypercholesterolemsa
;wn tzfatcceumula‘“’“ of Sf 3-9 lipoprotesns, the turnover of the Sf 10-200 1s relauvely

ue

normal.

1 those 1ndiv.
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So, if we can equate heparin with some clearing factor I suppose the best thing to

do would be to call it simply some clearing factor rather than lipoprotein lipase; but
it 15 obvious that it has to be lipoprotein hipase by definition.

DR. WALLACE McCRORY (Children’s Hospital, Philadelphia, Pennsylvania):
In calculating your turnover rate, 1s it not true that the fact that there is an tncreased
plasma pool of lipoprotemn can account in past for the lower rate of turnover? With
five times the amount of lipoprotein, there would be one-fifth the chance that the ragged
molecule would be taken m comparison to the normal person with a smaller pool, even
though the turnover rate was the same, Could you clear this up?

DR. GITLIN. One of the big difficulties 1n trying to make any calculations with
regard to the children with nephrotic syndrome 18 the question of pool size.

in any event the fractional rate of catabolism is a first order of reaction and not
dependent upon pool size as a first approximaten.

We have estmated the pool size of these lipoproteins in nephrotic children by
tapping the extravascular fluds; there was a shift in the distribution 50 that most of
the pool was in the plasma. The change was on the order of tenfold.

DR, RAPOPORT: How does this compare to familial hyperlipemia where every-
thing else 1s normal? In general, there 1s a correlation between hyperiipeima and low
plasma alburmin, but 1n this familial disorder, albunun and other proteins are normal,
yet there 1s hyperhiperia. My guess 1s, 1t resembles the hyperlipenua of the normal
panent.

DR. GITLIN: It resembles that metabolically as well.

DR, RAPOPORT: It seems to me you would get a better standard of reference
1f you compared farulial hyperhipemia to the normal and then to the nephrotic, where
an awful lot of things are going on all at once.

DR. GITLIN. Yes. We have done some patients with this parucular disease, and
found that, in these parucular individuals, when compared to normal persons, the
situation 1s pretty much like thar found in the nephroric syndrome; namely, there 1s a
decrease in the rate of conversionof very low-density to high-density beta lipoproteins.
The people at the National Instcutes of Health, as a matter of fact, have shown that
this 15 due to a decrease in lipoprotetn lipase.

DR, RAPOPORT: Demonstrable or assumed?
DR. GITLIN. Assumed. It 15 a very difficult thing to measure.

DR, ROBERT GORDON (National Heart Institute): Dave, there 1s one slide which
1 would hike to see agan for a mnute, one about kineties of lipoprotein turnover,

You mentioned that the lower curve shows a much more rapid degradation of
§f 3.9, :
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DR. GITLIN: No, I did not mean degradation,

DR, GORDON: 1 wondered if this was not the point, that the limating slope on
these two curves 1s very parallel - if there 1s a difference, 1t 1s a very slight one -
and the lower curve looks as though the tracer 1s distributed 1nto some functional,
métabolic or other compartment which 15 quite a bit larger than normal. The upper
curve 15 the nephrotic patient; and the injected tracer 1s the Sf 10.200. I wonder 1f
this does not merely 1mply that the ratio of 20-100 to 3-9 1s lower 1n the normal per-
son than 1n the nephrotic; so, 1f you do get this conversion of 1sotopic 20-100 into 3-9,
1t goes on to a much larger extent in the normal; bur, once these two pools are equihib-
rated, 1t Iooks as though the combined pool now 1s decaying sumularly.

This would seem to 1mply that this conversion of 20-100 into 3-9 would be a re-
versible process. If it1s somewhat reversible having the two compartments behaving
functionally as one after they have equilibrated, so that we get this parallel slope,
1t would seem reasonable; whereas, if the conversion 1s strictly a one-way affair, I
do not understand this parallelism.

DR, GITLIN: They are artificially parallel.

If we give Sf 3-9 lipoproteins, we find none of 1t coming back 1nto Sf 10200, How-
ever, you could argue that, 1n the iodination procedure, we blocked certain groups
which are necessary for reversal.

These curves are not really parallel. These are plasma-disappearance curves-
and the plasma-disappearance curves in the normal individual in this parucular in-
stance do not reflect the behavior of the whole pool but only newly synthesized mole-
cules just as i the case of the plasma-disappearance curve of albumin 1n a nephronc

indrvidual.

This curve represents a m of three P : disappearance 1n the
extravascular system, conversion, and catabolism. What happens 1n this parucular
instance is that there 1s a very rapid disappearance from the vascular system. dis-
appearance by diffusion and by conversion. Under these circumstances, the specific
activity in the extravascular pool 1s elevated abaut threefold. The ligher specific

in the extravascular compartment then diffuses backinto the plasma compart.
f:m;“yresulnns i a decreased slope of plasma disappearance. The situation 18 not
ent,

quite the same 1n the nephrotic chuld.

If we say that the Sf 10-200 group 1s heterogenous with respect to conversion and
w
some of 1t 1s not converted, the problem gets even more complex.

DR. GORDON: Is 1t like that; or 1t 1s just parallel?

DR, GITLIN: No, because this does not operate in nephrosis, because most of
e 1 " otein in the nephrotic is1n the plasma compartment, and very little of 1t 1s
e lipopr the extravascular compartment. This 1s not so 1n the normal, which 1s why
p}fesez:;l?ulasﬂeﬂ: are so difficult and so shaky from the very beginning,
these
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We can only say very definitely tha the Sf 3-9 lipoprotetns are catabolized 1 a

normal manner; aad, in certainnephrotic individuals, there is an increase 1n synthesis.

In those individuals who have hyperlipemia due to the low-density lipoproteins, the
synthesas of Sf 3~9 lipoproteins is normal, no matter by which pathway.

1 have not brought in the alpha lipoproteins; but the alpha lipoproteins are very
simple to go through, All that happens with the alpha lipoproteins 1s that there 1s an
increase 1n the rate of degradarion; and the rate of synthests 1s normal. The result 1s
a Jower concentration of alpha lipoprotetns 1n nephrosis.

CHAIRMAN BAXTER: Dave, may we go ahead, and continue the discussion as
we go along?

(Dr. Gitlin assumed the chair.}
CHAIRMAN GITLIN: Well, Dr. Baxter, you are the next one on the program.
Dr. Baxter will discuss hpoprotein patterns and the effects of albumin infustons 1n

nephrotics,

B. Lipoprotein Patterns and Effects of Albumia Infusions 1o Nephrosts

DR, JAMES H, BAXTER (National Heart Instiute, National Institutes of Health,
Bethesda, Maryland): I want to discuss two related topics which have already been
touched on by Dr. Gutlin, One 1s the abnormal lipoprotein patterns which occur 1n
nephrosis. The other 1s the effect of albumin infusions on the lipoproteins, or the
question, perhaps, of what is the role of the hypoalb 1n the of the
abnormal lipoprotein patterns in nephrosts. Variqus portions of the studies which I
will describe have been done with the aid of Drs, Howard Goodman, Joseph Bragdon,
Richard Havel and Robert Gordon.

After first carrying out lipid determunations on aliquots of the whole sera, which
were obtained under uniform fasting conditions, we have separated the lipoproteins of
the sera from nephrotic patients into three fracrions by uhtracemtrifugation at appro-
priate densiies]1]. First the serum 1s made to a density of 1.019 with solutions of
NaCl and KBr, and the hipoproteins which rise to the top on centrifugation at this density
are separated. This fraction contains the very low density (D<1.019, Sf>10) lipopro-
tetns, including the chylomicrons. The infranate 1s then brought to a density of 1.063
and the low densiey lLipoproteins (D1.019 - 1,063, 5f 0-10) are separated at the top. The
infranate from this second centrifugation 1s made to density 1.21 and again subjected
to centrifugation (at 100,000 G for 48 hrs.), followed by separation of the material 1n
the top of the tube from the infranate. The supernate contains the high density Iipopro-
temma which migrate with the alpha-1 globulins 1nstavch electrophorests and the infra-
natant contans the remaining serum proteins and several minor components. Lipid
and protein analysis are then carried out on each of the separated fracuons.

[1] Havel, R.J., Eder. H. A., and Bragdon, J. H., The distribution and chemical com~
position of ultracentrifugally separated lipoproteins in human serum. J. Chn.
lavest., 34. 1345, 1953,
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Before discussing the hipoprotein abnormalities in nephrosis, | would like to potnt
out the practical vafue of rattos of total cholesterol to triglycerides (TC/TG) 1n whole
serum for predicting lipoprotein composition of the serum. The hipoproteins of D<1,019
have a lugh content of triglycerides witha TC/ TG ratio which normally is abour 0.3[2).
Aa increase tn this fraction, withoutother alterations, would decrease the TC/TG ratio
of whole serum which is normally about 1.8, On the other hand, the TC/TG ratio of the
hipoprotetns of the D 1,019-1.063 fraction is about 3, and an increase in this fraction
alone would 1ncrease the TC/TG ratio of serum. A sumultaneous tncrease 1n both of
these fractions mught have lhittle effect on the TC/TG ratio of the serum, Alterations
in the quanuty of the high density (D 1.063-1,21) lipoprote:n fraction, which usually
are oot great, would not sigmficantly change the TC/ TG rauo of serum, It is evident
therefore that the lipoprotein composition of serum can be fairly accurately predicted
from the lipid analyses on whole serum, provided that the composition of the individnal
lipoproten fractions remawns normal. These ratios have been fairly relable tn our
nephrotic patients, though some alterations tn composition of the fractions do occur,
If the TC/TG rauo of the whole serum is less than 1, the predomunant elevation 1s 1n
the very low density (D<1.019)fraction. If the TC/ TG ranio 15 greater than 2, the eleva~
tion 15 chiefly inthe low density (D 1.019-1.063) fraction. If the TC/ TG ranio 1s between
1 and 2, neither of these fractions 1s greatly elevated or else both fractions are ele«
vated, Since increase in the very low density (D<1.019) fraction with high content of
triglycerides are responsible for the lactescence of serum, the ipoprotein composition
of serum can be predicted with reasonable accuracyfrom the appearance of the serum
and the cholesterol level. A cholesterol determination alone 1s inadequate.

The typical serum innephrosis bas usually beendeseribed as lactescent or lipemic.
However, we have seen nephrotic patients withconsiderably elevated cholesterol levels
whose sera were clear[3]. Data from representanve patients are shown in Table 9,
Ir 1s evident that either or both of the fractions D<1,019 and D 1.019-1.063 may be
elevated in nephrosis. The first lie of data in Table 9 are normal values from young
patients studied by Havel eral The other data are from individual nephrouc patients
whose initials and ages are given in the left-hand column, Analyses on the whole sera
are given 1 the central portion of the table, and toral cholesterol values on the three
lipoprotein fractions (as indices of the quantities of the fractions) are given in the
right-hand portion of the chart. It should be potnted out that no one constituent 15 an

ct index of the fractions because the composition of the fractions 1s often abnormal
o h For example, the ratio of cholesterol to triglycerides 1s often greater
:{;‘a:e(!)p 3r:):1:|.e D<1.019 fractionand the TC/PL ratio of the fractions may be abnormal,

a Table 9, the D<1.019 fraction alone was elevated, It may

be - ﬂ;e rf}::t :'::r;a;t: lTC/TG X"anos were well below 1, and the sera were very
o, In several patieats with this pattern, the D<1.019 material has been further
?rea;n);;md by centrifuging 1t at a density of 1,006 and the major portion has been
fxidoto rise (D<1.006), In the second group of patients in Table 9, both the D<1.019

Havel, R, J., and Boyle, E., Human Lipoproteins. 1. Chemical
" ons. J. Lab, and Clin. Med., 48: 36, 1956,
H. C.. and Havel, R.J., Hypeclipiderma of nephrosis.

{2) Bragdon, J. H.,
composition of four fracuo
Baxter, J, H., Goodman,

& J?Elm. Invest., 36: 873 (abstract), 1957.
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and the D 1.019-1.063 fractions were moderately elevated. Inthe third group of patients
in Table 9, the D<1.019 fraction was approximately wormal (note that triglycerides
were only shghtly elevated and sera were clear) but the D 1.019-1.063 fraction was
considerably elevated (as was serum cholesterol and phospholipid). Probably there 1s
a coutinuous spectrum of lipoprotein patterns 1n nephrosis rather than a clear-cut
division 1ato three groups. Some patients have changed from one pattern to another
under observation. In general, the first pattern described has been associated with the
lowest levels of serum albumin and the more severe forms of the disease symptomat-
ically, while the third pattern has oftenoccurredin pauents with higher serum alburmin
levels and less marked edema and ascites, The lipoprotein alterations in the three
groups of patients are summarized in Table 10.

TABLE 10
ALTERATIONS OF LIPOPROTEIN FRACTIONS IN NEPHROSIS (SUMMARY)

Fraction (density)

1.019 1.019- 1.063-
1.063 1.21
Group 1 4+ 0to- -
Group 2 ++ ++ 0
Group 3 +to0 +++ +to 0

CHAIRMAN GITLIN: May I ask, Jim - I remember, years ago, Eder®showed
that the concentration of phospholipids does affectthe or nonl of

the Iipemic serum.

1 do not kuow whether the phospholipids have any effect on the distribution of low
and high density hipoproteins.

DR, BAXTER: Of course 1t was not reahized unul fairly recently thac the Lipids
of serum are combined with one another and with protein in the form of a series of
large hipoprotein molecules. It 1s true thatthe sera which are very creamy have a high

e ide content and a much lower cholesterol and phospholipid content, so that 1t
trlg]yciﬂ € d that the sera with very low phospholipid 1n relation to total lipid are
mighe eH sat r, we have not found the ratios of cholesterol to phospholipid 1n lactes-
creamy. owel‘)l: éonsxs(e“d)’ different from those 1n clear sera, and [ think this 1s at
cent serd ‘;1 he old observation to which yourefer. Ifthe very low density ipoproteins
varxancf“;:an:ly elevated, the serum will appear lactescent; 1f only the lipoproteins

are =i ed, the serum remains clear.

of higher density are elevat

ho found that, after the addition of
GITLIN: I think 1t was Eder w! ,
hossl:?;:siﬁg a lactescent hyperlipemic serum, he could clear the serum.
P
DR. BAXTER: e |
details. This would be an artificial situation.
Third Annual Conference on The Nephrotic Syndrome, 1951,

I remember something about that; but 1 do not remember the

*Eder, H. A,
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DR. JOHN A, JAMES (Dallas, Texas): Dr. Baxter, do you feel that the lipi
pattern in any one individual can vary from time to time, or do the patterns defin
different types of disease?

DR. BAXTER: No, I do not think they are different types of disease, because w
have seen patients change from one pattern to another, For example, patient S§ (Tabl
9) was admitted with a very low level of serum albumin and severe manifestations
nephrosts and was found to have the first lipoprotern pattern which I described, wit
creamy serum. He had a complete remission of the disease induced by steroid therap
but fater had a symptamatically muld relapse associated with the third Lipoprotei
pattern, with elevated cholesterol but clear serum.

DR. RAPOPORT: What happens in a patient whose serum youclear with heparin
DR. BAXTER: We have not studied that 1n nephrotic patients.

I would like to go on with the second topic, the effects of albumin infusions on th
abnormal hpoproteins.

It has of course been recogmzed for a long time thar there 1s some sort of a
wwerse correlation between serum albumin level and cholesterol level in nephrosis
Figure 36 illustrates this relationship in one of our patients treated with sterords
As the serum albumn level went up the cholesteral level fell, and so did the level o
the other lipids. This does not prove that the lipoproteins are directly wfluenced by
the level of albumun, It 1s conceivable that as a remission of the disease occurs, albu.
mun and the lipoproteins independently change toward normal, On the other hand, there
s absolutely no reason to assume (as has been done) that there would 1nvariably be a
specific mathematical relationship between cholesterol and albumin levels, of the
lipoproteins are tafluenced by albumin level. In the first place, as was evident from
the first part of this discussion, a cholesterol determraation gives only limiced infor-
mation’ about the composition and quantity of the lipoproteins present. Furthermore,
1t 1s obvious thar the lipoproteins are 1nfluenced by a number of factors.

In order to determine what effect serum albumin Jeve} has on the abnormal lipo-
protein pattern 1n nephrosts, we have- attempted to change the serum albumun fevel
without changing the disease rtself by giving repeated albumin infustons. In'order to
obtain definitive results 1t 1s necessary to have aaadequate control period and a
reasonably stable state and to gwve large quantittes of albumun for s.everal weeks;
otherwise interpreranon of the resultsis complicated by spantaneous variations, hemo-
dulution and other factors. We have carrted out studies with albumin infusions 1n 7
pauients but for various reasons only 3 or 4 have been reasonably sausfactory.

ffects of albumin infusions over a period of 4 weeks ina
t's serum albumin level was not as iaw as}:s Bﬁen seen
Lipoprotein elevation was largely, but probably not entirely, 1n the D 1,019 -
7?;6;h(esf lp)-fo) Fraction as indicated by the TC/ TG rano near 2 and clear serf.xm,fA;
the serum alburnmn level increased, 1t can be seen that there was aln ngnpré}s,swe al
1n total cholesterol to near normal fevels, and also a fall 1n phosph: 1pads. angeshm
riglycerides, which were never greatly efevated and whichoften behave i a somewhat

Figure 37 shows the e
14 year old girl. This patien
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treatment level,

The effects of daily 1nfusions of 50 gm. of albumin for 3 weeks in 2 36 year old
man are shown in Figure 38, In this patient the serum albumin level was 0.8 gm. %
and, 1n contrast to the first case, the major lipoprotein abnormality (at the time albu-
min infusions were begun) was an elevation of the very low density (D< 1019, S£>10)
Iipoprotein fraction, The triglyceride elevation was greater than that of cholesterol,
and the serum was moderately mulky. Again a precipitous fall in cholesterol and also
1n phospholipids occurred as the serum albumia level rose, and tn this case there was
also a definite fall 1n triglycerides, The lipid levels again rose as the serum albumin
returned to the pretreatment level, During the albumin infusions there was a complete
loss of edema, and a shght increase 1n plasma volume,

The changes tn lipd components of the various hipoprotein fractions 1n the second
alburmin experiment are shown 1n Figure 39, It will be noted that there was a consid~
erable decrease 1n the very low density (D<1.019) fraction which 1s the one which was
elevated, It 1s also evident that the composttion of the very low density fracnon was
abnormal.

These two examples serve to1llustrate that 1nfusions of albumin which sigmficantly
ncrease the serum albumin level may resultina decrease 1n the abnormal lipoproteins,
whether the elevation 1s 1nthe D 1.019 - 1.063 fraction or the D<1,019 fraction, The
lipoproteins 1n most cases did not become completely oormal, but neither was the
serum albumin maintained at completely normal levels. certainly do not want to say
that the only cause of the lipoproten abnormality in nephrosis 1s the low serum albumin
level; mn fact, we have made some observations which suggest thar albumin may nor be
the only factor. For example, we have seen considerable decreases i the very low
density lipoproteins occur early 1n remissions, before there has been much increase

1n serum albumin levels.

Alburmin does have a definite effect on the lpoproteins, and I do not know what the
mechamsm 1s, It may be that the stimulus which results in the lipoprotein abnormal-
1ttes 18 a result of the decreased oncotic pressure of the serum. If this 1s so, dextran
tnfusions should bring about a change toward normal. Another possibility which sug-
gests atself 1s refated to the transport of unesterified fatry acids which Dr. Gordon
will discuss later. Since unesterified fatty acids are transported bound to albumin[4],
it 1s concewable that an abnormality 1n this mechanism when serum albumin 1s ab.
normally low might somehow result in the lipoprotein abnorma.luy. Figure 40, abour
which Dr, Gordon will have more to say, shows the relanionship between molar con-
centrations of unestertfied fatty acids and albumin 1n 3 nephronuc pauents before,
durtng and after treatment with albumin and prednisone. The case at the top 1s the
first case treated with albumin in which ipoproteinsof D 1,019 - 1.063 were elevated.

[4] Gordon, R. S, Jr., and Cherkes, A., Unesterified fatty acids 1n human blood
plasma. J. Clin. Invest., 35: 206, 1956.
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The other two patients initially had lactescent sera with considerable elevation of the
D<1.0t9 fipoprotein fraction, [t is interesting that only during periods of elevation of
the very low density lipoprotein fraction was the molar ratio of unestersfied fasty acids
to albumin consistently above 2.

?CHAIRMAN GITLIN: Are there any questions anyone would like to ask ar this
time.

DR. BALLY: I would like to ask Dr. Baxter something about the level of choles.
terol and 1ts relation to cholesterol intake, which he had mentioned to me previously,
If there 15 a higher intake, does the chol ol b elevated proporti ly to

the triglycerides?

DR. BAXTER: We really have not studied that. I cannot answer that question,
except to say that we have seen some nstances, 1n treating nephrotic patients, where
for some reason their food intake dropped off rather markedly, and the cholesterols
also dropped. When their appetite picked up and they started eating again, the choles-
terol levels rose, Of course, there is much more information about this point than we
have; we have felt that there is some relationship, N

DR. METCOFE: Jim, 1s there any relationship between the occurrence of the
Sf>10 fraction, and the appearance of xanthomata? Because it is curious that, in nephro-
tic children at least, xanthomata frequently tend to occur when there are very high
cholesterol levels, around 900 or higher.

DR. BAXTER: 1 have not seen xanthomata in these patients.

DR. RAPOPORT: Jack, the appearance of xanthomata 1s conditioned purely by
something traumatic happening to the skin. If you do a paracentesis, you will ger xan-
thoma at the site, There are two very dramatic ones with chifdren. They have marked
prickly heat and, I am sure, localization conditioned by some irr‘ntated focus 1n the
skin, singularly or in multiple. My guess 1s 1t has nothing to do with the level of the
blood cholesterol itself.

CHAIRMAN GITLIN: Dr. Baxter, since I am Chairmanof this particular sesston,
I shall exert my prerogative and abandon your procedure in order to have a full dis-
cussion afrer each paper, if you do not mind.

DR. BARNETT: I would like to ask, Jim, whether youhave ob‘served any patients
who appear to be in complete remtission in terms of plasma proteins and|rate of pro-
tein excretion, but who have elevated ations of serum ol. If so, have
you studied them 1a this way?

TER: 1 do not think I can answer that completely. Of course, some of
the ?ﬁ;ei}\sxmlgh: have elevated cholesterols fO?‘ other reasons, [ me‘anhasndel fron‘;
nephrosis., But certanly, in general, our patients in whom the proseinuria has cleare

P d :};e serum albumin has rises to a completely normal level, 1 think the lipids
:s:/cagccome completely normal, although somenmes 1t has taken quite a while.
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DR. BENJAMIN KRAMER (The JewrshHospital of Brooklyn): lhave seenpauents

who, under treatment, had no protemnuria, but still had a moderately elevated choles-
terol; and it took quite some tme before the cholesterol also returned to normal.

CHAIRMAN GITLIN: We have all seen patients like that; but do you know what
the alburmin levels were 1n these parnicular patients, Dr. Kramer?

DR. KRAMER: They were quite normal.

CHAIRMAN GITLIN: It has been my experience that it takes quite a little while
for the albumin to return to normal levels. But this may be a rare phenomenon.

Is 1t concetvable, Dr. Baxter, or does 1t conflict with your i1deas on the subject,
that the infused albumin had nothing whatever todo with the removal of the cholesterol
but, instead, inhibited synthesis of the lipoproteins?

DR. BAXTER: 1have no informanion on that point.

DR, PREIFFER: 1have no experience withchildren; butwe have always wondered
what occurred when a nephrotic changed to the stage of so-called nephrosclerosis,
The same changes you have shown occurred, the chalesterol went down, and the blood
proteins went up. We had three or four such cases. What 1s your experience?

DR. BAXTER: 1 am not sure I understood the question. You say these patients
no longer had proteinuria.

DR, PPEIFFER: If there was 12-14 per cent proteinuria iruually there was
merely 0.4 per cent 1n the final stage, and the BUN became hugh,

CHAIRMAN GITLIN' Do you know the serum albumia levels on those cases?
DR, PFEIFFER: Yes; they were high.

DR. BAXTER: We have followed very few panents withchronic nephritis, 1 think,
in nephrotc paunents we have followed, as I said, when albuminuria clears up, serum
albumin rises; htpids come down.

[ wull not go 1nto this; but Dr. Githin has been interpsted, 1 know, 10 the quanutauve
relanionship in the steady state of albumin in the urine to the serum albumin levels.
We have followed this relattonship 1n a number of pauents. While we have seen some
patients, as Dr. Githin has, where the serum albumin level seemed to be lower than
would be predicted by the loss of albumin in the urine, 1n general that has not been the
case. When the albuminuria cleared up, the serum albumin became narmal and the
lipids became normal.

DR. DONALD GRIBETZ (Department of Pediatrics, M. Sinax Hospital, New York):
Have you studied any hypercholesterolemia 1n children 1n which the albumin could be
normal, like, for example, hypothyroidism?
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b DR. BAXTER: 1 have not studied any; but some of the people present here have.
r. Fredrickson has studied patients with various types of hypercholesterolemia; so

has Dr, Gordon, Perhaps they would hike to comment on shis, '

DR. GRIBETZ: 1 am interested in bath the type of lipid and the changes which
occur with remissions and exacerbations, with thyroid therapy or without 1t,

DR, DON FREDRICKSON (National Institutes of Health): Most hypothyroid chal-
dren and adults have an tncrease in the so-called Sf 3-8 fraction. Usually, one does
not see creamy serum, but 1t does occur,

After therapy, the cholesterol level usually follows the increase in metabolism
gained by therapy.

DR. GRIBETZ: But this has nothing to do with changes in the protein level.
DR. FREDRICKSON: Not 1n the albumuin level; no.

DR. WALLACE McCRORY: 1 would like to ask Dr., Baxter if he could say any-
thing about any noticed depreciation 1n renal function in these patients. In one exper-
tence we had in giving albumin for one month to a pauent, a marked decrease 1n renal
function was observed. Their proteinuria, 1 assume, was markedly increased during
the periods of albumun infusion,

DR. BAXTER: Yes; the proteinuria was markedly increased, of course, through
infusions. In fact, some patients whom I did not show lost the albumin almost as fast
as 1t was given. There was no change in renal function as measured by creatinine,
and 1inulin clearances 1n some cases, in these patients.

I said they changed somewhat. We had two patents who seemed to be defimtely
better after the albumin infusions; that is, the serum albumin and the proteinuria
stabilized at somewhat more favorable levels than prior to the albumun therapy.

DR. LANGE: Did you ever find that any of the protein actually was retained 1n
the body after infusion?

DR, BAXTER: We have not done balance studies. I think it is obvious that some
of the protein which we gave was retained for a while 1n these patients, 1 am not sure

1 understand the guestion.

DR. LANGE: Within, let’s say, within 48 or 72 hours, was not all the albumin
you had given excreted wnto the urine?

DR. BAXTER: Well, of course, 1t varied tremendously from one patient to
another; 1 thuk that, in most cases not all of 1t was lost within 48 hours. But, 1n many
patients a very considerable part of 1t was excreted within 48 hours, or even less.

It 15 pretry well known that wich admimstraton of alburmun,

CHAIRMAN GITLIN: ered eventually. Let’s not forget

anywhere from 50 to 75 per cent of 1twill be recov:
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that some of it does remain in the body; also, a lot of 1t is being metabolized during
the period of time 1t 15 present in the body, therefore you could not possibly get all
of 1t back.

DR. METCOFF: And, of course, it varies from time to time, depending upon
the status and stage of response of the individual patient.

I am sorry that Dr. Janeway 1s not here, because Drs. Janeway, Hutchins, and
Barness, n che period from 1943 co about 1946, gave literally hundreds of infusions
of albumin to nephrotic children, and made many observations, most of which, unfor.
tunately, have not been reported, They found that there was a positive balance 1f albu-
mmun was infused after dwresis had begun, for example; while there would be an aug-
mented loss of albumin durtng the nitial therapy of an edemarous child.

Most of the é¢hildren who were so treated only had temporary renussions, a very
few had more permanent ones. Most of the children recurred.

I behieve they observed no significant change ingross renal function in association
with the administration of albumin; butldonot know about glomerular filtratson specif.
ically, because only urea clearances were done at that ume,

DR. RAPOPORT: Dr. McCrory mentioned a panient who, after a month’s daily
wfusions of 5 g, of albumin, lost about 80 per cent of her glomerular filtration rate,
and some years ago, I asked Dr. Janeway whether this had been his experience. I do
not remember that he answered this directly; but he said yes, this could happen; that
up to a certain date, about 1946, there was a good bt of mercurial preservative put
wn the conceatrated albumin, and this included almost all of the infusions they gave,

CHAIRMAN GITLIN: Sodium cacodylate or tryptophane and cacodylate were
used, as far s ! remember.

DR. RAPOPORT: Giving a dose of merthiolate day after day may have modified
some of the results obtarned.

DR, METCOFF: 1 recall, rather vaguely, that George Cotzias ac the Rockefeller
Insutite 1n the mid-forties, published some data on glomerular or tubular obstruction
due to the admimstration of albumin, 1f I am not mistaken.

DR. BAXTER: 1 think you are referring to something1did with Cotzias, actually,
(Laughter)

There was no evidence of damage fromalbumin. The kidneys did become markedly

enlarged after a ume, anenlargementnthe tubules; but no evidence of damage, really.
With gelatin, there was some.

DR. BARNETT: Jim, were you there when Eder, Lauson and Chinnard were
gwing large amounts of albumin?

DR. BAXTER: Yes.
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i DR. B:ARNETT: Wasn't it true that they had the impression also that in some
children given large amounts of albumin, there may have been an acceleration 1n the
rate at which some of those children lost kidney function?

DR. BAXTER: That possibility certainly was discussed, but I did not think they
concluded that,

DR. HARRIET G. GUILD (Johns Hopkins Hospital, Baltimore): As evidence that
the 1ntravenous administration of serum albumin is not only not harmful but also
beneficial and, at times, even life-prolonging, 1 should like to referto a nephronic
child of the pre.cortisone era, to whom daily infusions were given for a period of
etghteen monchs.

This child, then aged three years, 1% years after the onset of nephrosts from
which she had never had a sponraneous remussion, was showing rapidly increasing
impatrment of kidney function when treatment with albumin was started. The non-pro-
tein-nitrogen was 90 mg.%, there was electrolye distortion in the direction of acidosis,
and oliguria with urine volume amounting to not more than 200 cc. a day. In addition
to special measures directed toward correction of the acidosis and other more general
measures, daily injections of concentrated albumin, 40-60 cc.(10-15 gm.), were begun
with a2 resultant increase in urinary output, decrease in non-protein-nitrogen, and
stabilization of edema at a mimumal level such thar the child was at all times active
and comfortable. With this her appetite improved sufficiently to make possible the
mantenance of a good state of nutrition. Whenever the albumin was omitted for a day
or two, as a test of 1ts effectiveness, the urine volume fell, edema increased and the
non-protetn-nitrogen promptly rose. With resumpuon of therapy, there was a return
of non-protetn-nitrogen and urine volume to satisfactory levels which were maintained
as long as treatment was not interrupted.

At no tume, on this regime, were untoward reactions observed except occasionally
when the albumin was injected too rapidly. At such tumes, a sglotchy, erythematous
rash appeared on the skin and there was increased intestinal perlstalsls., evidenced by
audible gurghing, which was followed by sudden vomiting. It was de(ern.uned thar d:e?se
symptoms were related solely to the speedof injection and could be avoided by slowing

the rate.

Eventually, of course, as the nephritic phase progressed to rh; pl(:u;_t of scnal:
failure, the albumin gradually ceased to be effectve and three months before deat
the 1njections were, therefore, discontinued. At autopsya search was made for unusual
lesions that mght be attributed to the prolonged administration ?f albumin and none
could be demonstrated. The findings, as reported by the pathologists, were the usual
ones associated with the terminal stage of a progressive nephrotic disease process
of three years’ duration.

i f albumin, as a supplement to
no question that the daily administration of , as 2
th Tht;:i " irq es, maintained this child in a state of relative comfort and
er . N .
. 1f-be1n, to wathin a few months of death, thereby helping to prolong life by contrib.
ing sufcu to the preservation of a good nutritional state and by forestalling the
“nr:gplicationsy that are associated with uncontrolled or uncontrollable edema.
co
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While many other examples could be cited in which the beneficial effects of albu-~
mun infusions have been clearly demonstrated, this particular patient is mentioned
b of the cir es that made 1t posaible to give the injections day after
day without interruption for such a long period of tume. In none of these other patients
were harmful effects noted, as long as smrable attention was paid to the status of the
heart and blood pressure, and fo the patient’s state of hydration, etc., and as long as
care was taken with regard to the speed of injection.

CHAIRMAN GITLIN: There w:ll not be nme enough, if we do not move along.
So, we will call on Dr. Heymann, who will discuss albumin and hyperlipemia. Then
we will have general discussion and a coffee break.

C. Albumin and Hyperhipemia

DR. HEYMANN: I will nor take long because 1 outhined last year some of the
work which has been completed 1n the meantime and which I will report now.

These were studies which were stimulated chiefly by the clegant experimental
studies of Rosenman, Friedman and Byers(5] who, 1 nephrotic rats in whom the dis-
ease was produced by anti-kidney sera, had prevented the flow of urine to the outside
by ureteral ligation on one side, and by implantatton of the ureter nto the lower vena
cava on the other side. They also studied the effect of intravenous infusions of albumin

h :

into nephrotic r=s- == £ = hoean Lot dooeene S P .
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We have also used rats which were made nephrotic by anti-rat kidney serum
obtained from rabbats.

In the first group of studies, using 19nephrotic rats with well-established disease
of one to 11 months duranion, no correlation between severity of hypoalbuminem:a and
hyperliperma was noted. If the hypoalbuminemia was the only cause for the nephrouc
hyperltpemua, an inverse relanonship between severity of plasma-aibumin depletion
and severity of the hyperlipermia could have been expected. That this has not been
established does not eliminate, however, the hypoalburminernua as one of severalfactors
that may pathog, Ity be Ived tn the el of the ncph hyperlip

in terms of ume rel hip, the develog of hypoalbumi ia and hyperhip-
emia was studted 1n 26 rats, 2, 4, 6, 8 and 24 hours after the injection of anti.rat
kidney serum, 10 6 experiments, The increase in plasma-cholesterol concentrauon
and fatty acid values preceded tn all instances the decrease of serum albumin concen-
tration below normal values. The serum lipids started 1o 1ncrease within 4 to 8 hours
after the 1njection of anti-kidney serum, whereas the serum albumin values were found
to be decreased usually not before the eighth hour after the serum njection. This, we
believe, does not support the that hypoalb 13 the cause for the
hyperhpema.

s} Rosenman, R, H., Friedman, M, and Byers, 5.0, The Causal Role of Plasma
Albumin Deficiency in Expersmental Nephrotc Hyperlipemta and Hypercholestero.
lerma. J. Clin. Invest., 35; 522, 1956.
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In a last group of studies, 43 non-edematous nephrotic rats were used, Eight of
these were bled every 6 to 8 days without being subjecred to any injections. Another
group of 8 nephrotic rats were bled at identical tntervals and were gwen 4 cc, of
saline solution by intraperitoneal injections twice daily for 10 days. A third group of 8
nephrotic rats recewved 4 cc. of protein-free urine twice daily which was obtained
from healthy control rats. An additional group of 8 animals was injected with 4 cc, of
protein-containing nephrotic urtne twice daily, and a last group of 11 rats was again
bled at identical intervals but njected intraperitoneallywith4 cc. of a dextran solution
twice daily for 10 days. The intraperitoneal admunistration of protein-free rat urine
decreased the hyperlipenma almost as regularly and markedly as when protein-con-
taining nephrotic urines were used. One thus cannot be sure that urine obtained from
control rats would not have decreased the hyperlipemia in Rosenman, Friedman and
Byers’(5] experiments just as wellas was noted after ureteral-vena cava anastomosis.
The effect of dextran solutions on the experimental hyperlipemia was marked and
regularly noted. It also was independent of hematocrit readings that were regularly
obtained in three amimals. The mechanism by which dextran decreases the nephrotic
hyperlipemia 1s thus not clarifted, but it seems that the hypolipemic effect of the
1nfusion of albumin into nephrotic rats does notnecessarily mean that the hypoalbumin-
emia has caused the increase in blood lipids, The nephrotic hyperlipemia is not very
efficiently fixed. Frequent bleeding, even the administration of saline can cause some
decrease in blood lipid concentration. We have shown also[6), for instance, that ethi-
onine abolishes the nephrotic hyperlipemia completely within one to two days.

The coexistence of hypoalbuminemia and hyperlip is well.established in all
forms of the nephrotic syndrome. We believe, however, that a causal relanonship
between them as yet has not been shown o exist. We also should not forget that hypo-
albuminermia of comparable severty due to wsufficient protein intake like 1n kwasht-
orkor, or as noted 1n hypocupremia and wdiopathic hypopr i ia, or as fnccasmnally
seen 1n chronic nephritis, are not necessarily associated with hyperlipemia.

Recently, we have just studied the development of hyperlipenna 1n tl.w nephron"c
renal disease induced by the aminonucleoside derived from Puromycin, Again, it
develops prior to the development of hypoalbuminem:a.

Within the last four months, Jerry Nash has inour labfzrawfy Adeveloped.a pro-
cedure ta perform extensive plasmapheresis in rats, whech is a difficult task in such
small ammals, Thus far, we only have three anumals successfully treated in that fash-
son, three animals in which the albumin concentration has been reduced. The lowest
value obtainedin one of these was 2.2 gram per cent, without simultaneous occurrence

of hyperhiperma,
CHAIRMAN GITLIN: Dr. Heymann's paper ts open for discussion.

DR. EHRICH: I am not quite sure whether I understood the last experiment, It

seems to me that the matertals which were njected wnto the peritoneal cavity were

W. and Hackel, D, B. Effect of Ethionine on Blood and Deport Lipids 1

[6] Heymann, hrotic Hyperhipemia. Proc. Soc. Exper. Biol. & Med., 92: 41,

Expenmental Nepl
1956.
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inflammatory agents of various irritating capacity. The more trritating materials
produced greater permeability of blood vessels, and hence more hpoproteins escaped
from the plasma into the peritoneal cavary.

Wasn’t 1t the flammation which was produced in the perioneal cavity, which
caused the drop in the plasma hipoproteins?

DR, HEYMANN: [ did not mentson thatall these ageats were sterile. The solutions
which we tnjected were well absorbed. They were gane within a day; and there were
o grass changes in the peritoneal cavity whichwe observed at post-mortem examina-
ton. I do not believe thar a loss of lipoproteins into the peritoneal cavity can bave
taken place to such an extent as to cause the marked reduction of plasma lipids noted.

DR, LANGE: You have not injected the urine intravenously?
DR. HEYMANN: No.

DR. RAPOPORT: What happens 1f you inject the flud and promptly withdraw 11t
1 am wondering about just the ace of sticking them.

DR. HEYMANN: 1 do not know. You see, two out of the eight saline.injected
ammals had some definite reduction in total hipid concentranion. | am always very
much umpressed that the concentraion of hpids in plasma of nephrotic ammals 1s
anything but stable. You have to be very careful in the evaluation of results obtained.
Even the removal of 2 or 3 cc. of blood within a three-to-four day period will result
1n a decrease of plasma hipid concentration,

DR. RAPOPORT: What you performed was, essennally, a Darrow-Yannetexper-
iment, Nothing could be absorbed for some hours, unnul 1t was equilibrared, Dextrans
would certainly cause distortion, and the concentrated urtne even more so0. I am just
wondering whether the process of equilibration per se would lower the plasma hpids,

DR. HEYMANN: The mechamsm of this effect 1s unclear. It only 1ntesested us
in relation to the deductions pertatning to the hypoalb asa e factor.

DR. MALCOLM HOLLIDAY (Putsburgh, Pennsylvanta):  Did you ever use hyper-
tonic salt sofution?

DR. HEYMANN: No.

DR. METCOFF: Ths ought to increase the hyperhipemia, if anything; 1t ought not
to decrease 1t, I ahould think. IF youinjected a hypertonic salt solution ntraperitoncally
and measured the lipid concentration mn plasma shortly thereafrer, 1t theoretically
ought 1o increase because of withdrawal of water 1nto the perstoneal caviey and the
mability of the large liptd molecules to move promptly across the per

DR. HOLLIDAY. Do you make your observations on change 1n blood hipids after
three days? If so, absorption of peritoneal flud has undoubtedly taken place. The tem-
porary disequilibria due to tnjections intraperitoneally were obsetved two hours after
njections,
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DR, HEYMANN: Yes, the observations were three days after the onset of treat-
ment.

CHAIRMAN GITLIN: Are there any other questions? If not, wecan have a coffee
break, 1 guess.,

(The meeting recessed for twenty-five minutes.)

CHAIRMAN GITLIN: The next paper on the program 1s the question of intercon-
version of lpoproteins. Dr. Korn was supposed to give this particular paper; but,
apparently, he has graduated into the senior class, because he says Dr. Rodbell did
all the wark. So Dr. Rodbell will give the paper.

D. The Interconversion of Lipoproteins

DR. MARTIN RODBELL (National Institutes of Health): 1am going to talk this
mornng about the interconversion of lipoproteins, Dr. Githin has already mentioned a
few aspects of the problem, and 1hope I can amplify a lutle bit upon what he has talked
about.

The question has been asked, in the past few years, as to the relationship each of
the lipoprotein classes have to one another, That1s, 1s there a conversion or any chem-
ical relationship between each one of the densityclasses of lipoprotein which one finds
1n plasma?

It 15 known, through the work of Dr. Avigan[7] in our laboratory, and Dr. Bernard
Shore[8] 1n the Donner Laboratory, that the high-density lipoproteins are not related
to the density class having an Sf 0-10, both from a physical standpoint as well as from
the fact that the proteins are entirely different in these two classes.

The question then arises as to the relationship the Sf 17-400 and chylomicron
classes (the major classes responsible for the transport of triglyceride) have to the
Sf 10-17 and the Sf 0-10 and the high density lipoproteins. We have heard some sugges-
tive evidence this mormng (which has been suggested by many people in the past) that
there 1s a spectrum of lipoproteins ranging from chylomicrons to Sf 0-17, wluc.h is
another way of saying that, as the triglyceride 1s removed from the plasma, one finds
1creasingly higher-density lipoprotens.

We know that the high density lipoprotein class 1s not converted to the Sf 0.10 or
beta lipoprotein. However, 1t 1s not known whether chylomicrons and the Sf 20-400 are
related to these classes, Some suggestive evidence that the Sf 20-400 class 1s related
to the Sf 0-20 Lipoproteins has been presented by Gofman and his collaborators[9].

[7] Avigan, J., Redfield, R., and Steinberg, D., Biochim, et Biophys. Acta, 20: 577,
1956.

[8] Shore, B., Arch. Biochem. and Biophys., 71: 1, 1957,

[9] Gofman, T.W., et al., Plasma, 2: 413, 1954.
Pierce, F. T., Jr., Metabolism, Vol. 111, 142, 1954,
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The underlying assumption, of course, which one makes in this work is that, if
there is a spectrum of lipoprotemns or if one class of hipoprotein is related to any
other class, the protein moiety of the lipoprotein must be the same in the complete
spectrum, If it 15 not, thts would nor allow for any continuum,

In the past few years, there have beendeveloped in protein chenustry very elegant
and very sensitive techniques for differentiating one protemn from another based on
one of the intrinsic properties of a protein, A protein, of course, is composed of amino
acids which are linked through their carboxyl and amino groups to form a polypeptide
chain. We have, therefore, at the end of the chain, a free carboxyl containing amino
acid (C-terminal), and, at the opposite end, a free amino containing amino acid (N-
terminal),

By tagging the N-termunal amuno acid with a chemical marker, one can find out
what amino acid 1s at the end of the polypeptide chain. In the experiments described
today the free amino containing amino acids were coupled with dinttrofluorobenzene to
give a colored dunitrophenyl derivative of the N-terminal amino acid.

Thus, 1f one finds that glutamic 1s the N-term:nal amino acid (that is, the amino
acid which has the free amino group) in one protein, and one finds aspartc as the
N-terminal in another, these proteins, by defimition, must be different.

Represented 1n the bottom half of Figure 41 1s the per cent lipid composition of
each of the types of lipoprotein-denstty classes which we have isolated from’plasma
and chyle.

Starting with chylomicrons from chyle, since this 1s the yjumping-off potnt for
triglyceride metabolism, one finds chat they contain approximately 95 per cent tri.
glyceride, some cholesterol, phospholipids, and a very small percentage of protein,
about a half per cent 1n chyle chylomicrons.

The plasma chylomicrons (fraction I) are almost 1dentical to the chylomicrons
from chyle, at least n respect to the percentage of triglycerides and the percentage
of chol ol and phospholipids. The protein concentration apparently increases in

the plasma chylomicrons.

Fraction II, sometimes referred to as lipo-microns or yellow chylomicrons, repre-
sents a particulate fraction which 1s smaller 1n stze than chylomicrons and apparently
has carotenoids assoctated with 1. This material has a very close relationship to the

chylomicrons, 1 will explain later why this 1s so true.

The lipid composition indicates that there 1sa smaller percentage of eriglycerides
in this component.

In the graph, fraction Il represents SF 40-100, fractron IV Sf 10-17, fraction VI
Sf 3-8, and fraction VII the high density lipoproteins.

It is evident that moast of the triglyceride~containing components in plasma are
present from plasma chylomicrons down to about SF0-50 (fraction 1V). When we proceed
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into the SF 10-18 and 3-8 class, we see that the cholesterol levels start to rise rather
dramatically, In fraction 1V the chol ol and phospholipid ratio is Jzss than one;
as we get to fraction V, the ratio becomes greater than one. This follows for both the
3.8 and 1017 classes, In the high density ipoprotein fraction we find thar inglyceride
15 a minor P hol ol1s hatofa rmunor P and the phosph
hipid and protein seemed to predominate.

P

The cop half of dus graph records the yield of protein cbtained, expressed in
terms of micromoles of amino acid abrained per gram of protein, and the type of pro-
tein, represented by the N-terrmnal amino acid present, in each one of these lipopro-
tesn fracuons.

Much to our surprise, when we analyzed the protein moiety of the chylormcrons,
we found three proteins present.

At first thought, we believed that perhaps they were just contamminants and this led
us to go on, of course, and find out whether this partern 1s repeared throughout the
mayor triglyceride-contaiming hpoprotetns,

After analyzing the plasma chylomicrons we found the same relationship. Agan,
we find that there are three protetns present and as in chyle chylomicrons, the three
proteins contam threomne, serine and asparuc acid as N-terminal amino acids,

As you can sce, there 13 a rather large shift wn the relatve ratia of the threoaine
protetn in chyle chylomicroas to that of plasma chylomicrons, that 1s, the threomne
protewn seemed to predominate n the plasma chylomicrons whereas, in chyle chylo-
microns, 1t 18 rather Jow,

1 will not go inta this to aay extent but some very large changes tn the physical
properties of chylonucrons, once they get into plasma, have been observed, which may
be related to this increase in the ratio of the threomne to aspartic and serine pro-
temns| 10}

We found the same pattern repeated tn the hipomicrons. Agatn, we have the same
refative refationship of one protein to another, tn terms of concentration, and again
three protewns. It was not uneil we acalyzed the Sf 40-100 class that we began to prek
up another protesn, a fourth protein, contarning glutamic acid as the N-terminal amino
acid.

As we proceeded to analyze the Sf 20.50 class, we found a concomutant increase
1n the glutamic acid concentration n relation to the other three protens. It was not
uatil we analyzed the 5f 10-17 thar we found a rather large increase 1 the glutamic
acid contawing protewns relauve to the sertne and threomine. The aspartic protetn
has disappeared complerely.

The same phenomenon occurred in the Sf 3.8 class, where aspartic acud 18 gone
and we find glutamre acid there in the greatest amount,

{10} Swahn, B., Scand. J. Clin, and Lab. Invest., 5: supplement 9, 1953,
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The high d{:nsity lipoprotens contained predommantly the aspartic acid proteins
although we again found serine and traces of threomne.

This has been de'scribed before by Dr. Avigan[7}and Dr, Shore[8). They also have
found that the protein in the Sf 3-8 class contains primarily glutamic acid as the N-
terminal amino acid.

They also find that there are traces of the threonine and serine components 1n each
one of these fractions.

This rather complex picture, at first glance, seems rather confusing. However,
if one looks at the graph, one finds that the proteins which are associated primarily
with the triglyceride-contamning hpoproteins are the serine, threonne, and aspartic-
containing proteins. However, when we get to the chalesterol components, that 1s, the
Sf 0-8 and 3-17 classes, the glutamic acid seems to enter the picture.

Of course, we allknow that the cholesterolcomponent m this area 18 quite elevated,
and 1t would appear thatthere 1s some relationship between this glutaric-acid-contain-
ing protein and the cholesterol content.,

Another aspect which seems to be quite clear is that there 1s a spectrum, if one
wants to call it that, of protetns contaiming serine and threonine, ranging from chylo-
microns down into the high-density lipoprotein class.

Right now, we do not know whether the aspartic protein represented 1n the chylo-
microns ts the same as the aspartic protein in the high density fracuon (fraction VID).
There 1s one disturbing aspect concernming this aspartic protein, and that is albumin.
Human albumin also contains asparuc acid as its end-terminal amino acid, and 1t 1s
possible that the Sf 20-400 and chylomicron aspartic protein is albumin and not the
high density lipoprotein aspartic acid.

The serine, threomne and aspartic containing proteins are not connected together
m any molecular entity, I have been able to separate, for wnstance, the threonine pro-
tein from the other two proteins, the aspartic and serine proteins. Therefore, 1t would
appear that the three proteins are separate entities unto themselves,

This picture, of course, 1s complex; butitputs a new light, 1 think, on the metabolic
patterns which people have observed in atherosclerosis and in nephrosis, where one
gets alterations 1n the lipids of specific lipoproteins. As 1 said previously, the serine,
threonine and glutamic protetns (or perhaps these three, because we do not know which
one of these proteins 1s associated with triglyceride-containing components) may be
necessary for the metabolism of the triglyceride.

1 think we have reached another pointinthe study of the metabolism of lipoproteins
1n plasma, in which we can no longer discuss lipoproteins in terms of their Sf numbers
or in terms of their deasity classes, but must think 1n terms of the types of proteins
which are present mn each fraction, I believe thar if one were to make a concerted
effort 1 study the changing patterns of these amino acid-contaimng protewns which 1
have just discussed, one may get a clearer picture of the complextties we quite often
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see in such diseasc statcs as ncphrasis, where ane can get both cholesterol.changing
patterns and triglyceride-changing patterns which may be a reflectron of ao alteration
of metabolism of any one or allof the proteins found in the cholesterol and triglyceride
fractions. Until we develap methods for the separation, and isolation and characreriza-
tion of each ane of these Lipoproteins or proteins and determine what role shey have in
metabolism of the vartoas plasma hpids, only then, I behieve, will we know 3 liztle bit
mare about the metabolism of plasma lipaproteins. -« Thank you.

CHAIRMAN GITLIN: 1 would hike 1o ask a guestion. You stated, Dr. Radbell,
that if & protetn 18 converted one to the other, the end groups should be wdenncal. 1
wonder whether this 1 absolutely y. 1s at p ble that, during the process
of conversiwon, the process 13 not himited to che hipids, but that also there might be a

stripping, off of end groups, particularly the alpha.ammo end groups?

DR. RODBELL: You are saying that, d with the bol of the Iipid
matety, you have a metabolism of the protein motety, you may have a metabolism of
the protein motety. Of course, this we da not know; and 1 think it would be an iaterest
wng phenomenon, sf true.

CHAIRMAN GITLIN: Has anyone aceually studied the mechanasm of action of the
lipoprotetn Lipase an the protein motezy?

DR. RODBELL: No. The enly thing we know 1s that, in the activation of coconut
o1 an the Lipoprotetn hipase acuvating system, the alpha hpoprotean (the high-density
lipoprateins) are capable of activanng, whereas we have had listle success with the
activation of triglycerides by the beta or the Sf 3.17 class{11}.

CHAIRMAN GITLIN: This would suggest a specsficity of the alpha lipoproteins;
but 1t does not answer whether there 1s aay atetppiag of any particular amino acsd,

DR. RODBELL: Noj; 1t does not.
CHAIRMAN GITLIN: Have you tried stripping off that one termunal amino acid?

DR. RODBELL: To find out what the next two are? No, and actually unul we can
get some tdea as 1o whether wecanscparate these proteins, which we are now approach.
ang, 1 think we will defer that to later discussion sad work.

This 15 a possibility, andone cannardeny that you could get some proteolyne acuv-
wy, perhaps, 1 which you chip off, onc by one, amino acids, and wind up wich three
proteins, aif of which are identical except that they have a difference in thesr end-
termunal groups.

CHAIRMAN GITLIN: The other question I wonder about 15, we have always taken
st for granted that one epecific end group umplics one specific protein; that ts, one end

group tmplhiea one protesn. When you actually think about this a hirle bit. I wonder how
true 3¢ ts, 18 there a possibiliry of a aude chain?

{13] Korn, E. B., J, Biol. Chem., 215: 15, 1955,
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DR. RODBELL: Well, just speaking from historical conceptions, 1 would rule
this out. However, there 1s always the possibility that you do have some side chamn
attached except for the fact that one finds a variable concentration, t.e., a relative
concentration between the three, which suggests that these other amino acids are not
related to one protein as a side chain and the fact that we can separate the threonine
protein from the other two also suggests this.

CHAIRMAN GITLIN: Yes. Of course, the immunochemical analysis of these
purified lipoprotein preparations has indicated that they are not purified lipoprotetn
preparations by any means. As a matter of fact, other proteins are included as well,
even albumin,

DR. RODBELL: Yes. I know, in chylomicrons, 1t is apparently true that afbumin
can be found there.

I do not believe we can, at this point at least, make any definite statement as to
the nature of these proteins until we can study them as separate proteins in themselves.,

CHAIRMAN GITLIN: One good method I might suggestwouldbe an immunochem-
ical separation, because this can be done with specific precipitates, and knowing the
end group of rabbit gamma globulin, by exclusion one can get the end group of the
other proteins.

DR. RODBELL: The difficulty there 1s quantity, We need for analysis of these
protens, at least 10 to 20 mg. of protern.

CHAIRMAN GITLIN: We have done 1t with considerably less than that. [ admit
we have not done iton lipoproteins, However, this is very easily obtainable by immuno-
chemical procedures.

DR, RODBELL: Yes.
CHAIRMAN GITLIN: Are there any other questions? [ think thisis a very excit-
ng paper.

DR. BALLY: [ would like to ask Dr. Rodbell if the ge of the chyk ra
is the same from patient to patient?

DR. RODBELL: Not tn the case of chylomicrons, but the lipomicrons represent
a duplicate experiment, two different patients, bath of whom contain this same pattern,
But we had some difficulty 1n getting enough of this material. You see, the percentage
chylomicrons, for instance, 1n plasma, 1s about I per cent; so you have

th A
B otlet. cwful lot of triglycerides or chylomicrons to do this,

to collect an a
But, we are attempting to repeat this on various individuals to see if we get the
,
same pattern.

However, the suggestion is that we are going to find the same thing,
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DR. JOSEPH KATZ (Los Angeles, California): I would like to reemphasize Dr.

Gitlin's question. Do you believe that each terminal amino group represents a single

protemn? It very well could be a family of proteins with the same amuino end group.

Unless you determine aleo the terminal free carboxyl amino acids and find correspond-
ence between the two groups you cannot decide this point.

DR, ROC™™"° T ) “ "' “we cantry to separate
these things, terminal end group as
well and the ' - it has liptds on it, We

do not even know whether all these proteins have hpids associated with them. One of
them has to, but whether all three do, we do not know.

DR. KATZ: How do you separate various proteins?

DR. RODBELL: Of course, there are various methods. I would rather not go
snto the techmques we are utilizing rightnow.All I can say 1s we are rather optimisuc
at this point that we will be able to separate them. (Laughter)

That 1s betng cagey, I guess.
CHAIRMAN GITLIN: I think you will succeed.

DR, RAPOPORT: On considering the whole spectrum of facts my feeling would
be that the small amount of protetns presentin the triglycerides represents an entrely
different phenomenon than occurs tn the protein-rich lipoproteins, My :dea would be
that the triglycerides actually are a vehicle fortransport; and your chylomicrons have
just gotten splashed with serum protein.

DR. RODBELL: Of course, this is a8 running argument. People say that chylo-
microns are just globules of triglycerides floating around in plasma.

However, 1 think, again, the remarkable - I should not say remarkable, but the
consistency 1n the pattera of the types of proteins which are associated with the chylo-
microns and the other lipoprotetn fractions, would suggest that the chylomicronis a
hpoprotein, the same as the other fractions and st just has a larger amount of trigly-
ceride associated with ir, and takes the form of a particular structure rather than a
soluble one.

Is that the question you were pasing; or am | wrong? Were you doubting the exist
ence of chylomicrons as lipoproteins?

DR. RAPOPORT: That 1s right.

DR. RODBELL: Of course, at this point one can only say thas the data would
suggest that the chylomicron is a lipoprotein, the same as all the other fractions; there
1s just more triglyceride,

DR. RAPOPORT: It would not seem to serve any useful purpose to have 2 par-
ficular tiny protein parucle being transported by someshing. It can move on 1t own
of course; 1t 18 80 small, :
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DR, RODBELL: Except that, capacity-wise, this would allow one tohave perhaps
more triglycerides while conserving one’s proteins,

DR. H. W. SPATER (New Yark, New York): Can these chylomicrons be sub-
jected ta repeated washing to determine whether the protein components which may be
soluble would decrease w amount during the washing procedure?

DR. RODBELL: The chylomicrons were washed at leasteight times for analysis,
untl we obtained a constant protein ationor per ge, I should say. Usually,
after three washes, one obrains a constant protein percentage. After that, exhausnive
washing does not seem to remove any more proten.

CHAIRMAN GITLIN:  You could wash them indefinttely and still get many proteins
immunochemtcally, I belteve you found at least four end groups. You can find a¢ least
six or seven different proteins,

DR. RAPOPORT: What about the protein attached to the chylomicron 1n lymph?

DR. RODBELL: Well, 1t seems to show the same patternas plasma, It i= true
that we get a change tn the discribution of the proteins; that 1s, we get an mcrease 1n
plasma chylomicrons of the threonine component over that in chyle chylomicrons,

But there 1s a fair amount of evidence that very large changes occur in both the
electrophoretic property of chylomicrons after they enter into plasma and their stability
is greatly decreased after they get wnto the plasma. I do not know at this time what this
is related to, however.

DR. HOLLIDAY: [ take 1t the amino-acid patterns are quite Consistent, from one
batch of plasma to the other, within the same fraction.

DR. RODBELL: In the case of the lipomicrons, where we had two different
patients, we get the same pattern; in the case of the Sf 40-100 class, we obtained this
from the plasma of the ndividual from whom we collected the lipomcrons. You see,
they show the same kind of patrern (Fig. 41).

We have not observed the same pattent, however, over a long pertod of time; thar
1s, taking 2 sample at one period, then waiting a moath or so and taking 1t again to see
whether 1t turns ouf to be the same. I think all these expertments will be very inter-
esting to do 1n disease states, as in normal, to see whether there 1s any change occur-

ring.
DR. HOLLIDAY: Does this represent a plasma pool?
DR. RODBELL: None of these represents a plasma pool.

I should say - Ithenk this 1s an important pont ~ that the d?ylomlcrons we obtained
from chyle came from apatient witha chylothorax. The chylomicrons which came from
plasma were obtained from a patient with essenttal hyperhipemia.
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This individual supposedly does not have any lipoproten lipase or at Jeast 1t is at
very low levels,

The Dipomicron fracuons and the Sf 40-100, agaiu, came From tadtviduals who
have essential hyperlipemia.

We obtained the Sf 20-50 fraction from a supposedly normal individual at the NiH
blood bark, The Sf 16-17, 0-10, and high density lipoproteins came from supposedly
normal 1ndividuals From the blood bank, raken from random samples, In the case of
the Sf 3-8's, we pooled samples, However, we have not taken samples of large popula-
tions to see whether we would get any variation. [ suspect we will ger variaton in
terms of concentration of any one of these components, that 1s, we may find another
wndividual who 1nstead of having 80 per cent of the proteins contaimng glutamec in the
Sf 3.8 may have oaly 50 per cent having glutarmic, and perhaps more of the serine.

But this may be a reflection of the triglyceride merabolism changes within the
tndividual.

DR. BALLY: How many nmes do you have to spin the 1,25 density fraction in
order to get rud of all of the albuman?

DR. RODBELL: We centrifuge, conventionally, at 1.21 density in the 40 rotor;
then we resuspend this material and centrifuge it another 24 hours in fresh solvents
1n the 40,3 rotor, and take a very high cut.

This 1s al] the washing we do for that particular cut,

DR. BALLY* But you have not checked that fraction for albumin thereafter,
have you?

DR, RODBELL: No, we have not.

d.

However, Shore has ated quite conclusively that albumin and the high
densuty lipoproteins are not the same protens,

CHAIRMAN GITLIN. 1 think 1t would be best 1o go on ro the next paper, which
15 to be presented by Dr. Robert Gordon.

E. Unesterified Fatty-Acid Metabolism

DR. ROBERT GORDON (National Institutes of Health): 1 presume I do not need
to apologize to this conference for not tatking about nephrosts, since Dr. Rodbell was
permitted to discuss biochemustry only. Whar I am going fo discuss primarily 1s the
physiology of unesterified fanty acids in normal subjects, The eaperaments wvolved
have been done by a number of people besides myself: Miss Cherkes, Dr, Donald

Fredrickson (who 1a lurking in the corner over there), hus assistant, Mr, Ono, and Dr.
DeWatt Goodman.
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Fig. 42: Stte and concentration of unester:fied fatty acid analyses in arteriol and
venous bleod obtained by cardiac cathertesszanon.



115
The first slide, Figure 42, will show what we have found in subjects who are not
quite normal. These are patients who come into the Heart Institute’s surgical service
for cardiac catheterization, They may have congenital or acquired cardiac defects,
but I think we can regard them as normals from the point of view of lipid metabolism.
In the course of performing catheterizations, it 18 not unusuaf to obtain samples from
a hepatic vein, coronary sinus, or other specific vein and, by analyzing these blood
samples, along with an arterial blood sample taken at the same moment, for their
content of unesterified fatry acid we have been able to measure arterio-venous differ-
ences of unesterified fatty acid. The analytical method we have used in obraiming these
data has a standard error of about .02; so you will sce that the A~V differences are on
the order of ten times the standard error, thus the individual measurement 18 usually
significant. These values have been obtained repeatedly; and I think there can be no
doubt that the differences are more than just random analyncal error.

The value appended to the brachial artery is the mean of unesterified fatty acid
content in the whole group of these patients. These people are all terrified of the pro-
cedure; and they are all fasting, bothof which influences tend to make this value fairly
high compared with some other normal figures you may have seen. Blood obtained
from the hepatic vein will, 1n general, have less unestenified farty acid 1n 1t than does
the artenal sample. The figure of 0.59 1s not actualfy the average of all hepatic vein
samples which we studied. The number 15 so chosen that the difference between 1t and
the arterial mean, 0.33, 1s equal to the average A-V difference encountered in the
eight or so subjects 1n whom we measured an arterial-hepatic vein difference.

Coronary sinus, which 1s represented here, also has a much lower content of
unesterified fatty acid than does the artery. Peripheral veins tend to have somewhat
higher values, the greater saphenous vein having the highest of all. The 1nternal jugular
vein bringing blood back from the brain, and the pulmonary artery, are not sigmficantly
different from peripheral arterial values.

Putting this all together on the figure is aruficial, because we never measured
these values alf at once on one patient, We do, however, develop a picture of unester-
thed fatty acids entering the circulation in the periphery, best exemplified in this
greater saphenous vein which, as you know, 1s a superficial vein bringang no blood
back from skeletal muscle, but onlyblood from adipase tissue and the skin, and leaving
the circulation 1n myocardium, in liver and, 1n all probability, 1n other tissues, though
myocardium and liver are really the only twofrom which we have obrained good repeat-
ed samples 1n human subjects,

Table 11 1s one of three whichwe can go through 1n fairly rapid succesaion, These
are actual UFA values as measured on one panent, duplicate determinations on the
artery and vein (in this case, the coronary sinus) and the A-V difference. Given the
figures for oxygen content on the same blood samples, we can make a rapid compari.
son, based on sumple stoichiometric principles, with the amount of oxygen that would
be required for the complete oxidation of the observed A~V difference of farty acid
(12, 13], Each of these oxygen contents 15 expressed per 100 ml. of blood flow.

(12] Gordon, R, S., Jr., and Cherkes, A., Unesterified Fatty Acid 1n Human Blood
Plasma. J. Chin. Invest. 35: 206, 1956,

{13} Gordon, R. S., dr., UFA 1n Human Blood Plasma. If, The Tra F
UFA. J. Clin, [nvear. 36: 810, 1957, raneport Function of
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TABLE 11

A-V UFA DIFFERENCES

(Coronary Sinus)
Pauent Arterial  Venous Difference Per Cent 9
S.M. .94 .76
.98 75 20 42

Repeat 30 minutes after glucose and insulin intravenously

.32 32
30 29 none
The oxygen actually extractedby the heart was about 2-1/2 times as great as the
amount which would be required for the complete oxidation of the fatty acid simultane-
ously extracted so that 42 per cent of the oxygen, we can assume, was being utlized
by this myocardial tissue for the oxidation of this fatty acid,

With the catheter remaiming in place, this subject was given glucose and insulin
wntravenously. The reason for the insulin was merely to decrease the time we would
have to wast before getting our second samples. After this treatment, when the subject
is oxidizing carbohydrates primarily, the A-V difference 1s gone. We have not calcu-
lated the oxygen extraction ratio for obvious reasons. Both arterial and venous URA
levels are lower than they were; but the important thing is that the extraction has

ceased.
Table 12 will show the same experiment done for the hepatic vein. Here we have
obtained samples from three patients, as it is easier to persuade the responsible

physicians to allow us to maintain a catheter in place for 30 minutes when it is 1n the
hepatic vein. Here we have differences, in each case abolished by the administration

of glucese and insulin mtravenously.

TABLE 12

ABOLITION OF A-V DIFFERENCES BY GLUCOSE AND INSULIN LV.

Patient Vein G& E Arterial  Venous Dufference
J.B. H.V. pre 68 .63 .05
post .10 30 00
W.H. H.V. pre .89 78 REY
post 25 25 00
AJd. H.V. pre 42 31 At

post .08 .08 .00
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TABLE 13

ABOLITION OF A-V DIFFERENCES BY GLUCOSE AND INSULIN Lv.

Panent Vein G& E Arterzal  Venous Dafference
G.E. S.v, pre 46 1,09 -63
post .16 .19 -.03
RS, S.V. pre .39 .82 -.43
post 22 .20 .02
1.5. s.v. pre 36 .50 -4
post 13 .12 01

Table 13 will show that the negative A~V difference 1n the saphenaus vein is Jike-
wise abolished; all these post-glucose A~V differences are insigmficantly different
from zero. Thus, the administration of carbohydrate has put an end to the transport of
fatty acid from the periphery to the viscera as unesterifted farty acid.

Another line of investigation which leads to more or less the same conclusion,
namely that unesterified fatty acid 1s transported and oxidized, 1s made possible by
the availability of radioactive tracers[14]. ln Figure 43 are presented some kinetic
data. We have taken palmitic acid labelled with carbon-14 1n the carboxyl group, dis-
solved this 1n human serum albumin as a sodium salt; so that we bave a labelled un-
esterified fatty acid which corresponds chemically, as far as we know, with that which
15 carculating 1n yive, At time 0, this is injected into the vein of a fasting subject, who
has been deprived of food at leastovermghtand, in many cases, almost 24 hours, Then
we do serial determinations of the specific activity of the unesterified fatty acid in
crculation and of the expired carbon dioxtde.

The unestenified facty acid disappears from the plasma, distributing itself in some
larger compartments with extraordinary rapidity, The haif-nime of this slope, which
in Figure 43 can hardly be differeanated from the vertical axis, is about two minutes
in most normal subjects. At the same ime, the label appears with equal rapidity in the
expired carbon dioxide. This means that the tracer substance has gone out of the plasma
into some compartment from which carbon dioxide 1s being derived. After abour an
hour, this distributton process 1s largely complete; and the plasma specific radio-
activity has dropped by a factor of veryclose to 100. From this point oaward, the plasma
unesterified fatty~acid slope and the expired carbon dioxide slope are almost parallel,
This slope, we feel, represents the metabolism of the fatty acids in the extravascular
functional pool 1nto which they distribute themselves within the first hour.

Rigure 44 shows our present rough conceptual scheme of che nature and size of
these functional compartments. First, there is a very small functional compartment

[14] Fredsickson, D. 8. and Gordon, R, $.,Jr., UFA in Human Blood Plasma. Iil. Dia-
¢tributton and Metabolism of CM labelled UFA 1n Normal Subjects. (In prep.)
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of circulating unesterified farty acids connected through a rather broad channel, which
is reversible, with an extravascular and almostcertainly intracellufar functional com-
partment of lipids. I do not specify this compartment as unesterified: The facry acuds
may have become esterified 1n the course of crossing this boundary; but, if so they
can become unesterified and return to the plasma. In the tntracellufar compartment,
oxidation 1s occurring with production, of course, first, of bicarbonate, and then of
expired COZ' This compartment 1s being maintained by an influx of unesterified faty

acid from peripheral adipose tissue which enters by way of the circulaung plasma.
Our data strongly suggest that no significant fraction of circulating UFA can re-enter
the depor fat from which 1t came. In terms of their gross aize, these compartments
contain roughly 0.5 gram of fatty acidin the plasma, and roughly 50 grams in the tissue
pool. Of course, the depot fat 1s measured 1n kilograms, depending upan the s1ze and
shape of the subject.

Table 14 will show some derived values calculated from the analysis of kinenic
curves such as I just showed you 1n two normal fasting aubjects. The half-ume for the
sccond P of the disappearance of plasma unesteritied fatty acid was 110 mina
utes 1n subject UW., 260 in M.B, The half-time for the corresponding carbon dioxide
disappearance was 139 and 175. These are not different enough o be of grear sign:f-
1cance, since this type of measurement is subject  considerable error. The pool into
which the plasma unestenified fatty acid was distributed (the big pool shown 1n Figure
44) contained 1in this subject 250 mulliequivalents of fatty acad - this would be about
50 g, - and, 10 the other subject, 232. The turnover, the number of milliequivalents
oxidized from the tissue pool per day, gives two figures which are somewhat discrep-
ant, but etifl not by any means an order of magnitude apart.

TABLE 14

CONVERSION OF C'* PALMITATE TO c*0, IN PASTING NORMAL HUMANS

LAV M.B,

UFA Tx/z (mun) 110 260
POOL (mEq.) 250 232
TURNOVER (mEq/d.) 2260 890
GO, T,,, (mn) 139 175
POOL (mEq.) 4350 6050
(" +16) 272 78

TURNOVER (mEq, C“’/d.) 1960 2160

The same estumation of trnover can be made by analyzing the €O, curves. In

subject V.W., we have very good agreement; these two figures should be idenncal 1f
out experimental technques were perfect, and our model absolutely applicable. With
M.B. there 18 somewhat larger disagreement. This sort of disagreement would be
expeeted to arise af this subject had been making some carbon dioxide from a source
other than our intracellular pool. In other words, if he were oxidizing some carbohy.
drate and making unlabelled carbon dioxide, we would get just this discrepancy.
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Fig. 45° Paper electrophoresis of normal ratserumequilibratedin vitro with labelled
sodium palmutate. Virtually all the radioactivity 1s associated with the albumin fraction
shown under the peak at the left of the statned paper strip.
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These results can be taken as evidence that the plasma unesterified fatty acud,
plus the pool of hipids with which 11 15 10 equilibriem, are the predominant precursors
for expired carbon dioxide in fasting subjects.Cnecan caleulate the calorie equvalence
of the oxidation of this much fatty acid: we come out with a figure which, 1n general,
has been in the range of 3000 to 4000 calories per day derived from the oxidanon of
unestenfied fatty acid. Shghtly over two calories are evolved per milliequivalent of
fatry acad of average molecular weight which 1s oxidized.

Whar does this have to do with nephrosis? So far, we have done one study of this
sort in a nephronc subject, He presented the typical climeal picture of the disease,
with a plasma atbumin of about 0.5 g per cent and creamy serum., He was a young fad
with no evidence of renal functional 1mpatrment. [ have not prepared a graph of those
data, because it would have looked very like the kineuc graph 1 showed you first. The
disappearance of unesterified fatty acid from the plasma into the extravascular com.
partment had a half-time of two minutes. The later, slower slope of the COZ and unes~

terified fatty acid was approximately 180 minutes, However, the ratio of the specific
activity of expired CO2 to the specific activity of plasma UFA at Tume 0 was greater

than normal, indicating less dilution of the tracer with endogenous UFA, and perhaps
a quantitanive impairment of endogenous UFA catabolism,

This brings up the last subject; namely, the physical chemistry of the :ntevaction
of unesterified fasty acids withalbumin. Figure 45 represents an experiment performed
1n a rat, but I think the situation 1s very much the same in humans. If we take normal
rat serum and add to 1t, 1n vitro, a small amount of sodium palmitate, again labelied

with C“. and allow the palmitate 160 to interact wath the serum albunun, then run a
paper elecrrophoresis, we separate gamma globulin, alpha globulin, beta globulin; and
albumun. The rat does not have two alpha globulin sub-fracuions fike the human, If we
scan for radicactivaty we Find mane habind cha e o e
paper. There 1s a trace o . A
represcats absorption of 2 ' o .
When we come to the alburmin band, we find virtually all the radioacuvity present 1n
this component. Since unesterified fasty acid normally travels through the plasma as a
passenger aboard albumun, we had reason to behieve that the up to tenfold decrease of
albumin concensranon which 1s found 1n nephrosis and some other disturbances might
play some role 1o disturbing hipid metabolism, The tracer experiments in the nephrouc
subject were carried out in the hope of finding supporting evidence for this 1dea.

A,

DeWitr Goodman has been studying the intcraction of unesterified fatty acids with
albumin 1n a purified, sumphfied system in vitra, The next swo tables will explain the
cxperimental methods and the conclusions which can be drawn from 1nvestigacions of
this type.

Two fatey acwd solunians, one with and one without albumsn, 1n equilibrium with the
same concentranan of fatty acid 1n heptane, arein equilibrium with cach other, This 15
a basic thermodynamic concept. In this experiment, onc can conclude thac the activity
or chemical potential, of fasty acidsin che solution without albumin equals the chemical
potential of fatry acids 1n the solution withalbumin, and, f the solution with alburmn 15
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1 meernal equilibrium, the chemical potential of fatty acid which 18 in the free state,

and that which is bound 1n albumin, must be the same.

TABLE 15

PRINCIPLES OF PARTITION ANALYSIS

Principle: Two fatty acid solunons, one with and one without albumin, in
equilibrium with the same concentration of fatty acid in heptane are in equi-
Itbrium with each other.

Conclusion: For two such solutions, the activity of the farty acid in the solu-
tion without albumin equals the free (unbound) Fatey acid activity in the solution
with albumin,

Here, then, 1s a techmque which can be applied like the dialysis-equilibrium tech~
nique to the study of the binding of small molecules to protein, In dialysis equilibria,
one examines two solutions separated by a dialysis membrane through which the small
molecule can pass and the albumin cannot. In the case of the higher fatty acids, no
such membrane has been found, butthe heptane solution serves as a bridge, as it werei
it takes the place of the dialysis membrane, and assures us that two solutions, one
with albumin and one without, are in thermodynamic equilibrium with each other as
regards the fatty acid component,

TABLE 16

TECHNIOUE OF PARTITION ANALYSIS

Method: Equlibrate the fatty acid between two phases, with and without the
presence of albumn,

Phases and conditions:

Upper Phase: n-heptane

Lower Phase: Phosphate Buffer
Ionic Strength 0.16
pH 7.5

Temperature 23°C.

H xpecimental method, The upper phase 1s pure normal hep-
rane:r ?}‘:elo‘;ei“ﬂ.“ms ‘hepiaie 15 phosphate buffer with pH and iomc Strengthshwhi(:h
are 'essenzially physiological. The temperature 1s 23°C and, to mnifxt:n;, we Abaveha
condition slightly different from the in vivo situanon. Itis poss,lic to .esc;x ; ' :
binding of fatry acids to human serum albummn in terms of equilibria in w| l:c ond

15 the free ified fatry acid and the othexj reactant 15 a site on the su(r-
;ac: of albumin. Each albumin molecule contains two sites of one type, five sites :h a
second type and, roughly, twenty sites of a third type. One of.tfhe ?ssumpf:}ous u;, ea\:
these sites are all different and independent; 1n other words, i Fa a:hty aci ;_:om mid
with one site there is no change 1o the affinity of another site for the next faty ac
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molecule. Table 17 presents a summary of results without going through the mathemat-
ical analysis, which 1s rather complex. The data are asspciation constants which fir a
mass law expression of the reaction of free, unesterified fatry acids wath sites on the
albumin molecule to yield a complex. The association constants for the first class of
sites are very high, compared with the binding of 10ns of other types to albumin, which

N 2
has been studted extenstvely 1n the past with association constants ranging from 10

4 ;
up to 10", The sites of the second class, which are more numerous, have considerably
less affinity for the fatty acids; and the third class of sites are essennally insigmificant
in terms of their binding capacity.

Al
TABLE 17
FATTY ACID . ALBUMIN INTERACTION

Assoctation Constants for three classes of binding sites

nl=2, n2=5; n3=20

! e} 5
3 2
Laurate l.(:xl(): 2.4x106 E»xlo3
Myristate 4.0x10, 1.4x10, 2x103
Palmucate 6.0x10 3.0x10, 1x10!
7 5 3
Stearate 8.0x10, 8.0x106 lxlo3
Linoleate 1.3x10 2.5x10 2.5x10

The curve in Figure 46 is a tutration curve. You may not recogmze it as su‘fh
immediately; but, if you equate this experiment withthe titration of a protein with acid
or base, the symbol ¥ 1s the number of molecules of fatty faczd bound per I:xlolecule of
albumin. It has the same sigmficance as the symbol B which is used 1n titration curves;
B 1s the number of moalecules of acid or base bound, Along the abscissa is plotted the
negative logarithm of the conceatraton of free or unbound fatty acid, dertved from t.he
concentratton tn heptane which 1s in equilibrium. It s equu{alent to pf'{ m‘(hfz atration
of protewns with acids. The result 1s a ficration curve which is not dissimilar to the
atration of a protein with acid or base.

At aV value of one (a ratio af one fatty acid molecule per albumin mulfcule 1n the
aqueous phase) the system 1s 1n equilibrium with a free fatty 2¢id solution between
1077 and 10"8 molar. This illustrates the reason why I do not lIike the term “free fatty
acid” when dealing with plasma UFA concentrations. Most of the circulating UFA 15
albumin-bound, Figure 47 shows very simtlar titration curves for stearate ax.nd palmi-
cate. These, with oleate, are certainly the fatry acids of most tmportance in normal

fat transport[15].

[15] Goodman, DeW. S., Interaction of Human Serum Albumin with Long-Chaia Farty
Acid Antons (1n prep.).
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The last shde tn this group is the one which Dr. Baxter showed earlier (Fig. 40).
Three nephrouc patients with very httle serum albumin are shown, Alburmn values
are expressed in terms of millinols per liter, which works out better for the estima-
tion of V7. In the particular nephrouc shown at the top, there 15 a molar ratio of
approximately 6:1during the period before treatment was given, In the second nephrouc,
1t 15 on the order of 3'1; and, 1n the third case, the molar rauo 19 close to the normal
value of 1:1. Returning to the titration curves, let us sec what 1s implicat 1n a molar
tatio of &1,

-5
The concentration of free, unbound fatty acid is on the order of 1677, whereas in

the norma! subject, 1t 1s onthe order of 1078 (Table 18). Here 15 one variable, the con-
centration of free, unbound fatty acid, which maybe 1000 times higher 1n the nephrouc
than 1n the normal. Please take this calculation with a gratn of salt. There are in the
human subject hpoprotewns, red cells, and all manner of other things which might
buffer this curve, but 1t stll may be possible that a change 1n fatty acid to albumin
ratio which dogs not look impressive (perhaps two-, three-, four-, or five-fold) may
produce muzh greater charges 1n adependentvariable whose physiological sigmficance
we do not yet know, but which may be considerable,

If, chen, we can correct the situation by admumstration of albumin, and thus change
the molar ratio of UFA toatbumin, we produce a change in the chemical potennal of the
unesterified fatty acid, which may, 10 tura, affect some synthetic mechamism. Clearing
of hperma could be a consequence. 1 think this speculation would be concordant with
Dr. Githn's hypotheses, The albumin does not participate merely 2s a reactant in
degrading the lipoproteins, but, by halding the unesterified fatty acids at low chermicat
potenual, may control mechanisms for the synthesis and degradanon of hpoprotetns
which may be closely related to the hyperliperma, Thank you.

TABLEL 18

LSTIMATED FRET UFA CONCENTRATIONS

NORMAL: (Alb) - ex m’:
(UH\)mml 2 0x10
§ B 8
(UFAY, . - 210
NLPHROTIC (Alb) < ex10”?
(UFA>toml = 1.2x10™}
. -6
WFAY, . = 4wio
ASSUME TIONS ks sl w2
kz = 5x ll)5 n2 =5

No astes for the bindirg of UFA excepr thete owo
clrueea on nlbumin need be considered.
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CHAIRMAN GITLIN: Thank you very much, Dr. Gordon.

I would like to ask one question. That 1s, have you demonstrated that the degrada-
tion of the nonesterified fatty acids is a first order reaction? Not that a gtven antount
will disappear per umt time but, rather, if there are two different concentrations of
unesterified fatty acids, one very high and one very low, would the fracuonal rate of
degradation be the same?

DR. GORDON: On the contrary we have demonstrated that 1t is not the same.
Low concentrations of circulating UFA occur in subjects fed carbohydrare; they con-
vert less UFA to CO2 per unit time,

CHAIRMAN GITLIN: 1 think this would bear very much upon what I have said,
because of the high concentration of fatty acid tn the nephrotic individuals.

DR. GORDON: We cannot apply our studies on normal subjects to nephrotics.
The total concentrationof unesterified fatty acid, which1s the only measurable variable,
tn a fasting subject will be on the order of .6 to 1.0 milhequivalents per liter when we
do one of these turnover studies. We have done a moderate number of these investiga-
tions in normal subjects who have beengivencarbohydrates in such a way as to reduce
the level to something on the order of .2 to .4, By preparing a scatter plot of the rate
of disappearance from the plasma, the first rapid slope in that disappearance curve,
against UFA concentration, we get the impression that there 1s a reciprocal relation
between the half tume and the fatty-acid concentration. It comes out 1n such a way that
the total turnover, the quaatity in grams of unesterified fatty acids leaving the plasma
compartment per minute, is close to constant. We are riot sure that it is exactly con-
stant. The limiting factor may be the capacity of endothelium or cellular membranes
to transmit this material, so that the process of leaving the plasma definitely is not
first order, After the UFA gets out into the larger cellular compartment, the rate of
oxidatton 1s very clearly a function of the extent to which the orgamsm is relying on
fat as 3 metabolic substrate. That rate 1s reduced almost to zero in rats by carbohy-
drate feeding, and is brought to a maximum by fasting.

CHAIRMAN GITLIN: In the same fastingindividual, canyoutncrease his unester-
ified fatty acid by injecting 2 solution of fatty acids?

DR. GORDON: No, that experiment cannot be performed safely. We cannot con-
cervably admintster faty acid at a rate which 1s even 1 per cent of the rate at which
the subject administers it to himself, sothatwe cannot ipul e UFA 3~
tton. The reason 1s that unesterified fatty acid unbound to albumin is intensely roxic
and hemolytic; and thar, at che point of any needle we must use, we would produce fatal
reactions withaut altering the average circulating concentration.

DR. BALLY: Are you not giving appreciable quantities of UFA’s when you infuse
albumin?
DR. GORDON: You do admimster some unesterified fatty acid along wath albumin:

but, sf you consider this in terms of how many millimols you actually give, it 15 equal
to about one or two munutes normal turnover, So, within 2 minute after giving the
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albumin, the unesterified fatry acids whichcame inwath it are gone; and, from there on,
for the rest of the 24-hour period, this exogenous farry acid could not, to my mund,
have any measurable effect.

DR. JOSEPH KATZ (Los Angeles, California):  You made the statement that all
CO, of these two fasting subjects was derived from fatty acids. It seems from your
table that there is considerable difference between the two subjects. I also wonder
what the contribution to COZ by glucose, amino acids, etc., would be.

DR, GORDON: By “all,” 1 mean plus or minus 25 per cent.

If you plotthose data - for example, C“O2 output after the admimstration of radio-
glucose or fructose, on the same scale that we have used for our CO, curves, they
would Jook very different. The rate atwhich the 1sotope appears in expired COZ 18 four-
or five-fold slower when you administer radioglucose than when you admimster unes-
tersfied fasty acid. But the rate of appearance of C“Oz 1s not the only significant

factor. The size of the pool 1s very important also, and I think the dara we have and
those of athers ot d after ad aton of radi carbohydrates to human
subjects are entirely compatible.

DR, KATZ: What type of curve would you getif, instead of free fatty acid, you
used the esterified labelled compound?

DR. GORDON: We have nat done experiments of this sort in humans. If you say
a lahelled esterified fatty acid, you have not described an experiment adequately unul
you can apecify exactly inwhat{orm this labelled ester 1s 1o be given. Dr, Fredrickson,
who 1s here, might want to comment very briefly on administration of chylomicrons
which contain a Jabelled esterifiedfatty acid, This experiment has been done repeatedly
i dogs, not 1n humans, because in thecase of chylomicrons, we cannot prepare a sub.
strate which we are enurely convinced 18 safe for admimstranon.

DR. RAPOPORT: From jour hypothesis, would you be willing to speculate on
how a panient with hyperhipenia and normal albumin maght fit in?

DR, GORDON: Qur experiments so far have not revealed any sigmificant abnor-
mality 1 these patients. The mole rato of unestenfied fatty acid to alburmin ts cssen-
nally normal ar differs only shghtly with { hyperhip ®0 that
this fine of reasontng does notyet lead us to an explanation f the basic metabohic defect
i essential hyperlipermia. But we cannot clear the lipenua 1n these cases by adminis-
tering albunun; whereas, as Dr. Baxter showed, the admumistration of albumin, cnough
to correct the defect 1n albumin i nephroucs, does scem to corrcer thetr defect 1n
fipid metabolism,

OR. RAPOPORT: Where does heparin fit in) Would you be wilfing 10 speculate
on that?
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DR. GORDON: 1 do not think beparin 1s intumately related to this lipemia. I am
afz:axd that another conference, which could easily occupy several days, would be re-
quired to do justice to that question. 1 think we had better fet it go for the moment,

DR, DONALD FREDRICKSON: (Nauonal Institutes of Health): We have com-

pared the metabolism of palmitic acid-1-G% tnjected intravenously as UFA bound to
alburnin and as triglyceride fatty acid contatned in chylomicrons., The resulss with UFA
are essentially the same as those we have obtained in humans. Labelled chylomicrons
have then been tnjected 1nro dogs tn comparable nutrinional states. The triglyceride 18
rapidly removed from the plasma. We have obtatned additianal evidence that intravas-
cular hydrolysis ts not essential for this “cleartng”. During this process the UFA 1n
the pl b rad ve rapidly. The maximum specific activity ts reached
after about two-thirds of the chylomicron triglycerides have lefr the blood. The UFA
radioacuvity then rapidly decreases. Meanwhile the radioactive carboxyl carbon is
appearing in the expired COZ' When the specific activities of the plasma UFA and

N B 14
expired CC'2 obtained after the tajection of € -palmitate as UFA and as chylomicron
triglyceride fatty acid are compared, two relationships stand out. One is the stmilar
i4
rate of excretion aund specific activity of the G 0O, after either substrate 1s injected.

The other 15 the much lower specific activity 1n blood UFA after chylomcron injection.
The conclusion appears justfiable that retransport of the chylomicron triglyceride
fatty acids as UFA in the plasma 1s not essential o their oxidation. Thus teiglyceride
may go directly into those ntracellular “areas” with which the plasma UFA 1s also in
equilibrium, In the fasting animal, a large part of the chylomicron triglyceride fatry
acids are not stored, but are rapidly oxidized.

CHAIRMAN GITLIN: Are there any other questions?
If not, Dr. Bally will speak on the influence of the pituitary on hyperfipemia of
nephrosis 1n rats. Dr. Ballyl

F. Influence of the Pstwitary and the Adrenal on Hyperlipemia of Nephrotic Rats

DR, PETER BALLY (Peter Bent Brigham Hospital, Boston)* 1 am afraid that
what I will present 1s a rather nave antichmax to Dr. Gordon’s beauriful paper.

1 am going to discuss briefly three studies which were done respectively in Dr.
E. Kendall Emerson’s Laboratary at the Peter Beny Brigham Hospital, in Dr. John
Mernll's Laboratory also at the Peter Bent Brigham Hospital and the third stady
together with Dr. Shosaku Numa 1nDr. Oncley’s department at Harvard Medical School.

The firse study® ts an attempr to evaluate the synthesis of phospholipids in the so-
called “liver_plasma pool” in rats with nephrotoxic serum (NTS) wnduced nephrotic
syndrome (NS). All rats developed severe proteinuria within a few hours after NTS
njection.

Table 19 shows the in_vitro incorporation of wnorganic phosphare P32 into the
phospholipid phosphorus of liver shces obtained from nephrotic rars on the third and
*This study was made possible througha U.S. Public Health Service Graat (No. A-137)

and a graat from the American-Swiss Foundation,
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fifth day after NTS injection and from control animals injected with complement-free
wormal rabbic serum. The hver slices were incubated in a Krebs-Ringer bicarbonate
buffer ar pH 7.4 and 37°C. for 3 hours. The incorporanon of PA2 has been expreased
as relanve specific acuvity (SA), i.c., phospholipid phosphorus SA as related to mor.
game phosphorus SA.

TABLE 19
INCORPORATION OF PHOSPHATE P°? INTO LIVER
PHCSPHOL IPID-PHOSPHORUS IN VITRO

(Expressed as relanve specific actvity: Phosphohipid-Phosphorus Specsfic Activaty
Divided by Inorganic Phasphorus Specific Activity)

No. of Days after Relaave

ammals iy, of NTS specafic activaty
Nephrotic 8 3rd 0.0236 & 0072
Control 10 e 0.0120 ¥ Jo11
Nephrote 5 1 day 0.0213 1 .0072
Control 4 - 0.0250 % L0051

(No mgmficant difference for p = 0.1)

If inorganic phosphate phosphorusg 18 d ta be a auffi Iy 1 diate pre-
cursor of hiver phospholiprds to permat ¥ with regard to overall phospho-
hipid synthesis in the hver-plasma pool, these dara would indicate the absence of 2

13 change of phospholipid synth an the nephrouc hiver, which presumably,
at least under normal conditions, ts the sole source of plasma phospholipsds{16].

Sumilar studies tn vivo, tn which P32 Jabelled inorganic phosphate was injected
sntraperttoneally at various stages of the nephronc siate also bave failed to show a
highly sigmificant difference an the incorparation of P12 tnto liver phospholipid phos-
phorus 2% and 4 hours after tnjection of the labelled phosphate althaugh there secmed
to be a tendency for the nephronc rats sacrificed after 2% hours to tacorporate P32
nto plasma phospholipids at a somewhat lesser rate than their controls in the early
stage of the disease. This stansacaily sigmificant differcace (p less than LI} was not
apparent 1f the ammals were sacrificed 4 houra after injection of che labelled phos-
phate. However, 3t must be remembered that these animals cannor be considered 1n
a steady state with respect to thete hpud mecabalism while they are developing hyper-

hpema and hence do nor fulfill Zilversmit's criteria for an 1n vivo turnover determn-
anonf17}.

{16} Fishler, M. C., Entenman, C., Montgomery, M. C.aad Chatkoff, L. L., The forma-
tion of phospholipids by the hep d dog as measured by radioacuve P32,

L. The smire of formation of plasma phospholipids, J. Biol. Chem., 150: 47, 1943,

{37} Zslversmmt, D. B, Entenman, C. and Fishler, M.C., On the calculanion of wrnover
fime and turnover rate from experiments involving the use of labelling agents.
J. Gen, Phyatol, 26: 325, 1943,
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Similar experiments were carried out with regard to the incorporation of C14
from acetate-1-C24 into the digitonin precipitable fraction of hver lipids in vitro.
Rats were sacrificed at intervals after NTS administration, the livers were excised,
sliced and incubated under the conditions described before. Results obtained varied
within a wide range. However, no significant difference 1n the incorporation of acetate
carbon 1nto liver cholesterol was found between nephrotic rats and their controls at
an early stage of the disease (prior tofour days after NTS 1njection), whereas incorpo-
ratton seemed to be moderately depressed subsequently. These results were 1n agree-
ment with data reported by Drabkin[18], although they were not as clear-cut.*

TABLE 20
THE PHOSPHOLIPID CONTENT OF THE LIVER PLASMA POOL
mg:
Control: 187 ¥ 32

Nephrotic 245 1 44
(5 days)

Table 20 shows the mean phospholipid content of the liver-plasma pool tn nephrotic
and control ammals five days after injection of rabbit serum. By liver-plasma pool
one means the sum of the toral iver and plasma phospholipids. Its physiologic meaning
stems from the fact that the liver has been shown to be the sole source of phospho-
hipids 1n this pool, as mentioned before, and that, 1n untreated rats liver and plasma
phospholipids are in raptd equilibrium with eachother[16]. Plasma volume determina-
tions were notcarried outinthis study but comparison of hematocrit values 1n nephrotic
and control animals and data reported by Harris[19] and Craig[20] warrant the assump-
tion of a practically unchanged plasma volume in the nephrotic state. Hence plasma
phospholipid content has been calculated on the basis of a plasma volume estumated at
5 per cent of body weight (volume){21]. The phospholipid pool size 1s somewhat larger
tn nephrotic than 1n control rats, although by less than two standard deviations. The
total liver mass, both in terms of wet and dry weight, was increased 1n nephrotic
ammals. If one postulates a rapid equilibration of newly synthesized phospholipids
between lver and plasma of nephrotic ammals, then these values - for unchanged
means 1incorporation and for increased mean pool-size - would suggest a moderate
though not stausucally sigmificant increment 1n hiver phospholipid synthesis 1n the
nephrotic state.

{18] Drabkin, D. L., and Marsh, J. G., Proceedings of the 7th Annual Conference on
the Nephrotic Syndrome, N.Y., pp. 25-38, 1956,

[19] Harnis, A. W., and Gibson, J. G., 2nd, Chnical studies on the blood volume 1n
Bright's disease with and without edema, renal wmsufficiency and congestive heart
failure, and in hypertension. J. Clin. Invest. 18: 527, 1939.

[20] Craig, A. B. and Waterhouse, C., The volume of distribution of high molecular
weight dextran and 1ts relationship to plasma volume 1n the human, J. Lab. and
Chin. Med. 49: 165, 1957, .

[21] Bond, C. F., The nature of the anemuia of pregnancy in the rat. Endocrinology 43:
180, 1948,

* The cholesterol liver-plasma pool increase

account for the “decrease” in incorporation found here.

found in the nephrotic rat may well
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However, this interpretatian ta apen to criticism since the rapid hver-plasma
equilibrium characteristic of the normal animal 1s probably tmpaired in the nephrouc
state. Thus, tnvivo studies of phosphate phosphorus incorporation into hver and plasma
phospholiptd phosphorus 24 hours after NTS and 2% hours after P32 1njection reveal in
many 1narances an increase of the ranoof liver phospholipid specific acuvaty to plasma
phospholipid specafic acavity from t{sncontrol ammals)to 1.6 and even 2 (an nephrotic
ammals), This suggests impairment of etther release of newly synthesized phospho-
lipids 1o plasma or, more likely, an ncrement of the plasma.phosphohipid poot 1n
excess of the Itver phospholipid pool increment. Such an interpretanon
would be compauble with an impairment of the re-entry of phospholipids from the
plasma into liver cells and/or a decreased phospholipid catabolism,

It ts possible to eanmate the increment of phospholipid synthests necessary ro

bring about the observed mean increase in pool size, if the fracnonal catabolic rate

d hanged., The bofic rate of phospholipid, which in the steady state

equals 1t5 turnover rate, is presumed to be a first order reaction and has been esu-
mated to be about 5 per cent of the pool 1 the normal rat{22].

From the data referred to 1t can be estimated that under these conditions - that
18, if an 1ncrease insynthetic rate, andonly an tncrease i synthetic rate, were respon-
sible for the hyperliperua observed 1n nephrouc rats on the Sth day of their discase ~
theinerement of synthenc rate would have to be about 30 per cent 1n order to account
for the observed increase in pool size, The fact that the observed incorporation data
suggest no such increment indicates the presence of a deerease of catabolic rate, which
wauld then be responsible for at least part of the increase 1a phospholipid pool size.
However, an tncrease of the synthetic rate cannot be ruled out on the basis of these
data alone. Indeed, tf the amount catabolized per umir nme were to rematn constant
during the develop of the synd an increase of the synthetic rate of approx.
tmately 10 per cent would already suffice to account for the abserved changes. Incor-
poration data usually show standard deviations in that order of magnitude, Because of
the wide standard deviations of the mean pool size values one 1s not fully jusufied 1n
derwving the conclusion that che phospholspid breakdown rate must be imparred, since
this conclusion ta based on the meanvalues only, Nevertheless, the resules are entirely
compatible with such an tnterpretation which s further supported by the plasma/liver
phosphohpid specific activity ratios discussed before. Frnally the esumation of the
phospholtpid turnover in patients with the nephrotic syndrome from phosphate phospho-
rua 1nto plasma phospholipsds by Moser and Emerson{23] would likewise be 1n agree~
ment with this concept.

Since endogenously labelled phospholipids needed for the studyof breakdows rates
are diffaculr to obrain quantitatively in an unalrered condiuon and tn view of the obser-
vation of a relanvely greater plasma phosphohimd pool tn nephrotic amimals we turned

{22} Boltman, J. L., Block, E. V., andBerkson, J., Turnover rate of phosphahpid phos.
phorus by the hiver of the white rat.Proc.Soc. Exp. Biol. and Med, 67: 308, 1948,

[23) Moser, H. W., and Umerson, K. Jr., Csumanon of the phosphalipid phosphorus
turnover ume 1n man: Studics 1n normalindividuals, 1n panents with the nephrote
syndrome and 1n other types of hyperhipemua. J. Chn. Inv, 34: 1286, 1955,
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from the study of phospholipid synth o an i gaton of lipid mobit 1 the
nephrotic state,

This second study® seemed particularly indicated 1n view of a number of recent
reports in the literature. Seifter and Baederdisclosed the 1solanon of a “hipid mobiliz-
ing factor” from the plasma of ntact fasting animals which had been given corusone,
faclure to find this substance ia simularly treated but hypophysectonzed ammals and
presence of the factor 1n plasma of nephrotic rats[24, 25}, Furthermore Roseaman,
Friedman and Byers have suggested that the hyperlipemia observed tn the nephrotic
state 1s a direct consequence of the lowered plasma albumin concentration 1n this con-
diton[26, 27].

In the present study serum concentration of total protein and albumin have been
correlated with the degree of hyperlipemia 1n nephronc, nephronc-hypophysectomized
and nephronuc-~adrenalectomized rats,

Although the food 1ntake of the animals could be controlled within reasonable limsts
some of the differences 1n lipid levels whichwill be discussed may have to be ascribed
- at least partly - to small variations 1n the intake of the experimental groups. In
Figure 48 the phospholipid, cholesterol and total protein concentrations of control,
control-hypophysectormzed and control-adrenalectomized rats are compared with the
same parameters 1n nephrotic, nephre pophy dand nephr adrenalec-
tormzed rats, It can be seen that the concentration of the two ipids and of the total
protein did not differ widely within the non-nephrotc group whereas 1n the nephrofic
amimals cholesterol and phospholipid concentrations were greatly sncreased. In the
nephrotic-hypophysectonized ammals, however, the cholesterol and phospholipid levels
were considerably less abnormal than in the nephrotic group, and the cholesterol and
phospholipid levels remained almost within normal limits in the nephrotic-adrenalec-
tomized group, All three categories of animals exhibited low plasma protern concentra-
ticns and severe proteinuria, I will come to this point a hittle later. It should also be
mentioned that none of these differences could be attributed to variations in the degree
of b ation 1a the three nept groups.

The ssolation of a lipid mobilizing factor simlarto that described by Seifter from
nephrotic rats at the stage of maximal edema and hyperhipemia has been attempted.
Two normal rats were injected intravenously with the equivalent of 40 cc. of nephronc

[24] Sesfter, 3. and Baeder, D. H., Lipemiaclearing by hyaluronidase and wts iatubiuon
by cortisone, stress and nephrosts. Proc. Soc. Exp. Biol, Med. 86: 709, 1954,

[25] Sesfter, J. and Bacder, D. H., Cecurrence inplasma of an extractable fipid mobii-
1zer (LM). Proc. Soc. Exp. Biol. Med, 91: 42, 1956,

[26] Rosenman, R. H., Friedman, M., and Byers, S. O., The causal role of plasma
albumin deficiency 1n experimental nephrotic hyperliperia and hypercholestero-
lemsa. J. Clin, Invest. 35: 522, 1956,

{27) Rosenman, H. R., and Friedman, M., In vivo studies on the role of albumin 1n
endogenous and heparin acuvated hipenia clearing in nephrotic rats. J. Cha. In-
vest. 16: 700, 1957,

"This study was made posmble through a U. S, Public Health Grant No. H-444 ©€n

and a grant from the M, husetss Heart As at
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rat ascites (redissolved, lyophilized dialysate) and simularly with the equivalent of 40
cc. of human nephrotic serum, A hyperlipemic response in these test rats was oot
observed, The test rats presumably had narmal liver function.

Also, corusone gwen for two days prior to sacrifice (i1 mg/ 100 g/day, i.m.)
resulted 1n a partial restoration of the hyperlipemic response to the nephrotoxic serum
1n hypophy ized and adrenal d rats. {Fig. 49 dotted line.) These results
do not support the hypothests that the dialysable lipid mobthizing factor described by
Seifter and Baeder is responsible for the increased lipid mobihizanon observed in the
nephrotic state produced 1n these animals.

In Figure 49 serum protein levels have been correlated with serum phospholipid
concentranions in control and hypophysectomized rats with and without nephrosis (5
days after NTS injecuion). The centers of the polygons represent the mean values,
the corners the standard deviations, Similarly, in Figure 50 serum protein levels have
been correlated with serum cholesterol concentrations. [t1s evident that the reciprocal
correlation seen 1n the nephrotic ammals, when compared with the coatral ammals,
doee not hold 1n the nephrotic-hypophysectomized ammals, which show proportionally
less hyperliperia,

DR, HEYMANN: What ts the ordinate?

DR, BALLY: The ordinate represents phospholipids in mg, per cent and the
abscissa 1s total proteins 1n grams per cent.

The next Figures (51, 52) show the same correlation as 1n Figures 49 and 50, but
wn this instance the effect of adrenalectomy was under study, It 1s apparent that an the
nephrotic-adrenalectomized ammals (3 days after anjection of NTS), the hyperhipermic
response (with respect to both chalesterol and phospholipid concentranions) was greatly
reduced, even though the total protein concentration was lower than 1n the nephrotic
animals sacrificed at the same snterval after NTS 1njecuon,

Determination of rat albumin tn the lower concentranon range caussed considerable
difficulty because of the concomitant rise inthe alpha- 1 -globulin fracnon. The alpha-1-
globulin fraction carries a considerable amount of low density lipoproteins in sera
from nephrotc rats. The albumun data reported below have been obtained with zone
electrophoresis on Whatman No. 3 paper for higher albunun concentrations and on thun
paper (Schlercher and Schuell), aa wellas by the dye method of Rutstein and Ingemdo{28)
for low alburmin concentrations. Although the total protein to afbumn correlations are
not entrrely linear, 1t would appear that a reasonable approxtmatian of the albumin o
fipid relationship 1n the sera of these ammals 15 obrained by platung toral pratewn
concentration against lipd concentration,

Thus, when, as shown 1n Figure 53, hipid concentrations have been plosted againat
estmated albumin concentrations, essentially the same refanonship was demonatrated
as 1a the previous figures. Nephrouc hypophyscctomized rats show a somewhat lesn

(28] Rutstewn, D.D,, Ingenido, E.F.andReynolda, W. L., The determinarion of albunua
1n human blood plasma and aerum. J. Clin, Iy, 33 211, 3954,
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marked hyperliperma than would be expected from eherr serum albumin concentration
and strikingly lower than expected serum hipd concentrarions are evident in the nev
phrotic adrenalectormzed group.

These measurements demonstrate the absence of a rigarous or evea close corre.
lation between albumin concentration an the one hand and cholesterol and phospholipid
concentrations on the other hand 1a rats withour pitmitary or adrenal glands. Such a
correlation would be expected if adefective “clearing mechanism™ were solely respon.
s1ble for the accumulation of fow density materials. They imply at feast some contribu-
tion of lipid mobihzation from depots 1 brisging about the Final hyperhipemia. In this
connection § would like to mention pacenthetically that a prelimunary study performed
in collaboration with Dr, Albert Winegrad failed to show 1mpairment of hipogenesis in
nephrotic rats from glucose by adipose tissue incubated 1n vitro. It would appear that,
at least ta this respect, the accurufation of serum liptds 1n the nephrotic state beacs
a0 resemblance to the hyperhipema of diabenc ketosts and bears out our opinion thar
to date no clear-cut evidence for impaired carbohydrate metabalism 1n the nephrone
syndrome has been forthcoming.

This farfure toobserve acorrelationbetween albumin concentrations and nephrotic
hyperhipemia after endocrine maaipulation cast some doubtupon the postulated exclus-
we causal rel hip b ib a and hyperlipemia in the nephrotic
syadrome led to the third study® which § would hike to report. It was again concerned
with hipad-albumin relationships and was carried out 10 collaboration with Dr. Shosaku
Numa of the Department of Physical Chenustry, Harvard Medical School, and with Dr.
K. Qtt of the Deparement of Medicine, Tuebingen, Germany, (Director: Professor H.
Bennhald).

Professor Beanhold in 1954 had observed and described two panients, brother
{25 years) and sister (33 years), demonstrating 1otal absence of albumsn in thetr se-
rum¥29, 3o}

Dr, Ot has informed me that 150 other membera of the famuly who could be tested
had normal serum albumin concentracions. Ieis 1ateresung thac this woman, the patent
whose serum we fractionated, presented herself four years ago to a general pracunoner
1 Southetn Germany, because after a heavy day’s work in the ficlds, she noticed a
lizele ankle edema. Otherwise she felt well. The physician found a markedly accelerated
sedimentation vate and referred the pauent to Dr. Bennhold’s chnic where a serum
clectrophorests and 1mmunochemical studies revealed the toral absence of ajburmn.,
After a constderable number of studies had been carried out, she received an intra-
venous infusion of albumin in order ta study albumin degradation, which was found
greacly decreased. The patienc fele "better® after the infusion.

The studies reported today were done almast a year after this infusion. An 1m.
munochenucal determination which Dr. Githn and Dr. Gross were kind enough to

{29] Bennhold, H., Peters, H. und Roth, E., In: Verhandlungen der Deut, Ges. Innere
Med., Mumch, 1954,

[30) Ocr, H., Das Blurserum ber Analbuminemie, Z. gea. Exp, Med, 125. 340, 1937,

*Thin study was made posaible through a U. S. Pubhc Health Grant He444 {Crpanta
grant from the Massachusetts Heart Association,
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perform, showed an alburmin concentration between 35 and 40 mg, per cent. Both this
patient and her affected brother have a moderate hyperhperma. The patient’s total
protein was 4.6 gm, per cent, serum cholesterol was 304 mg, per cent and serum
phosphohpids were 427 mg. per cent, The serum was clear.

Alf fratuonation data reported here have been obrained with the method of Cncley
and Manmick{31] in s gradient densaty tube. The procedurc followed was essennally
the same as that described by Dr. Rodbell at this symposium. The oaly difference was
thas, snstead of spinming lipoproteans in different wbes, cach with a uniform given
density, one uses a single tube with & densiry gradient, 1.2, a wbe 1 which the density
varies with the distance from the bocsom.

The ltmues here have beenchosen soasto encompass the beta fipoprotein densities
(1.021 10 5,063 at the end of an experiment), This 15 a convenent means of obtaiming a
specerum of the beta ipoproteins 10 one - or rather two - centnifugasnions, The follow -
1ng illustrations show a comparison of the beta lipoprotein distribution over this grad-
1eat 1 terma of total protetn, cholesterol and phospholipid attons 1n a pool of
serum from nephrotic and nephrotic - hypophysectomized rats, inthe serum of a nephro-
ue parent and 1n the serumef Dr. Bennhold's anafbuminemsc patient. Figure 34 repre.
sents the fractionatondatanthe nephrone rar. Lach section on the ordinate represents
a small density range. The top section around the density of 1,021, the fifth section
around 1.035, the bottom section acound 1.063. On the abscissa the concentranions of
the different serum consuments detevrmned are giveninmg. per cent or g, per ceat.
Ie can be scen that 1n nephrouc rats a very Jarge share of the hyperhipenua is carried
in the low density range of the beta hipoproterns. (The term “beta” here refers to the
nomenclature of Oncley]32} and does not necessarily comncide with the nomenclarure
detived from electrophoresis at ptt 8.6.) The serum of nephrouc -hypophy sectomuzed
rats shows a pattern sumaiar o whatone mighe find 1n a serum from a patiens with very
muld nephrosis and with aaly moderately depressed albumincencentration: most of the
increase in cholesterol and phospholipid concentratonis found tn the high density hipo-
proteins (section 3.8). Figure 55 showa @ serum beta hipoprotean fracsionation from a
highly nephrotic patient. The serumalbuminconcentranonwas 100 mg.% as deternuned
smmunochemically. The beta low density fracnon 1s very bigh. The high density beta
fracuon s alsa elevated butcomparanvely less so. In comparison with this I aow would
fike to show you the data obrained on the “analbuminenuc® patient’s serum Tag. 50),
1 should point aut that the magmitude of the plotted concentrations can only be compared
percencage-wise, that 1s, with respect tothe other concentrations in the same fraction.
anon run, since different amounts of scrum bave been used for diffesent runa and these
figures have not been staadardized against cach other,

The serum was fractionated oaly iwodays after it had been withdrawn an Tuebtngen
aad was kept at a cemperature of zexo degreea at all nmes during the flighe (courtesy

{31 Oncley, 3. L. and Manmek, V.G., Sedimentanion Analy s1s of plasma proteins, p. 1.
Arm. Chem, Soc. 120th Meettng, N.Y,, 1954,

{32} Cacley, 3.1, Gurd, FL R, n‘: and Mchia, N, Preparation and propesties of serum
and plasma proreins, xxv Composition and propertses of human serum beta lipo.
protewns, J. Am, Chem, Mo 72 458, 1950,
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perform, showed an albumin concentration b 15 and 40 mg. per cent. Both this
patient and her affected brother have @ moderate hyperliperua. The patient’s tozal
protein was 4.6 gm. per cent, serum cholesterol was 304 mg. per cent and serum
phospholipids were 427 mg. per cent, The serum was clear.

All fraconation data reported here have been obtained with the method of Oncley
and Mannick[31] in a gradient density tube. The procedure followed was essenually
the same as that deseribed by Dr. Rodbell at this sympossum. The only difference was
that, instead of sptnning hipoproteins n different tubes, each with a uniform given
density, one uses a single tube with a density gradient, 1.¢. a tube tn which the density
varies with the distance from the bottom.

The limuts here have beenchosen soas to encompass the beta hipoprotein denstties
{1.021 10 1,063 at the end of an experiment). This 15 a convenient means of obtaining a
spectrum of the beta Jipoproteins 1n one - or rather two - centrifugations. The follow-
ing tflustrations show a comparison of the beta lipoprotein distribution over this grad-
1ent in terms of rotal protein, cholesternt and pho<pholipid concentrations tn a pool of

serum from nephronc and nephrone.] v iredrats, inthe serum of a nephro-
tic patient and 1n the setumed IV ‘nemic patient. Figure 54 repre-
sents the fractionationdar 10n on the ordinate represents
a small denstey rare- “ensity of 1,021, the fifth section
around 1,035, the o + abscissa the concentrations of
the different <er s ainmg. per cent or g. per cent,
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-~ and Mehin, N., Preparation and prapertes of serum
~omposition and properues of human serum beca hipo.
-, 72 458, 1950,
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perform, showed an albumin concentration between 35 and 40 mg. per cent, Both thus
patient and her affected brother have a moderate hyperlipemta. The patient’s coral
protern was 4.6 gm. per cent, serum cholesterol was 304 mg, per cent and serum
phospholipids were 427 mg. per cent. The serum was clear.

All fratonaton data reported here have been obrained with the method of Greley
and Mannick[31] 10 a gradienr density tube, The procedure followed was essenually
the same as that described by Dr, Rodbell at thus symposium. The anly difference was
that, 1ostead of spnning lipoprotesns in different tubes, each with a umiform given
denstty, one uses a single tube with a density gradieat, ne. & twbe 1a which the density
varies with the distance from the bottom.

The limuts here have beenchosensoasto encompass the beta lipoprotein densities
(1.02% to 1.063 at the end of an experument). This ts a ¢ means of ot g 2
spectrum of the bera lipoproteins i ane - or rather two - centrifugations, The folfow-
sng ilustrations show a comparison of the beta hipoprotesn distribuston over thes grad-
1ent 10 terms of tatal pratein, chol ol and phospholip:d attons ta a pool of
serum from nephrotic and nephrotic-hypophysectomszed rats, inthe serum of a nephro-
tic patient and 1n the serumof Dr, Bennhold's analburmpemie patient. Fagure 54 repre.
semts the fractionanondata in the nephrotic rat, Each section oa the ordinate represents
a small density range. The top section around the density of 1.021, the fafth section
around 1,035, the botrom section around 1,063, On the abscissa the concentrations of
the dsfferent serum consutuents determined are giveninmg. per cent or g. per cente
It can be seen that 1n nephrouc rats a very large share of the hyperfipemia 1s carried
n the low denstty range of the bets hpoproteins. (The term “beta” here refers to the
nomenclatare of Oncley{32} and does not necessarily cotacide with the nomenclature
detived from elecirophoresis ar pH 8.6.) The serum of nephrouc-hypophysectonuzed
rats shows a pattern symilar towhatone mught find 16 a serwn from a panent with very
muld nephrosis and with only moderately depressed albumin concentration, most of the

in chol ol and phospholipid wrationis foundin the high denstty hipo-
protems (section 3.6), Fagure 55 shows a serum beta lipoprotein fractionation from a
highly nephrotic patient. The serwmalbumin concentranoa was 100 mg.% as derermuined
immunochemscally. The beta low densiry fraction ts very high. The high denstry beta
fraceion 1s also elevated butcomparatively less sa. In comparison with this I now would
Iike to show you the data ob d on the * " patient’s serum (Fig. 56).
[ should poant out that the magnutude of the plosted concentrations can only be campared
percentage -wise, thas 1s, with respect to the other concentrations 1n the same fraction
ation run, since different amouats of serum have been used for different runs and these
figures have aot been standardized against each other,

The serum was fractionated only twodays after st had been withdrawn 1n Tuebingen
and was kept at a temperature of zero degrees at all umes during the flight (courtesy

{31 Oneley, J.L. and M k, V.G.,Sed Analysis of plasma protemns, p. 1.
Am. Chem. Soc. 126th Meeting, N.Y., 1954,

{32] Oncley, 3, L., Gurd, F. R, N. and Meln, N,, Preparatian and properues of sepum
and plasma proteins, xxv. Composition and properties of humanserum beta hipo-
protewms. 3. Am. Chem. Soc. 72. 458, 1950,
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Dr. Renold). EDTA had been added as a protective agent (0.05%). This patient does not
presemt a hyperlipemia nearly as severe as one might expect in a nephrotic pacent
with comparanvely severe hypoatbuminemua, The serumwas clear, as previously men-
tioned, The distribution in the density gradient tube fusther shows that - 1n contrast
with the nephrotic patient’s serum - very lirtle elevation sf any 1s found in the low den-
sity beta range. (A} serafractionated were obtained in the fasung state and chylomicra
were not previously removed, they are wncluded in the top fraction, They and the low
density beta hpoproteins are referred to as Jow density matersal,) There is constdes-
able elevauon 1 the ligh density beta fraction, Indeed, in terms of che total serum
Itprds, the amount of Lipid present 1a this fraction accounts for about 80 per ceat of the
tatal cholesterol and 50 to 60 per cent of the phospholipids,

Since one would expect the low densicy matersal to accumulate of duminished “clear-
ing actvity® were responsible for the hyperlipemia obsesved here, presumably due
to a3 low concentration of unesterified fatry acid acceptor, 1.e. albumin, these dara
again do ot support the hypothesis that tmpaved clearing activity per se and alone 18

T

responsible {or the el d hpad auons observed in hypoal states.,

CHAIRMAN GITLIN: Is there any discusston of this repors

DR. HEYMANN: [ wonder whether Dr, Bally takes or does not take issue wath
some results that we obtained n 1953[33] relative to the effect of hypophysectomy or
adrenalectomy on blood liptd concentrations.

PFigure 57 shows on the lefrhypophysectomized and on the right control rats injected
with the same dose of the same batch of ant-kidney serum. It can be seen that the

hypophysectomized group developed a milder disease. They hadfeer =~ * yria, less,
if any, edema aed ascites, andlese b ~om - . ar results
obtaiped in adrenalectomized rats . nephrotic
renal disease had persisted for | v wwianin A, or when 1t had been per-

formed 10 to 21 days priortothe injection of anti-kidney serum (Column B) proteinuria
and degree of anasarca were lessened in the operated animals.

The average values of bload lipids obtained in these experiments are listed in
Table 21, The degree of hyperhipemia was less marked 1a the hypophysectomized and
adrenalectomtized nephrotic ammals than 1n rats that had oot been operated but had

TABLE 22

EPFECT OF HYPOPHYSECTOMY OR ADRENALECTOMY
ON SERUM CHOLESTEROL

Serum Cholesterol Serum Total Lipids
mg.% mg S
Healthy Control Rars 90 400
Hypophysectomized Nephrotic Rars 254 755
Adrenalectarmzed Nephronce Rats 200 894

{33} Heymann, W., Hacke}, D. B., Gilkey, C. andSalehar, M., Relation of Puuitary and
Adrenal Glands to the Nephrone Syndrome in Rats. Lab, Invest., 2. 423, 1953,
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been 1njected with the same dose of the same nephrotoxie secum. Nevertheless, the
byperlipemia 1n these ammals certainly was stll present, representing a gute remark.
able degree of nephrotic hyperlip Considerng that thed was less
in other mantfestations as well as, for instance, protewnuria and edema foratation, a
specific influence of the removal of the pituitaries or of the adrenals on blood lipid
concentranons cannot be assumed. The values are in hine with the severity of the
resulting disease, 1 wonder, Dr. Bally, whether your studies have led you to different
canclusians?

DR. BALLY: No, Ithinklagree withDr,Heymannin that the response 1s lessened
but stll there; and that, of course, nutrinionalfactors and factors of metabolic require-
ments enter the picture; factors which are unfortunately excluded only with grear
difficulty,

1 purposely did not report any urinary protesnlosses, although all rats had severe
protenuria, since the overall catabolic and excretorylossesdo not necessarily corre~
late with the urinary losses alone. 1 siumply related the serum lipid concentration ta
the serum alburmn or toral protein concentration. I think 1t is in terms of the correla-
von that the data on nephronc.liypophysectomized and nephrotic-adrenalectomized
rats attain their significance. The nephrotic-hypophysectomized rat shows s lesser
deviation from the nephrotic animal than the nephrotic~adrenalectomized rat. The latter
develops severe edema - presumably inthe absence of aldesterone - even more so than
the control-nephrone rat, Proseinuria and depressionof serum protein and serum albu.
min concentrations were jJust as severe as tathe iatact nephrouc animals or even more
severe in the case of the nephrotic.adrenalectomized group. I know of no well-defined
fiprd mobilizing acnion of the corticosterotds by themselves.

We are now studying the effect of adrenal demedutlation on the hyperhpemia of
the nephrotic state. I am not, at the present ime, ready to interpret these data in
terms of a well-defined endocrine disturbance.

DR. HEYMANN: May 1 ask you whether the hyperlipemia which you obtained 1
these severely nephrotic adrenalectomized rats was very marked?

DR. BALLY: The hipid concentration was low.
DR. HEYMANN: Do you remember the sotal lipid values?

Dr. BALLY: 1 do not have any total hpid values available, The phospholipid
values were 1n the neighbarhood of 140 mg.%.

DR. HEYMANN: Phospholipid concentranons are usually aor as markedly in-
creased. They are usually less increased as are cholesteral and fatey acad values.

DR. BALLY: I thought the cholesterol concentration was also markedly lower
shan expected. 1 would think that 1f one were to do a t-test an the cholesterol values in
Figure 52 one would fiad a sigmificant difference at the p less than .1 level.

CHAIRMAN GITLIN: Dr. Gordon, would you like ta make a comment? Apparently,

there 1s one other analbununemic patentinthe world, and Dr. Gordon has concral over
that one,
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DR, GORDON: No, I do not control the analbuminermc subject. She is reallya
pattent of Dr. Frederick Bartter, but he has been kind enough to allow me to make
some observations on her, I have corresponded with Bennhold; and I chink these crite-
ria are fulfilled by all three patients. First, the primary defect seems to be the failure
to synthesize albumin. This can be shown by the fact that these people have very low
albumin 1n the steady stare, bur, if albumnis given, 1t 1s degraded very slowly. Rather
extensive medical work-up indicates no disturbance of hepatic, renal, or other meas-
urable functions in these subjects. Second, when their serum albumins are allowed to
fall to low levels, they develop a serum Iipid pattern which is similar to Class 3
nephrotics, in the terminology used by Dr. Baxter.

The elegant shde which Dr. Bally just showed has more data tHan we have ever
accumulated on our subject but when the serum albumin of our patient 1s allowed to
fall below 1 g. per cent. she develops a total serum cholesterol of somewhar over 400
mg. per cent, a total serum phospholipid shightly over 300, and 2 normal triglyceride,
a pattern which is entirely consistent with an elevation of the Sf 3-8 beta lipoprotein.
In every one of these three cases, the serum 1s always clear, and never assumes the
highly lactescent appearance one finds 1n nephrosts.

We have treated the patient ag NIH with large amounts of human albumin which,
fortunately, 1s easily available. Let me draw you a graph of the changes we observed
tn the serum Iipids, when albumun was given at the rate of 50 g. a day for 12 days,
The patient’s serum albumin had fallen to about 0.7 gm. per cent, and of course 1t
rapidly rose during the period of infusion. Subsequent disappearance was vesy slow.
Total serum cholesterol was about 400 mg.% before the 1nfusion of albumin, and dropped
to 130 mg.% afterward.

This patient has never beenstudied extensively ata tume when no albumin had been
given. Unfortunately for us and fortunately for her, albumin was given to her years
ago; and we have never been patient enough to wair long enough for her level to drop to
zero. In particular, she develops mild to moderate edema and an annoying Jassitude
when depleted of albumin, so that she 1s unwilling o go indefinitely without treatment.
In addition, we are concerned that the greatly elevated serum cholesterol might pre-
dispose her to the development of coronary artery disease.

The disappearance of the passively infused albumin proceeds with a half-time of
approxlmately 56 days, which 1s almost three nmes as long as the half-time for dis-

131
appearance of serum albumin as measured with I~ _labelled albumin in normal sub-
jects. Her deficiency clearly 1s not due to excessive degradation of albumin.

DR, HEYMANN: Her phospholipids were increased also?

DR. GORDON: Yes, 1f you plot phospholipids on the same scale as cholesterol
the serum starts at the same level and decreases somewhar less after the albumin
infusion. Finally, 1f you follow the ratio of chol ol to phospholipid, it tends ©
decrease, changing from a ratio characterisnic of the Sf 3-8 lipoprorein down to on¢
which is normal for human serum.
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DR. HEYMANN: Let me just state that this would be most unusual in a nephrotic
patient. We always find an increase of all hpid fractions. The farty acids are 1n fact
usually more markedly 1ncreased than cholesterol and phospholipid concentrauons.

DR. LANGE: Was this woman very edematous®
DR. GORDON: Very slightly.

DR. LANGE: This 1s just another tombstone on the grave of the theory of hypo-
albuminemia as the mostimportant cause of edema formation in the nephronc syndrome.

DR. GORDON: We have studied her unesterified fatty acids only to a limited
extent. We had not yet worked outa good analytical method when the albumin withdrawal
experiment was carried out, so the data are somewhat questtonable. Her serum unes-
terified fatty acids were approximately half of normal, so that the molar ratio of UFA
to albumin was elevated. All of these variables assumed normal values after albumin
administration,

DR. GITLIN: What was the plasma oncotic pressure in Bennhold’'s case?
DR. BALLY: It was low; I do not have 1t here.
CHAIRMAN GITLIN: Why don't we discuss that later?

DR. BALLY: May I ask one question? Have youevergiven an tnfusion of unester-
1fied fatty acid nany form, to see whether they behave normally in these analbuminemic
Ppatients?

DR. GORDON: We cannot give a large quantity of unesterified fatty acids. What
we can give 1s a tracer; but we have not done that experiment in this patient.

DR. BALLY: Do you have any 1dea of what the distribunon would be?
DR, GORDON: No.

CHAIRMAN GITLIN. Wart 2 moment, everyone; Dr, Seifter has some remarks
to make. So, Dr. Seifter!

DR. JOSEPH SEIFTER (Philadelphia, Pennsylvania): Thank you.

Several years ago, we had to d ate that the ad ation of
cortisone, or subjecting antmals to stress, or rendertng rats nephrotic, resulted 1n
the release of an inhibitor to the heparin clearing factor which could be demonstrated
in the plasma of these ammals. The fact that cortisone and that stress cause release

of such a factor has been confirmed by others. No one has done work with ant-kidney
serum,

The occurrence of such an inhibitor 1n human disease states also recently has
been reported by Levy,
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We demonstrated experimentally also that this inhibitor 1s probably released from
the pituitary, Protamine, which 1s considered to be a specafic antagonist to heparin,
produces hyperlipemia presumably by inactvating the clearing factor 1n vivo,

Therefore, we injected protamune 1nto 1ntact racs, and found that in the adrenalec-
tamlzed rats, protamine was no Ionger active.

A similar observation has recently been reported by Schatz and Page. Presumably,
the hyperlipemia produced by protamine 1s another stress or 1ntoxtcarion phenomenon,

Contrary to what Dr. Bally said, we have never reported that the lipid mobulizing
factor (LM) was inacuve in the hypophysectomized animals; 1n fact, we reporced just
the opposite.

DR, BALLY: I said cortisone was said not to elicit the hyperlipemic response
in the hypophysectomized rat. I was not talking about the lipid mobilizing factor, I am
sorry, It Just meant to straxghten that out,

DR, SEIFTER: Because of the difficulty in ehiciting the hyperlipermic effect, and
because of the induced endocrine disorders nouranimals, we had to consider the role
of the liver in the release of lipids or production of hyperlipemia.

We injected normal dogs with the lipid-mobilizing factor, and collecred blood from
supertor mesenteric veins and from the vena cava, by catheterizauon. This 1s pre-
hepatic blood. The injection of the mobilizing factor produced marked elevation of
Lpids in the prehepatic blood which consisted of the triglycerides or total fatty acid
exclusively, whereas the posthepatic blood coming from the iver was not hyperlipemic.

Qbviously the liver played a role in hipid clearing,

In animals which had been sensitized by the administration of a small amount of
an hepatic substance, the tnjection of the lipid-mobihzing factor produced a marked
elevation of triglycerides in mesenteric vewn blood; there was an appar‘ent hyperlipe-
mia 1n the posthepanc circulation. Under these circumstances the liver had added

cholesterol and phospholipid to the crrculation.

We then perfarmed simuilar studies 1n patients at operation. For example, ina

patient undergoing a sigmoid resection ples were taken at the beginning of the
operation and prehepatic and posthepatic blood were clear, Two hours after the opera-
P d 1 plasma ing ta the liver;

won was completed, there was a ¢r e ;
but, the blood leaving the liver was clear. By chemical analysis, this lactescence was

due to the increase of total fatty acids almost exclusively.

The hver, here agatn, has taken out the mobilized lipid and therefore decreased
its concentration 1n the posthepatic blood.

In another patient, undergotng the splenectomy, the blood comuing to the hver from
the mesenteric bed picked up a tremendous amount of neutral fat, which was disposed

of somehow by the hver.
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In a patent who had a cholecystectomy, at the end of the operation, the blood

coming to the liver had a normal cholesterol content, but a considerable elevation of

the total fatty acid. The blood leaving the liver had a higher concentration of choles-
terol, and perhaps, had lost some neutral fat.

We present these data to show that peripheral hyperlipemia 1s a rather complicated
phenomenon involving not only the pituitary but also an element of stress (particularly
1n the first 72 hours in nephrouic rats), all in addition to the role of the liver, and
probably other factors.

Thank you.

CHAIRMAN GITLIN: Thank you, Dr. Seifter.

The meeting will adjourn to reconvene after lunch,

(The meeting adjourned at one-twenty o’clock.)



M. ELECTROLYTE METABOLISM

The meeting reconvened at two-thirty o’clock, Dr. Metcoff presiding.

CHAIRMAN METCOFF: This afterncon’s session s of elecerolyte metabolism.
1 have reluctantly agreed to be chairman,

The first speaker will be Dr. Orloff who wall talk on hyponatrenua, Jackl

A, Hyponatremia

DR. JACK ORLOFF (Natonal Heart Insutute): I feel racher hesitantto talk about
this subject before this group, since lamreasonably certain that many of you have had
a great deal more climcal experience with the syndrome than we have had here,

What | plan to do 1s to summarize briefly some of our present 1deas concermng
the pathogenesis of hyponatremia, and 1llustrate one or more points with a few specific
examples taken from our wards.

As all of you know, sodium together with 1ts accompanying anions make up approx-
1mately 90 per cent of the osmotically acuve consutuents of the extracellular flud.
Therefore the finding of a low concentration of sodium in plasma 1s always indicauve,
with two important clinical exceptions, of a low-effective osmotic pressure of body
fhuds.

Consequently hyponatremia must be secondary to the relative retention of water
1n excess of solute (n the body. A low plasma sodtum 1s not aa wndicacsan of body stares
of sodium and 1n fact, dilution hyponatremia 1s commonly observed in edematous patients
1n whom the total amount of sodium 1n the body 1s undoubtedly increased.

The wwo exceptions to the generalization that hyponatremia is synonymous with
hypo-osmalality (a low effective osmotic pressure) are hyperglycemia and hyperli-

pemia.

In the first instance (hyperglycemia), the equilibrium effective osmotic pressure
may be normal or elevated; but the concentration of sodium 1n plasma 1s depressed by
virtue of a shift of water out of cells and expansion of the extracellular-fluid compare-
ment engendered by the addition of a relatvely non-penetrable, osmotically active

solute (glucose).

148
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Hyponatrerma 1n hyperliperuia s due to a reduction 1n the water coatent of a umt

of plasma, due 1o cisplacement of water by the large hipid molecules. Conseguently,

though one wall observe a low concentration of sodim 1n a mullihter of plasma, the

concentration of sadwm sn a millihter of plasma water 1s normal, as 1s the effecave
osmotic Pl’ESSuI‘C.

Since, exclusive of she rwo exceptions which [ have pust mennioned, hyponatrenua
55 always a consequence of water retennon, the commen denominator 1 all cases must
be an wablity 10 excrete ingested water with sufficient rapidity to mamtain a nosmal
osmotie pressure of body fluds.

The question we should like toask, then, 15, why doa't these panents excrete warer
aormally’ Why are they unable to respond 10 ingested water 1n a normal manner, thar
18, excrete the water, and return the plasma osmotic pressure to normal?

The regulanon of water balance 1n man 1s sufficiently complex to provide oppor-
tunittes for a large vartety of abrormaktties, any one of which may lead to aa umpair.
ment of water excretion and, resultant hypo-osmolality.

In order to define the numerous defects 1n regulation which theoreucally can pro-
duce hypo-osmolality, and to provide a basts for a classificanon of this disorder 1
would Irke to review brrefly the important intratubular events which transpire 1n the
process of urinary dilutton and concentration,

As you all know the regulation of water balance 1s dependent mawnly on an intact
hypothalamic -pisuirary eystem and the kidneys, Approximately 80.85 per cent of the
glomerular fultrate ss resbsorbed 1n the proximal segment essennally as an osmotic
solutton. Presumably sodium and chloride are acuvely reabsorbed from the unine and
water follows passively along the osmotic gradiemt established by electrolyte abstrac-
uon, The remaimng sosmonc 1S per cent of urine is delivered to she distal segment
where the processes we ate primarily concerned with, dilution and concentraton,occur.,

In the absence of anudiuretsc hormone (ADH), the followsng sequence of events 1s
thoughs o occur, Sodium and amon are acuvely reabsorbed from the tubule flud,
leaving water behind. This in essence 15 the mechanism of urmary dijunion, Warer
freed by solute removal has heen termed Ty (J(xoluxe-free water) by Santh,

2

In the ab of ADH, the brane wnthe didutiog segment has a peculiar prop-
eryy. [t remams refanvely impermesble o water, presumably <o~calicd “pores” ta
the membrane are closed. This provide- a barvier to the surward diffusion of freed.
water and a hypotonic solution is delivered 1o the tecmunal segment (collecting duet).
Here it 1s presvmed thar water withoue solute 15 removed,

The important point is that although water 1s remwoved 1n the collecting duce, the
volume removed 15 nsufficient to result sn the development of exther an ssoomc or a
hypertome solution and a dilute urine 1s excreted into the bladder.

In the presence of ADH, the sequence of events differs. Soduan chlaride and
water are removed in the proximal segment just as in the process of urtnary dilution
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and once again a small volume of residual isosmotic urine 1s delivered to the distal
segment, The tubule membrane in this area, however, s now freely permeable to
water due to the presence of ADH, and although electrolyte 1s abstracted, freeing
water in the process, the water may now diffuse out of the tubule until osmonc equi-
Librsum 1s achieved. A small volume of 1soamotte fluid is delivered to the collecnng
system where once again water without solute 157 d Iring in the devel
of a hypertonic urtne which may now be excreted.

In view of what 1 have just saud, 1t should be evident shat there are at least four
requrements for the rapid excretion of water and the elaboranon of & dilute urine,
The first of these 1s adequacy of filtration; dly, volume flow to the dilutng site
mutat be adequate (that 15, sufficient substrate (NaGl) must be dehvered to che diluting
segment), thirdly, the capacity of the reabsorpnve system for sodium and amon must
be normal, and finally, the membrane tn the distal segment must remain vireually
impermeable to water. This last 18 a function of an wtact hypothalmsc hypophyseal
system. | should hike to propose that most, 1f not all, cases of dilution hyponatrerma
may be considered as being due o 4 disturbance 1a one of mare of these four factors.

The farst disturbance I would like to consider is madequacy of filtration, This 1s
an obvy cause of hyp: lalty, It 25 certatnly the n the anurie panent
and 1s av least a contributory factor s patients with renal insufficsency wich hypona-~
tremia in whom the number of functioning sephrons is raduced. In this group, when
filtration rate 19 seriously depressed and insufficient urine 15 delivered 1o the distal
segment, even were it operating normally, the relauvely small volume of urine which
can be excreted may he msufficient to overcome dilution produced by the admintsira-
non of intravenous fluids, and 1 some hyp emta may develop on what
would otherwise be considered a normal flud intake, though admuttedly an added factar
tn these panents may well be persistent ADH secretion, Even in normal man st is
possible, though certainly a rare experience, to overwhelm the filtering capacity of
the kidney and produce water intoxicanon. On the other hand, and this 1s not an uncom-
mon expenence, tf loss of extraceliufar flusd through vomiting, diarrhea, excessive

gy et p glomerular filtratson, water admimstered in order w
replace volume losses may not be excreted rapidly enough to prevent hyponatremea,
Presumably ADH secrenion and resultant urine hypertomcury 18 a contributary factar
1n this instance.

Inorder to determine how itmportant the reductionin number of functioning nephrons
1 wsofar as hyponatremia 1s concerned, Dr, Walser and 1 studied a number of panents
with reaal disease. The response o combined water and osmouc duuresis (mannitof)
1s shawn an Figure 59, Urine flow s plotted as a function of solute excretion or osmolar
clearance, The diagonal hine represents the excrencn of an 1sotome urine whereas all
potnts above the line represent the excretion of & dilute urine. The diarance between
the diagonal lume and any pownt represents the clearance of free water, The shaded
area represents the normal response tocombined water and solute diuresis, In essence
we have used dustechmique 22 2 means of esumanng diduting abihity during suppression
of ADR gecretion, In order to pave patients with different filication rates, the data
have been expressed as urine flow and solute excrenion per 100 ml. of GFR, &t 15 pre-
sumed that this mdicates diluting capacity per nephron unit. It ta apparesnt that all
threy of these patients (nephrofita) were able to dilute normally desprre marked
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and once again a small volume of residualisosmotic urine ¥s delivered 1o the dissal
segment. The tubule membrane 1n tus area, however, 13 now freely permeable to
water due to the presence of ADH, and although electrolyte 1s abstracted, freeing
water in the process, the water may now diffuse out of the nsbule unul osmone equi-
Iibrium 4s achieved. A small volume of 1sosmotic flud ts dehivered to the collecning
systern where once again water without solute 1s removed resultng in the development
of a hypertomc usine which may now be excreted.

In view of what | have just said, it should be evident chat there are at least four
requirements for the rapid excretion of water and the elaboration of a dilute urine.
The first of these 1s adequacy of filtraton; secondly, volume flow to the diluning site
mast be adequate (that 19, sufficient substrate (NaCl) must be delivered to the diluning
segment), thirdly, the capacity of the reabsorpnve system for sodium and anon must
be normal, and finally, the membrane in the distal segment must rematn victually
unpermeable to water. This last is a funcuion of an antact hypothalmic hypophyseal
system. I should Itke to propose that most, if et all, cases of dilution hyponatremia
may be considered as berng due to 2 discurbance 11 one or more of these four factors.

The first disturbance I would like to consider 1s inadequacy of filtration, This 1s
an obvious cause of hypo.osmolality. It ts certainly the situation in the anurie patient
and s at least a contributory factor 1n patients with renal tasufficiency with hypona-
tremia in whom the number of functiomng nephrons 1s reduced. In this group, when
filtration rate is seriously depressed and insufficient urine is delivered to the distal
segment, even were it aperanng normaily, the refanvely small volume of urine which
can be excreted may be insufficient to overcome dilution produced by the adminrstra.
ton of tntravenous fluids, and in some instances hyponatreria may develop on what
would otherwise be considered a normal fluid wntake, though admittediy an added factor
an these patients may well be persistent ADH secretion. Even in normal man st 1s
possible, though certainly a rare experience, to overwhelm the filrering capacuty of
the kidney and produce water intoxication. Onthe other hand, and thia 15 not an uncom.
mon experience, if loss of extracellular flwd through g, drarrhea, excesmive

g eI, P glomerufar filtration, water admunmistered tn order @
replace volume losses may not be excreted rapidly enouph to prevent hyponatrermia.
Presumably ADH secretion and resultant urine hypertonicity 1s 2 contributory factor
n this tnstance.

Inorder to determine how 1mportant the reductionin number of funcriomng nephrons
19 insofar as hyponasremia 1s concerned, Dr. Walserand | studied a aumber of patents
with renal disease, The resp to bined water and druresis (3 1
1s shown 1n Figure 59, Urine flow ts plotied as a funcnon of solute excretion or cemalar
clearance. The diagonal hine represents the excretion of an 1soonie urine whereas all
points above the line represent the excrenon of a difute urine. The distance berween
the diagonal line and any point sepresents the clearance of frec water. The shaded
arca represents the normal response tocombined waser and solute diuresis, In essence
we have used this techaique as a means of estimating dsluting abiliey during suppression
of ADH secretion. In order to compare patsents wath different filtration rates, the data
have been expressed as urine flow and solute excreton per 100 ml, of GFR. It s pre-
sumed that this indicates diluting capacity per nephron unit. It 1s apparenc that all
three of these panents {nephroucs) were able to dilute normally despite marked
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and once agasn a small volume of residual rsosmonc urine 15 delivered to the distal
segment, The wbule membrane in dus ares, however, 1 now freely permeable o
water due to the presence of ADH, and although electrolyte 1s abstracted, freeing
water 1n the process, the water may now diffuse out of the tubule unul osmonc equi-
Iibrium 15 achieved, A small volume of 1sosmouc flud 1s delivered to the collecning
system where once again water withour solute 1s removed resulting 1a the development
of a hypertome urine which may now be excreted.

In view of what I have just saud, 1t should be evident that there are at least four
reqrements for the rapid excretion of water and the elaboration of a dilute vrine.
The Firse of these 1s adequacy of filtration; secondly, volume flow to the diluting sste
must be adequate (that 18, sufficient substrate (NaCl) must be delivered to the diluting
segmenz), thirdly, the capocisy of the reabsorpuve system for sodim and anson must
be normal, and finally, the membrane 1n the disral segment must remain virtually
impermeable to water, This last as a function of an antact hypothalmic hypophyseal
system. 1 should Iike to propose thar most, if not all, cases of dilunion hyponatremia
may be considered as beiwng due to a disturbance 1n one or more of these four factors.

The first disturbance 1 would ltke to consider 1s 1nadequacy of filtranon. This 1s
an obvious cause of hypo.osmolality, It 1s certanly the situation in the anuric panent
and 15 at Jeast a contributory factor in patients with renal wmsufficiency wish hypona-
tremma in whom the number of f g neph 1s reduced. In this group, when
filtration rate 1s seriously depressed and insufficient urine 15 delivered to the distal
segment, even were it operating normally, the relatively small volume of urine which
can be excreted may be wsufficient 1o overcome dilunon produced by the admintstra-
non of intravenous fluids, and 1 some (nstances hyponatremia may develop ou what
would otherwise be conuidered a normal fluid intake, though adoutiedly an added factor
wn these patients may well be persisteat ADH secrenon. Even wmnnormal mantis
possible, though certainly @ rere experience, to overwhelm the filtering capacity of
the kudaey and produce water intoxicarion, Onthe other hand, and this 15 not an uncom.
mon experience, if foss of extracellular flind through vomuning, diarrhea, excesaive

. €i¢., compromu glomerular filtration, water admamstered 1n order to
replace volume losses may not be excreted rapidly encugh to prevent hyponatremsa.
Presumably ADH secretion and resultant urine hypertoncrty 1s a contributory factor
in thua tnstance.

Inorder todetermine how important the reductionin aumber of functioaing nephrons
1s 1nsofar as hyponatremua is concerned, Dr, Walser and I studied a number of patents
with renal disease. The resp ta bined water and drurests (x )
15 shown 1n Figure 59, Urine flow 1s plotted as a funcrion of solute excretion er osmolar
clearance. The diagonal hine represents the excrenan of an ssotome urine whereas all
points above the hine represent the excrenon of a difute urwne. The distance between
the diagonal line and any posps represents the clearance of free water. The shaded
area represents the normal response tocombined water and solute diuresss. In essence
we have used this technique as ameans of estimating diuting abilisy during suppression
of ADH secretion, In order to compare pasients wath different filtration rates, the data
have been expressed as unine flow and solute excrenon per 100 mi. of GFR. ltas pre-
sumed thac this wdicates diluting capacaty per nephron umt, It ts spparent that al{
threr of these pauents (nephroucs) were able to dilute normally despire marked
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differences 1n GER. This ts also noted 1 Figure 60. In the first panent, despite an
jnuhin clearance of 13 ml/mn. CH o clearance pernephron umt was normal. It can be

2

calculated that even i this paueat, despite the marked reduceion in filtration rate
CH o such, thar 1n the absence of ADH 1t would be unhkely that hyponatremia could
2

develop on a normal flud wnake. In fact, it can be calculated that persistent dilution
would only accur were something ltke 4L 2 day of pure water admimstered, We are
forced to conclude that even when GFR 1s reduced, if residual ussue funcuons nor-
mally insofar as dilution 1s concerned, some additional factor 1s egsenual to provide
the basts for hyponatremia. By exclusionwe have concluded that a change in membrane

permeability due to persistent ADH secrenon was 1 for the development of
hyponatremia 1n these subjects, U don'c plan ta discuss this 1n any detail except to say
that others as 1 =¥ =~ = =1 s= Loss s badtecmoniii s n @ oo reme 2o - oppe
ton of ADH, B . . + fall

in plasma os s . f the
secretory process. Furthermore, in patients such as these, ADH secretion can be
witerfered with by a further acute reduction in osmotic pressure. Far want of a beteer
explanation, this has been ascribed to a resetting of the osmoreceptors or osmostats
tn the anterior hypothalamus. Figure 61, sumilarly plotted, demonstrates that ta fact
an acute warer load plus mannitol does interfere with ADH secresion in some hypo-
natremics, Two of the patients studied were aephroucs with perststent hyponatremia
and urine hypertomeity, In these the response was analogous to that observed 1n nor.
mals. In the next shde, Figure 62,1tcan be seen thar urine concensration fell following
a water load as would be predicted if the osmostat were set at a lower level,

Dilutron hyponatremia may also occur, as already indicated, as a result of 2 reduc-
uon 1n volume flow 1o the dilunng seg as a q of enh d proximal
reabsarption. Dr, Kennedy 1n our laboratory has studied a few panents of this nature.
These were edematous cardiacs 1nwhom the combinationof a fall 1n GFR, and enhanced
proximal reabsorpnion, perhaps characteristic of congestive heart fatlure, presumably
resulted 1n @ marked fall in the volume of 1sotomic urine entering the distal segment.
Under these circumstances, since substrate (NaCl anthis instance) 1s diminished, evea
were the transport system normal, 1t would not be possible to produce sufficient Na+
free water in the urine toprevent the development of hyponarremia, Added evideace for
this bypoth were the d findings of hyperkal and acid, As you
know, Na+ 1s reabsorbed in exchange for K+ and H+, so that one sught expect were
wsufficzent Na+ reabsorbed, neither K+ nor Ht couldbe excreted efficieatly and reten.
non of these cations would result in the observed hyperkalemia and acidosts.

Anything which would increase the delivery of NaCl to the distal segment should
correct these abnormahiues, Consequently Dr, Kennedy admimistered NaZSO4, and the

resultant osmotne diurests increased the excretion of Na+, K+, rtratable acidaty, NH}'
and water. Hyperkalemia, acidosis, and hyponatremia improved.
A shird disturbance which mayinterfere wathurinacy ditucion 15 a ceduced capacaty

w reabsorb sodum and thereby to free water in the distal segmeat, This may be &
sigrficant tactor 1n adrenalinsufficiency, aswellasin those cases of chronic nephrins
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associated with increased rates of salt excretion, In both, the sodum reabsorptive
capacity of the distal segment 1s decreased despite adequate flow to this area, and
consequently solute-free water may not be formed in large amounts. Both of these
clinical situations may be complicated by an associated fall in ECF volume and GER
as well as by increased secretion of ADH.

The final disturbance, “inappropriate” ADH secretion has been commented on
already. The only thing I should like to add 1s that 1n view of the fact that there are so
many non-osmotic factors which sttmulate ADH secretion, such as pain, anesthesia,
surgery, etc., that enhanced secretion of ADH may well be a ubiquitous factor 1n the
pathogenests of hyponatremia, Certatnly post-operative hyponatremia may well be due
to the combined effects of excess administration of intravenous fluids and persistent
ADH secretion, Recently Drs. Schwartz and Bartter demonstrated that so-called pul-
monary salt-wasting may well be due to the continuing secretion of ADH in the face of
a low plasma osmolality, However, the early suggestion that this syndrome is due to a
resetting of the osmostat as a result of 1nactivation or loss of cell cation, though not
necessarily, may be consistent with their arguments,

I would like to conclude by stating again that any of a number of factors may con-
tribute to the development of dilution hyponatremia. Furthermore, all hyponatremic
pattents do not have the same defects. This 1s borne out by the fact that there 1s an
obvious difference in the pathogenesis of the hyponatrem:ain the edematous nephrotics
studied by Dr. Walser and myself and Dr. Kennedy’s cardiacs. In both, Na+ reabsorp.
tion was sufficient to produce edema, and yet only 1n the latter group did 1t contribute
to the development of hyponatremia. Some of youwill note that I have not discussed the
so-called inactivation or loss of cell cation 1n any detail. This, too, may be a factor
1n some patients with hyponatremia although most of the available evidence does not
lend strong support to this view.

Thank you.
CHAIRMAN METCOFF: Are there any comments or questions?

DR. HOLLIDAY: Dr, Orloff, do you know 1f the people with pulmonary salt-wast-
g were able to tolerate a low salt intake, and reduce urine sodum output?

DR, ORLOFFE. The patients whom Drs. Schwartz and Bartter studied were not
able to tolerate a low-salt intake, as far as I can recall. They continued to excrete

sodium when placed on a low salt diet.

The patients with pulmonary disease whom we studied were able to decrease their
salt excretion after some tume but not to the level one would expect were they normal.
None developed signs of acute saltdepletion. Mostof the ones we studied had pulmonary
tuberculosts, the ones they studied had neoplastic disease.

CHAIRMAN METCOFF: What 1s the role of cellular breakdown with release of
water and solute 1nto the extracellular phase in the presence of acute renal tnsuffici-
ency? Does this contribute to hyponatremia and acidosis which may develop without
excess flud intake, as body weight 1s decreastng?
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DR, ORLOFFE; I am not at alf clearhow itcan contribute to hyponatremia, ualess
you are talking about resetting of the asmostat, or wactivanion of cell cation,

CHAIRMAN METCOFF: The observations suggest an increment of extracellular
water to which has been added cellular water which 1s low in sadium.

DR. ORLOFF: Yes, but under those circumstances, were the pituitary acting
normally, you wauld expect thac the wates would be excreted.

CHAIRMAN METCOFF: Unless one has acute renal insufficiency with marked
oliguria or anuria,

DR. ORLOFF: Yes.
DR. HOLLIDAY: What happens o the patient with cardiac failure, whom you

described? Wall aleohol, under these cir pr bly block antidiurenc
hormone secreton?

DR. ORLOFF: Dr, Kennedy did not admimster alcahol, asfaras [ know, although
others have ad ed 1t wath

DR. THOMAS KENNEDY (Nanonal instirutes of Health). Our thesis was thac
this syndrome was not induced by ADH but that 1t could be taterpreted on the basis of
a low sodwm chloride load to the distal segment,

DR. HOLLIDAY: Is st your feeling that the extraction of water tn the final seg-
ment, 1.e., collecting tubule, 1s influenced by anudiuretsc hormone?

DR. ORLOFF: Yes; I think 1t 1s, Drs. Berliner and Davidson have shown that the
removal of water in this segmeat does notrequire the presence of ADH; but it has also
been shown that the urine may be concentrated further when ADH 1s adminsstered. So
1 think 1t ss perfectly reasonable to assume that the membrane even in she colfecting
system is responswe to ADH, and that more water diffuses out when ADH 1s present
in both the dijuting segment and the collecting ducts.

DR, HCLLIDAY: As 10 the relative effect of regulating diffustonwich antdsuretic
hormone the patient with cardiac disease mighrdemonstrate that with alcoho! adminis-
tranon,

DR. ORLOFF: By what route?

DR, HOLLIDAY. [f some component of cardiac failure were responsible for anu-
duaretsc hormone secrenion, blocking 1t with alcohol would decrease water reabsarption
and dimimsh the tendency to hyponatremia,

DR. CRLOFF: Actually both earrhotes and cardiacs, as youknow, have responded
to alcohol with resultant water diresis. A Jack of response does not argue against the
thests of persistent ADH secretian or resetting of the osmostat, however. Parenther-
scally, 1 would hke to quote Dr. John Peters, who once said he thought the admimstra-
non of alcohol by vein was wasteful and an unesthetic way 1o admmster alcghol o
anyone. (Laughter)
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DR. HOLLIDAY: In m defense, I did not specify a route.

DR. SCHREINER: Where do you classify the salt-losing syndrome following
release of urmary tract obstrucuon?

DR. ORLOFF: 1 have never seen such a patient, although I have read a number
of reports concerming them. Actually, I have found 1t difficult to ferret out the basis
for the polyuria and salt loss.

The patients reported had mnvariably recerved an enormous amount of fluds prior

to their admission to the hospital so that one might expect polyuria or the delivery of
the excess fluid on the relief of obstruction,

DR, BARNETT: Do I understand you to say you have observed increased rates
of urine flow after administering alcohol to pattents with nephrosis?

DR. ORLOFF: I do not think we ever admimstered alcohol to a nephrotic. We
have noted diuresis following water ingestion, however, which 1s a simpler procedure
and may be interpreted 1n the same manner, that is, interference with ADH secretion.

DR. BARNETT: We have given alcohol by mouth toafew children with nephrosis
and observed no increase in rate of urine flow.

DR. MARVIN LEVITT (Mt. Sinai Hospital, New York City): Were these patients
dehydrated or 1n water diuresis?

DR, BARNETT: They were edematous.
DR. LEVITT: Were they making maximally concentrated urine?

DR. BARNETT: They were making highly concentrated urines; yes. They were
excreting very low urine volumes of lugh specific gravity, They were not water-loaded.
The reason 1 hesitate 1s thatitis hard for me to think in terms of a dehydrated edema-
tous nephrotic. These were nesther loaded nor thirsting.

DR. CHARLES FOX, JR. (Flower-Fifth Avenue Hospital, New York City): In che
patients described 1n the shdes, Jack, can you tell us something about the composition
of thesr urine? You discussed sodium and water, but your figures refer to osmolahlity,
which means a lot of other substances. 1 do not know whether we can infer what is
happentng to sodum. Did these patients recetve manmitol? What fraction of the urine

solute was sodium?

DR. CRLOFF: A very small fraction of the excreted solute was sodium n the
edematous patents.

DR. FOX: How can wed lar relationships here withrespect to sodium
when we do aot kaow what 1s happening to sodium in the urine?

DR, ORLOFF: What I have been talking about 18 the excretion of water in excess
of sodwum. Thus 1s the only important thingwith respect to correction of hyponatremia,
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DR. FOX: Was there a change 1n the arine sodwum fevel during this bme?

DR. ORLOEF: There 16 a shght increase msodwin excretion, even in an edema-
fous pauent, when you give manmiol, but not an appreciable mcrease. However, the
excretion of free water tnereases markedly and since this 15 essentially sodum-free,
the concentranon of Na+ in plasma rises. Even i the absence of ADH, the membrane
wn the diluting segment, we beheve, 15 parually permeable to water, so thas, 1f any
solute remains wishin the wbule, 11 will restrain the ourward diffusion of water and
free water excretion will sncrease,

DR. FOX: [ find it difficult o see that we are understanding mare abour the
excretion of sodum,

DR. ORLOFF: 1 am not telking abour the excretion of sodium, If we excrete
water without sodium, we are gosng to increase the concentranon of sodium in the
plasma; and that 1s what one tries 1o do 11 the correction of hyponatrema.

DR, FOX: Actually, do you get out more water than sodiuav

DR. ORLOFF. Certamnly,

DR. BOX: You said the ¢ ation hardly changed

DR. ORLOEF: No. I said the rate of excretionincreased just shghtly, The excre.
tion of sodiwm.free water increased markedly, So you get out relatvely more water
than sodium in these p when you ad an osmotc diwretic, Otherwise,
you coutd not change the plasma Na+ concentration.

DR. HOLLIDAY: Do you have any explanation for the gradually rising free~water
clearance when you use manmitol as the dwwrenc, none of which 1s presumably reab-
sorbed?

DR. QRLOFE  This 1s esnentially what I was tellingDr, Fox. Our 1dea ts thas the
membrane 1s parually permeable to water even when ADH 15 absent and that there 15
Jess outward diffusion of freed water when osmosncally acrive solute 13 1o the urine;
that s, the salute stself restrains the outward diffusion of water.

DR, HOLLIDAY: Also, you may have more sodm reabsorbed tn your second
segment.

DR. ORLOFE:  That may also be a factor.
DR. WILLOUGHBY LATHEM. The situation in the Addisoman pattent, § asseme,
you would interpret, then, as being a lack of abihity 1o reabsorb the sodium in that

second phase; and that 1s the reason he cannot excrete the water load.

DR, ORLOFE: DPartly. The capaciry of the distal segment s undoubcedly de-
ereased. Some 1nvestigators also thiak increased ADH secretion 1s a factas.
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DR, BRADFORD: Do you think 1t 1s somewhat analogous, then, to the low sodium
syndrome described here?

DR. ORLOFF: Yes; I think a low sodium 1n an Addisonian means the same thing
as 1n anyone else. It means thatwater has been retained 1n excess of sodium. The first
thing which may happen in the sequence of events in an Addisoman is excretion of
extracellular fluid, This does not change the concentration of sodium in the plasma.
Then other factors come into play, a fall 1n filtration rate, perhaps increased ADH
excretion, etc. So they are unable to excrete ingested water; and they become diluted.

DR. BRADFORD: Possibly there 1s a common basis 1n both types of patients
related to adrenal hormones. I hate to bring the word up.

DR. ORLOFF: 1 don't think so. There 1s one thing which 1s certain, The Addi-
somian is not secreting salt-retaining adrenal hormone, whereas the cardiac presum.
ably 1s, and at an increased rate. So I think, 1n that sense, they are enurely different.

DR. LATHEM: Why do the hyponatremics continue to drink water?

DR. ORLOFF: I do not know what the answer 1s. There 1s one possibility; (and,
I think, a reasonable one) and thatis that drinking 1s a habit. Therefore despite dilution
of body fluids the hyponatremic continues to drink 1n response to habut, If one restricts
water, they obviously will not get hyponatrema,

DR. FOX: Do you know that?

DR. ORLOFF: Yes. If you restrict water long enough, they are certainly not
going to remain hyponatremic. If one restricts water intake, 1t 1s dtfficult to cure
hyponatremia, but 1t can be done. I unfortunately did not bring a shide showing that
this is essentially what we did do 1n four of these patients. Obviously, insensible loss
of water will be sufficient to reconcentrate the sodium.

DR. FOX: Are they comfortable under those circumstances?

DR. ORLOFF: No.

DR, FOX: [ think you must distinguish between an excessive intake of water and
excessive dehydrauon, on the other hand. Nevertheless, one st1ll has hyponatremia as
an important fact. The hyponatremia of the nephrotic syndrome 1s not simply from

drinking too much water.

DR. ORLOFE: What else 15 1t due to?

DR. FOX: I do not know; but I do not think the answer is unequivocably that.

DR. ORLOFF: I think there 1s no possible way of lowering the sodium, the osmonc
pressure, unless more water 1s retained relative to solute in the body.

DR. FOX: There 1s another possibility which you dismissed; that 1s the removal
of sodium into the cell.
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DR. ORLOFE: How will thas produce hyponatremial

DR, FOX:  Then the Jevel of extracellular sodmm wilf be reduced.

DR, ORLOFF: But water wiil move into the cells, since the osmotic pressure
of the cells must rise if electrolypte enters, If sodium moves into cells w exchange
for potassium on the other hand, the osmouc pressure will not change, nor will there
be an appreciable change in plasma Na.

DR, FOX: Isn't that hypothencal?

DR. CRLOFF: Idon't think so,

DR, DAVID 5. BALDWIN (New York, New York): I would like to ask a quesnon
about dividing free water clearance by filtrauion rate in these patients. It 1s rrue thag
free water clearance per 300 cc. glomerular filtrate may be normal in that sense;
but woulda’t those individuals with reduced filtration rateshave a dimimshed total free
water clearance?

DR. ORLOFE: Ch yes, I agree enurely. But, inthe pattents with the 13 cc. clear.
ance, the free-water clearance under these circumstances actually was something Iike

2.3 cc. a manure, so that the daily free-water excretion approxumared 3 L,

DR. LATHEM: But suppose you plotted, Jack, free~warcr clearance per free-
waser wntake. Wouldn’t 1t be very much reduced?

DR, ORLOFF: Oh, certasnly.

DR, LATHEM We got the umpression 1z could not account for the hyponatremia.

DR. ORLOFF: The reduced excrenen alone, if associated with suppression of
ADH secretion could not account for the development of hyponatremia unfess 3.4 L. of
water/day were admimstered. Thie does not mean that a reduction 1 filtration rate 1s

not an important contributory factor.

CHAIRMAN METCOFF: 1 think we could go on picking on Jack Orloff all the
rest of the afterncon; but we most proceed with the program.

The next paper will be by Dr, Davis, Jim!

B, Aldosterone and Sodium Retention 1n Dogs wish Experimental Ascites

DR. JAMES O. DAVIS (Nauonal Heart lnsutute). The data 1 will present ths
afternoon are concerned with the mechantsm of sodium retension in dogs with exper-
imental ascites,

In regard to electrolyre merabohism, these amumals with ascites are very sumlar,
in many respects, to pauents with clintcal edema, thatas, to pattemts with cardiac
farlure, carrhosis of the hiver, or ta patents with a nephrotc syndrome, They do noz,
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of course, have a primary renal lesion. It has been our purpose to evaluate some of
the possible mechamsms leading to sodwm retention 1n these ammals and, w partic~
ular, to study the relation of the adrenal cortex to the decreased renal excretion of
water and electrolytes.

Before presenting these data, however, Iwould hike to acknowledge that this sertes
of studies represents the cooperative cfforts of a number of physicians whose names
have appeared on our defiaitive publications and who have contributed o the develop-
ment of cancepts and 1n carrying out these studies,

We have studied the relanon of aldosterone to salt and water.metabolism m 2
number of chronic animal preparations withascttes, butwe have found two preparations
most efficacious foc these studtes, These preparanonsare 1) dogs wuth thoracic wfertor
vena cava constriction and ascites and 2) dogs with right heart faslure produced by
controlled progressive pulmonic stenosis. Most of thedatal plan to present thus after-
noon were obtatned from study of the firstpreparation, the dog with vena cava constric~
tioa, I will now describe this preparation very briefly.

A beavy =ik hgature is used to constrict the thoracie infertor vena cava. The
constriction results wn elevated venous pressure below the higature and ascutes forms.
These 1 lare large g of ascite fhud and hive for many months.
Cardiovascular function and electrolyte excretion are sufficiensly stable for chromce
observations to be made before and afrer a gtven intervention. The animals tolerase
ather experimental surgical procedures very well such as bilateral adrenalectomy

and total hypophysectomy.

DR. FOX. How big s the remaining opemng in the vena caval

DR. DAVIS: The diameter of the thoracic mferior vena cava is reduced to one-
third to one-half of the origunal diameter 10 most dogs. Consequently, the cross-sec~
uonal area 1s reduced more.

Next, I would Like to describe the patternof electrolyte excretion n sodtum reten-
uon. Figure 63 shows sodium and potassium excrenionan a typrcal dog with thoracse
caval constrictron and ascutes. On an ntake of 60 mEq. per day, sodium retennan was
virtvally complete, the ammal was excreting only 1-2 mEq, per day of sodium n the
orine and only 1-2 an the feces. In contrast, fecal potassium output was markedly
increased, to a level of 12-15 mEq. a day, compared with a normal excrecian of 1-2
mEq./day. Urinary potassium output was reduced,

Very early 1n this series of studies, we evaluated the importance of a Jow cardiac
outpur and a low glomerular filtration rate in the retention of sedium, but found ao
evidence to suggest that esther of these factors 1s of primary imporsance.

The first wadication thar the adrenal cortex i1s rmporeant came from studies of
fecal eleccrolyte excrenon. The low sodium and high potassium excrenon 1n the feces
(Fig. 63) 15 the pattern which has been reported by others for sweat and saliva ta the
presence af large of 2 sodwum g hormone such as DOCA, This sug-

gested that there ought be tncreased amounts of sodium-~resaining hormones in dogs
with ascites.
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Consequently, these data led us 1o study the effect of adrenaleccomy upon electro-

Iyte excretion in dogs with ascites secondary to caval constricuon, if an excess of

sodiumaretaimng hormone 15 present in these antmals, and you rake aur the adrenal

cortex and take them off hormone therapy, you should ges a sodium diuresis. Data to

Hlustrate the sodium divresis are presented 1 Figure 64, In a dog with caval constric-

tion, the righe and left adrenals wese removed and therapy was discontinued. A seriking

increase o sodium excretion vceurred and sodwm balance became neganve. After all
ascites disappeared, signs of acute adrenal wsutficrency supervened.

We reasoned, then, that 1n an adrenalecromtzed amumalwith caval constriction one
should be able to reproduce the pattern of electrolyte excretion shown in Figure 63 tn
every desasl by admmstranion of sufficient DOCA. The results from such 2 study are
presented 1 Figure 65, In the center sectionis presented the effears of administration
of doses from 0.5 ta 23 mg./day to an adrenalectomized dog with thoracic caval con-
stricuion and ascutes, For comparative purposes, on the left 1s showa the effect of 0.5
mg./day of DOCA 10 2 sumple adrenalectosmzed dog, and on the right 1s shown electro-
yre excression w 2 dog with thoracic caval) constriction, asciees aod tract adrenals.
To return to the ceater section, the adrenalectomized dog with caval constriction on
0.5 mg./day of DOCA 1s 1a sodwum balance. This animal had about two luers of ascites
at this tme and ascwtie fluid was neither being formed nor lost. This suuation of
sodinm balance ts the same as observed in normal dogs and, of course, the same as
that found for the simple adrenal ized dog on adeq DOCA. When the dose of
DOCA was progressively wacreased, a drop in both urinary and fecal sodium excreuon
occurred unul, with & large dose of DOCA of 10.25 mg./day, sodiem excretion 1a both
urine and feces was the same asna dog with caval constriction and intace adrenals.

Looking next at potassium output, youwilinonce there was a progressive increase
s fecal potassium, a progressive drop in ursnary potassivm until, weth large doses of
DACA, we observed the same pattern as 1n the dog wish tneace adrenals and ascites
shown on the right. We werce able, therefore, to replace the pattern of electralyte excre~
uan shown on the right rather completely when we gave large amounts of DOCA to the
adrenatectomized dug with caval constrcnion.

We have carnied out sumilar studies on nine adrenalectoruzed dogs with heart
fatlure, and found, agmn, that the degree of sodiumt reteation was related directly w
the amount of sodium-retaimng hormone (1n this case, DOCA) greea.

This ndirect evidence from studies of adrenalectonuzed dogs led us 1o swdy
1
ald one, the sod etawing hormone of the adrenal cartex. Our first abserva.
tions were made on urinary aldosterone output. Urtoe was extracted with methylenc
chloride and the excracts were wayecred (o bilateratly adrenslectonuzed dogs main~

tamed on a hsgh-sodium dier, and assayed according to the method developed by Dr,
Grant Liddle{1].

[1] Liddle, G. W., Carnfield, J., Casper, A. G.T. and Baruter, £, C. The physiolog.
wal basis for a method of assaying aldostecone 1n extracts of human vrype,
J. Clin, lavest. 34+ 1410, 1955,
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165

A typical response to the tnjecnon of an extvace of urwee from a dog with thoracic

caval constriction and ascites into 2 bilaterally adrenalectonuzed assay dog 18 presented
in Fagure 66,

After a one<hour control period, the extractwas injected intravenously. A striking
drop in sodwm gxcretion aod an ancrease in potassium output occurred; glomerular
filtratton rate, as measured by creatinine clearance, was unaltered. These changes
wndicate a direct effect of aldosteronc on the renal tubular transport of sedium and
potassiem. Extracts of urine collected from normal dogs for a simuilar period of time
showed no response.

The following shde (Fig. 67) shows the effects of thoracic caval constriction and
subsequent adrenalectomy upon usrinary aldosterone and sodium excretion in two dogs.
The aldosteroid tndex ts & quantitasive expresston of the amount of aldostesone; it
represents the addwive effects of a drap insodium excrenon and an increase of patas-
sium output. The experiment was begun with two normal anumals on an tntake of 60

mEq, per day of sodim. Ald one was unde bie wn urine and the ammals were
1n sodum balance, Then, we constricted the thoracic inferior vena cava, Sodm reten-
tion became almost pl and large of ald: one were excreted in the

vrine. Finally, after adrenalectomy of the ammals and disconunuanon of hormone
therapy, there was no aldosterone detectable, and a sodrum diuresis occurred.

Evidence that the matenal which we have assayed was aldosterone was obtained
by chromatographing the urine extracts and assaying the various fracuons 1 bilater-
ally adrenalectormzed dogs. The next shde (Fig. 68) shows the results from ane such
study. You will nonce thatsodium-retaining and increased potassium-excreting acuvaty
was present 1n only one fraction, the aldosterone fraction.

So, from the evidence presented, w seems farrlycertain that wncreased circulaung
aldosterone 1s the hormone associated with the marked sodwm retention 1n dogs with
experimental sscites, This brings us, then, o the tmpoctant question of the source of

¥ d creculanng ald one. Is at the resultof increased secreston by che adrenal
cortex; or 1t 1a the resule of decreased degradation of aldosterone by some organ such
as the hwver, which we know 15 markedly congested in these anumals? It is possible,
of course, that both factars are mvolved.

We studied the possibility of uncreased secrenon. The next shde (Fig. 69) shows
our methad of obtaining adrenal vein blood for study and for measurement of the rate
of aldosterone secretion. Adrenal vein blood was obtawned by canaulation of the right
adrenolumbar vern. Then, by occlusion of thus vetn at tts entrance into the snferior
vena cava, blood was collected by retrograde flow 1nto 2 graduated cyhinder. Blood
obtained wn this manner was extracted for aldosterone, chromatographed, and the
various chromatographic fractions assayed for sodwum-retaiming and potassiume
excretng acnvity tn the bilaterally adrenalectomized dog, The results showed actvizy
1 only one fraction, the aldosterone fraction.

The next shde (Fig, 70) shows the results from observauons of the rare of aldas~
terone secretion, expressed on the ordinate as micrograms per hour, 1n a group of
normal dogs and in a group of animals with expen 1 ascut ud

g both dogs
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with caval constriction and dogs with heartfatlure. The first five animals were studied
under nembutal anesthesia, We were unable to detect aldosterone i 300 cc. of blood
from normal dogs because the assay was not quite sensitive enough. However, we did
detect tt, 1n two expersmental ammals, mm 300 cc. of blood. When the data were ex-
pressed wn terms of secretion, the rates were five and six micrograms per hour.

In the astudies of these first five dogs, we noticed that venous pressure dropped
markedly in the two dogs wuh experamental ascites and we thought that the nembural
anesthesia mighs be partially turming off the aldosterone mechanism, Therefore, the
remathing anmals were studied under local anesthesia, Under this circumsrance,
aldosterone was detectable in normal dogs and the rates of secrenon were measured
i two of the three normal ammals. In four of the five dogs with ascites, aldosterone
secretion was considerably hugher than in the normal dogs. When all the data, normal
versus experimental, were treated statisucally, a P value of approximately .01 was
abtained which showed a higher secrerion rate in the dogs with experimental ascues.

More recently, we have started another series of observations te which we have
confirmed these findings, In these acute studies, we begin the experument with a normal
dog and make control observations on the rate of aldosterone secrenon. Then, we
constrice the thoracic wnferior vena cava and follow aldasterone secretion for 4-5
hours, From this experiment, we have found that the rate of aldosterone secrenion
ncreased within 15 to 30 minutes after apphcatson of the hgature.

This brings us to the aull more important question of what stimulates the adrenal
cortex to secrete aldosterane. One af the firstpossibilities considered by as and, L am
sure. by most people who studied thas problem, was whether there 1s increased output
of ACTH, with a subsequent 10crease in the rate of aldosterone production, We have
found that the antertor prtustary gland s noressennal for increased aldosterone output,
sadium retention, and ascites formauon. In fact, before methods for measuring aidos-
terone were available, we studied this problem tn hypaphysectomized dogs with caval
constricoion and ascites. When the venous pressure was high enough, we routinely
observed almost complete sodium retention, This occurred, of course, 1n the presence
of an atrophic adrenal cortex.

More recently, we have repeated these studies and measured aldosterone output
in addinon to sodtum excrenon, The results from sbservauons on three ammals are
presented ta Table 22. In this experiment we studied the effect of constriction of she
tharacic woferior vena cava upon aldosterone and sodium excrenion 1o three hypophy-
sectonuzed dogs. We began the experimens wath three normal dogs on each of which
a tota} hypophysectomy was performed. Then, we set the animals aside far about six
weeks to allow che adrenalcortex to atrophy. Following this time controt measurements
which are shown in the left part of the table were made. Aldosterone was undecrable
w four days of urine from the three simple hypophy d dogs and the H
were 1n sodium balance. Sodium intake was 60 mEq. a day. When the tharacte aferior
vena cava was constricted, all three dogs formed ascrtes. Observe the iereased output
of aldosterone indogs 8§ and 9 and the drop 1n sodtum excretion 1n the same two ammals,
from 54 10 9 and §1 to S.1n dog 10, ascites formed but was present for only one or two
days. The assay for aldosserone from dog 10 was determined on a four-day urtne and
we were wnable to detect an ineressed owtpur of aldasicrane possibly because of a

cransteat elevazion. Also, sodium excretion per day was bugher 1a dog 10 than 1n dogs
8 and 9.
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TABLE 22

EFFECTS OF CONSTRICTION OF THE THORACIC INFERIOR VENA CAVA
ON URINARY ALDOSTERONE AND SODIUM EXCRETION
IN HYPOPHYSECTOMIZED DOGS

Hypophysectomrzed Hypophysectamized
after IVC consericuon
Dog Aldosterone Na Excretion Aldosterone Na Excrenon
A glday mEg/day ug/day mEg/day
8 <0.9 54 8,0 9
9 <0.9 5t 7 5
10 «0.9 45 <0.9 54

The histology of the atraphic adrenal cortex of dog S 15 shown in Figure 71b; for
comparison, the adrenal cortex from a normal dog 1s presented in Figure 7la. You
will recall that dog 9 was excreting an wncreased quannty of aldosterone 1n urine
(Table 22). The zowa glomerulosa of the adrenal cortex of dog 9 appeared normal but
the zona reticulanis and zona fasciculata were markedly atrophied.

These data suggest 1) wacreased aurput of aldosterone from the zona glomerulosa
although she observanons do not exclude some secrevion of aldosterone from the two
atrophied layers, 2) that the anterior pituttary gland 1s not essential for swereased
aldosterone secretion, sodium retention and ascices formanon, and, finally, 3) that the
role of the anterior hypophysia 1s not a primary one n the aldosterone mechanism,

Similarly, t¢ has been shown by other workers{2, 3] that the neurohypophysis 1s
not 1 for ch sodtum and ascites formation.

The one factor which we have ty found necessary for this h to
go wte action ts a high venous pressure above the hepanc outflow inio the inferior
vena cava. This 15 nat a direct effect of a lugh venous pressure upon the adrenals or
kidneys because, 1f a caval constricnon 1s placed above the renal and adrenal veins,
chroae sadium retention and ascites do not occur,

We fee! that the most plausible hypoth for the of events leading 10
sodwm retention 18 the one Dr. John Perers proposed several years ago; namely, that
chere s a high venous pressure, with a consequent loss of fluid and electrolytes from
the blood stream, and that some factors occurring in association with thss fluid and
electrolyre loss lead o sumuletion of the adrenal cortex, increased aldosterone secrew
non, and, finally, sodium retention,

{2] Hamulton, W. F., Elheon, R.G., Prckering, R. W., Hague, E. E., and Rucker, J. T.,
Hemodysamic and endacrine Cesponses to experimental micral stenosts, &m, J.
Physiol. 176: 445, 1954,

{3} Laregh, J. H,, Van Dyke, H. B., Jacobsan,J., Adamsons, K. Jr., and Engel, 5. L.,
The experimeatal production of ascites 1a the dog with diabeses wsiprdus, J. Cha
lavest. 35 897, 1956.
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We reasoned that, if this hypothesis 1s correcs, we should be able to turn off the

aldosterone hanism by inhibstiog or pr ing the loss of flmd and electrolytes

from the blood stream. To accomplish this, we apphied a plaster body cast to dogs

with caval coastricuion, and stwdied the effects upon aldasterane output and sodiwm
exXCrenon.

The results from the study of an anumal with thoratie caval constriciion to which
a body cast was applied are presentedinFigure 72, The experimental design employed
15 shown at the bottom of the shide, a controf period, the period of the cast, and a
recovery period.

During the control period, the animal showed the pattern of electrolyte excrenion
which 1 have described previcusly, There was almost complete sodium retention, a
Jow rate of fecal sodium and 3 hgh fecal potassium excretion, and 1ncreased aldos.
terone output wn wrine, After the body cast was applied, there was a natriuresis and
a return toward normal of the fecal electrolyte excrenon. This change in fecal electro-
lyte autput was indicative of a decrease in circulating aldosterone, More direct evidence
of the decreased level of circulating aldosterone was obtained from the decline 1n
urinary aldosterone. During the recovery period, these funcrions reverted to the control
levels. We feel that the most likely explanation for the decreased aldosterone eutput
fallowing applicattan of a body cast was anincrease s tnera-abdominal pressure which
inhabited the filtration of fluid and electrolytes tnto the perstoneal cavity.

In summary, then, 1 would ke 10 make three principal points:

First, that there ts increased secretion of aldosterone by the adrenal cortex sn
dogs with experimental ascites,

Secondly, that the degree of sodwum retentton by the kidney 18 related to the amount
of sodsum.retaintng hormone present; and

Einally, tn closing, we woeld hike to suggestihat the most plaussble working hypoth-
ests far ascites farmatiova 1a these ansmals s 1acreased venous pressure, with 8 con-
sequent foss of flurd and efectrolytes from the blood stream, associated adrenccorncal
stsmulatton wath tnereased output of aldosterome and, lastly, sodium retention.

CHAIRMAN METCOFF. This very wteresting study 1s open for discussion.

DR. BALLY: Dr.Pollock 1n Dr, Kark’s group inChicagebas reparted a nephronc
syndrame occursing in panents with increased caval pressure (e.g., after thrombosis

ar with tricuspsd msufficiency). {Lecture, PEBH, Spring 1957). I wonder whether such
a syndrome was obsersed in these dogs?

DR. DAVIS. No. There was nothing to suggest a nephrotic syadcome. There was
so albumun i she wrine and the only pathological changes 1o the kidney were those
secondary to chrontc passive congestion,

DR. ROBERT E. COCKL (Johns Hopkins Unmversity and Hospital)  Whar were

the porssiumt concentragson and plasma volume changes in the ammals during the
constriction phase?
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DR. DAVIS: Plasma potassium was slightly elevated 1n most of the animals, By
slightly elevated, I mean, from around 4 to 5-5.5 mEq/L. Plasma volume 1n the dogs
with caval constriction was unchanged. In the dogs with heart failure, 1t was increased
about 50 per cent as measured by T-1824 dye space.

DR. FOX: Have you any information on the amountof continual loss of potassium
from these animals?

DR, DAVIS: There was not very much. Urinary potassium was reducedand,
frequently, the ammals were in positive potassium balance. If they were stressed
markedly by the circulatory stress, some of the dogs with heart failure showed a
negative potassium balance.

CHAIRMAN METCOFF: Dr, Davis, did you say that when you put a body cast on
these dogs, youbelieved you were increasing the intra-abdominal pressure and, thereby,
producing a natriuresis?

DR. DAVIS: This, of course, would decrease the effecuve filtration pressure
which we are not able to measure, which 1s the factor that turns off the aldosterone
mechamsm.

CHAIRMAN METCOFF: This 1s quite interesting, because itseemstobe precise-
1y the opposite from the point of view Bradley and others postulated several years ago.

DR. DAVIS: The increases 1n abdominal pressure produced by the cast were not
very high. There was no change in the hemodynamic function 1n the kidney.

CHAIRMAN METCOFF: After Bradley's report some years ago on several
occasions we did paracenteses on nephrotic childrenwith simultaneous renal functions.
We wondered whether the paracentesis would result in a change in sodium excretion as
a result of decreased intra-abdominal pressure. It did not. Nonetheless, nephronc
children with massive ascites occasionally diurese after paracentesis.

DR. DAVIS: We did the same measurements 1n dogs withexperimental pericard-
1t1s and, we too, found no changes,

DR. LATHEM: Apparently, the position of the experimental subject may alter
the sort of effect you would get from removing the fluid, Dr, Davis, what position were
these ammals 1a when you got the excretion?

DR, DAVIS: They were standing or lying in a natural position.

DR. LATHEM: They were standing upright,

DR, DAVIS: They were always 1n metabolic cages.

DR. LATHEM: These hourly excretion rates were not with the animals flat on
their backs.
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DR. DAVIS: The balance studies were done 1n metabolic cages. The assays on

the adrenalectomized dogs were done with the dogs lying in a natural position and not

an their backs, You cannot restrain the adrenalectomized dog very well withour sup-

portive hormone therapy without the blood pressure dropping very markedly. We just
allow them to recline on a flat-top table.

DR, LATHEM: The studies in the casts were balance swudies,
DR, DAVIS: That 1s correct.

CHAIRMAN METCOFF: Have you ever tried, Dr. Davis, putting a plasuc casing
asround the lver, for example, aear the constriction 1n the inferior vena cava? This
rght effecuvely do locally what you do wath the body cast generally - 1.e.: prevent
the exudation and increase the intravascular pressure?

DR. DAVIS: 1 think one thing which may be confusing 15 that most of the ascinc
Aurd comes from the hepatic capillaries and fymphancs. That experiment, techmeally,
would be rather difficult to do. Certainly, 1t 15 a very interesung thought.

DR, GRIBETZ: If you observe a child with “a little ascites® and study him as his
ascites increases, might you not reacha potnt where 1t would “trigger off” a diuresis?

DR. DAVIS: Precisely. I think that i1s what occurs in these ammals. In facr, we
followed two dogs with caval constriction and ascites until the abdomen was markedly
distended. The dogs came into sodium balance but remained in balance for only a couple
of days and then they began to retain sodium again. Actually, the equlibrium 1s so
labile, we found 1t necessary to put them unto a cast in order ta tnsure a dwuresis,

DR. GRIBETZ: Then, exactly the oppasite may occur, Frequently we perform a
paracentesis, and shortly thereafter, a diuresis results.

DR. DAVIS. That must mean that there 1s another factor involved. (Laughter,
applause)

DR. BARNETT: Did you make any assaysof anadiurenic hormone in these obser-
vations?

DR. DAVIS  No, we did not. The oaly thing we have obsecied 1a this caanectian 1a
that the hypothalamus of these ammals contains a large amount of neurosecretory
substance. This neurosecretory sub 15 a ble material which seems ta
reflect the presence of ADH, We are currently trying 1o correlate the amount of neuro-
secretary matertal with the plasma sodium concentraton. We have done no assays for
ADH,

DR. BARNETT, There 1s a lot of skep about the methods used to assay
ADH which 1 share. However, in almost every typeof patient with edema 1n whom
there has been demounstrated to be an increased rate of seccetion of aldaste cone there
has been also an increase 1n anudwretic hormone.
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DR. BARNETT: And the dog develops ascites, which he did not have before.

DR. DAVIS: That is righe,

DR. BARNETT: Then can that ascites be maintained 1f you continue giving the
dog DOCA?

DR. DAVIS: Yes; they maintan 1t for weeks, months, as a matter of fact,

DR. LEVITT: This parcly answers my question, 1t seems to me, that here 1s a
circumstance under which one can matntainedema associated with DOCA over a period
of time.

The only other subject 1 know who remains sensitive 1s the adrenalectomized or
Addisonian subject; the normal 1adividual does not.

DR. ROBERT BERLINER (National Heart Insutute): I do not think 1t is quite
true that you lose the salt-reraining effect of either the DOCA or aldosterone after the
first week or so. There is no longer accumulation of edema; but the potassium Joss,
for 1nstance, continues indefinirely; this 1s the evidence thar the renal effect is snll
there.

I think the point 18, as Jim saud, that you need anather factor; you have to have
some place to put this extracellular fluid,

CHAIRMAN METCOFF: What happ with the pot load 1in these animals?

DR. DAVIS: We have not studied this thoroughly., We did observe the effectof 2
potassium load 1n one animal with expertmental ascites. Aldosterone output in the
urine was increased.

DR. HOLLIDAY: Have you determined ary factars other than increase in venous
pressure, which will bring about che continuing retention of sodium?

DR. DAVIS: No;we have not. These are the preparations we have used most exten-
swvely: and the other preparations we have studied show essentially the same thing.
The dog with auriculo-ventricular block, the dog with arterio.venous fistula, and the
dog with pertcarditis, all show My the same h

DR. BERLINER: Stahl actually has done thar by plasmapheresing dogs, putting
them on a low-protesn diet, grving them DOCA, and putting a constriction on the portal
vein, He has found 1t necessary to reduce the plasma protein concentranon and put a
constriction on the vein mordertogerascites. You do not get anything with just DOCA;
but, if the ammals have a place to put excess fluid, they will continue to retain fluid
1indefinttely.

DR. HOLLIDAY: In other words, that would be another circumstance.

DR. FOX: Isit possible to produce anasarca as well?
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DR. DAVIS: Occasionally a dog with heart failure gets massive edema and ana-

sarca, We have never been able ta determine why they get so edemartous, Most of the
ammals, however, do pot get anasarca.

DR, FOX: st related w the plasma protein level?
DR. DAVIS: No; I do not think it is.

CHAIRMAN METCOFF: I am afraid we will have to turn off the discussion, for
we must proceed, Following the next paper, on chlorothiazide 1n nephrosis, by Dr.
Schreiner, we will have a coffee break.

C, Chlorothiazide in Nephrosis

DR, GEQRGE E. SCHREINER (George Washington umversity): Dr. Metcoff and
Members of the Confe :  Chlorotluazide (which 15 a benzothiadiazine denivative)
1s an organic sulfur compound of highbiologte acuvity, which has aroused considerable
wterest because of 1ts ability 1o block sodium and chloride reabsarption in the renal
wbule. It is 3 moderate carbome-anhydrase snhibitor 1n vitro but, in dog and 1n man,
produces a urinary electrolyte pattern more remimscent of mercurial diretics. It 19
potent, orally effective, and has produced no specific toxicity other than electrolyte
imbalances resulung from its main action.

Previous communicatons from this laboratory[4, 5} have commentedon its effec
fiveness as a diurettc 1n the edemaof carrhosts and coagestive failure; on its enhance-
ment of osmotic diuresis 10 some patients withchronie reaal failure, oa 1ts anuhyper~
tensive effect in a patient wath acute glomerulonephrinis and other types of renal dis-
ease. The diuretic effect of chlarothiazide appears to be additive to, rather thae com.
petunive with, the sodium bicarbonate diuresis of acetazoleamide and the sodium chlo-
ride diwresis of orgamc mercunals,

The present report will be confined to studies of the diwrene action of chlorothia-
zide in patients with the nephrouc syndrome. The drug has been found to be a valuable
adjunct 1n the I3 of five whu:% ly accur tn the natural
history of the nephrotic patienc. These are:

1. To controf edema in the pattent with mild nephrotic syndrome, for whom no
steroid therapy ts planned;

2. To comtrof or reduce edema during the first two weeks of imual steroid
therapy, when the salt retention of the steroid may be addicive to the nephronc process.

3. Top steroid-withdrawal drurests 1 the refractory pauent.

{4} Schrewner, G. E. and Bloomer, H. A., Effect of chlorothiazide on the edems of
cirrhosis, nephrosis, congestive heart failure and chromc renal insufficiency.
New England J. of Med. 257: 1016, 1957,

{5] Schrewer, G, E., Chiorothiazide in Renal Disease, N.Y. Academy of Sciences,
To be published.
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4. To control weight during maintenance.sterord admumstration, and lessen the
regedey of sale restricrion,

s, To enhaace asmatic diurests in the nephrotic panent who has progressed to
moderate renal fatlure. Here sodium, potassium, and chloride are added to urea as the
loading solute.

Table 23 summarizes the magastude of the sodwum excrerion and weight loss an
awne nephrotic patients (all tissue~-proven except one) on whom electrolyte excrenon
studies were carried out, The renal funchion 15 indicated. The two levels of diesary
sntake were & and 17 mEq. of sodium. The panents were allowed to equilibrate on the
diet for a few days before the control persod. The mean urinary excrenon for a two or
three.day treatment ss listed, and the duration of trearment s indicared in the last
column,

The net sodium balance 1n milhequivaiens during the duranon of the particular
treatment pertod may he compared with the weight foss in pounds in the adjoining
columa, As you can see, most of these patents achieved a marked negative sodium
balance, except the paticats with renal amyloidosis.

CHAIRMAN METCOFF: Most of those patients were 1n negative sodium balance
to start with, I takeat.

DR. SCHREINER: No, they were all edematous.

CHAIRMAN METCOFF: Let's take the first, second, fourth, and last wwo, ali of
whom had control sodium excretions exceeding their sumultaneous sodium intake.

DR. SCHREINER: They were on a diet for three tofive days, maximuny; and this
contral period would be wwo days, so that they would be, at the most, seven days on a
controlled dietary sitvanon. Some of them were 1n slight neganive batance bur the
order of magnttude 1s small compared with the treatment peried. The third pauent had
no sodium in the urine.

The drug has been gwven w© a total of aephrotc p n
courses; substantial diureses were obtawned in twelve (Table 24}, The range of weight
foss 13 one-balf to 46 pounds, the mean wesght loss, 10,5 pounds and median weight
loss 1n the series was 6 pounds.

TABLE 24

CHLOROTHIAZIDE IN NEPHROSIS . SUMMARY DATA

Total cases 17
Tota} courses bid
Subsrantial diureses 12
Range of werght loss - Ibs. 0.5 o 40
Mean weight loss - Ibs, 10.5

Median weighe loss . lbs, 6
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Fig. 73. Elecerolyte excretion studics in a pantent with membranous glomerulone -
phritis and nephronic_syndsome. Hatched area 1s the concencration in mEq/L. Total
bar 1s excretion m mEq/ 24 hours. (New England Journal of Medicine)
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Figure 73 illustrates a 39-year-old white female who had been using 1 per cent

d mercury oi for wwo years, and was admitted for edema which ap-

peared three weeks prior to admission. Pitting, pretibial, snd dependent edema were

the only pasitive physical finding. Significant laboratory work included a rapid sedi~

mentanon rate (45 mm per hour), 4+ praterauria, double refractle fat bodies, quantira~

tive urine protein excrevion of 7.6 grams, a total serum protein of 4.6 grama, with 1.3

albumin, 3 cholesterol of 604, a negative LE preparation and 2 renal biopsy which

revealed diffuse membranous glomerulonephritis, The patient was placed on ACTH
gel, 60 umts, and received § mg, per kilo of chlorothiazide,

The tntake was 8 mEq. per dayi and you can sec that there was no detectable
sodium in the urine., The chloride concentraton is indicated by the top of the cross.
hatch, and the total excretion per day by the top of the bar.

On chlorothiazide, the partent had a sodwm and chloride diuresis wath a weighe
foss of 3% pounds. After therapy was stopped the excretions returned to the controf
fevel.

After two weeks of sterowd therapy, this panent went on to a full diuresis, with a
33.pound werghe loss,

Figure 74 describes the results of an elecirolyte study tn a 71.year-old white
male with the nephrotic syndrome and chrome glomerulonephrins proven by renal
biopsy. Again, with the adi -ation of chi hiazide, there was a
macked diuresis with weight loss, The panent was then placed on sterotd. At this point
he had no clinical edema. When chlorothiazide was reintroduced while on steroud, the
patient did not have any increase in sodium excrenion, but did have a slight increase
1n chloride excrecion,

Iz has been aur abservation with other étudies that, when the patieat ts an etercids
10 any form, the predominant cation may be potassium; and, upon cessaton of sreroids,
it may change ta sodium chioride, The chloride excretion may remasn redanvely con-
stant.

Another ple of chlorothiazide p g diuresis occurred tn s 24-year.
old white female with anasarca of four months' duration, purpura for ten days, and
generalized bleeding, She had lupus for five years, She received many steroids for
previous processes; but they had been stopped one moath prior to admission. Gn phys-
scal examunanon, there was a bloed pressure of 105/108, diastohe gaﬂop, ascites,
massive edema, parallel white lines on the fingernails, Laboratary wock showed pro~
tewnunia of & to 8 g. 1n 24 hours, waxy, fatty, and granular casts, 10 to 15 red cells,
Serum rotal protein was 3.4, with an albumin of 1. The platelet count was 1000,

She was started on 80 mg. of meticorten, to which chiorothizzide was added 1n a
dose of 5 mg. per kulo. The patient had a very marked increase 1n sodivm-chlocide
loss, with a wesght reduction of fifty pounds over mne days,

Pollowsng this, the patient was given mtrogen mustard, and has subsequencly had
an apparently complete remission for a year,
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DR. BAXTER: How can you be sure the patient 1s not respoading to steroids?
How can yos be sure the duresis was due to chlorathiazide rather than to the increase
. in serum athumin?

DR, SCHREINER: In this particular case, we agree with you Jam, one cannot be
certam. However, we have not seen dwresis due 1o sterosds occur tn the aephrouc

syndrome without priar reduction in protein exeretian. This pauent’s protetn excretion
did not fall off unti} quite some time later,

DR. BERLINER: Do she data you presented on this pauent imply that there were
400 mEq. of some other cation excreted?

DR, SCHREINER: From the raw data, the discrepancies in concentramon were
12, 24, 31, 76, 93, 107, and 112 mEq. respectively of chloride 1a excess of sodium on
the first to seventh day of treatment in this pauent.

DR. BERLINER: A patient cannot lose a hundred mEq. of porassium a day for
very long.

DR. SCHREINER: Those are the data. (Laughter)

DR. FOX: Do you have any snformation oa the serum sodium or chloride level?
DR, SCHREINER: The serum sodiums were 133, 138 and 134 mEq/L,

DR, FOX: And potassium?

DR, SCHREINER: The porassiums were 3.7, 4.2, 4.2 and 4.2 mEQ/L during the
treatment period,

This pauent, wncidentally, was comatose and areflexic when she came in, She was
bleedtng from every onifice, with ecchymoses right next to each other,

DR. COOKE: What happened to the serum chlorsde and CO2
DR, SCHREINER. | am afraid I do not have those ac my fingernps, Bob. The
b

panent chucally appeared o be acid 1a the begl g she was hyperven-
ulateng, but I do ot recall what the CO2 was, (Addendum . 20 mEQ/L - the serum

chloride of 124 mEq/L was reduced to 110 mEq/L.)
DR. ORLOPF: What 15 the sigmficance of the parallel white lines on her nasls?

DR. SCHREINER:  This was described by Muehrcke in the British Medieal Journal
as being due to hypoalbununenua; 1t has also been described 1n cirrhosis, We have
been folfowing this; and, 10 pauents with acute malnutrition, at can develop in as short
a ume as ten days. So, 1t 1s not ia the fingernatl, 1t appears to be 1n the vascular bed.
We think 1t has something to do wath the distribution of edema near blood vessels. lris
very common wn nephrosnics,
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Figure 75 refers to a fifteen.month.old white female admitred for anasarca and
oliguria of two weeks’ duration. She was previously well, unt] six weeks previous to
adnussion, when she had a throat infection, for which no therapy was given, Three
weeks later, she developed hematuria, albuminuria, hypercholesterolemia, a positive
urine, and throat culture for beta hemolyuc strep. She was treated at that time with
diuretics and meticorten, without any demonstrable improvement, Her weight 1ncreased
from 22 to 30 pounds; and the anasarca was massive. Periorbital edema was so great
as to produce mechanical blindness.

Onadministrationof albumin, the blood pressure rose precipitously, Upon transfer
to our hosputal, the blood pressure was 170/ 100; the palpebral fissures were closed by
edema, There was massive ascites,

Laboratory findings were albuminuria, the platelet count was 750,00, and rose ta
1,100,000 on the second day, the sedimentationrate rising to 75. The patient was virru-
ally anuric, with 3 cc. of urine represenung the total collection for the first three
hospital days. Serum albumin was zero; the globulin, 3,4; the cholesterol, 600, The
panent had only been off sterowds a day or two, and was continued on with ACTH, 60
umts per day. Total urine collections were not feasible; so we did electrolyte concen~
trations 1n the urine, which was collected 1n a plasuc funnel directly by the nurse.

The control urine s the first we got with 8 mEq, per liter of sodium, 88 of K.
With intravenous chlorothiazide, the concentration of K rose to 118 mEq., as seen on

the chart.

This patient had been getting albumin, whichwas continued; and the serum-albumin
level rose, particularly when the frequency of albumin administration was increased.

We see that there was predominately a potassium effect from the chlorothiazide
in this patient, until the serum protein became elevated, when there was an abrupt
shift to sodwum chloride excretion.

DR. LANGE: Couldn’t that also be due to the ACTH admimstration?
DR. SCHREINER: Yes, probably. There was an abrupt dwresis.
DR. RILEY: Did you give any potasstum by mouth?

DR, SCHREINER: No, we had to do 1t tntravenously. This patient was too sick
to take anything by mouth.,

We are interpreting this as a nephrotic syndrome with acute glomerulonephritis
with no response to steroids alone, chlorothiazide alone, or albumin alone. When pre-
pared with steroids and elevation of her serum albumin by the addition of albumin and
chlorothiazide, 2 prompt diuresss ensued.

In summary, chlorothiazide has been used 1n seventeen patients wath a nephrotic
syndrome. Electrolyte balance studies under controlled conditions were carried out in
mine patients. They show a predominant chloruresis and natriuresis, except when the
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panient 15 on adrenal steroids. Potassium may thenbe the dominaat cauoa, Chlorothra-
21de was found to be a safe, potent diurenic, and a valuable adjuact ta the treatment of
the aephratic syndrome.

Wath the Chairman’s permission, lwould hike o make three capsule clinical obser-
vations to add to this, One is that, ina report which is to come out shortly an the
American Journal of Medicine, we have reported a case of nephrotic syndrome 1n
sickle-cell disease. The biopsiesintmscase showed miliary infarctions of the kidney,
and thickening of the capillary basement membrane, We were unable 1o find any refer~
ence i the Iiterature to the disease as a cause of the nephrouc syndrome. My purpose
in bringing 1t up 13 to ask whether anyone in this group is aware of such reports. We
have since seen two other cases; Dr. Meyers in Pictsburgh also has two cases. This
may be a new cause of the nephrotic syndrome to look for. The histology 1s somewhae
simlar ro what we have seen 1n patients with renal.vein thrombosis.

DR, PHILIP CALCAGNO (Buffalo, New York): There are reparts of glomerulo-
nephritis, certaaly, with sickle~cell disease.

DR, SCHREINER: These pattents did aot have proliferative glomerulonephritic.
type lesions; all they had was basement membrane thickentng, but none of the other
glomerular stigmata of glomerulonephrius.

The other two capsule observations 1 would like to make, in reference fo the com-
ments which were made yesterday, we had a panent who came 1nco the hospital with
granulomatous lesions in the lungs, following an acute respiratory infection with beta
hemolync streptacacer. This was diagnosed by the X.ray department as Wegeaer’s
granulomatoms; and the patient was tn acute pulmonary edema. We treated her with
large doses of steroids. The pulmonary lesion reversed; and we biopsied her as soon
as we were able to get her out of an oxygen tent. The biopsies showed proliferanve
glomerulonephritis; and the patient has had complete clearing of her clinical disease.

I bring this up because I wonder whether, in the experimental types of nephrits,
we are not looking tao exactly for one particular kind of histology. The repars of onc
of the papers yesterday, showing granulomatous lesions which were produced in one
of the experiments reminded me of this.

Another patient we have, with a very similar story, 1a a sixteen-year-old boy who
was anuric for some sixsy-odd days. Be was treated with the arnficial kidney, He
started out with a classical, acute glomerulonephrits, I the third and fourth wecks,
he began to develop lesions and bleeding. These were completely siaular to the shdes
Dr. Gerruth showed yesterday. He went on progressively to develop more widespread
pertartersnc lesions i other organs, while the kidneys showed profiferative, scute
glomerulonephrits.

CHAIRMAN METCOFF: Thank you, Dr. Schrewer. Dr. Kennedy, would you care
to comment about some of yaur studses on chlorothazide?

DRy KENNEDY: My eaperience has been relatvely fimited, We hate studied
ten or twelve cascs wn congesnve heart falure. The experimental protocols were
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essentially the same. They were placed ona regimen of bed rest and fow sale dier until
weight and electrolyte excretion stabilized; then salt was introduced into their dieran
increasing amounts, and ac che same nme, the drug was admunistered, to determine
whether the additron of chlorothiazide would preventaccumulationof the edema 1n these
people, or result in any further diuresis. Acomment 15 1n order on the type of cardiac
with whom we dealt. More than half of our patients had essentially complete sodium
retentton, and any salt added to their diet was completely retained and reflected in
weight gawn. They were 1 just about as severe failure as 1s ever seen.

From our experience, we are not toa saagwas ebout the effectiveness of chloro~
thiazde m this type of cardiae, An analysis of the series indicates thar only abour 50
per cent of the patients were signsficantly benefited by drug and these were the cases
whose tendency to retain sodwum was least striing. All of these patients were fairly
resistant to dwretic agents; but weight loss could be induced and sodium excrenon
promoted in each after exhibition of mercurials with or withour preloading with am-
momum chloride and/or simultaneous admmstration of amtnophylline.

We do not think the chlorothiazide 1s without effect on renal sodsum transpore, In
those patients in whom there was no in¢rement tn sodium excretion after adminsrra-
non of the drug, a sharp crement in potassium excretion was observed and, 1n at
Jeast twa or three cases, continuous exhibition of chlorothiazide was associated with
the progressive devefopment of relatively severe hypokaferc afkafosis, Cur interpre-
ration of this observation 1s that chiorothiazide reduces the transport of sodium in the
proxamal mbule thus increasing the load reaching the distal p d exchange
site. The ncrement n sodium reaching the exchange site 1s completely exchanged, and
a roughly equivalent increment 1n potassium is excreted wn the urme.

DR. HOLLIDAY: Do you believe that the drug tahibited carbonic anhydrase or
had a mercury.hike effecs?

DR. KENNEDY: I would say there was so evidence thatthe drug showed carbonic
anhydrase snhbitory actvity. One further word of caution, Qur expericnce wish this
drug may be atypical. We have heaxd by word of mouth, that other people ave observ-
g mare favorable therapeutic results with chlorothtazide 1n the trearment of cardiac
faziure. The difference may be related to the severity of disease 1n the pauents studied.

DR. McCRORY: We have had a very brief experience with two childres, both of
whom were refractory to any form of therapy, both nephrouics, They were given the
drug tn a2 lower dose; 10 mg. per kilo per day. Yours was 20 mg. per kilo per day.
I do nor know whether this 1s tmportant; but, in a three-day and two-week trial, we
saw no sigmficant weght loss or disresis in the two children,

Did you use any lower doses? Do you have any sdea of the muintmal effective dosel

DR. SCHREINER: No. Unfortunarely, we took off from the dose which was reporz-
edly effective 1a dogs, and tried lngher dose levels, such as 15 mg. per kilo in panents.
We demonstrated no increment of saluresis in patients by going to & higher dose.
Apparently, st ysanall-or-none siteanion, which levelsoff. But we have no studies below
5 mg. per kilo every six hours, I mught say that, in pattents with reduced filtration
rates as you rught expect, the success rare ts much lower. In fact, you may get no

results at all,
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DR, McGRCRY: These children were both tn that category.

DR. GOODMAN: That 18 1a ling with what I was going to suggest. The pauents
he described were cardiacs, and perhaps more resistantto everything. We bave treated
one nephrotic wish chlorathiazide who did not respond ta sc. Many of the paueats 1n
your first chart, ] nonced, were putnng our sodwm (in fact, more than thesr wntake),
parucularly the ones who apparently resp d to chlorath They were
situations to evaluate, also bewng treated with steroid and albumun, | was wondering
whether, tn a series of refractary nephrotics on a low sodium intake and who were
not pusting out soduurn, whether you would have any effect worth talking abour.

DR. SCHREINER' | would not say they were all complex situatons. In the first
shde 1 showed you, the electrolyte excretion went up and then came down to the base
fine, directly 1n response to the drug, We have a number of patients who were treated
wathout steroids.

In addition, 1 do nor think that, if you start a patient on sterouds, you can expect
the sterosd diuresss withia a couple of days.

DR. GOODMAN 1 say you are adding another factor, I would just be curious
whether chlorothtazide alone would give a really good effect in many patients.

DR. SCHREINER  Nephrotics may be refractory for a variety of reasons. They
may be refractory because they have a low filsration rate, they may be refractory if
they have a very low concentration of serum albumin. In cur experience people with
less than 1% g, pex cent of albumin have difficulty getting a diuresis from any agent,
This s just as wrue of chlorothiande as of any diurenc agent [ knaw of, so that, in
patients with very low filtration rates and serum albunun, you may not ger a diuresis,

CHAIRMAN METCOFF: 1 can hardly restrawn myself at thar, Dr. Schrewer.
This would mean that vartwally no chidren who have the aephronc syndrome ought to
drurese untl their serwm albumin is rassed; bur most of them do, Usually diuresis
precedes elevaton of serum albumin concentranion.

DR. SCHREINER: You may not get a diuresis at the low level of serum albunun,
You can raise the albumin and often get a diuresis in the same panent, sumply by
elevattag the serum albumin,

DR. GOODMAN: In our series, the patents were all puton 200 mg. sodwum dicts.
There was a diuresis in some which was very marked, duwresis 1n others was modest,
and no diresis occurred s others. There was ne relauonship between diuresis and
their serum albumin level.

DR. SCHREINER I am not making an absolute general statement; and 1 do not
mean to smply that you can never geta diuresis 1o a panent with & low serum atbumun,
But 1 dunk everyone has had the experience of panents who are refractory to diuretic
tbsrapy, and 1n whom simple elevation of the seram albumun fevel ss enough (o snnare
a dwresis.
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CHAIRMAN METCOFF: Of course, 1nfusion of concentrated human albumindoes
more than raise serum albumin concentration; 1t produces tremendous expanston of
plasma volume. Volume expanders like Dextran also may induce diuresis.

DR. RILEY: I have had a very small experience also consisting of two patients,
but in both these 1t was interesting that when we first started the chlorothiazide - this
was without accompanying steroids - some diuresis began, but with this the serum
potassium concentration went down to alarmingly low levels. Then we added extra
potassium by mouth, and the diuresis slowed down. I was wondering if this was an
experience anyone else had, or whether this was strictly coincidence.

DR. KENNEDY: What kind of diuresis? Water? Electrolyte?
DR. RILEY: Largely potassium diuresis.
DR. SCHREINER: Had the patients lost their edema by this time?

DR. RILEY: Oh, no. They had lost only a few pounds. Incidentally, they did drop
their serum-sodium concentration pretty low, too; they seemed to put out salt without
water which was a nice trick.

CHAIRMAN METCOFF: I think we have time for one more.

DR. ROBERT SCHWARTZ (Children's Medical Center, Boston, Massachusetts):
Since everyone ts reporting a small series, perhaps we ought to. We observed about
six patients whom we classify 1n the difficult refractory group. The first patient, very
briefly, was a girl who had two courses of ACTH without response, but with the devel-
opment of hypertension. After her last course of ACTH, she got chlorothiazide in a
large dose, ranging from 10 to 20 mg. per kilo, and had a complete diuresis, with
sodium excretions well over 200 mEq. per day, She lost about 8 or 9 pounds without
changing her protein excretion. She wenton, with continuing nephrosis, but less edema-
tous.

However, all the rest of the patients we treated did very poorly, One child, who
was putting out around 1or 2 mEq,of sodium per day, had nephros:s for a considerable
perod of ume and did not respond inthe slightest to large doses; however, subsequently,
he was given ACTH and had an excellent diuresis.

Two or three other children increased their sodium excretion up to maybe 15 or
20 mEq./day; but they were on no added salt diets. This output was not large enough
to cause a diuresis,

I might also mention a wwelve-year-old girl, wcidentally, who had had cirrhosis,
with a previous splenorenal shunt and, more recently, had developed ascites and
pleural effusion, who was excreting less than a milliequivalent of sodium a day 1n her
urine, who, when given chlorothiazide, had marked potassium excretion, and became
hypccholoremxc without increasing her sodium excretion one bit.



189

DR, FOX: 1 know that ume 1s shorg; but [ do not thiek it amiss to pornr out that,

after hearing shout aldesterone and 1s effecy, then bearing these different expertences

about individuals having some good effect and some not good effect, 1 think we ought
perhaps to wonder whether there are not several factors,

For example, if the sodium intake 18 extremely low, aldosterone activaty could be
maxtmal; and 1t would be hard w expect a drug like this to be a3 effective as when
there 15 a reasonably significant sodium intake.

This 1s also true of ateroids, I thank we must not neglect the umportance of the
several factors operative here.

DR, SCHREINER: 1 think we should also comment on the fact that we know tc
works better with a better filtrauon rate; and 1n many of these pauents reported here,
filtration rates were markedly reduced.

In one panent of ours, the filtsation rate was 75, and, when she was at bed rest,
edematous, she had no demoustrable dwrests from the chlorotnazide. This panent
had a very early amylowd wnfiltration and nephrotic syndrame. We decided 1o treat her
with sterowds, Her filtration rate has gone trom 75 to 115; and she now gets a five- 1o
six-pound ditrests with one day's admi atton of chiorothiazsde, We have been able
to keep her stable for six months.

DR, FOX: One of your most dramatc effects may have been misinterpreted.
1 would submut that you whibit aldosterone by copious admintstration of the sodium
sait wathout chloride; and 1 think this may have been sigmficant.

DR, SCHREINER: I thuk this ts a very good suggesnon,

CHAIRMAN METCOPE: With that, 1 think we will recess for twenty minutes,

There will be a shight change in the program order. Dr Gribetz will present his
matertal aext.  Dr. Gribetat

0. Tissue Llectrolytes 1n Nephrouc and DOCA Treated Rata

Dr, D, GRIBETZ (Ms. Sinai Hospieal, New York). The studies which we are about
to describe are sull in progress. Although we have some hesstancy abour reporting
them beeause of this, we shall presens the data accumulated to date.

The origmal purpose of these swdics was to determine the tissue electrolyre
composition of various forms of edema, unthaing the rat as the experamental ansmal,
Experimental nephrosts un this ammal was one of the forms of edema studied,

One of the objects was to determine whether atoren of electrolytes 1n solid tissues
such as bone and tendon, were mohihzed during edema, as they appear to be 1n ve.
spanse 1o other anmult such as acute actdoms.
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During the course of the studies, it was shown that the solid tissues did not give
up electrolytes in response to “nephrotic edema.” When the tissue electrolyte compo-
sition was determined, however, 1twas decided to compare 1t to that found in the edema
produced by DOCA and aldosterone admimistration, It became apparent that certain
differences were present and these are now being presented with the hope that they
may shed some light on the relationship of the salt-retaining hormones of the DOCA-
aldosterone type to the edema of nephrosisor at least to that produced by experimental
nephrosis 1n the rat.

Twenty-seven rats weighing between 50 and 130 gm.were made “nephrotic” by the
Heymana technique. They were given three daily injections of anti-rat kidney rabbit
serum and were sacrificed 1-3 days after the last injection,

Fourteen rats in the 300-350 gm. weight range were injected with 3 mg. of DOCA
daily for seven days and were sacrificed one day after the final injection (the duration
of the 1njections was chosen m order tocorrespond to the length of time necessary for
the peak of edema to develop in the “nephrotic” animals).

Preliminary studies with aldosterone have just been started. Because of the diffi-
culty 1n obtarming the drug, we have administered 30 micrograms per day for five days
to only six rats thus far.

The data have been compared to two sets of control amimals: twenty rats n the
50.150 gm. range and 20 rats weightng 300-350 gm.

All amtmals were maintained on the same diet, stock Purina chow, with water
ad hb. All were killed by cardiac exsanguination under light ether anesthesia. Tissues
analyzed were muscle, skin, tendon and bone.

Table 25 depicts the data obtained inthe controls. The numbers outside the paren-
theses are the values obtained in the smaller amimals used as the controls for the
“nephrotic” rats; the numbers within the parentheses are the values obtained in the
control group of the larger ammals, used for comparison with the DOCA treated
ammals.

TABLE 25
NORMALS
No gl x H,0
mEq./g. dry ussue gm/gm dry tissue

Muscle 096 (.077) .076 (.050) 454 (410) 3.32 (3.09)
Skin 174 (.181) 170 (.174) .128 (L065) 2.14 (1.82)
Tendon .239 (.188) .209 (.191) .071 (,020) 1.28 (1.25)
Bone .273 (.287) .036 (.030) .028 (.020) 0.26 (0.23)
Plasma 145 (142) 105 (106) s6@o 07T

(mEq/L)
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They are all expreased as millequvalents per gram of dry tissue excepr the wates
content which is expressed as grams of water per gram of dry tissue.

Several facts, which are well known, are obvious from these data (Table 25).
1) Muscle comtains small amounts of sodwsm and chloride with large quanttics of
possssium, 2} Tendon has larger amounts of sodsum and chloride and only meagre
amounts of potassivm. The quantines of sodium and chloride are greater than that
which can be accounted for by calculating a fluid phase of the tendon. Therefore, 1t1s
assumed that a considerable quantity of these electrolytes ts confined within the dense,
sobid phase of tendon. 3} Skin has larger amounts of sodium and chloride than does
muscle, but much Her quanti of p 4) Bone has a large excess of
sodwm but contains only small quantittes of chloride and potasswm, 5) The umpore-
ance of setuag up two sets of contsols is emphasized. The smaller ancmals have con-
siderably larger amounts of sodium and chlorsde, at least in muscle. This we thiak 1s
due to the larger extraceliular volume p d by younger ammals.

Table 26 shows the data obtained inthe “nephrotic” animals. Farse of all, 1t should
be stated that when the amumals weve sacrificed, they demonstrated the plasma profile
of the nephrotic aynd » Their chol ols averaged 373 mg. per cent in contrast
to the controf value of 82 mg. per cent: thetr mean total proteins were depressed o
3.4 gm. per cent ta contrast o the control value of 5.5 g, per ceat. Their BUN's,
hawever, averaged 56 mg. per cent in contrast to the normal mean of 24 mg. per cent
(this elevation 1s apparently characrerisuc of “experimental nephrosss” 1o the ratn
c«l:n:ras( to the “pure” humandisease). Other plasma electrolytes were not significantly
altered.

TABLE 26
*NEPHROTICS”

M =i} £ H,0

e EQ/ g dry tissue gw/gm dry tissue
Muscle 1144 (.090) 119 (076) 438 (L454) 3.78 (3.32)
Skin 317 (174) 257 (,170) L116 (128} 3.20 (2.14)
Tendon 240 (L239) 227 (,20%) 2057 {071} 1.23 (1.28)
Bone 277 {.273) 035 (L036) 028 (.028) 0.27 (0.26)
Plasma 145 (143) w405y sagey

Table 26 15 constructed sn such a way that the data obezined n the *nephrotics”
15 outside the parentheses whe reas the values of thetr apprapriate controls are within
the parentheses. The wmpormant findings were as follows: 1) There te a sigmificant

retensson of sodiwm and chloride 1 muscle P dby a fy snsignsficant
loas of porassium;  2) There 18 an even greater retention of sodwm and chloride in
the skin, again with a stausncally lossafy 3) Tendon avd bone

showed no changes of any note;  4) There was a small bue aigmbicant increase in the
water content of muscle which agreed exactly with that which would be expected by
thearetical calculations from the gain an sodium and chloride,
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DR. FOX: How long after the edema appeared were the analyses performed?

DR. GRIBETZ: These rats were killed one tothree days after the third injection,
We were aiming for the day of maximum edema which usually occurred at this time.

DR. FOX: They were edematous, at the most, for three days,

DR. GRIBETZ: We never watted longer than three days for fear that we would
muss the peak of the edema. Fortunately, we had a good rabbit and a rather “quick?
disease was produced.

In the DOCA-treated ammals, the following changes occurred (Table 27): 1) The
plasma demonstrates the findings characteristic of a hypokaliemic, hypochloremic
alkalosis; 2) Muscle shows a moderate retention of sodium and chloride, less than
that of “nephrotics™ accompanied by a sigmificant decrease in potassium; 3) Tendon
and bone, similar to the “nephrotics” showed no significant changes; 4) For some
reason which 1s not clear to us at the moment, skin does not demonstrate any altera-
tions 1n electrolyte, alterations which we might have expected from the changes in
muscle and from the manner n which skin reacted in the “nephrotic” edema.

We saw no tissue changes inthe first six ammals studied after aldosterone admin-
istration. We apparently chose a dose which was too small to stimulate electrolyte
alterations, The dose of 30 micrograms daily for five days was gleaned from the liter-
ature and from advice of people working with the substance but apparently it was not
an optimum one. We should like to obtain some-further advice on this.

TABLE 27
DOCA
Na yoi} k H,0
mEq./ 100 g dry tissue gm/gm dry tissue
Muscle 089 (,077) 057 (.050) 353 (410) 3.32 (3.09)
Skin 181 (.183) 166 (.174) 003 (.065) 1.72 (1.82)
Tendon .182 (.188) .185 (L191) .020 (.020) 1.27 (1.25)
Bone .299 (,287) .030 (.030) 013 (020} 0.26 (0.23)
Plasma 149 (142) 100 (106) 2@ T

DR. FOX: How many days of DOCA therapy were given prior to the tissue anal-
ys1s?

DR, GRIBETZ: The DOCA-treated animals were all injected daily for seven
days; they were sacrificed on the exghth day.

Figure 76 depicts graphically what you saw before statisucally. Muscle demon-
strated an approximate 33 per centincrease insodium, 56 per cent tncrease in chloride
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Fig, 76 Electrolyse composition of muscle folfawing aeven days of DOCA smpecnion
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Fig. 77, Ciectrolyre compomsnon of skin in rats treated with DOCA compared with
nephrote ravs,
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and a 3 per cent lossof potassiumin the “nephrotics.” The potassium loss, by sratisti~
cal analysis, does not appear to be significant, In contrase, the muscle of the DOCA-
treated ammals had a 15 per cent increase 1in sodium, an approximate 14 per cent
increase 1n chioride and a 16 per cent loss in potassium.

Figure 77 depicts the data for skin. In this nssue, the increases in sodium and
chloride content were greater than in the muscles of the “nephroucs,” 82 per cent for
sodium and 51 per cent for chloride. There was an 8 per ceat Joss of potassium. As
mentoned before, the skin of the DOCA-treated animals showed very little change.

On the basis of these findings, we have attempted some preliminary interpretations,
If nothing else, they may at least stimulate some argumeat.

It 15 apparent that electrolyte from the dense connective tissues, such as bone and
tendon, was not emptied iato the extracellular space wn response to the types of edema
studied. This is in contrass 1o other stimuli such as acute acidosts.

Secondly, 1t appears as if the fludand electrolyte derangement of at least “exper-
imental nephrosis” in rats 1s characterized by a simple 1so.osmotic expansion of the
extracellular fluid. This flud accumulates inthose tissues which offer the least resist-
ance to expansion, i.e., skin and muscle. The 1ncrease in muscle sodium and chlorde
spaces could be explained by a proportionate tncrease in extracellular volume. Calcula~
tions based upen chloride space produced almost perfect agreement between the ob-
served increase in water content and that which was to be expected on the basis of the
increase 1n sodium and chioride.

Thirdly, the ab of any unexpl d change 1n water content i muscle plus
the tnsignificant changes in potassium suggests that nocomplex intracellular derange-
ments took place in the “experimental nephrosts.”

Fourthly, the dense, non-yielding nissues such as tendon and bone, reflected very
httle expansion of the extracellular volume.

Finally, the ussues of the ammals treated with DOCA showed a more marked fal
in potassium with only a very shight expansion of sodium, chloride and water content,

We have therefore tentanvely concluded that insofar as changes induced by DOCA
admimseranon typify those produced by aldosterone or other salt-retaning hormones
of the adrenal glands, it ts difficult 10 explain the edema of “expersmental nephrosis”
by assuming the etiologic influence of such hormones.

CHAIRMAN METCOFF: Thank you, Dr. Griberz. I think, since some of the data
1 am gotng to present might be perunent to discussion, perhaps [ will present some of
our matersal; then we can discuss both Dr. Gribetz’ and our results following that.
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E. Body Compasiuon and Electrolyte Metabol with A i Edema and
Duuresis 1n Rephrorc Rats
DR, METCOFF: CQur interest in tissue p was incidental ta the probl

of electralyte transport occurring an both the experimental nephrotic syndrome and in
children with the nephrotic syndrome.

The balance studies which had beendone suggesied that there was a large accumu-
lation of sodwum and chioride sn nephrotic patients which could not be ascribed to any
volume of distribution cowncident with the crease in body weight, This suggested that
the retention of sodium and chloride was two or three times as great as the gamnn

body weight, even if all the wesghtgainwere artribured to lauon'of extraceilular
edemala].
The French hrerature{?] suggested thac there was hing called a dep

of “dry” salt some place 1n the body during accumulating edema, This, from our phys.
scal-chemical knowledge, seems inconcewable; but 1t was stimulatng and we thought
1t deserved further examnation.

Moreover, the administranion of different types of solute loads to nephrotic chil-
dren, plus their behavior with various types of diurenc agents, suggested an unusual
potenual for removal of p or some u 1 transport mechamsm
{8, 9). This too seemed worthy of Further study.

1 would hike to present some data today which are related 10 some of these objec -
uves we have had. The data which L will show are based upon nssve analyses of nephrot-
¢ rats carrsed our in the period from 1954 to 1956, largely by Dr. Jorge Martner and
Miss lrena Antonowicz an our laboratory.® Very young weanling male rats, 40-50 g, in
body weight, derived from the Sprague-Dawley strawn, were used, All rats were kept
mandividual cages and were patr-fed, All controls were parr-fed to the experimental
ansmala.

The nephrotic syndrome was induced ling rats by sul 7
of amnonucleamde[10, 11] after a short contrel period. The control period was

* These srudies were supported by grants from the ULS.P.H.S,, Natonaf Instirutes of
Health.

{6] Gordillo, G. and Metcoff, J., On sodium retentionin edema: An attempt to resolve

some obstacles to interpretation of balance studres. Chn. Res. Proc. 2: 82, 1954,

{73 Blum, L. and Van Coularcre, C., Masson and Cie, edsteurs, Le role du sel dans
les Nephrates, Paris, 1931,

{8} Metwoff, J., Nakasone, N., and Rance, C, P., On the role of the kidaney during

t edema: p € and sodtum retention. J. Chin, Invess, 33:

bb;, 1954,

[9) Mereoff, J., James, J., Gordallo, G., and Antonowics, 1., Renal electralyte trans.
port tn normal and nephrotic children, J. Lab, Clin, Med. 46: 333, 1955,

f10] Metcoff, J., Proceedings of the sixth annualcanference an the Nephrouc Syndrome,
P 225, 1954, alsa see Procecdings, seventh annual conference.

{11] Freak, S., Antonowiez, 1, Crarg, 3. M., and Metcoff, 3., Experimental Nephrouc
Syndrome induced wn rats by amuinonucleoside. Renal lesions and body electrolyre
composwon, Proc. Soc. Brol. and bed. 89. 42¢, 1935,
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and a 3 per cent lossof potassiumin the “nephrotics.” The potassium loss, by statist-
cal analysis, does not appear to be significant. In contrast, the muscle of the DOCA.
treated ammals had a 15 per cent increase in sodium, an approximate 14 per cent
increase 1n chloride and a 16 per cent loss in potassium.

Figure 77 depicts the data for skin, In this tissue, the increases in sodium and
chloride content were greater than in the muscles of the “nephrotics,” 82 per cent for
sodium and 51 per cent for chloride. There was an 8 per cent loss of potassium, As
mentioned before, the skin of the DOCA-treated animals showed very little change.

q

On the basis of these §; wehave pted some preliminary interp .
If nothing else, they may at least stimulate some argument.

1t 15 apparent that electrolyte from the dense connective tissues, such as bone and
tendon, was not emptied 1nto the extracellular space in response to the types of edema
studied. This 1s 1n contrast to other stimuli such as acute acidosis.

Secondly, 1t appears as 1f the fludand electrolyte derangement of at least “exper-
imental nephrosis” in rars is characterized by a simple iso-osmotic expansion of the
extracellular flurd, This fiud accumulates inthose tissues which offer the least resist-
ance to expansion, i.e., skin and muscle. The increase in muscle sodium and chloride
spaces could be explained by a propartionate increase in extracellular volume, Calcula-
tions based upon chloride space produced almost perfect agreement between the ob-~
served increase in water content and that which was to be expected on the basis of the
increase in sodium and chioride.

Thirdly, the absence of any unexplained change in water content in muscle plus
the insignificant changes 1n patassium suggests that no complex intracellular derange-
ments toak place 1 the “experimental nephrosis.”

Fourthly, the dense, non-yielding tissues such as tendon and bone, reflected very
little expansion of the extracellular volume,

Finally, the tissues of the ammals treated with DOCA showed a more marked fall
tn potassium with only a very slight expansion of sodium, chloride and water content.

. We have therefore tentatively concluded that insofar as changes induced by hoch
a(n:\mstranon typify those produced by aldosterone or other salt-retaiung hormones
c’; e adrenal glands, 1t 1s difficult ta explain the edema of “experimental nephrosis

Yy assuming the etclogic influence of such hormones.

CHAIRMAN METCOFRE:
L am going to present mu,
our material, then we

Thank you, Dr. Gribetz. 1 think, since some of the da;a
ght be pertinent to discussion, perhaps 1 will present 50"“; .
can discuss both Dr. Gribetz’ and our resulrs followin® a5
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bol with A lating Edema and

E. Body Composition and Electrolyte M
Drurcsts ta Nephrotic Rats

DA, METCOER:  Our interest in tissue composition was incidentel to the problem
of electrolyte transport occurring in bath the experimental nephrotic syndrome and in
children with the nephrotic syndrome.

The balance studies which had beendone suggestedthat there was a Jarge accumu.
fation of sodism and chloride tn nephrotic patients which could not be ascribed o any
volume of distribution cotncident with the increase 1n body weight. This suggested that
the retentron of sodium and chloride was two or three nmes as greas as the gamin
body weight, even if all the weightgainwere attributed 1o lation'of extracellut
edemals].

The French hterature{7] suggested that there was something called a deposttion
of “dry” salt some place tn the body duriag accumulaung edema. This, from our phys-
scal-chemical knowledge, seems i able; but 1t was 1 and we thought
1t deserved further examination,

Mareover, the admimistration of different types of solute loads to nephronc chl.
dren, plus their behavior with various types of diurenc agents, suggested an unusual
potential for removal of potassium, or some unusual potassium transport mechantam
{8, 9}. This too seemed worthy of further scudy.

1 would like to present some data today which are relased to some of these objec.
tives we have had. The data which I will show are based upon rissue analyses of nephrot.
e rats carcied out w the period from 1954 to 1956, largely by Dr. Jorge Mariner and
Muss Irena Antonowicz tn our Jaboratory.® Very young weanhing male rats, 40-50 g. in
body weight, derived from the Sprague-Dawley strain, were used. All rats were kept
inindividual cages and were patrafed. All controls were patr-fed to the experimental
ammals.

The nephrouc syndrome was induced 1a ling rata by sub 3
of amunonucleoside{10, 11} after a short control period. The control period was

* These studies were supported by grants from the US.P.H.S,, Nattonal lusticutes of
Healsh.

[6] Gordillo, G. and Metcoff, J., On sodium retentionin edema: An attempt to resolve
some obstacles to interpresation of balance studies, Clhin. Res. Proc. 2: 82, 1954,

{7] Blum, L. and Van Coularery, C., Masson and Cie, eduteurs, Le cole du sel dans
les Nephrites, Paris, 1931,

[8] Mercolf, J.. Nakasone, N., and Rance, C. P., On the role of the kidney during
nephrotic edema: potassium excreton and sodium retention. J. Clin. Invest. 33,
665, 1954,

{9) Metcotf. J., James, J., Gordillo, G., and Antonowicz, L., Renat electrolyte trans.
port 1n normal and nephrone chidren, J. Lab. Chn, Med, 46: 333, 1955,

{10} Metcoft, 3., Proceediogs of the sixthannualcanference on the Nephrotic Syndrome,
p. 225, 1954, also see Proceedings, seventh annual conference.

{11] Frenk, 5., Amonowiez, 1., Crag, J, M., and Metcoff, J., Expertmental Nephrotic
Syndrome snduced 1n rats by aminonecleoside. Renal lesions and bod

electrolyr
composition. Proc. Soc. Biol, and Med. 89: 424, 1955, ' re
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and a 3 per cent Jossof potasswmin the “nephrotics.” The potassium loss, by staust-
cal analysis, does pot appear to be sigpificaont. In contrast, the muscle of the DOCA-
treated ammals had a 15 per cent Increase in sodium, an approximate 14 per cent
increase 1n chloride and a 16 per cent loss in potassium.

Fagure 77 depicts the data for skin, In this tissue, the 1ncreases in sodium and
chloride content were greater than 1n the muscles of the “nephrorics,” 82 per cent for
sodium and 51 per cent for chlomde. There was an 8 per cent loss of potassium. As
mentioaed before, the skin of the DOCA-treated animals showed very little change.

O the basisof these findings, we have attempted some preliminary 1nterpretations.
If nothing else, they may at least sumulate some argument.

It 15 apparent that electrolyte from the dense conmective ussues, such as bone and
tendon, was not emptied 1nto the extracellular space in response fo the types of edema
studred. This 15 1n contrast to other stumuls such as acute acidosis.

Secondly, 1t appears as 1f the flud and electrolyte derangement of at least "exper-
umental nephrosis” in ratsis characterized by a simple {sb-osmotic expansion of the
extracellufar flud. This flnd accumulates inthose tissues which offer the least resist-
ance to expansion, 1.e., skin and muscle. The increase in muscle sodwm and chloride
spaces could be explained by a proportionate increase in extracellufar volume. Caleula-
cons hased upon chloride space produced almost perfect agreement between the 0b-

served increase 1n water content and that which was to be expected on the basts of the
sucrease 1n sodum and chloride,

N Thirdly, the absence of any unexplained change in water content in muscle ples
e msignificant changes 10 potassium suggests that no complex intracellular derange-
ments took place in the “experimental nephrosis.”

Fourthly, the dense, non-yielding tissues such as tendon and bone, reflected very
httle expansion of the extracellular volume.

Frnally, the nssues of the ammals treated with DOCA showed a more marked fall
1 potassium with only a very shight expansion of sodwm, chloride and water contents

We have therefore tentativel DOCA
y concluded that insofar as changes induced by
admmstration typify those produced by aldosterone or other sal%—remin'mg hormates

of the adrenal glands, 1t 1s diffa ’
, cult to expl. u . | nephrosts
by assuming the euologic influence of sucfx :lo,:'r[::n:‘iema of "experiments ?

Ci

1 am ;ﬁrgtloANreTiTCOF: : Thank you, Dr. Gribetz. | think, since some of the da%

our matenal'}‘ d\;n t might be pertinent to discussion, perhaps 1 will present some O
* we can discuss both Dr. Gribetz’ and our results following thats
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TABLE 29

DISTRIBUTICN OF EDEMA IN NEPHROTIC RATS

Site Per Cent of Total Edema
Ascitic fluid 67.6
Skin 16,7
Carcass 9.1
Organs 6.6

1n the carcass and 21 per cent in the organs, Skin appears to be the majar reservoir
for edema flud 1n rars[13]. This 1s simular to the distribution 1n children, as potnted
out by Klose[14] many years ago. The changesin total body electrolyte and water con-
tent of edematous nephrotic versus control pair-fed rats over the 12 day period of
accumulating edema 1s shown 1 Table 30.

TABLE 30

CHANGE IN TOTAL BODY ELECTROLYTE CONTENT
AFTER 12 DAYS OF AMINONUCLECSIDE INJECTION

Group DFFs* H20 Na X Cl

h— g mM
A. Imual Control** 8.64 40.5 2.3 2.9 Le
B. Control (13d) 15,68 49.7 3.0 4.6 23
C. Nephroue (13d) 13.81 81.8 5.4 4.3 4.4
D. B-A + 7.04 + 9.2 +0.7 +1.7 +0.7
E. C-A +5.17 +41.3 +3.1 +1.4 +2.8
F., E.-D - 1,87 +32,1 2.4 -0.3 42,1

* DFFS - Dry Fat Free Solids
**Killed at start of experiment

Reference to hine F of Table 30 indicates that the nephronic rat gained less dry
fat free solids and potassium and a disproportionately greater quantity of water than
did the pair-fed control. The difference between electrolyte composition of the nephrotic
and control rats was more obvious when related to a lean tissue or dry fat free solids
reference (Table 31).

Since accumularing nephrotic edema appears to be associated with accumulation of
less potassium and more sodium than expected, and since nephrouc children apparently

[13] Metcoff, J., Antonowicz, L., Frenk, $., Craig, J., Martner, J., and James, J., Skin
as an electrolyte reservorr in the experimental nephrotie syndrome (abstracr).
J. Chin, Invest, 34: 953, 1955,

[14] Kiose, E., Zur Kenntnis der K8rperzusanemensctzung ber Ernahr &
Jahrb, £, Kindhlk 80. 154, 1914, ¢ ioRantBrungen,
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sufficiently long to establish a normal growth pattern. Several rats were sacrificed ac
the end of this pertod, prior fo ammonucleostde 1njection, to determine a body compo-
sttion base line. Aminonucleoside was injected daily into the rematning rats, some of
which were placed on balance study. After 12days of such 1njection, when the nephronc
syndrome was well established, the ammals were killed. By comparing the electrolyte
and warer composition of these rats and their pair-fed, non-nephronc controls with
the control rats killed 12 days earlier the extent and distribution of edema was meas.-
ured, and comparison of electrolyte apposition by direct analysis with that estimased
by balance measurement was possible.

Muscle, skin, organs and residual carcass were analyzed. Bone and tendon (except
for tail) were included with the carcass analysis. Our initial studies of edematous rat
skin in 1953 indicated that the location of the biopsy and the quantity of skin obtained
produced marked variation in the data, To overcome this problem total skin was ana-
lyzed. Under nembutal anesthesia, hair was removed by the technique of Walser and
Bodenlos[12], then the skin was removed from the ammal (after death by exsanguina-
uon) like stripping a glove off one’s hand. The final data for body composition repre-
sents a tabulation of the individual analyses for muscle, skin, organs, carcass, blood
(and ascitic fluid 1n edematous animals), By comparing weights of the intact, anesthe-
uzed, depilated rat with summed weights of all the parts subjected to analyses, it
was evident that our losses in the analytic preparatory procedures did not exceed
1 to 2 per cent,

We were not particularly confident of our balance technique in these rats, there
may have been some unappreciated urine losses or diet contamination of excreta despite
all our precautions. Table 28 shows the average increment n total body Na, K and CI
of nephrotic rats compared to therr pair-fed coatrols as revealed by direct analyses
and a stmilar comparison of the same animals based on balance studies. It is evident
that the balance technique 1s not quantitatively rehable.

TABLE 28

COMPARISON OF TOTAL ELECTROLYTE INCREMENTS IN NEPHROTIC RATS
VS, CONTROLS BY (a) DIRECT ANALYSIS AND (b) BALANCE MEASUREMENTS

Na K a
- mM
(a) Direct analysis +4.17 -0.32 +3.46
(b) Balance +5.11 +2.35 +2.83

The distribution of the accumulated edema in 18 nephrotic rats is given 1 Table 29.
Most of the water accumulation occurs within the abdominal cavity and therefore has
the composition of extracetlular fluid. However, excluding this free fhnd, approximately
51 per cent of the total tissue edema was residual in the skin, 28 per cent was found

(12] Walser, M. and Bodenlas, L. J., Composition of skin as compared with muscle,
Amer. J. Physiol., 178: 91, 1954.
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TABLE 29

DISTRIBUTION OF EDEMA IN NEPHROTIC RATS

Site Per Cent of Total Edema
Ascite flud 67.0
Skin 16.7
Carcass 9.1
Organs 6.6

i the carcass and 21 per cent o the organs. Skin appears to be the major reservorr
for edema flud in rata[13]. This is similar to the distribution in children, as pointed
out by Klose[14) many years ago. The changes in total body electrolyte and water con-
tent of edematous nephrotic versus control pair-fed rats over the 12 day period of
accumulating edema 1s shown n Table 30.

TABLE 30

CHANGE IN TOTAL BODY ELECTROLYTE CONTENT
AFTER 12 DAYS OF AMINONUCLEOGSIDE INJECTION

Group DRES* H20 Na K Cl

—_— g mM
A. lmual Control®* 8.64 40.5 2.3 2.9 L&
B, Control (13d) 15,68 49.7 3.0 4.6 2.3
C. Nephrotic  (13d) 13,81 81,8 5.4 4.3 4.4
D. B.A + 7.04 + 9.2 +0.7 1.7 +0.7
E. C-.A +5.17 +41.3 431 14 +2.8
B, E-D -~ 1,87 +32,1 +2.4 -0.3 +2.4

* DFFS - Dry Fat Free Sohds
**Killed ar start of expersment

Reference to lhine F of Table 30 indicates thac the nephrouc rac gained less dry
fat free solids and potassium and a disproportionately greater quaatity of water than
did the parr-fed control. The difference between efectrolyte composition of the nephronc
and control rats was more obvious when related to a lean tissue or dry fat free solds
reference (Table 31).

Since accumulating nephrotic 2dema appears to be associated with accumulation of
less potassium and more sodium than expecied, and since nephratic children apparently

[13] Mescoff, J., Antonowicz, L., Frenk, $,, Craig, J., Marmer, J., and James, J., Skin
as an electrolyte reservoir in the experimental nephratie syndrome (abstract),
3. Clin, Invest, 34: 953, 1955,

{34) Klose, L., Zur Kenntnis der Kbrperzusancmensetzung ber Ernahrungsstdru
Jahrb. f. Kindhlk 80: 154, 1914, " nRea
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TABLE 31

CHANGE IN BODY ELECTROLYTE CONTENT BASED ON INCREMENT OF TISSUE
H,0 Na K <L

g W M

Increment Per Gram Lean Tissue® Gain

Nephrotics 0.89 67 30 60
Controls 0.57 43 105 43

Increment Per Gram DFES Gatn

Nephrotice 8.0 600 271 540
Controls 1.3 99 242 99

* Lean tissue gain equal DFFS plus HZO gain over imnal control values.
(Line A, Table 30)

have some alteration in the renal tubular potassium transport mechanism{s, 9j, it
seemed of interest to determine the change 1n roral body and specific cell composition
in response to a challenge posed by omitting sodium 1ntake and restricting carbonic
anhydrase acuvity after marked edema had been achieved by sodium loading and while
the nephrotogemc chenucal was still being injected. The results of this experiment
are shown i Table 32,

TABLE 32

EFFECT OF SODIUM FREE DIET AND DIAMOX
ON CHANGE IN BODY COMPOSITION®

> DFFS* H0 Na K ct
g g mM

(Per g. DFFS)

Controls +2.90 + L7 o 40.38 0
Nephrotic +0.70 -30.7 -0.3 0.4 0.1

*Erom the 13th to 18th day of aminonucleoside injection.

All of the edematous nephrotic rats diuresed on this regimen, In the contrals, 2n
expected gawn of 0.9 mM K (cf. Table 31) was not achieved. Since there was no sodiem
wntake or change tn body sodium coantent, the lack of = d r bly
affords a suffictenc sumulus to conserve body sodium maximally despite blackade of
the hydrogen ton exchanging mechanism. Since less potassium was retained 1a the new
protoplasm laid down, 1t seems likely that final sodium reabsorption in the renal tubule
occurred via potassium exchange. During the six day interval, the diuresing nephrotic
rars gawned about one quarter as much dry far-free solids as the patr-fed controls.
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Inhitution of carbome anhydrase acuvity, possibly amplemented by the sodium free diet
in nephrouc rats, induced Jarge excretions of both sodium and potassium,

The estimated usinary excretions of Na, K and C1 based on the difference beiween
measured dietary intake of these stems and change 1n analyzed body composition is
shown 1n Table 33,

TABLE 33
ESTIMATED URINARY EXCRETION {INTAKE - &£ BODY COMPOSITION)

a) During Accumulating Edema (12 days)

Na X i
mM
Nephrotcs 6.9 13.6 8.9
Controls 12.6 12,0 134
b) During Diuresis (6 days)
Nephrotica 6.7 10.7 8.5
Controls Lo 9.1 3.9

The alteration 1n cell compasttion resulting fram diuresis under the above circum.

stances are more diffscalt to nterpret, The extl {lular phase exp 1 the ne-
phrouc rats mndicated that the diuresis was incomplete (Table 34).
TABLE 34
MUSCLE COMPOSITION FOLLOWING DIURESIS
WITH DIAMOX AND SODIUM FREE DIET
ECW ICW  (Nay, o), (KL G9/NeN
8 g mM ML mMg
—Per 100 g DFF5_..
Controls 59 262 %1 1.3 178.0 322
Nephraucs 84 267 1.8 18.9 154,0 32

Sodium concentranon in the ECW of the nephrotic rats was Jower than that of controls,
The [Na + K] eoncentrations intracellularly were alsolower than those of the controls.
The effect of the carbonic ashydrase inhibitor appears to be different 1n muscle than
in renal tubular cells in the control ratsin the abaence of dietary sodium. Cell sodium

ation d d and | atton increased. Aa tacrement of
hydrogen 1on equivalent to the 3 + mM/L ICW sodium lost can hardly explatn an accun
mulation of potassium of nearly 20 mM/L ICW durteg the diamox, sodwumefree dice

phase. However, the relauve intake per gram of body weighe gain was much greater
during the latter interval,
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The concentrattons of both tntracellular sodium and potassiumdecreased by 9 and
12 mM/L ICW, respectvely, 1n the nephrotic rats during diuresis. The loss of potas-~
swum from cells 1s contrary to usual experience with diuresis in nephrouc children(15].
Carbonic anhydrase inhibition seems the most likely explanation. If so, then transport
of Na and K out of the cells would be independent phenomena, possibly related to pre-
sumed accumulation of hydrogen ton intracellularly.

A final study details the effect of diet electrolyte restriction during development
of the nephrotic syndrome in weanling rats, In general, three diets were used: our
usual control diet; one with low sodium plus substituted organic cation, and one with
low sodium but completely potassium-free. All animals were pair-fed against the
aminonucleoside-tnjected, potassium-free diet rats, hence all suffered relatve caloric
and protein malnutrition from 1nadequate 1ntake.

Although calcium, magnestum and bicarbonate concentration of the ECW were not
determined, 1t 1s possible to estimate the relanve changes in bicarbonate plus organic
acids based on the change 1n concentrations of sodium, potassium, chloride and protein
in the various groups. In the control diet groups, nephrotic and control rats had 31-33
mM/L more cations (Na + K)-(Cl + protein). In the low sodium - no potassium groups
the difference was augmented by 9-10 mM/L, suggesting an increase tn the bicarbonate
plus organic acids fractions. It seems probable that most of this increment was con.
tributed by bicarbonate, and probably represented extracellular alkalosis character-
1stic of potassium depletion.

The alterations 1n cell composition associated with these dietary challenges are
shown in Table 35.

TABLE 35

MUSCLE COMPOSITION
(Per 100 g DFFS)

Diet Group No. H20 NeN Na K Cl
Rats —_ mM

1. (Conerol)  Control 5 341 13.4 16.9 32.3 7.0
Nephrotic 5 383 13.9 19.6 37.9 11,5

. (Low Na)  Control 9 336 13.6 18.6 35.6 7.3
Nephrotic 7 389 13.6 20.3 37.1 13.2

I, (Low Na-  Control 7 349 13.2 23.2 27.6 7.7
NoK ) Nephrotic ¢4 426 13.0 23.1 34.2 13.6

V. (Control 6 340 13.0 13.0 41.1 6.5

ad lib, fed)

[15] Metcoff, J. and James, J., Fourth annual conference on the Nephrotic Syndrome,
p. 109, 1952.
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It 1s noteworthy thar the greatest devianions occur tn the potassium-free diet group,

The himited avaufabality of sodium in the diet, as well, led to maximal conservarion of

this ion. Note that cellular patasstum deplenion was greater in the non-nephrouc ant-

mal, and could not be refated to greater sudium retention. It 13 possible thae the ta-

creased cellufar catabohism of the nephrotic rar yrelded a beurer endogenous source of

potassiem 1 support of surviving celfs. However, the diet porassium-deficient nephronc

rats accumulated water out of proporuen to their relanve retennon of electrofyte.

The water and electrolyte contents in muscle of young rats allowed ad hib. con-
sumption of the banic diet are presented (Group IV) for comparison.

The 1atraceltular concentranons of sodium and potassium observed in the various
diet groups are given sn Table 36, The contentranions of Na are hugh and of porassium
jow 1n all the non-nephrone rats. It 1s 1nteresung that the low sodwm diet controls
showed shghtly elevased wtracellular Na concentranions. The reduced concentranons
of celiular potassium may reflect the fact that all animals were malaourished,

TABLE 36
CELLULAR CONCENTRATIONS OF Na AND K (MUSCLE)

Diet  Group ECW 1ICW fva), 1Ky, K /NeN
@/ 100 g DRFS mM/L ICW mhi/p

I Contral 58 282 24 126 2.6
Nephratic 95 288 16 129 2.6

1 Control 63 273 29 122 2.5
Nephrotic w07 282 4 129 2.6

i Contral 70 279 43 99 2.1
Nephronc 117 309 23 i1t 2.6

The gressest distortion i cellular composition appearedinthe K deficient, Jow sodium
diet contral rate, The grearest accumulation of Na and loss of K from cells occurred
an this group. There was no sigmificant change in total phosphate of the cell. The acen-
mulatan of eodium 1ntracellularly during K depletion apparently does not depend upon
excess Na intake. Ssrularly, intraceHular accumulation of Na under the conditions of
this expersment was not agsocrated with expansion of cell volume. The nephrouc rars
exhibised expansion of extraceilolar volume despite sedium intake restricrion, however,
expanston of both extra- andintracellular volumes was most marked when no exogenoua
K was avalable, despite low sodwum tntake. Jewas of parucular intereat that the celiu-
lar Na concentranons of all nephrotic rats were lawer thaa 1o pair-fed controls, Since
cellular phosphate was ot zhtered, and it was unhikely that cell Magnesium was sn-
creased, the addwional cation might be derived from either specsfic emino acid or
hsdrogen 1on accumulation,

Quaneicaive data for amuno acd valves wn mascle of rats were not available for
comparison, but Dr. EhizabethKarser in out faboratories has extracted the dry fat frec
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muscle solids and chromatogrammed and quanutated the extract. Quanurauon was
achieved with a Spinco “Analytrol.” The results are shown in Table 37,

TABLE 37

MUSCLE AMINO ACIDS
(mg & amino N/ 100 g DFFS)

Diet Group No. Rats Glutamic  Lysine Arginine  Alamne

I Centrol 6 0.1-0.7 0.8-2.6 0.2-.1.0 0.6-2.1
Nephrotic 1 0.2 0.8 0.4 0.7

I Control 5 0.1.0.8 0.7-1.2 0,2-0.6 0.7-1.3
Nephrotic 4 0.3-0.8 0.2-2.6 0.3-0.8 0.1-2,3

m  Control 2 0.1-1.2 1,0-1.2 0.3.0.9 1.1-15
Nephrotic 1 0.2 1.8 0.7 1.3

iV Control 5 0.1-0.6 0.5-1.0 0.4-0.7 1,2.2.0

(ad lib, fed)

Unfortunately, we did not have enough tissue foranalysis in all groups, and there-
fore no defimte conclusions can be drawn, The range of values, however, suggest that
cationte amino-acid accumulation (Lysine) could notaccount for the cation discrepancy.
If this 1s true, then the nephrotic syndrome in K depleted rats 1s associated with accu-
mulation of hydrogen 1on and water intracellularly - a kind of acidophilic swelling.

Changes 1n composition of the total skin were of interest 1n that the increment of
chloride was relatively greater than that of sodium 1n the edematous skins (Table 38).
There was a loss of K from the skins of potassium-.depleted rats. There were no note-
worthy alterations in collagen or non-collagen mitrogen. The water content of the
edematous skin was not as great as that previously reported[11]. This deviation may
have resulted from dietary deficits. Note that edematous rats on low sodium intakes
accumulated as much sodium and H20 as did those on more adequate sodium diets.

Finally, a comment on total body analysis which seems directly applicable to
clinical experience, The apparent wasting of the tissues of nephrotic children noted on
diuresis after a protracted siege of edemahasalways suggested that tissue catabolism
was a constant feature of the nephrotic syndrome and contributed to the dynamic equi-
librium of the plasma protein pool, which 10 turn was depleted by both proteinuria and
catabolism. Balance studies suggested a simultaneous deplerionof body potassium[15],

but this was not apparent from studies withexchangeable K42[16]. The data of Table 39

[16] Gribetz, D., Corsa, L., Cook, C. D., Keutel, H., and Talbot, N.B., Measurement
of total body exchangeable potassium and erythrocyte potassium in nephrotic
children. J. Clin, Invest, 33; 680, 1954.
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TABLE 38

TOTAL SKIN CONTENT
(Per 100 g DFFS)

Diet  Group No, Rats Na K <1 H0
MM e g

1 Control 6 28.9 19.6 22.8 316
Nephrotic 5 339 17.2 29,1 344

Il Control 9 28.1 18.0 21.7 297
Nephrotic 9 36.7 18,0 31.4 361

i Controf 7 28.7 14.6 20,5 296
Nephrotc 4 32.2 15.7 26.8 320

tndicate esther fatlure of apposition, or loss of total body dry fat-free sohds. by nephro-
tic rats, relatuve to pair-fed controls. While the p and nttro-
gen of the nephrotic amumals was markedly r:duczd the potassium content of the
residual dry fat free ussue of the nephrotic ammals was equivalent to or greater than
that of the controls. The non-coliagenous nitrogen of the surviving ussue of the nephro-
e rats was reduced shghely.

The potassium content per umt of protoplasmic nitrogen (K/NcN) was shighely
increased in the electrolyte depleted groups. The reason for this 1s not ¢lear. Thus 1t
would appear that the early phases of the nephrouc syndrome in growing rafs are asso-
ciated with fatlure o gain or loss of quanta of protoplasm, but that che electrolyte
anatomy of surviving cells 1s esseatially normal. This may result from endogenous
uttlization of K aad N dertved from catabolic processes, as exemplified by the loss of
nitrogen but preservation of the potasstum ratios in the rats on potasswum.free diets,

TABLE 239

TOTAL BODY COMPCSITION

Dier  Group DFFs NcN/DFFS K/DEFS X/NeN
H &8 —————m/g

1 Control 1.4 0.088 0.291 3.32
Nephrotic 0.7 0.088 0.288 3.28

i1 Control n4 0.086 0.266 3.09
Nephrotic 9.6 0.082 0.294 3.57

1 Control 9.2 0.085 0,263 3.0
Nephrotic 7.8 0.079 0,272 342
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Thaok you. Both the preceding reports are now open for discussion. Dr. Barnert!

DR. BARNETT: Dr. Gribetz, would not an adrenalectomized ratmade edematous
by giving DOCA provide a better control for the nephrotic rat?

DR. GRIBETZ: I think 1tprobably would; however, 1t would be much more trouble.
(Laughter)

DR. BARNETT: Well, I do not know. I think this 1s a very interesting approach
of trying to elucidate the possible role of the adrenal glands 1n the pathogenesis of
edema 1n the nephrotic amimal, but 1t1s not very convincing when the animal treated
with DOCA does not have edema.

DR. GRIBETZ: As endocrinologists, we would agree that 1t 1s not as convincing.
Wherever there 15 endogenous secretionof anendocrine gland, 1t 1s difficult to separate
the effects of this from those of the artificially adminsstered hormone.

In presenting our data, I made a grievous omission. I neglected to state that these
studies were performed in conjunction with Dr. Marvin F. Levitt; 1n fact, he was the
sumulus for the project. Perhaps he would like to comment on the question.

DR. LEVITT: It 1s notfair to say that within frve days, animals rendered nephrotic
accumulate a considerable amount of extracellular expansion and, within a comparable
pertod of urme, those given large doses of DOCA do not retain a comparable degree of
sodrum.

1 think Donald was a little humble with the aldosterone data, too. He did give per-
fectly good doses of aldosterone, presuming that the ratio of acuvity was about 100 to L.
Despite the administration of aldosterone for a period of six to seven days, there was
absolutely no salt retention detectable by skin or muscle analysis. I think it 1s some-
thing which has to be considered n terms of trying to attribute the edema of the ne-
phrotic syndrome to the role of aldosterone or DCCA.

DR. BAXTER: Isn't this another case of the “added factor” which was discussed
a little while ago; that one group of rats has a low serum albumin, and the other has 2
normal seram albumin,

It seems to me that serum albumin fevel may explain the differences between the
nephronic rats and those receiving DOCA or aldosterone.

DR. GRIBETZ: Actually, the group of rats with the lowest serum albumun, the
nephrotic rats, were the ones which showed the greatest retention of the sodium chlo-

ride,
DR. JAMES GAMBLE, JR.: We did some studies quite some tzme ago with only

two relauvely new nephrotic patients, in whom we measured the combined distribution
of sodium-24 and chloride-36 which 1s rather a difficult determunation to.make.

In the new experiment, the ratio was close to our normal value; we got a ratio of
about 1,05.



However, we also did some measurements tn the terrinal cases; and, 10 these,
the sodum space was very greatly enfarged relauve w the chloride space. ln fact,
this was on 2 reasonably hugh protein tatake; 1 do not remember the figures right now.
If we Jowered the protein ntake, the sodium space would shrink down toward the chlo-
ride space.

It mughe be that, 1o the fresh nephrouc, there 1s relatively litle adrenal activity:
tn the terrmnal stage, three or four months from death, there would be more adrenal
acuvity, which might reconcile some of these pounits of view.

DR. LEVITT: You could also mrerpret thar by saying the termunal patent has
been subjected to considerable K loss with replacementby sodium, The nephronc, who
has not been eanng, and who has been gwven muany diuretics, 1s more hikely to be K-
depleted than 1s the untreated nephrouc,

DR. FOX: [ wonder if anybody has any daw on tissue analysis in humaus at
various stages.

Some years ago, we did some studies of the muscle and skin and other ussues in
patients. [ think we have to recogmze the fact thar, 1n De. Gmibetz® expertments, the
ammals had only been edemarous for three days. Jack, yours were edemarous for
twelve days,

We know the pauents are edematous for a considerably longer period of tame; and
1 think all our knowledge andicates thar rume ts an important factor here. In the work
we did, there was a sigmificant reduction in potassium per umit of dry weight, and a
rather large increase 1n sodwum, disproportionate fothe water content, So ! think there
wis some evidence of an exchange. Whether this was due to the 1l health of the panent
- as you menttoned, Maxvin, they may have been potassium-depleted - or whether this
1s an intrinsic part of the disease, { think remains apen to queston. | think 1c mighe be
of value to try to obtain data in patients we see from time o ume, perhaps, o another
year or two, we mught get some dataconcerning the hurnan disease at different stages.

By the way, Dr.Gribetz, jaudidhave some 1nteresting data on exchangeable potas-
sium tn some nephrotic children, ! suggest that you snclude the calculations for the
growth of these children. As 1 recall, the children who grew did aot put on patassism
nearly in proportion to their weight, as you would antierpate. OF course, this 1s highly
speculanive, but -~

DR. GRIBLTZ: That appareatly was true. Those studies{16] showed that there
wanx no depletion of potassium during the stage of the disease that we studied, But, of
course, exchangeable potassium methods are gross measurements at bess.

DR, FOX  You did some of these panents two or three umes, with ume lapsing
beweea determinations, There was aowncrease sntheir exchangeable K over the periad
of months which lapsed in some cases. Thercfore these chuldren were stagnant in
terms of K during the pertod of growth.



206

CHAIRMAN METCOFF: In regard to “exchange” of sodium and potassium, I was
rather hoping that someone would comment to the effect that, there was no evidence in
our rat tissues of an “exchange” of sodium and potasstum. That is, Na and K may vary
quite independently of each other, intracellularly. As Dr. Fox suggests, our rat data
are consistent with the idea that less than expected sncrements of K occur with accu-
mulating edema during a growth period,

DR. FOX: Did your ammals have an increase of aldosterone?
CHAIRMAN METCOFF: I am sure 1 do not know.

DR, GRIBETZ: Has anyone else given aldosterone to rats; and could he give us
some wdea of what the proper dosage 1s?

DR. GRIBETZ: We used Cole’s paper[17] as a guide, They suggested thar a 250
gm. rat has an output of 0.75 micrograms of aldosterone per hour and thus 10 micro-
grams would be at least a 10 hour supply. We thought our dose of 30 micrograms per
day in 100 gm, ammals would be sufficient to produce changes, Because our animals
were not adrenalectomized, perhaps they require much larger dases.

DR. HOLLIDAY: Dr. Metcoff, why do you think your rats, both control and ne-~
phrotic, had such low potassiums in relation to water? Those are really quite low
values.

CHAIRMAN METCOFF: 1 do not know, possibly because of some malnutritson
since they were pair-fed. They had high intracellular waters too, as you noted.

DR. HOLLIDAY: Was their serum sodium below normal?

CHAIRMAN METCOFF: No.

DR. HOLLIDAY: Perhaps their potassium intake also was deficient.

CHAIRMAN METCOFF: Yes; and this mayhave beena functionof their malnutri-
tion. This mught account for increased intracellular water 1n relation to that observed

10 the ad lib, fed rats.

If there are no further comments, I think we can adjourn. The meeting tomorrow
mornag will start at 9 a.m.

(17] Cole, D. F., Effect of aldosterone on renal excretion of intravenously adminis-
tered saline, Endoc. 60: 562, 1957,



SATURDAY MORNING SESSION

October 26, 1957

The meeung reconvened at mne-ffteen o’clock, Dr. Barnest presiding.

CHAIRMAN BARNETT: We plan tus mormng to discuss what peaple are dotng
currently in the labaratary or in the form of cl 1 & and, dly, to
discuss (which 1s really part of the same thing) that phase of chmeal iavesugation
which relates to treasment,

These presentations, which are mformal and do not have she elegance of the pre-
pared presentations which preceded them, have been exiremely useful, 1 think, to all
of us. They have served the purpose of bringing to current problems the suggestians
and crincssms of other people working in simular, related Dields,

Although Jack has been working pretty hard at this conference, § would like 1o
ask tum to begtn,

IV. Work i Progress
A, Dr, Jack Metcoff

DR, METCOPF: Before [ stary, { would hike to thank and compliment our hosts
on the magmficent yob which they have doncin orgamzing the conference and providing
alt of us with a very stimulating session, | thank we have all enjoyed 16 1 behieve that
we have fearned @ great deal. We are all deeply apprectative of the contunued support
of the National Nephrosis Foundawon, which makes transcriprion and a permanent
record of these proceedings avatlable to all, We have had to fumae the attendance to
acuve invesngators in ordet to keep the group small, so that we can mantain 2 kand
of winformality, with emphasss on discussion of aew material being presented.

Our own lsborataries’ current anvesuigations fertam to the problems of wransport

and energy linuanons in transport, o wssues, with particular reference 5o terminal
carbohydrate metaboligm,

There appear to be low potasstam coacentrauons and tncreased water consent
within the muscle cell of nephrone rats. We do not know the mgmificance of this,

W are parucularly concerned with one of the finaf sieps, where phosphoencl
Pyruvate ta transformed into pyruvate, and ADE 1o AT, This atep 1s catalyzed by

.
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pyruvic phosphoferrase and magnesium is e ial, This particular transfer 1s ane

of the few which is K-dependent.

We have been parucularly concerned with the general components of the Krebs
cycle. Inaddittonto pyruvate we have been measuring alpha-keto glutarate, and attempe.
g fo measure oxalacetate. We are trying to determine whether alterations in the
warer, sodium and potassium content of the celf will aiter the rate of production of

these metabolic end products,
We have been carrying out sumlar studies in protein malnutrition,

Another type of experient going on may be of some interest. We are currently in
the process of dulyzing dogs in order to induce marked hypatonicity. We produce a
change in osmolaricy of the ECF from 310 to 260 mosm/L 1n about two hours.

During the course of the dialysis, we measure renal functions, and obtain muscle
biopstes at the start and again at the end of dialysis,

By this technique, we hope to learn something about the renal adjustments to the
development of the acute hypotonicity and the role of cellular reorganization and func-
tion 1n relation to these renal adjustments.

We are also continuing to doamuno-acid analyses of muscle, and think we have our
system fairly well organized todothis, hoping that we may be able to get further infor-
mation concerning the relanion of these components of protoplasm to electrolyte metab.
olism.

CHAIRMAN BARNETT: Thank you, Jack.

Are there any comments on what Jack has described?

DR. NORMAN KRETCHMER (Department of Pediatrics, New York Hospital):
I would just hke to ask a question, Jack. Are you measuring just the phosphoenol
pyruvate to pyruvate, or the whole Krebs' scheme?

DR. METCOFF: We are trying to pick up the whole Krebs’ cycle, Norman;
but we are at the moment measuring three points on it: pyruvate, alpha-keto-glutarate,

and oxalacetate.

DR. KRETCHMER: You are then making your measurements in the presence of
oxygen?

DR. METCOFF: Yes.
DR. KRETCHMER: Thaak you.

CHAIRMAN BARNETT: Would you like to comment on your question® (Laughter)
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DR, KRETCHMER: Yes, 1f [ mighed myq ion. It would be enzy Hy

more feasible to do the experiment in the presence of nitrogen, and measure just the

one step, phosphaenol pyruvate to pyruvate. Inthatway, you would not become involved

with at least eight or nine enzymanc steps; and the reaction where, presumpuvely,
potassium was participating would be isofated.

DR. METCOFF: lsa't the shift from pyruvate to Jactate exiremely rapid and
difficult o isolate?
DR, KRETCHMER: Yes, but the hydrogenation system can be blocked. What you

are doing is yust adding one molecule of hydrogen 1o go 1o lactate. You can actually
trap the hydrogen and 1t might make it simpler to measure pyruvere colorimetrically.

DR. METCOFF; Thank you, Norman, that seems like an cxcellens suggesuon.
1 would appreciate any other comments.

If anybody has already done this, or is in the process of doing 31, please let me
know; thea we will not have to do 1z,

CHAIRMAN BARNETT: Walter, would you -~
B. Dr.Walter Heymann
DR. HEYMANN: [ do not want to take much cime because I would like Sudney
Wilson to report on the work he tadotng concerning the aminonucleoside disease which

18, we believe, a fascinating problem. There may be some value 1n repornng studies,
even though the results were neganve, It might save someone clse the work.

B the d of renal annbodies in sera of aephrotc patients has failed
w yeld positive results, the possibility has to be considered thae these substances
are mosy efficiently cleared from the blood stream and fixed in renal tissve. It does
seem jusufied 1o try to develop a method 10 detect them in kidney matenial,

When we aject rats with & very poreat anti-kidney serum, we know from Press.
man's work that heteronephrotoxic annbodies arc clearedfromthe blood siream withan
11 mnutes and localized chiefly inthe glomerular structures. We, thus, obained glom.
erular suspensions from kidneys of rats that had been injected with anti-kidney serum
two to four days previously, These suspensions contained glome ruli with and wsthout
capsules, They were broughs in contact, for varied lengths of ume, with tannic acid
treated sheep red blood cells that had been coated with rat kidney anugen. No aggluen.
atwons of these red blood cells along the surface of the glomerult were noted. Immunol.
ogists do consider monovatent and bivalent anubodies. The reason for the failure of
surface agglutination may be that hereronephrotoxic antbodies are monovalent.

We then have tried fo elute the anubodies from nephrouc rat kidneys, and to use
the elnates for hemagglutination procedures, We did apply acadification and heat, 60°
for kalf an hour, for elunon, There were three out of 12 such experiments 1a which the
cluates gave some urters. Nine however, remained neganive. We sull conunue this
work, but there certainly 1s no easy way to elute antibodies from kidney tissues.
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DR. RAPOPORT: Why can’t you do thus - 1 am nawve and 2 complete amateur
about this,

DR. HEYMANN: 1, wo.

DR. RAPOPORT: [have a vague recollection of a reading contact. Is there not a
migratory starch column tn which there are antigens of different kiads, aud in which
a labelled eluate mugrates according to 1ts affinsty for antigen?

Someplace body has studied anttbodies which can be differentiated only by
rmigraten in starch columns, which differ onlyinthe anugen. In such a system you can
pick up differences which you cannot pick up by any other known immunelogic setup.
It 15 a kind of column chromatography.

DR, LANGE: There 15 a techmque of elunon with salicylate, with quite a high
yield from the eluate of kudney from a rar with nephrotoxic nephritis. We have tried
the same technique, but so far, we have been unsuccessful.

DR. HEYMANN: Yes. I discussed these procedures atthe ume with Dr. Pillemer;
he was not very impressed.

DR. LANGE: You have not succeeded 1n repeeting 1t!

DR. HEYMANN: We have not tried it, | would hike to say that it appears tobe 2
good moadel to wark with.

DR. PFEIFFER: I would like 1o return to Dr.Heymann's remark, When you have
the kidney glomeruli isolated, then you have made animportant step forward, We
assume that we are dealing with an immunological process in glomerulonephrins, You
have 1solated antigemc material and your hypothesical antibodies can be bound by
their antigens.

The next step - I suppose this was why you studied this preparation - would be to
put some rabbit antiserum against rat serum on shides with your glomerular suspen-
sions. Then you should be able to detect, as with the Coombs’ test in hematology, in-
complets annbodies which may play an important role in our problem. The whole
hypothesis of auto-immunization sn hematology came up only after the discovery of
this techmgue. In the past, I am sure you know, nobody had demonstrated the auto~
antitbodies with rehable methods, but now it is established that the auro-immune-
mechanism 18 1nvolved 1n many blood disorders.

DR, HEYMANN: We have tried thac with the additian of various protens, butc
without success. We have, however, not had the anu-gamma globulin as yet, which we
should have used.

DR. PFEIFFER. Another potar 1 would hke to mention 1s that we have tried to
demonssrate anttbadies agawst kidney tissue antigens also with the tanatc-acid erythro-
cyte techmque after the modification of Stavitsky. We have not been too successful with
this method 10 man. However, in rats with experimental nephritis, we got positive
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reaults with this techmque only after ten days of nephratis. Then the titers were fawrly
reprodutible, and the contrels were entirely negasive.

When we started this project, however, we intended to perform some kind of block-
tng test. That means, if the sensitized erythrocytes are completely ocvupred by auto-
anthodies agatnst kidney, no agglutination wall occur when you add an anti-kidney
anuserum from another ammal to the shde; but, if no auto-antibodies are present,
apglutmanon will be visible.

However, because we already had positive results, presumably due to complere
anubedy-lske factors before the addition of a nephrotoxic serum, this mechantsm did
not work,

With this blocking method, therefore, you can look for neganve agglunnations as
posttive reactions and interpret positive aggl as neg d: ig that no
anubody tn the test-serum has “blocked” the antigenic recepsors on the surface of the
erythrocyte,

DR, HEYMANN: Yes,

DR, PFEIFFER: In man, I would suggest we should try this becausc we already
had posiuve results with the simple techmique sn anumals,

DR, HEYMANN: Yes, that 1s righe; that 1s published. That works quite well.

DR. CHARLES A. JANEWAY (Harvard Medical School).  Walter, have you tried
a suspension of glomerult from a normal rat kidney in vitro with your nephrotoxic
serum?

It seems to me one of the things you have o do 1s create a situation 1n which the
bading groups of the anuibodics are nat all fastened down, so to speak. You could
achteve this 1n an in vitro system and never know 1r; I mean you just do not have any
wdea how much serum it rakes in the amimal 1o exceed the capacity of the kidney o

absorb antibody.

DR, HEYMANN:  If one incubates a glomerular suspension obtained from normal
rat kidneys with nephrotowc serum, one detoxifies 1t rapidly and an anugen.antbody
junction fakes place. The nephrotoxicaty of the serum will be decreased or possibly
abolished.

DR, LANGE  Maybe, sf you would do 1t 1n a complemeat-free medium, so that
the uncan dacs not take place and chere 15 no cell destruction, 1t may work.

DR, HEYMANN: May I comment about something which 19 silly most probably.
(Lavghter) For years, 1 chought maybe one should see whether there 1s an sntracutana
eaqus response to kidney antigen 1n nephrotic patieats. I do not know whether anybody
had ever done this expertment.

DR. JANDWAY: We did, with negative results,

OR. HEYMANN:  We have done it, with negative results, You dud, too, Goodl
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As far as the hyperhipemia problem is concerned, I also have only a lirtle to report.
You may remember that Rosenman, Byers aad Friedman have proposed the hypothesis
that hyperfipemia occurs in the nephrotsc syndrome because lipids are trapped in the
plasma, the liver being unable to take up pfasma. lipids properly.

Together with Abe Bergman and Dr, LeRoy Matthews, we have injected rats with

CM trilaurin emulsions and have followed the clearance of this farty acid from the

blood, and the up.take of this labelled compoundin hiver and kidneys. I can summarize
the results of these studies by saying that the nephrotic animals behaved tn an indis-
unguishable fashion from the cantrols. The up-take in the livers of nephrotic rats, 1n
particular, was at least idenucal, if not superior, to the up-take obtained in non.ne-
phrotic rats,

Thus, as far as trilaurin 13 concerned, there 1s no support for the aforementioned
hypothesis.

DR, RAPOPORT: Walter, there 18 an wherent catch in this. You alwaye start,
if you do this with a nepbrotic amimal, with a high leve! of blood fat.

DR, HEYMANN: Yes.

DR. RAPOPORT: And this high level may be the driving pump which moves fat
across the cell membrane, This s all speculation; but, if you have a nephrotic animal
whose blood you have cleared of fat, and then introduce fat ar differeat levels, and
equilibrate it at, say, 100 mg.. 200 mg., 300 mg., you might then be able to show that
you need a level of 400mg. before fat enters cells at a normal rate, and that this mght
be the explanation for the trapping,

DR, HEYMANN: It is interestng to poiat out that the nephronc hyperlipemia that
15 so impressive in terms of milligrams per cent plasma, amounts to approximately
only 30 to 90 milligrams of total liptds when calculated as surplus mulligrams of total
hipids per plasma volume of a 200 gram nephrotic rat. Do you think that this would
alter your way of thinking?

DR, RAPOPORT: No, this is analogous to the fish, whichis uremic. It maintains
a high blood level of urea to clear the small amounts 1t has to every day. Of course,
1we Fltration is always a basal 300 mg., plus the additional 20. It gets rid of these 20
milligrams 1n 2 small volume of fluid; and it does not require very much change 1a

concentration.

DR. HEYMANN: I think that we should end my report to let Dr, Wilson talk,

We have seen recently a litde girl who had been treated with tridione for petit
mal, for a period of eight months. She developed the nephrotic syndrome so severely
that we almost lost her. 1b i d 11 whether this could be expersmentally
according to the literature, this haa not been successful[1]. 1 was

reproduced in rats;

{1] Otlhagen, B. and Svanborg, A., Attempts to Produce Experimental Lipsd Nephrosis

with Tridione. Scand, J. Clin. and Lab. lnvest, 5: 146, 1953,
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not discouraged by this report because tridione had not been given over a period of
time which could compare with those observed inchildren who take tridione and develop
the nephratic syndrome after usually 6, 7 or 8 months of medicadion.

Thus, we have tubed rats with tridione day by day for up to 13 months. It usually
takes approximately 6 months for rats to develop the discase, and only 9 of 20 animals
have, thus far, developed a nephrotic syndrome.

It is not a fulminaring discase like the one that we produce with potent ncphrotoxic
sera. The tridione-treated rats develop proteinuria of moderate degree with 200 to
300 mulhigrams of protein excreted per day; they have a moderate hypoproteinemia
and hyperlipemia without azotemia or hematuria. By the ime they develop renal dis.
easc they are at least 7 to 8 months old and anasarca has not been observed as yet.
Renal failure has not been noted a8 yet, eather. Experimentally, a mild nephroue syn-
drome thus can be produced 1n rats with tridione, if one keeps on giving 1t over long
periods of me.

DR. GRIBETZ: What dose did you use?

DR. HEYMANN: We have used about five to ten times the dose which 1s used 1n
epileptic children, The rats were tubed with 1.0 1o 1.25 cc. of the solution, which 18
approximately 40 mg. per day.

CHAIRMAN BARNET: You start with young rats,
DR, HEYMANN: At the beginnuing the rats weighed 100 to 150 gm.

CHAIRMAN BARNET: Dr. Wilson!

C. Dr. Sidney Wilson

DR, WILSON (Cleveland, Ohio): Dursng the past year I have had the pleasure of
working with Dr. Heymann, and have been studying with him the aminonucleoside
nephross which can be induced in rats, This was first described by Dr. Metcoff[2)
1n 1955, We have confirmed thar the aminonucleoside of puromyein will produce the
ncphrotic syndrome when given by subcutancous injection to rats, This applics o rats
of the Sprague-Dawley stratn and Long-Evans and Sherman straina,

If 1t 15 given in the dose which he described, which was 0.3 ml. of a % per cent
solution per 100 gm., proteinuria appears tn 7 to 13 days. We usually continue the
imections for 12 1o 14 days. Protesnuria will peraist for a variable length of ume
from about 3 weeks to 2 months, then disappears.

This latent period interested us considerably, because it could be reduced or
lengthened, according to the dosc. If we reduced the daily dose, the latent period was

(2] Frenk, S., Antonowicz, L, Craig, J, M. and Metcoff, J., Experimental aephroae
ayndrome 1nduced 10 rats by aminonucleoside. Renal Iesions and bod

lece
composinion, Proce. Soc, Bxper. Biol, and Med., 89: 424, 1955, y clectrolyte
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As far as the hyperlipemia problem 18 concerned, [ also have only a little to report,
You may remember that Rosenman, Byers and Fried have proposed the hypoth
that hyperlipesua occurs i the nephrotc syndrome because lipids are trapped 1n the
plasma, the liver being unable to take up plasma- lipids properly,

Together with Abe Bergman and Dr. LeRoy Matthews, we have injected rats with

C 14 trilaurin emulsions and have followed the clearance of this fatty acid from the

blood, and the up-take of this labelled compoundin hiver and kidneys, I can summarsze
the results of these studies by saying that the nephrotic anumals behaved in an indis-
tingumshable fashion from the controls, The up-take in the livers of nephrouc rats, in
particular, was at least identical, 1if not superior, to the up-take obtained in nonwne~
phrotic rats,

Thus, as far as trilaurin 1s concerned, there 16 no support for the aforementioned
hypathesis,

DR. RAPOPORT: Walter, there 15 an inhereat catch in this, You always start,
if you do this with a nephrotic animal, with a high level of blood fat.

DR, HEYMANN: Yes.

DR, RAPOPORT: And dus high level may be the driving pump which moves fat
across the cell membrane. This ia all speculation; but, 1f you have a nephrotic animal
whose blood you have cleared of fat, and then introduce fat at different levels, and
equlibrate 1t ar, say, 100 mg,, 200 mg,, 300 mg., you might then be able to show that
you need a level of 400 mg. before fat enters cells at a normal rate, and that this might
be the explanation for the trapping.

DR, HEYMANN: It 1s interesting to point out thatthe nephrotic hyperlipemia that
s so smpressive in terms of milhgrams per cent plasma, amounts to approximately
only 30 to 30 milligrams of total hpids when calculated as surplus milligrams of total
hpds per plasma volume of a 200 gram nephrotic rar, Do you think that this would
alter your way of thinking?

DR. RAPOPORT: No, this 18 analogous to the fieh, whichis uremic, It maintams
a high blood level of urea to clear the small amounts it has to every day. Of course,
tes filtration 15 always a basal 300 mg., plus the additional 20. It gets rid of these 20
mithgrams 1n a small volume of fluid; and it does not require very much change in
concentration.

DR, HEYMANN: 1 think that swe should end my repore to let Dr. Wilson talk.

We have seen recently a lirtle gir] who had been treated with trichone for petit
mal, for a period of eght months. She developed the nephrotic syndrome so severely
that we almost lost her. 1 became interested in whether this could be experimentally
reproduced in rats; according to the literature, this has not been successful{1j. I was

{1] Olhagen, B, and Svanborg, A., Attempts to Produce Experimental Lipid Nephrosia
with Tridione. Scand. J, Chn. and Lab, Invest. 5: 146, 1953,
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not discouraged by this report because tridione had not been given over s period of
time which could compare with those observed tn chuldren who take tridione and develop
the nephrotic syndrome after usually 6, 7 or 8 months of medication.

Thus, we have tubed rats with tridione day by day for up to 13 months. Iz usnally
takes approximately 6 months for rats to developthe disease, and only 9 of 20 antmale
have, thus far, developed a nephrotic syndrome.

It 18 not a fulminating distase hike the one that we produce with potent nephrotoxic
sera. The tridione~treated rats develop proternuria of moderate degree with 200 to
300 mulligrams of protein excresed per day; they have a moderate hypoproteinerma
and hyperlipemia without azotemua or hematuria. By the time they develop renal dis-
ease they are at least 7 to 8 months ofd and anasarca has not been observed as yer.
Renal failure has not been noted as yet, exther. Experimentally, a muld nephrouc syn.
drome thus can be produced in rats with tridione, 1f one keeps on gaving 1t over long
periods of time,

DR. GRIBETZ: What dose did you use?

DR. HEYMANN: We have used about five to ten times the dose which 1s used 1n
epileptic chuldren. The rats were tubed with 1.0 to 1.25 cc. of the solution, which 1s
approximately 40 mg, per day.

CHAIRMAN BARNET: You starct with young rats.
DR, HEYMANN: At the begianing the rats werghed 100 to 150 gm.
CHAIRMAN BARNET: Dr. Wilsont

C. Dr. Sidney Wilson

DR, WILSON (Cleveland, Ohio). During the past year I have had the pleasure of
working with Dr. Heymann, and have been studying with lam the amunonucleomde
nephrosis which can be induced 1n rats, This was firat described by Dr. Mercoff[2}
w1955, We have confirmed that the aminonucleoside of puromycin will produce the
nephrotic eyndrome when given by subcuraneous tjection to rats. This apphes to rats
of the Sprague-Dawley sirain and Long.Evans and Sherman strans,

¥ 4t 12 given 1n the dose which he described, which was 0,3 ml. of a % per cent
salution per 100 gm., proteisuria sppears 16 7 to 13 days. We usuaily continue the
wjections for 12 to 14 days. Protetounia wall persist for a variable length of nme
from about 3 weeks to 2 months, then disappears.

This latent period imerested uws considerably, because 1t could be reduced or
lengthened, according to the dase. If we reduced the dasly dase, the latent period was

{2} Frenk, ., Anwnowiez, I, Cratg, J. M, and Metcoff, J., Expertmentat aephrotic
eyndrome snduced 1n rats by aminonucleoside, Renal lesions and body electrolyte
composition, Proc, Soc, Exper. Biol. and Med,, 89: 424, 1955,
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As far as the hyperlipemia problem is concerned, I also have only a little to report,
You may remember that Rosenman, Byers and Friedman have proposed the hypothesis
that hyperlipemia occurs in the nephrotic syndrome because lipids are crapped in the
plasma, the liver being unable to take up plasma-lipids properly.

Together with Abe Bergman and Dr, LeRoy Marthews, we have injected rats with

C14 tritaurin emulsions and have followed the clearance of this fatty acid from the

blood, and the up-take of thie labelled compound ia liver and kidneys, I can summarize
the results of these studies by saying that the nephrotic animals behaved in an tndia.
tinguishable fashion from the controls. The up-take in the livers of nephrotic rats, in
particular, was at least idenuical, if nat superior, to the up-take obtained in noa-re-
phrotic rats,

Thus, as far as trilaurin 1s concerned, there is no support for the aforementioned
hypothesis.

DR. RAPOPORT: Walter, there is an wnherent catch in this. You always acare,
if you do this with a nephrotic animal, with a lugh level of blood fac.

DR, HEYMANN: Yes.

DR. RAPOPORT: And this high level may be the driving pump which moves fat
across the cell membrane. This 1s all speculation; but, if you have a nephrotic animal
whose blood you have cleared of far, and then introduce far ar different levels, and
equilibrate 1t at, say, 100 mg., 200 mg., 300 mg., you might then be able to show that
you need a level of 400 mg. betore fat enters cells at a normal rate, and that this might
be the explanation for the trapping.

DR, HEYMANN: I is interesting to point out that the nephrotic hyperhpemia that
18 s0 impressive in terms of milligrams per cent plasma, amounts ta approxtmately
only 30 to 90 mulligrams of total lipids when calculated as surplus milligrams of toral
fiprds per plasma volume of a 200 gram nephronc rat. Do you think chat this would
alter your way of thinking?

DR, RAPOPORT: No, this is analogous to the fish, whichis uremic. It maintaing
a high blood level of urea to clear the small amounts it has to every day, Of course,
its filtranon 1s always a basal 300 mg., plus the additional 20, It gets rid of these 20
mulligrams in a small volume of flwd; and it does not require very much change in
concentration.

DR. HEYMANN: 1 think that we should end my report to let Dr. Wilson ralk.

We have seen recently a little girl who had been treated with tridione for petit
mal, for a period of eight mouths. She developed the nephrotic syndrome so severely
that we almost lost her. I became interested in whether this could be experimentally
reproduced 1n rats; according to the hterature, this has not been successful|1), T was

L
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much more severely 1iil; and many of them died. But those controf rats which had
trradiation alone had no proteinuria, and survived for a month wrthout any disease.

Further investigauing whether 18 was caused by an anubody, complement titers
at the onset and during the course of the disease were measured, Here we have come
up agasnat something which does not fit 1n with what we have said before.

Cut of 8 rats in which we measured complement, we found, in 6 of them, that there
was a deplenion of complement at just about the ume when proteinunia first appeared.
This mught be snterpreted by many as beang very strang evidence ia favor of an anuigen-
annbody resction being the cause of the disease.

But we are uot very sure that this evidence of depletion of complement in these
rats 1s necessarily wdicanve of an antigen-antbady reaction occurring in this partic.
vlar disease,

We have also tooked for antibodies 1nthe serum by the hemagglutinatoa techntque,
and have drawn a complete blank there. We did not find any positive results by the
hemagglunnation method.

CHAIRMAN BARNETT: Has complement been measured 1n the rats which were
irradiated or treated with steroids?

DR, WILSON: No.

DR, JANEWAY. I thunk that camplement has to be evaluatedin relation to obser-
vatons Dave Guiltn and other people have made on protein catabolism. Complement ts
a substance which, at least (o considerable part, s protein; and there are forces oper-
aning which lower the serum levels of practically all the protesus. Complement shares
10 thas, although st 35 a difficuls one so measure 1n s ndividual components,

DR, LANGE, Complement usually does notr go down as severely.

DR, JANEWAY. Neither do you have the same phenomena operating as m nephro-
s1s where, for some reason, you have increased catabolism of many of the proteins.

DR, HEYMANN: This feoside 18 a roxic sub which, outside of
producing renal disease also has some other effecrs.

DR, LANGE: May | suggest a simple expesriment’ Take the blood of znimals
which have had protevnurta for § days, and transfer 1t 10 an animal to which you have
juse given the substance, and see whether he gets an immediate disease.

DR. HEYMANN. Suwdar towhat yaudid with the rabbis injected with duck serum,
That 1e a good 1dea, 1ndeed,

DR. LANGE: It may be very good proof chas you have an aatibody, just passive
reansfer of body from a di d animal 1o a i animal,
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lengthened to something hike 14 or 17 days; and if we mncreased the daily dose, the
latear period could be reduced. If we gave 10 mg. per 100 gm. of the nucleoside by
intravenous 1njection (that 1s, by one single intravenous injection), we could always
induce nephrosis; and there was always a latent period which was a very well-defined
one. Itsdurationwas 5days. All the other changes which we associate with the nephrotic
syndrome appeared. The duration of this disease was much the same as that of the
disease when 1t was induced by subcutaneous 1njections.

Once these amimals recovered from their disease, we reinjected some of them
within 2 days to one week after proteinuria had disappeared, We could then obtain a
fresh nephrotic syndrome, as it were, with a slhghtly shorter latent period, but which
did not spontaneously clear up, and which progressed to chronic renal failure, with
subsequent death of the rat 1n a variable length of ume from about 3 to 8 months after
the onset of the second disease. This chronic disease, as we call it, has features very
stmular to the nephrotc syndrome. There 1s hyperliperma, hypoprotemnemia, gross
proteinuria, urea retention, but not so much edema. Edema s present at the very
beginning of the disease, then very rapidly disappears, and does not recur.

1 should say that some of our rats followed for a considerable time once they have
recovered from the acute disease, tend to develop proteinuria again after about 3
months, In 2 rats we followed for this length of ime, proteinuria has returned to a
minimal degree, with shight biochemical changes.

The latent period, which 1s always observed before proteinuria appears, made us
wonder whether we were dealing with a substance which mught be acting as an antigen,
and that the rat, during this latent period, was producing an annbody to the substance
which we were tnjecting, In order to testthis hypothesis, we planned a few experiments.
One was to do what Dr, Lange[3] did with his duck-serum disease; that is, give corti-
sone or ACTH and see whether we could prevent the onset of the disease by giving
either cortisone or ACTH. Using fairly big doses of corttsone, we have been quite
unable to prevent the onset of the aminonucleoside disease; and, stmularly with ACTH,
we have been unable to prevent the onset, or alter 1ts course in any way.,

Another experiment was to do what Kay[4] did ro prevent duck-serum disease 1n
rabbuts; that 1s to irradiate our rats so that antibody production was 1nhibited. We have
irrachated a number of these rats with a total body 1rradiation which is sufficient, ac-
cording to other published work [5}], to prevent the formation of antibodies to an antigen.
Two days later, when there was complete 1nhibitionof antibody production, we tnjected
them with aminonucleoside. The disease in those rats which were given the substance
tntravenously appeared at exactly the same time as tt did before radiation, and was
accompanted by the same biochemical changes, and so on. The animals were usually

(3] Wachstein, M. and Lange, K., Abstracts of 27th Annual Meeting of Society for
Pediatric Research, p. 17, 1957.

(4] Kay, C. F., The mechamsm by whichexperimental nephritis 1s produced in rabbits
with nephrotoxic duck serum. J, Exper. Med., 72: 559, 1940,

[5] Fuch, F. W., Wissler, R. W., LaVia, M. and Barker, P., The uming of anugen
injection relative to whole body X-irradiation and the development of circulating
antibodies and the splenic histologic reactionin the rat. J. Immunol. 76: 151, 1956.
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much more severely 1}l; and many of them died. Bue those control rats which had
seradiation alone had no proteinuria, and survived for a month without any disease.

Further invesugatung whether i was caused by an antibody, complement users
at the onset and during the course of the disease were measured. Here we have come
up aganst something which does noc fit 1n wich what we have said before,

Out of 8 rats in which we measuredcomplement, we found, ta & of them, that there
was a deplenion of complement at just about the tume when proteinuria first appeared.
This nught be 1nterpreted by many as being very strong evidence 1 favor of an antigen-
anttbody reaction being the cause of the disease.

But we are not very sure that this evidence of depletion of complement in these
rats 1s necessarily wndicative of an aaugen.anubody reactton occurring tn thas parac-
ular disease.

We have also looked for anubodtes inthe serum by the hemagglutination techmque,
and have drawn a complete blank there. We did not find any pasitive results by the
hemagglutination method.

CHAIRMAN BARNETT: Has complement been measured in the rats which were
teradiated or treaced with steroids?

DR. WILSON. No,

DR. JANEWAY. [ think that complement has to be evaluatedin relation to obser-
vations Dave Gitlia and other people have made on protewn catabohism, Gomplement 1s
a substance which, at Jeast 1n considezable part, 1s protein, and there ase forces oper-
ating which lower the eerum levels of pracucally all the proteins, Complement shares
tn this, although it 18 a difficult one to measure 1n 1ts 1edividual components.

DR, LANGE. Complement usually does not go down as severely.

DOR. JANEWAY' Newther do you have the same phenomena operanngas in nephro-
s1s where, for some reason, you have increased catabolism of many of the proteins,

DR. HEYMANN:  Thus jeoside 13 a toxic sub which, ourside of
producing renal disease also has some other effects,

DR. LANGE: May | suggest a simple experiment? Take the blood of amamals
which have had prosesnuria for 5 days, and transfer 1¢ fo an animal to which you have
just given the substance, and see whether he gets an immediate disease.

DR. HEYMANN. Simular to what you did with the rabbuts snjected with duck serum.
That 15 a good 1dea, 1adeed,

DR. LANGE: It may be very good proof that you have an antsbody, just passive
transfer of body from a d d ammal to a 4 ammal.
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Puromyecin.

6-dimethylamino-9- (3'-p-methoxy-L-phenyl-
alanylamino-3’-deoxy-p-ribosyl ) -purine

Fig. 78. Formula of Puromycin, Removal of the tyrosine molecule leaves a 3.amiro-
c1boside of 6-dumethylaminopurine with which nephrosta 15 obtarned,
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DR, McCRORY: 1 can give some information in a rather different way, which

mightbe of interest.Dr. Liu has succeeded in growing rat kidney in nissue cultures{6).

These rat kidoey tissue cultures exhuibic species.specific cytotoxic effects when rat

anti-kidney sera 1s added. She has found that this aminonucleoside is cytotonic 1n vitro
to these cells, This is really a nucleoprotein anumerabolite; 1an’c 122

DR, WILSON: It could be; yes.

We were 1aterested to know whether this disease could be praduced 1n smimals
other than rats; @0 we have admimistered 1t to other laboratory ammals {the rabbat,
mouse, guttea pig, and dog). In none of them have we been able to find proteinuria or
any of the bioch 1 changes which we with the nephrotic syndrome, This
we thought was rather oddand strange; sowe wondered whether there was some differ-
ence 1n the handling of this substance by these anumals. Thuis 18 more or less the pont
we have reached 1n studying this disease,

Figure 78 shows the formula of puromyein. If the tyrostne molecule ts removed
the nucleoside which has been used to induce nephrosis 1s obtatned. Iris a 3 amune
riboside of 6.dimethylaminopuring,

We were also able to obtain from the Lederle Company the purine itself. It caused
no proteinuria in rats. Cthers have succeeded 10 obtaining the amino ribose, and have
also found that this does not cause protewurta in the rat{7, 8, 9},

So we thought 1t was posaible that the guinca pig and the other laboratory ammals
which did not get the disease might be able to break down the nucleaside into the free
base and sugar, and so not get the disease, while the rat was not able 10 do thas,

We set out to fook for the aminonucleoside in the urine of rats and guinea pigs,
and so on, hoping we mught be able 10 find 1u the guinea pig and in the rabbit the free
base and, wn the zat, that we maght find the aminonucleoside bus no free base.

By using a Dowex 50 1onexchange column, and fractionation of the urwe for purines
and nucleosides, we have beea able to show that the nucleoside appears in the urine of
the rats and aiso of the rabbits and of the guinea pig.

DR. HEYMANN: In symifar amounts?

DR, WILSON: Roughly stmilar amounts; yes.

From this, we infer that the nucleoside, if 1t ts the nucleoside stself which 1s caus~
ing nephrosis 3n the rat, also 1z avaslable to the kidney of the rabbit and of the guinea

psg. and thar the reason the gmnea pig and the rabint do not get the disease 18 not that
they are breaking down this compound.

{8} Law, C., MeCrory, W. W., andFlick, J, A,, Cytotoxic Effects of Nephrotoxse Serum
on Rat Tissue Culture, Proc. Soc. Exp. Biol, and Med, 95:331, June, 1957,

{7} Gidew, L., Personal commumcanon, 1957,

{8] Stern, 3., Personal communication, 1957,

{3] Recant, L., Personal communication, 1957,
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We do not know what the reason 1g; there must be some aother difference in the
handling of this substance.

DR, METCOFF: May I make a couple of comments? The studies of Drs. Wilson
and Heymann are an example of how nicelyone can improve upon a preliminary obser-
vation, However, it may be of some interest that, very early in the game, some 2%
years ago, as I think I mentioned at the last conference, Dr. Joe Ferrabee was also
interested wnthe questionof antigena-antibody acavity, He demonstrated quite effectively,
he thought - 1 am not competent t judge - that the aminonucleoside had no hapten
group and no antigenic actvity.

At the same nme, we treated a large group of rats with ACTH and cortisone, and
had exactly the same experience Dr. Wilson has described; we were unable to prevent
or modify the disease.

Neil Bricker[10} has produced renal disease indogs, ! am not sure whether it was
the nephronc syndrome, using the a leoside. So pr bly i is possible.
Actually, be perfused an anoxic kidney with the nucleoside.

DR, HEYMANN: How many dogs did we have?

DR, WILSON: Just two.

DR. HEYMANN: Wich the same dose that rats were 1njected with?
DR, WILSON: Yes, the same dose.

DR, HEYMANN: Then 1t stll remains true, that guinea pigs, rabbits, and mice
do not develop the disease.

DR. METCOFF: Also, it seemed obvious that one ought to look for what might
be an antimetabolite in this rat, Before embarking on that too extensively, I thought I
would write to Lederle[11], because I imagined that they had explored every variety
of this compound 1n relation to producing this disease, or preventing 1t. It turned out
that they had explored or knew abouta variety of the split products of the anunonucleo-
side but had notbeenable o preventor produce the disease with any of these derivates.

DR, HEYMANN: In rats?

DR. METCOFF: 1 believe it was in rats.

DR. HEYMANN: We have a vew vartettes which did produce the disease in rats.

DR. METCOFF: Which ones?

[10] Bricker, N. S., Lubowitz, H., Dewey, R, R., Stokes, J. S., and Goldman, D, Y.,
The Functsonal Capacity of Persisting Nephrons tn Experimentally Induced Chronic
Bright’s Disease. Proc, Geatral Soc, for Clin, Research 30: 15, 1957,

{u] Qleson, J. J., Personal communication,
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DR. WILSON: The top half of Figure 78 shows the 6-dimethyl compound. We have
tried 6-diethyl and 6-dipropyl compaunds; and we have not seen any renal disease with
these compounds. We have succeeded in producing the nephrouc syndrome with the,
6-methyl! propyl compound.
DR, HEYMANN: This was a very severe disease, a clear-cut one.

DR. WILSON: We have also tried the inosine form. It 1s completely benign, very
much more bensgn than the others,

DR. RILEY: May I ask what the histological findings are on these rats which
develop the clinical syndrome?

DR, WILSON: Dr. Donald B, Hackel has been studying these; and he finds some
vacuoles 1n the tubules, but he also found b. t membrane th

DR. HEYMANN: Dr. Hackel 10ld me that the histological akerauons are the
same as the ones seen in the disease produced by nephrotoxic sera. The only differ-
ence being that in early phases, the tubular changes seem to be more marked in the
aminonucleoside disease.

CHAIRMAN BARNETT: Dr. Spater has been studying this disease a litle, too.

DR. SPATER: We have used armunonucleoside in a few anumnals and produced
edema 6 days after a single intravenous 1njection. Yet despite the obvious edema these
few animals lacked evidence of basement membrane thickening.

DR. GOODMAN:  Are thetr tubules knocked out?

DR. SPATER: I would like to show some sltdes of the very early stages later
10 this meeting.

DR, GOODMAN- If you are able to find an tmmune mechanism, 1t would be most
1nteresting. However, much of this sounds somewhatfamiliarto me, 1n terms of another
substance which 1s also cytotoxic, When one 1njects urantum intravenously in high
enough doses 1n a rat, a nice protewnuria occurs quite early; but, 1f one 1njects much
smaller doses, about a tenth of a mulligram of uranium 1ato 150 gram rats, nothing
happens for two or three days. Then proteinuria begins. Why the onset of proteinuria
ts delayed 1 have no idea. We thought perhaps 1t took time for this nephrotoxic agent
o localize so 1t could do enough damage. I would hike to ask whether you can shorten
the length of the latent period if you give a Jarge enough dose of aminonucleoside?

DR. WILSON. You kill the amimal: but you do not -~
DR. HEYMANN. That 1s right. The uranium effect may not represent a rrue
latent period. It may be something thar, wath a small dose, starts immediately but

slowly, and for the first few days 1t may remain impercepuble.

DR. GOODMAN: I am just asking if the armnonucleoside effect might not be
analogous to that produced by uranium.
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We do not know what the reason is; there must be some other difference in the
handling of this substance.

DR. METCOFF: May I make a couple of comments? The studies of Drs. Wilson
and Heymann are an example of how mcelyone can improve upon a preliminary obser-
vanon. However, 1t may be of some interest that, very early in the game, some 2%
years ago, as I think I mentioned at the last conference, Dr, Joe Ferrabee was also
interested inthe question of antigen.antibody activity, He demonstrated quite effectively,
he thought - I am not competent to judge - that the aminonucleoside had no hapten
group and no antigeme acuvity.

At the same time, we treated a large group of rats with ACTH and cortisone, and
had exactly the same experience Dr. Wilson has described; we were unable to prevent
or modify the disease,

Neil Bricker {10} has produced renal disease indogs, I am not sure whether 1wt was
the nephratic syndrome, using the a leaside. Sa pr bly 1t is possibl
Actually, he perfused an anoxic kidney wath the nucleoside.

DR. HEYMANN: How many dogs did we have?

DR, WILSON: Just two.

DR. HEYMANN: With the same dose that rats were injected with?
DR, WILSON: Yes, the same dose,

DR. HEYMANN: Then 1t stull remains true, that guinea pigs, rabbits, and mice
do not develop the disease.

DR, METCOEF: Also, 1t seemed obvious that one aught to Jook for what might
be an antimetabolite 1n this rat. Before embarking on that too extensively, 1 thought [
would write to Lederle[11], because I imagined that they had explored every variery
of this compound 1 relation to producing this disease, or preventing 1t, It turned out
that they had explored or knew abouta variety of the split products of the aminonucleo-
side but had notbeen able to preventor produce the disease with any of these derwvates,

DR, HEYMANN: In rats?

DR, METCOFF: | beheve 1t was 1n rats.

DR. HEYMANN: We have a vew varieties which did produce the disease 1n rats.

DR, METCOFF: Which ones?

{10} Bricker, N. ., Lubowitz, H., Dewey, R. R., Stokes, J. 5., and Go]dmanLD. Y'-,
The Functiona! Capacity of Persisting Nephrons 1n Experimentally Induced Chronic
Bright’s Disease. Proc. Central Soc. for Clin. Research 30: 15, 1957,

{11} Oleson, J. J., Personal communication.
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DR. WILSON: The top half of Figure 78 shows the 6.dimethyl compound, We have

tried 6-drethy} and 6-dipropyl compounds; and we have not seen any renal disease with

these pounds, We have ded 10 producing the nephrotic syndrome with the,
6-methyl propyl compound.

DR, HEYMANN: Tlis was a very severe disease, a clear-cut one.
DR. WILSON: We have also tried the 1nosine form, It 15 completely bergn, very
smuch more bengn than the others.

DR, RILEY: May 1 ask whar the hstological findings are on these rats which
develop the clinical syndrome?

DR, WILSON: Dr. Donald B. Hackel has been studying these; and he finds some
vacuoles 1o the tubules, but he also found b membrane thick

DR, HEYMANN: Dr. Hackel tald me that the histological alterations are the
same as the ones seen i the disease produced by nephrotoxic sera. The only differ-
ence besng thar an early phases, the tubular changes seem o be more marked 1 the
aminonucieoside disease.

CHAIRMAN BARNETT: Dr. Spater has been studying this disease a fintle, oo,
DR, SPATER: We bave used aminonucleoside in a few ammals and produced

edema 6 days after s single intravenous injection. Yet despite the obvious edema these
few ammals lacked evidence of b b hick

3

DR. GOODMAN-  Are therr tubules knocked out?

DR. SPATER: ! would like 1o show some shdes of the very early stages later
1 this meeting,

DR. GOODMAN: ¥ you are able to find an immune mechanism, 1t would be most
inceresung. However, muchof thiz sounds somewhatfamihar to me, 1n terms of another
substance which 1s also cytotoxic. When one injects uranium incravenously in high
enough doses 1n a rar, a mce proternunia ocours quite earlys but, if one injects much
emaller doses, abaut a tenth of a aulligram of uransum 1at0 150 gram rars, nothing
happens for two or three days. Then protemnuria begins. Why the onset of proweinuria
35 delayed I have no idea. We shought perhaps 1t fook tume for this nephrotoxic agent
to localize so it could do enough damage. I would like o ask whether you can sharten
the length of the latent period if you give a large enough dose of mminonucleoside?

DR. WILSON:  You kall the ammal, but you do not -
DR, HEYMANN  That 15 right. The uramum effect may not represent a true

fateat pertod, It may be something thar, with a small dose, starts iramediately but
slowly, and for the first few days v may remain impercepuble.

DR, GOCDMAN: I am just asking if the anuaonucleossde effece mught not be
analogous to that produced by uranium,
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DR, HEYMANN: You just cannot get ridof the latent period with the aminonucleo-
side,

DR, JAMES: There 1s just one small contributton I can perbaps make to the
aminonucleoside story. We studied one dog only, but after about three weeks, this
animal did develop very significant proteinuria, with some deerease in serum proteins,
We had planned to continue this study, but unfortunately we ran out of aminonucleoside.
The ammal subsequently recovered and lost his protesnuria. There is no question,
1 tunk, that this ammal did develop clinscal evidence at least, of renal damage follow-
ing these tnjections.

I koow that Dr, Gidez atBrookhavenhas also been interested 1n compounds related
to aminonucleossde, but none of the substances be has tested has produced comparable
hyperliperrua in rats.

DR, HEYMANN: Dud you inject your dogs daily for three weeks by subcutaneous
tnjection?

DR. JAMES: For at least three weeks or longer. { am sorry I do not have more
informarion about these studies at present. I would tmagne that a dosage phenomenon
1s wnvolved, and that a nephrotic syndrome mught well be produced in dogs if you gave
the appropriate dose.

DR. HEYMANN: We injected dogs far as long as 30 days,

DR, JAMES: For obvious reasons, it would be useful to have 2 much larger
experimental animal.

DR. METCOFF: 1 would Like to suggest that this be tried 1n puppres.

CHAIRMAN BARNETT: Since the histology of the kidney has come up, perhaps,
Dr. Spater, you could show the material you have obtained 1a this disease.

D. Dr.H. W, Sparer

DR. SPATER: Last spring we presented data which showed, in ammals which
bad been tnjected with a weak nephrotoxic serum, a transient proteinuria and a very
muld disease. The kidneys of these amimals demoastrated a diminutton of alkaline
phosphatase activity tn the juxtacapsular area of the cortex, In addition, the proximal
tubular cells also showed a decrease in acid phosphatase-rich droplers normally found

here.

Sumlar methods were used on the kidney of aminonucleoside treated rats. I shall
describe some of the essential features of the hsstologic sections.

A section from the kidney of an ammal killed two days after an intravenous injec~
non of aminonucleoside appears normal and there is no demonserable lipid sn the tubu-
Jar cells. We find that lipid accumulation 15 aa early indicator of cell abnormahity.
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If the anmal 1s sacrificed e1x days after the tnrravenous injection there is 2

charactersstic accumulation of Lipid droplers in the basal portion of the proxmal
tubular cells.

Not all proximal tubules are 1avolved, The liprddropless appear to be segmentally
distributed along the proxumal tubule.

We thought that the liptd would be a very couventent way to tsg cells which we
believe to be sbuormal and then supertmpose our enzyme techniques 1o reveal any
relationship between changes in enzyme actvity in these cells and the appearacce of
hipd,

This relationship apparently exists since the hipid-contaning tubules show consid-
erably fess alkaline phosphatase acuviry thanthe Lipid g tubular

&

DR, HEYMANN: How many days after the mjection were your preparattons
obtatned?

DR, SPATER: The rats were killed six days after the injection,

Even in the cells which have d hed alkaline -phosph actvity the brush
berders are sull theres by H and E atain, all these celle look perfectly normal,

DR. METCOFF: 1Isn’t that a function, Dr. Spater, of where you take your cross-
section? I mean 1could see areas 1n your along the longstudinel length of the
tubule where, f one took a cross-section, one would get 2 very dense stain in the
luminat area, and no droplets, for example, about two-thirds of the way down,

DR, SPATER: That may be true tn thes partscular section shown here, however,
the finding appears quite conststent when examining a large number of sections.

DR. METCOFF: That ts not the same tubule, ts 1t, with different undulations
which are sectioned?

DR. SPATER: 1| suspect that this may wndeed be the case and suggests a sporry
distribunon sn the proximal tubule. Of further interest 1s the fact chat the enzyme
achvity 13 not completely gone since the enzymanc hydrolysis period was extremely
shore, on the order of five minutes, sa that only the imtial actuvity of the enzyme 18
visualized. Further b fet us say fifteen munutes, produces sufficient product
of reaction to make all the tubules appear 1o have sinular acuvity. Gre could easily
miss the difference tn activaty with profanged incubauon,

1 would like o mention briefly some of the questions which have arisen 1n studying
the normal kidney by showing a section of normal rat kuidney stawed for acid phospha~
tase. The proximal rubules show the characterisuc acid phosphacase-rich droplets 1n
the cytoplasm.
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DR. KRETCHMER: How old were the rats?

DR. SPATER: These were young rats; they were about 45 to 60 days old, They
weighed about 70 to 80 grams.

DR. KRETCHMER: Then these rats do not have the usual proteinuria.

DR. SPATER: That 1s correct. We also have noted thatthe PAS positive droplets
appear to be identical to the acid phosphatase droplets by their appearance in the
normal cell and the increase n their size and number following egg white injection.

This has ratsed several perplexing questions as to which direction we should lean
in trying to interpret what these PAS droplets are. Are they what Dr. Jean Oliver says,
mutochondria coated, or associated, with reabsorbed protein from the glomerular
filtrate? IF they are, they should not be acid phosphatase-rich, because acid phospha-
tase 1s not charactersstically a component of mitochondria,

On the other hand, are these droplets what Dr, Werner Strauss suggests they
might be? In one of hisdropletfractions from kidney, he has 1solated a fracuon similar
1n size to these droplets, which are both PAS (positive) and acid phosphatase-rich.

I would welcome a comment from Dr. Kretchmer on this question.

DR, KRETCHMER: [ always find myself in the position of 2 droplet defender.
(Laughter)

There are a few questions which come to mund, which I think Dr. Spater could
answer. One 1s, did you say these droplets disappear with proteinuria®

DR. SPATER: We have previously demonstrated them to be decreased 1n number
and activaty 1n the antibody 1nduced disease.

DR. KRETCHMER: Dr. Oliver does not say that droplets are mitochondria asso-
ciated with egg white. I think what he actually showed, as did Rodin with the electron
microscope, was that mitochondria dissolve or disintegrate, and that maybe pieces of
the mitochondria coalesce to form the droplets.

Then Strauss showed that these droplets contained relatively large amounts of
egg white measured immunochemically. He truly took non-random groups of droplets,
since he 1sloated the droplets with cellulose, and ended up with about one per cent of
what was the predicted total droplet populstion,

What Oliver maintains, as you know, and what was brought out last year, is that
droplet formation 1s a normal phenomenon, 1t occurs during protesauria, and 1s much
more marked when there is a foreign protein. In his dissections of human kidney
obtained from soldiers who had acute hemorrhagic fever, and had received large doses
of “salt.poor albumin,” he showed droplet formaton. They were gram-positive and

PAS positive.
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DR. SPATER: How did you dt ate the pi of acid phosph 2

i3
DR. KRETCHMER: 1never did,
DR. SPATER: This 15 2 lead phosphate precipuate.

DR, KRETCHMER: Then shat makes it even simpler. You are defining an acid
phosphatase as something whick will hydrolyze a phosphate ac an acid phi,

1 do not kuow 1f mitochondria will convert organic phosphates inio morgamc ac an
acid pH. 1 thank 1t traght e worthwhile to fractionate and see if you can do char ta vuzro.

The other thing 1do notquite understand s how you reconcile your electron micro-
scope observassons with Rodin’s findings using egg white. I think ke clearly showed thar
droplets formed after egg white admuntstration.

DR, SPATER: The luntted electron microscope studies we did were on normal
kidney 10 which PAS positive droplets were already present.

DR. KRETCHMER: Yes; 1n Oliver's paper, he says this 18 so.

DR. SPATER: Yes; but you cannot sce anything which resembles these draplets;
you just see normal, rod-shaped mitochondria.

CHATRMAN BARNETT: 1 think maybe we had bewer leave this for anafter.
twelve a’clock continuarton.,

1 would lske to ask Dr, Meyer if he could spead a few runutes telling s some of
the things they are doing.

E. Dr. Reuben Meyer

DR. MEYER (Detrott, Michigan): Mr, M, D, Poulik 1n our laborasories has col-
laborated with Dr. Wolf W. Zuelzer and ! on studies of she protesn changes 1a sera
and urtnes of nephrotc children. We are usiog the filter paper as well an the starch
gel electrophorens methads. I presume most of yos are famuibiar with the srarch gel
techmgue {32},

Up to tus tume we bave srudied sbout 15 to 20 patients with these methods. CGn
paper the patterns corroborate findings of previcus workers, Stnce the alpha-2 glob-
ulins 18 found consistently elevated and since starch gel electrophareats e able to
resolve this region 1nto 7.9 discrete protein entities, some of them being genencally
determived, our atention was focused to thas regian. We have found one protein, the
so-called “slow alpha.2 globulin,” to be consistently elevated in our passents, This
protein 13 3 sugar protetn of high molecular weight and was 1solated 1a exystathne
form by Dr. R. K. Brown[13}. In urine this protein and some of the haptoglobins were
never found 15 our patients,

}xz) Sruthtes, O,, Biochem. J. 612 629, 1955,
13} Brown, R. K. et ak., J. A. Chem, Soc. 76: 4244, 1954,
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At the present ume we are engaged in defining the role of this protein and 1ts
distribution 1n nssues by the fluorescent anubody technique, During these studies,
which also include some myeloma patients, we found a protein in a case of myeloma
which has the same electrophoretic mobulity as the slow alpha-2 globulin. We are
studymg irs 1immunologic relanionship with the slow alpha.2 in the nephrotics. These
studies are preliminary and form a base line for our ussue studses.

I have no slides, but I do have some photographs, if anybody is interested.

We are also beginning to ssudy the distribution of the proteins by two dimensional
starch gel electrophoresis{14] which gives an even better insight into the presence or
absence of the various protetncomponents since this method was able to resolve normal
human serum 1nto 21 separate protetn fractions.

CHAIRMAN BARNETT: I think as always happens to us, we are going to run
very short of time during the last day, We have not heard from such well.known stars
as McCrory and Kretchmer; we also, unfortunately, have not heard from a couple of
the people who have not been with us 1n the past, and who are doing some very inter-
esting work, Dr. Boggs from Chicago, and Dr. Katz from Cedars of Lebanon.

I think, 1n the few minutes left, we would like to hear, Dr, Katz, what you and
Dr. Sellers are doing; then we will close.

F. Dr. Joseph Katz
DR. KATZ (Los Angeles, California): I will manage in three minutes,

Our group at the Institute for Medical Researchof the Cedars of Lebanon Hospital
(@r. Alvin L. Sellers, Dr. Sheldon Roseafeld and myself) has tried for some time to
develop an 1solated perfused kidney for metabolic studies, It is obvious that you can
do a great deal with such a preparation, However, the kidney offers a great deal more
difficulty than perfused hver. So far nobody has succeeded 1n perfusing a functioning
kidney 1n vitro with whole blood. In previous preparations 1t was always necessary to
introduce a lung into the circuit; otherwise there was tmmediate vasoconstriction, and
the blood flow to the kidney stopped. In classical physiology 1t was said that the lung
had to “detoxify” the blood.

Our preparation 1s stmilar to that used by Miller for liver perfusion. The system
consists mainly of a pump that circulates the blood, an oxygenator, and the rabbit
kidney - allenclosed in anair-conditioned box. Blood for the perfusion s used undiluted,
and 1s taken from rabbits by heart puncture without anesthesia. The kidney 1s removed
under alcohol ancsthesia, This may be a sigmficant potnr. The blood flow through the
kidney ss about 20 ml. and 10 our best preparation about 30 ml. per miaute,

DR. GOODMAN: Per minute?

DR. KATZ: Yes, 15 to 20 1s common., However, the preparation so far has been
highly variable. Thus sometimes we had no urine flow ar all, and somenimes diuresis.

{14] Poulik, M. D. and Smithies, O., Biochem. J. (to appear shortly).
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la some cases we had one ml. of urine 1n 1520 minutes, 10 others one ml. every 2.3
minutes.

Blood and urine flow per se do not indicate whether the kidaey 15 physiologically
functioning., We have used para-amino hippuric acid clearance as our criterion of
function. In our very best preparation we obtajned an 80 per cent clearance (as meas-
wred by AV difference}, Usually we do not do as well, and get about 50 per cenr clear-
ance. We also observed some good creannine clearance; also in our best experaments
there was hide glucose in the urine. One of our difficulties 15 that our preparauens
are quite erratic, and often we get no clearances at all. The preparations break down
within two or three hours. We do not kaow yet what 18 lacking 1n our system to cause
this breakdown.

The other craterion for function we have used is the response to hormones, namely
renin and puressin, With remin there was 1ncrease in unine flow and proteinuria, When
the urine was examuned electrophorencally the changes were stmular to those seen
with rentn treated ammals, We have alsobada response to pitressin with a duminished
urine flow.

CHAIRMAN BARNETT: Thack you.
DR. YANEWAY: That ts a lot of work in a few words, (Laughter, applause)

CHAIRMAN BARNETT: Thar was very quickly said. We have two miautes left
for questions. (Laughter)

Next, 1 thought we mught ture to some of the chmical aspects 1n terms of treatment
and clinical investigation,

It seemed to me 1z would be useful, 1nd g tr if we add d aur.
selves to rather specific questions, and asked the group if they have data related to
these specific questions.

It seems to me our present siwanon in regard to treating children is such that
what we really need to know 1s whether anyone has any evidence, which 1s not known
ta the rest of us, of the superiority of any one form of treatment over another,

DR, LANGE. What 15 the base line? (Laughter)
CHAYRMAN BARNETT. Granted that the answer to this questionas “no® (Yaughter)

then 1 would ask if anyone has set up any sy chmcal B using a
vahd control series by which they are attempung to answer this question.

1 have introduced the problem in this way to try to otient the discusston along
{ines which exther report or could lead to2 sy B of what 1 d
@ be the ymportant thing, whichts not what our individual experiences have been during
she last year, but how can we answer the wwo most important questons: First, how
15 the admimstration of sterods affecung this disease, both sympramancally aad,
more mportantly, in terms of the ulumate outcome, secondly, if they are, or if we
think they are, what 15 the best way for us to be using sterords?
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I might say, to begin with, that I have been amazed, in the years we have been
having these conferences, to see new clinics ser up which are just starting to trear
large groups of children, and to hear, during the first year or two of a new chmic,
what to me were always rather a g 1n the tr of these children;
whereas, wn clinics which have been following children for longer periods of time,
the results were never as good. .

1 have had the experience, 1n the last few years, of going from a clinic where we
have been seeing children for a long time, and where my view of the situation was a
little less optimistic than that of others, to a new chinic where we are starting to see
or gather a new group of children.

I could report, on the basis of our experience at our new hospital during the last
two years, that our successes are pracuically 100 per cent.

DR. LANGE: Maybe your trearment is better. (Laughter)

CHAIRMAN BARNETT: However, I occastonally go down and see Dr.Kretchmer
at the New York Hospiral. (Laughter)

In panents who are treated essenually in the same way, I realize that our new
clime is young and that this 18 an smportant factor.

I am also interested 1n variations of eptimism among various people from year to
year in this disease. 1 think perhaps, apart from individual experiences such as Dr.
Lange’s and those of a few others among us, the major effort which has been made
thus far in attempting a statistical evaluation of the effects of steroid treatment has
been that which came out of the discussion during our meeting 1n Cleveland several
years ago and was done by Dr. Riley., We might stare by asking Dr. Riley to tell us
what his present thoughts are on this subject of evaluation of therapy.

V. Evaluations of Steroid Therapy

A. Dr. Conrad M. Ruley

DR. RILEY (Babies’ Hospital, Columbia Medical Center, New York): I would
like to talk about evaluating my own cases as a model for what I hope will be another
cooperative study.

I remember that 1t was quite a lot of work for all of you, three years ago, to get
your daca together, and I think I can simplify at this time a great deal.

Figure 79 15 what I have been able to do with my own group (A) compared with the
pooled group (B). You remember the previous evaluation[15] was at the end of only
30 months, 2% years after onset of edema. We have been able to carsy this present
comparison out to 3% years. Bur, by the end of this ime, because so many of the cases

[15] Riley, C. M., Davis, R, A., Ferng, J.W., and Berger, A.P., Nephrosis of child-
hood: Statistical evaluation of the effectof adrenocortical-acuve therapy, J, Chron.
Dis., 3: 640-650, June, 1956,
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occurred recently, my own group has dropped to only 21 cases, and one 1s on prerty
shaky ground in a statistical evaluation based on 21 panients. When I tried to make 2
comparison of my own more recent group against my earlier group, the numbers
tavolved were not sufficient to bring out any staasucally significant difference. I think
we got a P of something in the nesghborhood of 10 per cent, which is not very good.

So then I turned to the previous, combwned group 1 had collected from all you people,
and used it for comparison purposes. Line Bis this pooled group where disease began,
1946, to 1950 n the figure. Ustng my group (Iine A) against the combined group (B),
1 get a fairly respectable P, of less than 0.05.

On the other hand, Dr. Fertig, our statistician, says “It is not fair for you to carry
your own group against everybody else’s; maybe thereis something different about the
way you personally are dotng things. Therefore, I would not put too much faith tn suck
a comparison.”

This led us back to the problem which Henry brought up, would enough of you be
willing to send inenoughdataonall patients you have seen with an onset of edema stnce
January 1, 1952 and let us make up a comparable table?

The only thing which gives me a lnttle bit of confidence in this comparison is that
my own small group, which does nothave the same statistical significance as the larger
1946 to 1950 group, pracucally superunposes itself onthe over-all experience, so that
I thiok the difference between my methods of handling patients and those others was
not enough to account for the discrepancy in survival.

But 1t should be much more convincing 1f we had a pooled group of those with an
onset since 1952; [ think we would probably be able to get significant differences at
least to 48 or 52 months after onset, 1f we did that. If there is agreement I would like
to collect the data and present the analysis to you,

The other question Dr. Barnett raised 1s, “What 1s the status of the patients who
have survived in addition to the difference 1a the percentage of those who have died?”

In Figure 80 we made a crude attempt to evaluate this on our own patients. Agan,
we are lumited by the numbers of patients available to us,

In the group with onset of edema between 1946 and 1951 the total 100 per cent
represents 51 patients, and 1n the more recentgroup, onset 1952 to 1957, 1t represents
only 26 patients.

So 1 am talking 1n terms of farrly small groups, and I would not artach any statisti-
cal sigmficance to this.

Qur techmque, in brief, was, at each six.month interval after the onset of the
disease, to evaluate a patient’s status based on the previous six months’ performance.
The categories selected are shown 1n the figure. 1) absolutely well; 2) well except for
protetoucia; 3) perhaps a htele bir of edema, or at least enough signs with proteinuria
so that we thought tr was ys 4)full-blown, cripphing disease; 5) having
passed beyond the poat of no return nto either 6) death from uremia, or 7) from

another cause.
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It is nteresting that, as yod compare the two groups, the major difference is

obviously between the groups which are past the pownt of no return, The main differ-

ence among the kiving appears to be made up in group 3 of children who sull are show-

ing signs of some active disease, whereas the difference 1u percentage between those
whase disease has subsided (groups 1 and 2) ts not very great,

S0 1t Jooks as if the contribution has been to keep che disease from progressing to
death or uremia in thia very small group.

To make thiskind of analysis on a pooled group would require a tremendous amount
of work on the part of 2 tremendous number of people: and Ldoubt sf we would ever get
the answers back.

1 think 1f we could make the more sumple comparison of just hiving and dead, we
could probably get the answers back very quickly, so I make no plea for this sort of
detarfed anafysis on a large scale - I would hike simply to evafuate those dead and
alve, depending on the duranion of their iliness.

DR. GRIBETZ: 1isn’t yours 2 somewhat biased series? As you becotme more and
more wmvolved with thus disesse, area’t yau gessing the “rougher” cases referred?

DR, RILEY: The way I am trying to get avound that, Don, 1s by including
these groups only those we bave seen within the first sax months of theur illness. £ 1
had 2 large enough group, 1 would Like to snclude only those I saw withan the firss three
months, so thase who are referred 1o me after a year or exghteen months, and are
doing poorly, do not get considered n this,

DR, HEYMANN:  When you get the dara from all of us, don’t you think st would be
a good 1dea to have one group starting m 1954 aeparately?

DR, RILEY: This himus us on the Jength of 1ime we can carry out the analyses.
DR. HEYMANN: That 18 correct, but from 1952 to 1954 many of us stll were
satisfied wuth short-tesm treatmenrs foredemacnly. From 1954 on, mest of us adopted

a more vigorous form of treatment,

DR. RILEY’ In my own group, the reason | chose 1952 was that abour thar tume
we siarted 1o uSe more agpressiwe Wreatment,

DR, HEYMANN But many of us dud not.

DR. RILEY: If we get anything ing out of analyses of from 3952,
we can break 1c down to 1953 or 1954,

DR. HEYMANN:  Or, if you could separate children treated with long.term inten.
sive treatment from onset, from those that were not treated right from onset with
untensmive courses of sterod adnuntstration, there may be an ympressive difference,

DR. RILEY  The difficulty with that s, Dr.Heymann, thacchere 15 2 lot of selec.
non as to who gets the long~term treatment. For example, the patient who does not
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tolerate large doses of steroids, gets thrownout of that group; and the comparison thea
becomes weighted by drepping out patsents who are doing very poorly, and who never
get put onto a mai schedule, b they cannot be.

That is why we elected to do 1t by time although, obviously, there is always the
question, has the disease changed in characrer? It Jooked as if it were the best coma
parison we could make,

CHAIRMAN BARNETT: I think perhaps we should discuss whether we should try
to receive data from people. It might be worthwhile to look at Dr. Kohn's long-term
data, which mught help us to decide how this mught be approached.

DR. METCOFF: May I make a comment at this point? What Dr. Riley has tried
to do seems to me extremely useful and impartane.

However, we must not feel too secure about the method of handling the data. I have
been very concerned about this; yetevery biometrician] have talked to seems satisfied
with this approach,

1 have, however, sought assistance from one of the mathemaucians at the Umver-
sity of Chicago, who 1s mnterested in the handhing of biological data. He also was dis-
satisfied with this techmque of handling the material. He was nat convinced that st
provided an appropriate mathematical analysis of what is happening to the course of
the disease. He 1s now taking this under consideration regarding a better method of
approach. My own knowledge 1s so lumuted that I cannot offer one, at present.

I think we should not be pletely pl abou the technique of handing the
data, although 1t appears to be better than anything anyone of us has used 1n the past.

DR. RILEY: I can only say thar I bave sought the best advice we have, and have
worked it out with Dr. Ferug: I am not qualified to do anytung bat quote him.

B. Dr. Jerome L. Kohn

DR. KOHN (Mt, Sina: Hospiral, New York): May I show some of our data, since
our time is shore?

1 have been following patients with the nephrotic syndrome for as long as 32 years.
At present Dr. Donald Gribetz 1s associated with me in this study.

The patients have been divided into three groups. We have attempted to compare
the morbidity and mortality of each group and note the effects of the a) antibioucs or
sulfonamudes, b) sterowd plus antibiotics and ¢) to compare the use of these ageats
with the narural history of the disease prior to the use of these agents. These patients
have been followed 1n our kidney climc which has been functioning for about 30 years.

Table 40 shows the mortality in each group, In the pre-anubiotics group of 33
children 63 per cent are known to have died. In the anubiotic group of 24 again 63 per
cent are known to have died. We can conclude therefore thar antibiotics did not alter
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TABLE 42

NEPHROSIS: DATA OF LIVING PATIENTS

Total Known  Seen Duration of Edema 0 Edema o Chronte
No.Pts, Livtng Recently Follow-up Albuminuria 0 Albuminuria + Nephrius
(Years)
1 33 11 6 16-32 1 4 1
It 24 8 8 10.14 3 4 1
m 24 21 21 0.6-7.3 8 9 4

Table 42 shows a follow-up of the living pauents. In group I, 6 of 11 have been
seen by us recently of whom one has a moderate nitrogen retention. All of the patients
in group I are clinically well and living a normal life. Four stll have albuminuria,
Several have gone through normal pregnancies.

In group II all 8 have been seen recently. Seven are clinically well and one has a
moderate chronic nephritis,

In group IIf, 17 of 21 are clinically well. Of these 17, 4 still have an increased
serum cholesterol and a decreased total serum protein,

About 50 per cent of the patients in all three groups still have albuminuria. We
feel that 1f a child shows progressive improvement, has normal blood chemstry and
normal blood pressure two years after onset, the chances of long survival are excellent,
The presence of a moderate albuminuria does not seem to be an important factor,

DR. GRIBETZ: Since, as Dr. Barnett has potnted out, nobody seems to be willing
to conduct some type of alternate study, the only way to assess the value of sterouds
1s to compare the results obtained with those achieved in the years prior to their use.
We think this 1s the chief value of our data.

One of the striking things which appears from these dara 1s that in both groups I
and 11 (group I being the one 1in which netther stercids nor antibiotics were used and
group 1I being the one treated with antibiotics but no steroids) the mortality at the end
of four years was 66 per cent. The figure was exactly the same in the two groups for
some poorly understood reason. Nevertheless, perhaps four years' survival after the
onset of the disease 1s crucial.

In our present group, treated with both antibiotics and steroids, even if we include
three or four more children, whe may succumb within four years after the onset of
thetr disease, the mortality figure will be about one-half that of the previous experi-

ences.
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DR. KOHN: We must ask ourselves the following questions: are the steroids

a)  good dwretic agents?
b}  do they ifluence morbidicy?
¢)  dothey wnfluence the evenmal outcome?

We can say that thus far steroids are the best known therapeunc agent. The length
of time with edema 1n the firsc two years has been halved. We believe our mainenance
therapy after discharge from the hospital has been a factor. The question of eventual

1s still specular It appears from our accumulated data that steroids may
influence the progaosis favorably.

DR. GRIBETZ: Whether or not we are just delaying the time of death, whecher
these children willdie withia 8 years mstead of within 4, 1s difficult to say at the present
tume. We do think, however, that groups I and Il may serve as 2 basis for comparison
of the forms of therapy curreatly in use.

CHAIRMAN BARNETT: Would it not be fair to say ar present, that tn relation 1o
all the other forms of therapy whichhave been suggested or to any which are presemly
avalable, therapy with the adrenal steroids appears to be the most usefull There can
be no question thar the children are sympromancally better with the various farms of
steroid therapy we are using; and there are instances with some fairly good supporting
evidence that, at least during the Firstfour years of the disease, survival te increased.

The question of what the ultimate outcome ts going to be 1s really something we
cannot answer at the present fime; and it seems to me that perhaps we should accept
these two statemeats | have made. Whatwe really can look into at present, and need ta,
13 what is the best of the many regumens which are being used to achieve the best
possible results with the sterods.

1 thik this has 10 be done in a systemauc fashion, Without spending a great deal
of time (because I am not sure 1t 18 worth a great deal of time), tf some of us were
willing 1o undertake a program of trearment wherein we have our own controls - and
these are nat treated versus untreated, because [ think we would not do that - but beo
tween two, or possibly three, different regimens of treatment. If we were to select
children randomly and in a consistent fashion, we might gain useful information wathin
the course of the next two, three or four years, § do ot chink this would 1nvolve very
much work other than analysts of the data such as we are now doing.

1 do not think we have ume roday to conclude that we should do this, or 1o make
the many decisions which would be necessary if any of us were going 1o joun 1n such
effort,

1 think, however, 1t would be warthwhile, 1f we agree that this 1s worth considering,
to hear from one or two people who represent sort of opposite ends of the spectrum of
how treatment 1s being gaven, and learn what their regumen is at present.

[ thuak perhaps Dr. McCrory and Dr. Rapoportrepresent one group who, 1 a way,
use sterotd £r thatis, of rel ty short duration. They have a farrly
well defined plan of approach. 1 think Dr. Lange, on the other hand, also has a well.
defined plan which he has been following for many years,
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I thought, if we could hear from these two groups briefly, and in addition, think of
what might be done in the way of a controlled, collaborative study, this session will
prove to be useful,

I think, as part of this, Dr. Kramer, 1n collaboration with Dr. Kretchmer and
others, has some data on a few patients treated with a new drug, with which most of us
have not had experience; and 1t would be worth hearing about this.

DR. METCOFF: I might also add that, whenever an individualhas an opportunity
to participate in the orgamzation of a new clinic (for example, as Henry and I are now
doing), this provides an unusual opportunity to set up a series which would not have to
be biased at 1ts outset.

CHAIRMAN BARNETT: I thought we mught start with Dr. Lange.
C. Dr. Kurt Lange

DR, LANGE: 1 think our data will represent the extreme on one end, wnsofar as
the same therapeutic regimen was carried out since 1951 on all children and adults
with nephrosis coming under our observation; also they will probably be the extreme
as far as dosage 1s concerned. Maybe this 1s the reason why we have the extreme in
favorable results. (Laughter)

I want to stress that our chimic which treats nephritic and nephrotic children has
existed since 1951, A good many patients were treated before that, 1n a sort of cooper-
ative study, sothat, actually, since steroid therapy with maintenance was first suggested
by us, these children were all treated more or less by the same group,

The treatment consists of the following:

Every child or adule - and I want to stress that two-thirds of this group are chil-
dren; one-third are adults above the age of 13 -~ when admitted, received a quick but
thorough work-up. We try to make this period as short as possible for we-feel that,
the later treatment 1s started, the less effective it 1s going to be.

DR. RAPOPORT: This 1s just a feeling; this you can only tell after -~

DR. LANGE: We have published the supportive data for this opinion[16).

DR. RAPOPORT: How long would you say early and late is? The difference be-
tween treating a child having the disease one month or three months?

DR. LANGE: We have arbitrarily set, in these statistics which we have published
1n the Archives of Internal Medicine, 1 think, three months as the dividing line, so that
a few days more of admitting work-up do not matter. I only want to stress that one
should not sit and wait for a spontaneous remission.

DR. RAPOPORT: This 1s an area with a question mark over 1it, you mean the
first diuresis after the onset?

[16] Lange, K., Strang, R., Wenk, E.J.,Slobedy, L. B,, The Treatment of the Nephroti¢
Syndrome with Steroiuds in Children and Adults, Arch, of Int. Med. 99: 760, 1957,
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DR. LANGE: That is right; from the beginning.

All of them were then treated in the following way: If their weight was undec 40
pounds, they received 120 unsts of aqueous ACTH, divided 1 4 doses; thar means 30
wnits qu6.h. around the clock for a mimmum of 12 days. In the past two years, if we
could get away with 11, we extended the 1mtal treatment to 21 days, according to the
suggestion of Danowsks and his group. Children over 40 pounds, up to the weight of 80
pounds, received 160 umts of ACTH a day; and everybody over 80 pounds received 200
units of ACTH a day, divided 1nto 4 doses.

Provided diuresis has occurred, but only whendiuresishas occurred, maintenance
therapy is started. This therapy of 300 mg. of cortisone a day,
divsded 1nto 3 doses or, when 400 mg. are given, tnto 4 doses - that means 100 mg.
per dose, for 3 successive days out of each week, follawed by 4 days of resr, then
again the same cycle. Children under 40 pounds of weight recesved 300 mg. of corn-
sone per day, all others 400 mg. per day.

This 1s conunued for a mimmum period of one year: and, 1n cases which started
out with a rather severe nephritic background we have contnued mamntenance up to
18 months.

DR, HEYMANN: Even if their uriae and chemacal valves became normal?

DR, LANGE' Even ¢f they became normal; and many of them became normal, as
far as all biochermeal values were concerned, none of them was exempted from the
scheme, except when they got chicken pox, Under this circumsiance therapy was inter.
cupred. This was the only reason far interruption; whether this reason 1s right or
wrong I do not even know.

DR. METCOFF* Whar about the other anfecnons, Kurt?

DR. LANGE+ We have not taterrupted the treatment tn the presence of other
infections, In some infections, when they were very severe, we have even increased
the doses of corusone, bur covered them heavily with antibioucs. Table 43 represents
a stattstic which 1s made up 2ccording to the suggestion of Conrad Riley; we have now
one great difficulty, however. We danothave contrals beyond 65 months; for the pesiod
for the controls extends from 194610 1951, when all our cases were started on mainte~
nance therapy. We do not have controls beyond that time. So we leaned over backwards;
we assumed that, in the control group, none of the children would have died after this
date. Thea we compared 1t to the group treated with the therapy we mentioned,

With Dr. Riley’s permission, we have used hes figures 1o the control group, in
order to make 1r larger; bur ! wane to stress that our figures for the control group
comncide as far as death 13 concerned with these of the total group and with Dr, Riley's.
For stansucal purposes, we have used the combined figures, 1.e., our contral group
plus the larger cantrol group of Dr. Raley.

There are 185 cases wn the control group, and 46 cases 1 the maintenance group.
The maimenance group comprises onfy cases who were under our type of therapy for
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TABLE 43

THERAPEUTIC RESULTS IN PATIENTS WITH THE NEPHROTIC SYNDROME

Pooled data from group with “No Steroid Therapy” and “Steroid Therapy when
Edematous” compared to group on "Prolonged Intermuttent Sterord Therapy.”

CONTROLS MAINTENANCE
PATIENTS PATIENTS
Pertod Death At Deaths
(mos.) | At Start Entered Died Withdrew Rate% | Start Entered Died Withdrew Expected
48 1 9
0.5 112° 160 2 3 0 9 LS 24 0 o 0.46
38 o 4. 4
6-11 f110 148 14 14 7 9 26 30 0.4 24 3 [ 3 54
30 o 4 2
1237 ) 93 123 4 4 6 10 10 12 8.4 2¢ 6 [ 5 2,05
24 [’ 0 3
18-23 | 81 105 2 2 6 6 9 12 6.0 25 3 o 4 1.47
2t o 2 1
24-29 | 68 gg 2 2 6 8 7 8 9.3 24 1 4 2 2.19
18 o 0 3
30-35 | 57 3 2 2 6 9 5 8 12.6 23 3 [ 1 3.02
15 0 1 1
36-41 | 48 63 1 1 2 3 6 7 50 25 1 0 5 113
13 [ 0 1
42.47 | 41 54 0 0 1 14 5 L9 21 o 0 3 037
12 [ 0 3
48.53 | 36 4 o 0 1 12 5 2.2 18 o 0 5 0.34
9 o o 0
54.59 | 33 42 0 0 0 o 7 7 0.0 13 0 1 4 0.00
9 o o 2
60-65 | 26 33 0o 0 1 15 7 3.2 8 1 o 2 0.24
66-71 7 1 0 1
72.77 7 1 o 5
78-83 1 o [ 1
84-89 2 1 0 0
90-95 3 0 o [
96-101 3 s 0 2
) 102-107 2 1 o [}
; 108-113 3 0 0 0
1142119 3 0 o o
120-125 3 o 0 1
126.131 2 0 [ 0
132-137 2 0 o 1
138-143 1 ° ° o
144149 ! o ° :
TOTALS 185 514+ 46 1 12.81

*Lower figures in controls from. Ruley, C., Nephrosis Conference 1954. * 2 0.001

Died
Death rate = g Ramber 7 ( Namber )
start of +% (entering during)- ¥ ( withdrawing )
period  ( anterval ) (during interval)
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at least wo years, An adduional group, nos under therapy for that length of rime, 1s
pot ncluded tn these stanstics for veasons which are quite obvious, but in this group
100, no death has occurred so far.,

We come then to an expected death rate for the gronp of 46 cases on mantenance
therapy based on the death rate of the control group, which would be 12.8% deaths.

The agtual death rate 1s 1.0, I think one addinional case 1s gong to die st the near
future, This ss an adule with nephrosts subsequent to potson vy, aad & relapse after a
second exposure ta passon tvy. This case 1s included, so the figure for the actual deaths
mZy rise o tWo.

DR. RAPOPORT: He 1s sull being treated?

DR, LANGE- He 1s not besng treated any more. He has no edema, but his urea
clearance 15 7 ml/mun,

We are left then with an expecred death rate of 12.3, and an actual death rate of
one, which guwves us a chi-square value of .00,

CHAIRMAN BARNETT. Let me ask you. Of the 46 patienssassessed, were these
the total number of pattents you have seen in this period?

DR. LANGE: Yes. The total number of cases, except those parttents who have not
yet been followed for two years after the onset of the disease.

CHAIRMAN BARNETT. 1 am wondering abour panents who mayhave started wath
you, thea have gone to anather doctor.

DR, LANGE: Mo . we have none an this graup whom we were not able to follow.

DR. GOODMAN: Along that same line, you sasd that those who diurese you then
put on this regimen. You mean thea that every patient you have started has diuresed
and gone on this regumen?

DR, LANGE: Yes, bet we will come to that 1a a aunute, 11 decasl,

Al coses were followed. They were seen or at least heard of by letter from che
parents within the fast six montha. They were non-edematous, and a urine specimen
was obtained,

DR. GRIBETZ: You say your expected death rate would be 12 out of 48,

DR, LANGE: 12 out of 46.

DR, GRIBETZ. That1s 25 per cent,

DR, LANGE: Yes, approximasly,
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DR. GRIBETZ: That is contrary to our data and to all other statistics.

CHAIRMAN BARNETT: Dr. Lange 1s using Riley’s data for treated patients,
which is close to your 33 per cent.

DR. RILEY: But also remember he has figures for the expected deaths unul 60
months after onser.

DR, LANGE: We have no compartson beyond 65 months. We could use your
figures, Dr. Gribetz, to f2ll in this gap.

DR. GRIBETZ: That 1s on expected death rate of untreated cases?

DR. LANGE: If they were not treated, you would expect, on the basis of the
control group, 12.8 deaths.

DR. GRIBETZ: Henry, on untreated cases, our expected death rate was 66 per
cent.

DR, JANEWAY: These patients were treated; but they justwere not treated after
the 1nitial diuresis.

Steroids were used 1n many of them.

DR. LANGE: They were treated with antibiotics also during the tnitial course of
steroid therapy and 1n many instances later recewved antibiotics in a scheme similar
to the one used for the prophylaxis of rheumatic fever.

DR. RILEY: May [ point out that you have included cases who have had the dis-
ease from 6 months to as much as 108 months, at which time they already may have
survived a crucital ume, and were going to get well. Also, by this technique you have
failed to get those who died early in the course of the disease,

DR, LANGE: Yes. But all cases had full-blown signs of nephrosis including
massive edema at the time therapy was started, irrespective of how much time had
elapsed after their first episode. This 1s not in our favor.

DR. RILEY: No, because some of those may have been going to get well on their
own hook anyway.

DR. LANGE: Very well, but I have said that no further fatality would have oc-
curred in them, because we have assumed that, after the 56th month, no further fatality
would have occurred in the control group, a somewhat improbable assumption.

DR. RILEY: But I am referring to your own cases. You see, when you geta
patient who has been 5 years with his disease, the chances are he 15 going to live
anyway. Meanwhile, there have been a lot of cases you have not seen, who have died
in the first 5 years of thetr disease, so that, by including those you first saw such 2
long tume after onset --
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DR. LANGE: That 1s not necessarily so. Every case which comes under our
observation was treated irrespective of duration of disease.

DR. BAXTER: Dr. Lange, does this include all the pattents you have seen with
significant proteinuria?

DR. LANGE: Yes, proteinuria and edema, the full-blown picture of nephross,
with or without underlying nephritic components.

DR. BAXTER: It seems to me that 1s the big question, because all of our patients
have had red cells in the urine. Where do you draw the line? That has always puzzled
me,

DR. LANGE: Many of them had red cells in the urine, and quite a number of
them had elevated BUNs when they were admitted. None of them, since 1951, was
exempt from this group; no selection was made.

DR. METCOFF: May I get one poiunt clear? The chi-square which you have
drawa 1s really after 65 months, It refers to performance at the end of .-

DR. LANGE: No, after the 148 months.

DR. METCOFF: It was my understanding of the technical mampulation 1n chi-
square that one had to have at least 5 entries in each cell before what the test was
designed for would be valid.

DR. LANGE: What do you mean’ Five degrees of freedom?

DR. METCOFF: No; you can have one degree of freedom, But you have to have
at least 5 individuals in each category in order to avord exaggeratng the X*. Your
table might be all right at 65 months, but certainly would not be all right when you get
down to only 3 individuals,

DR. LANGE: But this 1s an addittve number of deaths in the treated group as
compared to aa additive number of expected deaths based on the deaths 1n the control
group. In addition, as one can easily see from Table 43 the statistical result would
have been exactly the same had we drawn our dividing line at 65 months rather than
ac 149 montha, The number of expected deaths would have been 12.8. The number of
actual deaths, one, with a chi-square value of .001, Dr. Gumbel, of the School of Engin-
eering at Columbia Umiversity agreed to the stanstical methods.

Figure 81 represents the same data tn graphic form, showing the expected deaths
compared to the actual deaths,

I wish to state one more fact, We had 3 cases 1n whom we were unable to induce
diuresis; 1n one of them five attempts with different steroids in large doses were
unsuccessful and 1n the others four attempts were unsuccessful. We have diuresed 3 of
these cases (one adult, two children) with intravenous ACTH, We gave 30 umts of ACTH
intravenously 1 600 to 1000 cc. of 5 per cent glucose per day, over 8 hours, and
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continued that for 10 days, during which tume these children did not give us two much
difficulty, provided one can find a vein, Why they did not duwrese on farge doses of
ACTH 1.m. before, whether there was a localtrapping, snacuvation, or something hap-
pened to the ACTH 1n the ussue, I do not krow.

DR, GOODMAN:  Did they have a decrease in proteinurta as well?

DR. LANGE: Yes, proteinuria decreased; but none of the 315 free of protemuria;
they have a 1+ protetnuria,

CHAIRMAN BARNETT: Dr. McCroryt
D. Dr. Wallace McCrory

DR. McCRORY (Children’s Hospual, Philadelphia):  Our concept of the orenta-~
uon of therapy at the moment, established or not, 1s that sterosd therapy possesses
the capactty te suppress the pathologic lesion of the nephrotic syndrome,

1f this 1s true, 1txsrational togive sterond therapy unnl the chinical and laboratory
evidences which we take 1o assess the activity of this process indicate remission or
smprovement,

This 1& not to say we are sucCessful with every patient but I do want ta make 1t
clear that we try totenmive rreaument in all panents, We did stare, a couple of years
ago, when sreatng for the arburary period of 28 days, that we found no patients who
had nor duresed o this ame who in our experience, subsequently diuresed after a

Jonger pertod of therapy,

1 dunk that this observation has beea wnterpreted by some to mean that we feel
therapy should cease after a period of 28 days.,

We have now persosaily observed and heard, by coming back to this meeung
yearly, of dyuresis occurring 1o patients treared for wwo or three or four months,

1 can put this most sumply by telling you what we would do, regardless of whether
we have a patient sent to us after three years of ful therapy elsewhere or
early in the course of lus disease.

After estabhishing the diagnosts of nephrasis and making certain thar the patient
1s free of any active tofection, we start them on steroid. At the moment we use Meni.
corten, because we seem to have fewer electrolyte problems.

We stars children on o dosage of 1 mg. per pound per day, actual weight, We em-
ploy some dietary salt resericnion. By giving pattents a diet contmming not more than
a half-gram of salt a day, we have found that the increase sn weight which we usually
observe an children with edems carly tn thetr course can, by and large, be hinuted,
if not presented.
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Diurests is often seen after one to two weeks of such therapy. We do not alter the
dosage of steroid with the occurrence of duresss. While this 1s therapeuncally desir-
able, 1t is not the aun of therapy. We conunue treatment 1f possible not only until
profeinura ceases but uatil serum protetn concentrations and sedimentation rate have
returned to normal. When this occurs, the dosage of steroid 1s gradually tapered and
stopped. Further sterad treatmentis dependentonthe course of subsequent follow-ups,
If proteinuria recurs and persists in the absence of intercurrent infection, the pastent
is re-treated.

In many instances, ¢essation of proteinuria has not occurred after a number of
weeks of such therapy even though serum protein concentrations improve. We place
such patients that are edema-free on intermittent treatment in place of continuaus
therapy. Intermirtent steroid therapy consists of having them take an amount of steroid
simlar to their previous daily dosage for oaly four consecutive days out of each week.
This “inatermittent” administration 1s continued until they seem stabilized or show
complete remission. If proteinurta increases or edema recurs, conttnuous admimstra~
tion ts re-instituted. On this regumen the great majority of patients can be maintained
1 sufficiently good general bealth to fead analmost normal life. The optimum duration
of steroid therapy has yet 1o be demonsirated. One may be guided by observing the
effects of reduction or cessation of steroid therapy on the course and laboratory signs
of the disease.

Some pastents fail to show any unprovement after 3-4 weeks of continuous steroid
therapy. We have been able to induce partal or complete loss of edema n some of
these patients by a series of datly infusions of alburmun, The high protein feeding rege-
men suggested by Blainey{17] has also proven useful in same of these patients in con-
trolling edema.

We have conunued this dosage of sterowd 1n some unresponsive patients for as
long as three or four months after hearing that others have done the same thing and in
a few 1stances, gradual loss of edema has been seen.

DR, HEYMANN: What was the dose of meticorten used 1n these patienta?

DR. McCRORY: It would still be a mg. per pound of meticorten daily or corti-
sone, 4-5 mg. per pound per day.

CHAIRMAN BARNETT: And thas is a darly maintenance dose?

DR, McCRORY: By maintenance, I mean a short period of admimistration alter-
natng with a few days of no steroid, for nstance 1 mg/1b./day of meticorten for four
days followed by three days of no sterosd - this 1s that we call “marntenance.” This
type of therapy may matntain tmprovement but 1t does not tnduce remission,

DR. GRIBETZ: What 1s the longest you have had to contnue this therapy on a
child who has been symptom-free except for protewnurial

{17] Blainey, J. D., thgh Protein Diets 1n the Treatment of the Nephrotic Syndrome,
Chin, Ses. 13: 367, 1954,
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DR. RAPOPCRT: Three years.

DR. McCRORY: We prefer to have patients on long term treatment on an inter-
mittent regamen, We have done this because we have felt 1t allows one 1o stop sterord
treatment abruptly 1f necessary because of viral infe or ather plications that
are best handled without ateroid therapy, In our experience, the children on the inter
mittent maintenance dosage can tolerate withdrawal wathout going 1ato adrenal wsulli-
ciency while the children on conttnuous therapy really pose a major problem in this

regard.

When patients have been edema.free for three to six months, we will attempr 10
reduce gradually the amount we give for finally d g sterord
treatment if they seem stabilized.

CHAIRMAN BARNETT: [ think, as I said before, somewhere in between these
two types of approach to therapy 18 what mast of us are doing.

DR, RAPOPORT, May I intersupt at this powar? [ think the orsentanion ought not
to be on a scheme schedule. One has certasn objectives which one wants to achieve; how
one plays the vanation on this theme ido por think 1s very important because, actuaily,
the objectives which we want 1o achieve can be seen and measured. We sull cannot
look at the fundamental leston; and nobody 13 dotng renal biopmies every day, or every
week. So all we can do is 1o say that these are the criteria for remission; somehow,
we manage to achieve this. We have totalor-make this sut to fit each indivadual chald,
When one gets to the point of tapering off - and tapering off actually consists of gensly
withdrawing one's finger from the hole 1n the dike, to sae 1f 1t 18 sull leaking - how o
taper off 18 one’s ownbusiness, whether todo this three days a week, four days a week,
a big dose one day, a amall dose the nexr day, a dose every other day, etc; at any rate
we just sort of gradually srep backward untl we get down to no steroid, With some
children, we can do this quickly: tn some, if we do st quickly and protetnuria recurs,
we are a hele more cautious the mext ame abour the withdrawal, and stretch out the
rapering period,

In this sense, we are not adhering fo any scheme, In the beginnming, when this first
started, we very pig-headedly stayed with the scheme; we sard: “Well, you get free of
edema, this 18 1t we quit. We will treat you again when you ger edema.” If we had
known more then, we would probably have done 1t differently. But | think we have to
have a kind of fludicy about treatment, whach considers the patsent and not any fixed
scheme.

To 1ry 1o compare this, we do not have standards of reference right now: § do not
think any of these complications take into account a tremendous number of varables
which I am sure most of us are aware of, and which will not show on the chare. Some
of these are varianons of personaliues, of the person doing the treatment, of the kind
of patients we have. There are all sorts of intangibles whach enter into thas,

Perhaps 1f we all agreed on a ser of objecnives -~ The surgeons say, "We want
a five-year evaluanion, not cure, bur a five-year ‘you are st alive at the end of an
eperation’.”
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The American Heart Association says there are critersa for remission of rheu-
matic-heare disease. They did not say thar the last lesson must be gone. I thiok we all
oughe to agree ahout what the objectve of trearment 1s. I do not care how we do this,
One of us thinks we can handle the problem a lsttle differently than the next ore, 1n
terms of not wanting to overtreat or undertreat~ this 15 another matter - but we ought
10 agree on our objective.

CHAIRMAN BARNETT: I agree with you; and I think this 18 what most of us are
doing. The one thing, however, which 1 think we must face frankly is that Dr. Lange's
results which he has shown again today, 1n which there 15 an arbitrary period of long-
term therapy which 18 not related to the things you are talking about, are based on the
theoretical conssderations which I think reflect his beltef abour the pathogenesis of
this disease. This 18 the only group of patients who, I think, are being treated essen-
ually very differently from the way the rest of us are treaung, with all the variations
the rest of us are using. We are faced with the fact that, to my knowledge, no group of
patients, even of this size, over a period of 6 years, has done as well as his group,
I am not asking, you know, for any rigid kind of treatment scheme. 1 would agree with
you that I think what we are faced with 1s a plilosophy of treacment ~- The regimen
which Dr. Lange has proposed, is plulosophically a different regimen, which does not
depend upon varying treatment, uponthose manifestations which you were talking about,
Dr. Rapoport.

1 suppose, 1if there 15 any real difference and any purpose in the controlled study,
it would be (which Dr.Lange has beenasking for for a long time) a comparison between
Jus regimen and a regimen which 1s based essentially on what you are talking about,
which 1s what most of the rest of us are doiag.

DR. RAPOPORT: 1 do not know whether you can resolve this until many years
have goae by,

DR. HEYMANN: Don’t you think you could have the same results as Dr, Lange,
if you had 6 years of experience with intensive treatment right from onset, instead of
only 2 or 3 years?

DR. McCRORY: There is one point | would like to hear a hirtle discussion about.

If steraid therapy ts beneficial, 1t maybe important to study the course in patients
adequately treated with respect to the ime interval between anset of the disease and
the wnttiation of a regimen of sterod treatment.

1 think this makes the figures we have very difficult, because we exercise no
selection; we take all patients, The impression we have gorten by looking over the
figures 1s that they get roster mterms of the response of patients if you see only those
children who respond very quickly after recogmuon of their disease, Would 1t not be
possible, wn getung figures on survival, for one to look over a huge group and see
whether there is benefic from the use of a reasonable scheme versus no regimen early
in the course of the disease?

CHAIRMAN BARNETT. Dr. Kramer, could you just tell us briefly about your
experience?
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DR, METCOFF: I wonder if I might make one point while we are wartang for Dr,

Kramer's shdes. That 1s, aside from the scheduhing and the observation of a system of

therapy, it might be worthwhile if we tried to devise some systematie scheme of obser-

vation that aff of us mighradhere waso that, irrespective of whar the therapeutc sched-

wle would be, we mughthave sumilar quanestative observanons at sinular pomnts in nme,
which would make assessment or comparison of differeat schedules reasonable,

CHAIRMAN BARNETT: May 1 just say {wallnotcueDr. Kramer off 1n the ouddie
of 2 sentence at twelve o'clock: but we will cut somebody off 1n the middle of a sentence
at twelve-fafteen.

E. Dr. Benjamin Kramer

DR. KRAMER (Jewssh Hospital, Brooklyn, New York): Because of lirutation of
time, I am going to elimnate the prelininaries and report on the value of the use of a
new synthetic sterowd tnthe treatmentof children with nephrosis. The study was carrted
out by Drs. Leon Hellman, Baraett Zumoff, Norman Krewhmer and myself.

This new synthetic sterosd hormone p certain bioch 1 properties
differing from, and more destrable than, those of other compounds presently ta use.

The structure of this new synthetic stermd 1s 16-alpha-hydroxy, delta.1, 9-alpha-
fluoro-hydrocorusone, which ts known also under the name of ITiamcinolone. fvxs
basically bydrocortisone modified to contain she delta-) bondcharacterasnc of predm.
sone, the fluorine atom at the ¢ position characteristic of flusrohydrocortisone, and in
agdition, a hydroxyl group in the alpha orientauon on the 16 carbon arom, The parent
compound, delta-1-fluorohydrocornsone, 1s a potent salt rerainer, but the wserson of
the 16-alpha hydroxyl group serves to abolish the sodium reraining propernes.

Triamcinolone causes no sodwm retention, in fact, most normal non~edematous
patients with tntact adrenals show sadium loss during che first few days of s admin.
istration, usually accornpamed by equivalent weighs loss. Normal patients do not con-
unue to lose sodwm after the first few days, but come 1010 sodium balance. At normal
therapeutic dose levels there 18 no potassium loss induced by this sterod, and ooly
mimmal losses of merogen and caletum, There 1 na bload pressure elevanion induced
by Triamcinolone, There also seems o be a decreased sncidence of ather undesirable
aide effects, including gastric ulcers,

The use of thiscompound was exploredine sexies of 14 children with the nephrouc
syndrome, comprising 4 females ranging 0 age from1 1o 9 years and 10 males ranging
in age from 2 1o 5 years. Of the 14 panents only 2 had any signs of renal wmsufficiency;
3n one child thia was mamfesred by elevared blood pressure only, whereas the other
child had both a and elevated blood pressure. The other 12 members of the
series had the nephrotc syndrome an its characteristie form, without any stigmata of
renal wsufficiency., The duration of the neph yad it chese ¢ ts had been
from 2 weeks 1o 3 years.

by all, 20 plete co af tr were given to these 14 panents. By cur
criteria, a complete course of treatment was one that d of the

Aton
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of 20mg. per day of Triamcinolone 1n4 divided oral doses of 5 mg. each for a minimum
of 30 days, and usually extending from 30.45 days, Six of the 20 courses of trearment
represented re~treatment of patients, 2 of whom had received inadequate initial courses
and the other 4 were pattents who had relapsed after a previously complete course.
This regimen of 20 mg. per day for 30-45 days induced 12 complete remissions out of
the 20 courses of treatment given. A complete rermssion was one in which the urine
findings were indistinguishable from those of a normal individual, and all the abnormal
chemical findings had returned ta normal. There were 6 partial remissions, which
meant that a duiresis had been induced, and although there was improvement of the
abnormal blood and wrine chemucal findings, theyfailed to return completely o normal.
Two courses were fatlures, tn the sense that no diuresis occurred and there was no
change in either the blood or the urine fiadings. The 2 courses resulting in failures
occurred in the 2 patients who had prior signs of renal insufficiency. It appeared that
the pauents who had had the nephrotic syndrome for the shortest period of time were
the ones wath the greatest likelthood of having a complete remission. This agrees with
the experience of other workers in the field.

Complete re were wduced mn 9 patients. Of these 9, 5 have remained 1n
complete remussion. Four of the 9 relapsed at approximately 3.4 monthe after the
conclusion of treatment, These 4 were re-treated, a second complete remission was
induced in 3 of them, and a partial remission in the fourth, Thus, at the present ume
8 of the original 14 p are in plete re the remissions have lasted for
2 weeks to 15 months since the conclusion of treatment with Triameinolone.

With reference to prior therapy with either ACTH or other steroids, of the 9
pattents who had a complete remission on Triamcinolone, 3 previously had complete
rerissions on other forms of steroud therapy. One patient who had a complete remis-
ston on Triameinolone had failed to respoad to other forms of steroid therapy. Two of
the ¢ pauents had no prior treatment. In the parnial remission group only 1 out of the
4 patients had previously had a complete remission on other steroid therapy, 3 of the
4 had had partial remissions on other forms of steroid therapy,

This preliminary report of the use of the new 16-alpha hydroxy substituted steroid,
Triamecinolone, ta the tr of nephrosis has yielded results which are similar o
thase obtained with ACTH, cortisone, ar predaisone, The results are of interest for
two reasons: 1) They demonstrare thac a new class of steroid compounds can induce
remissions tn the nephrotic syndrome; 1t 15 possible, although there 1s no evidence
avarlable as yet, that patients who fatl to respond to one or anothes of the presently

avalable steroids, may have remissions when treated with Triamcnolone, and it cer-
t

tainly would be worthwhile to explore the effects of Tri olone 1 p r
to other forms of steroid therapy. 2) The other interesting aspect concerns the rela-
nve inertness of this pound in prod g changes in either sodium or p st

tmetabolism 1 the normal ndividual, These propernes of the sreroid poine up the fact
that neither the exhibition of a sodwm-retaimng action nor the production of negatwve
potassium balance are prerequisites for the functioning of a steroid 1n the effective
treatment of nepbrosis.

CHAIRMAN BARNETT: Thank you, Dr. Kramer.

Are there a few questions or comments?
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DR, HEYMANN: | would Itke 2o ask Dr. Kramer whether spontancous fractures

or osteoporosis were seen when Triamcinalone was used over eimalarly long periods,

as we have ohserved tn two patients who were treated over more than seven manths*
persod, one wath cortisone, the other with Meticorten?

DR, KRAMER: As far as 1cam recall, 10 our discussions wuth Dr. Talman, who
used 1t over a loog period of time, he experienced that compheation,

DR, JANEWAY: You say you have seen occurrence of that. Has anyone here seen
an ulcer in a child?

DR, RAPOPORT: We have one questionable one.
DR, JANEWAY: It certainly ts rare,

DR. McCRORY: I have heard of a chuld, for Iy treated el here, wha had
2 duodenal perforation.

DR. METCOFF: We had one such experience.

DR, JANEWAY: We had one, but not s» a nephrotic.

DR. GRIBETZ: Was yours one you had on a continuous dasly dosage?

DR, JANEWAY: Yes.

DR, GRIBETZ. For how long?

DR, JANEWAY: [ thuok the child had been on sterowd therapy for 8 or 9 months.

DR, GRIBETZ. It seems as if there nught be a difference between continuous
maintepance sterowd therapy and the intermittentthree.day-a-week regimens, At least,
the growth depressing effecs 1s not seen[18]. We have analyzed the data of our chuldren
on tatermusrent therapy to see whether growth s depressed. It does not appear ta be
28 was the case with prolonged contiavous therapy,

CHAIRMAN BARNETT 1 would hke to conclude this part with the suggestion
that we ask Dr. Riley, who has bad great interest 1n this kind of evaluaton of dara,
and who wauld Itke to coattnue it, 1f he would be willing to consider our discussions
here this mormuag w terms of what sortof analysie or what proposals for collaborative
observations might be made; and after givieg this thoughe, he prepare a lecter which
would embody his thoughts and suggestions, to be sent to each of us.

Would you be willing to do this, Con? We can give you a liss of the parucipanta,
and also other Jarge clinics nor represented here.

{18} Blodger, ¥. M., Burgin, L., lezzone, 0., Grbetz, D. and Talbor, N.B., Effects of
prolonged cortisone therapy on the staturaf growth, skeletal masuration and meta-
bolic status of children. N. E, 3, Med., 254: 636, 1956,
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{Dr. Riley nods his head 1n agreement.)

CHAIRMAN BARNETT: Thank you,

DR. SCHREINER: [ would Itke to raise a question about the criteria for remis.
sion, which we take as no substanual proteinursa and normal chemistries,

We have biopsied people who have had remissions of a year or two years, and
found a percentage of the glomerular population fibrosed.

1 think you can say one thing about proteinuria; at least there 1s blood perfusing
the glomerufus. Proteinuria may cease; but possibly treatment may do 1t by fibrosing
the glomerulus as wellas by improving the so-called nephrouc lesion. I wonder whether
we may not confuse some of our stanstics by setning this as the ultimate criterion for
remissianl

CHAIRMAN BARNETT: 1 would like to echo Dr. Metcoff’s thanks to Dr. Baxter
and to Dr. Goodman and to all the participants here. | would also like to thank agan
the National Nephrosis Foundation, whose Presid Dr. Kaessler, has been with us
during part of this meeting and most of the other meenngs during the last few years,
The Foundarion, led by Dr, Kaessler, has made 1t financially possible for the transac-
ttans of this meeting to be transcribed and to be published.

1 thenk most of you know Dr. Kaessler; he 1s sitting over here wn the second chair,

DR, McCRORY: What about next year?

CHAIRMAN BARNETT: It 1s not decided. The plan was thar we would meet here
thie year, then probably 10 New York next year, at the Babies® Hosputal; but thus 1s not
firmly decided.

(The meeting adjourned at twelve-fifteen o’clock.)
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