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INTRODUCTORY REMARKS TO THE CONFERENCE

The Sixth Annual Conference on the Nephrotic Syndrome convened at nine-fifteen
o'clock 1n the Millikin Room, Western Reserve Umiversity School of Medicine, Cleve-
land, Ohio, with Dr. Charles Janeway, presiding.

CHAIRMAN CHARLES JANEWAY: I think we had better come to order. For
those of you who haven't attended one of these sessions before, the only thing we would
like to say 1s that this meeting owes its success almost entirely, I think, to the fact
that 1t 1s totally informal and 1f not disorganized, at least not overorganized.

Dr Heymann has done a wonderful job in getting together a splendid program.
He 1s our host this time. I think he has done a swell job, and we are all very grateful
to him for his help

For anybody who hasn't been here before, we are happy to see them here, and
particularly the large delegation of hypertension people, who I think are going to teach
a lot of us a great deal.



1. FURTHER STUDIES OF THE NORMAL STRUCTURE
OF THE RENAL GLOMERULUS

CHAIRMAN JANEWAY. We mught as well get right down to business, and we
are glad to welcome Dr Hall back for a second go-around on Glomerular Structure.
Dr Hall.

DR VINCENT HALL. Thank you, Mr. Chairman 1 am agawn honored in being
wvited back to this group, and I appreciate the opportumty very much to talk to you
again about my favorite subject, the glomerulus. I wish to preface this discussion, as
lase year, by stating whac 1s said today ts said as a preliminary and informal intro-
duction to our recent and current studies. Also, as last year, 1 wish to state that what
has been gamed in the way of new evidence on glomerular structure has been made
possible largely through the support of the Argonne Nanonal Laboratory, for the
electron microscopy has been done with the capable aid of Evans Roth, electron
microscopist, the section cutting has been done by O. T. Minich, technician, and A. S,
Tracy, photographer, has been of valuable assistance in obtaining the photomicro-
graphs. Without the able and efficient assistance of these members of the staff of the
Brological and Med:cal Research Division of the Argonne Narional Laboratory, there
would be only a fraction of the evidence now available on glomerular structure. We
should also like to use this opportunty to acknowledge the ready and effective cooper-
ation of Dr Hans Popper, Director of the Department of Pathology of the Cook County
Hospital, in making human autepsy kidneys and facilities of his laboratory available to
us, and to Dr. Johannes Rhodin, Department of Anatomy, Karolmska Institutet, Stock-
holm, for help and advice in fixing rabbic kidney tissuc by his method[1]. Our thanks
are also due to Dr, P B Sawmof the Jackson Memorial Laboratory, Hamilton Station,
Bar Harbor, Maine, for supplying us with the large, normal, marture male rabbit used
as the source of rabbit kidney nssue in this study. All kidoeys, the human, the rat,
dog and rabbit, used 1n this study were from mature males, except for the 5-day old
cat kedaey, and all were judged to be normal, healthy kidneys 1 every respect.

[1] Rhodin, Johannes, “Correlation of Ultrastructural Orgamzation and Funcrion in
Normal and Expermentally Changed Proximal Convoluted Tubule Cells of the
Mouse Kidney,” 76 pp., Stockholm, 1954.



Before discussing the illustrations a statement should be made concerning the
technics used. Last year [2] many of the tissues that we used for electron microscopy
and discussed here were fixed by perfusion, with buffered formalin and formalin-
alcohol muxtures, and 1n all cases our electron micrographs last year had been made
after removing the plastic embedding medium from the sections with toluene, as the
paraffin 1s removed from standard histological sections before staining them. For
comparison this account includes two electron micrographs made with our earlier
methods The remaining electron micrographs have been made from thin tissue slices
fixed by immersion n buffered 1% osmium solutions according to the technics des-
cribed by Palade [3] and Rhodin [1], and the electron micrographs were made without
removal of the plastic. Otherwise the methods used in electron microscopy were
stmilar to those described last year.

Some of the current studies to be presented today include direct observation and
photography with a Leitz Ultropak microscope of latex injected glomeruls which were
partially macerated with acid and then carefully dissected with fine glass needles under
the high powers of a dissection microscope. Those preparations consisting of stngle
or a few glomerul: were covered with a cover glass to which shight pressure was
applied to obtain a flat field of the capillaries The latex before using was force
filtered through a fine 200 mesh per sq. 1n. stainless steel screen, then diluted and
stabilized with ammonia. The latex solution was injected directly into the renal artery
or at times the renal vein.

“Last year [2] 1t was emphasized that the differentiated, mature cells of the visceral
layer of Bowman’s capsule as revealed by the electron microscope do not fit the
customary definition of epithelial cells. Since they appear to be uniquely specialized
cells found only in the glomerulus, we termed them podocytes (foot-cells), a term
descriptive of the numerous, minute characteristic terminal, interdigitating, cytoplas-
mic process, foot processes or pedicels, developed by these cells? Figure 1 shows the
general appearance of a rat podocyte, with 1ts irregular, complex nucleus and a Golg:
body of the Hirsch-Baker type near 1t."The main mass of the podocytic cytoplasm
breaks up 1nto many relatively large processes, froma fraction of a micron (10,000 A)
to several micra wide and up to 304 long at least. These large processes were called
trabeculae? incompletely pictured here in section on the left of the micrograph and to
the right of the podocytic nucleus. It 1s probably these trabeculae, perhaps emphasized
and distorted by vigorous fixation and staining procedures, which the menculous and
able German histologists Zimmermann [4], v. M3llendorff [5], and Bargmann [6] have

f2] Hall, B. Vincent, “Studies of Normal Glomerular Structure by Electron Micro-
scopy,” Proceedings of the Fifth Annual Conference on the Nephrotic Syndrome,
pp. 1-39, New York, 1953.

[3] Palade, George E., “A Study of Fixation for Electron Microscopy,” Jour. Exp.
Med., 95: 285-298, 1952.

[4] Zimmermann, K. W., “Uber den Bau des Glomerulus der Saligerniere,” Zeitscht.
£ Mikro. Anat. Forsch., 32: 176-278, 1933.

[5] v. Mbéllendorff, Wm., “"Eimige Beobachtungen diber den Aufbau des Nierenglomer-
ulus,” Zeitscht. £. Zellforsch. u. Mikro. Anat., 6: 441-450, 1927-28.

[6] Bargmann, W., “Weiter Histologische Untersuchungen am Nierenkrperchen,”
Zeitsche. £, Zellforsch. u. Mikro. Anat., 18: 166-191, 1933.
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observed and sketched. Some of our photomicrographs [2] of thin (24) sections of rat
glomeruli show the “trabeculae about 1.5 apart*extending in a generally parallel
fashion away from the regton of the podocyte nucleus. Electron micrographs are
available which also show the parallel arrangement of trabeculae very clearly? In
Figure 1 and also in Figure 4 may beSeen pedicels arising from the trabeculae and
the proximal surface of the cell body of the podocyte! The termunal relationship of the
pedicels on the capillary wall ts not clearly shown in either of these figures but may
be seen in Figures 11and 12. However the external surface of the basement membrane
1s clearly marked by the presence of numerous pedicels, except 1n those areas where
trabeculae “6cCur. 1t may be stated here that Pease and Baker [7], and Oberling and
co-workers [8] first saw interdigitating ridges 1n the glomerular capillary basement
membrane, but 1t was Dalton [9] who first recogmized in electron micrographs that the
“ridges” were minute cytoplasmic processes (pedicels) fromthe cells of the ‘visceral’
layer of Bowman's capsule. Before going on, attention should be directed to the two
endothelial nucler on the rght, one projecting tnto the capillary lumen, the other cut
near 1ts artachment to the capillary wall so thar in this section 1ts projection nto the
capillary lumen 1s not seen.

Figure 2 has been included to show an excellent example of a tangential and oblique
section of that part of the capillary wall directly concerned with formation of the
glomerular filtrate in the rat It 1s, 1n fact, a direct plane and oblique view of a small
area of the basement membrane of a glomerular capillary such as that which appears
in perpendicular view just below the center of the podocytic nucleus in Figure 1. It 1s
apparent 1n Figure 2 tharthe structure of the glomerular capillary basement membrane,
which appears as a homogeneous dark hine when viewed 1n section with a light micro-
scope, 15 resolved by the electron microscope 1nto an intimately associated complex
of three structures, the pedicelsonthe capsular surface, the lamina densa or definitive
basement membrane forming the continuous dense central layer, and a thin, lumtnal
layer of perforated, cortical endothehial cytoplasm, the lamina fenestrara.-

Most of Figure 2 1s filled with plane or tangential sections of the interdigitating
pedicels, appearing as dark finger-like processes, The space at the top with the micron
marker 1s capillary lumen, with the lining network (lamina fenestrata) with 1ts prom-
wnent nterstices or pores clearly visible in the capillary lumen and disappearing 1n
the region of the pedicels. Oberling, Gautier and Bernhard's [8] figures and sketch,
and the electron micrograph of Rinehart, et al [10] indicate the presence of the thin

[7] Pease, Damel C., and Baker, R. F., “Electron Microscopy of the Kidney,” Am.
Jour of Anat , 87: 349-390, 1950.
[8] Oberling, Charles, Gautier, A., and Bernhard, W., “La Structure des Capillaires

Glomerulaires vue au Microscope Electronique,” La Presse Medicale, 592 938-
940, 1951

{9] Dalton, A J., “Structural Details of Some of the Epithelial Cell Types 1n the
Mouse as Revealed by the Electron Microscope,” Jour. Natl. Cancer Inst., 11t
1163-1185, 1951

[10] Rinehart, James F., Farquhar, M. F., Jung, H. C., and Abul-Hay, S. K., “The
Normal Glomerulus and Iis Basic Reactions in Disease,” Am. Jour. of Path,
29+ 21-32, 1953, ’



fenestrated endothelial membrane n rat glomerular capillaries. The French workers
wnterpreted 1t as a “honeycomb reinforcement” to the endothelial membrane, and the
San Francisco workers pictured this fenestrated membrane as if it were formed by
delicate cytoplasmic projections of epithelial cells penetrating the basement membrane,
a mucoid substance which traverses the basement membrane “at regular intervals in
a manner analogous to the cement lines separatinghexagonal tile.” The gray material
appearing in some of the openings of the lamina fenestrata and appearing between some
of the pedicels (as near the bottom of the picture and left of center) 1s a thin section of
the definitive basement membrane or lamina densa. This complex basement membrane
with 1ts three separate layers, 1t seemstous, must function as the filtration apparatus
10 glomerular filtration “Since the pores of the lamina fenestrata are too large (in this
section their diameters measure from about 700 to 1500 A) to retain proteins{ so 1t
must be assumed erther that the pores are artifacts, or that they are not artifacts and
that they function otherwise than in the retentionof proteins in filtration.Last year [2]
we suggested that numerous and large pores inthe lamina fenestrata (specialized, thin,
perforated glomerular endothelium) promote the tugh filtration rates characteristc of
glomerular capillaries by removing the endothelial cytoplasmic barrier and providing
ready access of plasma to the defimitive basement membrane (lamina densa). The
lammna densa we suggested served as the ultrafilter since 1t appeared to be the only
structure 1in the capillary wall sufficiently continuous and possibly finely porous to
retain plasma proteins! The frequent and regular appearance of a fenestrated lining
endothelium 1n our electron micrographs of rat, rabbit, and human glemerul1, and the
duplication of these observations by Pease [11] in rat glomeruli, by Mueller [12] in
dog glomeruli, and Dalton [13] and Rhodin [14] 1n mouse glomerul1 affords support to
the suggesuion that pores in the lamina fenestrata function in glomerular filtration.
However, it 1s to be noted that the concept of functional endothelial pores will have to
be abandoned, 1f future studies confirm the recent suggestion of Rinehart and Farquhar
[15] that fluid transfer across the endothelial cytoplasm of the glomerular capillaries
takes place “via vesicles as suggested by Palade {16] for certain other endothelia.”
Since the evidence seems to be good %17] that glomerular filtrates are normally

[11] Pease, Daniel C , “Further Studies of the Kidney Cortex by Electron Microscopy,”
Anat. Rec., 118: 339-340, 1954.

[12] Mueller, C. B., "Oral C 10n, Symp on Protoplasmuic Structure and
Cellular Transport Mechanisms,” The Mount Desertlsland Biological Laboratory,
Salisbury Cove, Maine, August 23, 24, 25, 1954.

[13] Dalton, A. J., “QOral C atton, Symp on a New Look at the Cell,”
Annual Meetings of the American Society of Zoologists, Chapel Hill, North
Carolina, December 28, 29, 30, 1954.

[14] Rhodin, Joh “Oral Ci ation, Symp on Protoplasmic Structure
and Cellular Transport Mechanisms,” The Mount DesertIsland Biological Labora-
tory, Salisbury Cove, Maine, August 23, 24, 25, 1954,

[15] Rinehart, James, F., and Farquhar, M. G., “Functional Implications of the Fine
Structure of the Renal Glomerulus,” Applied Physics, 25: 1463, 1954.

[16] Palade, George E., “Fine Structure of Blood -Capillaries,” Applied Physics,
24: 1424, 1953.

[17] Smith, Homer W., “The Kidney: Structure and Function 1n Health and Disease,”
1049 pp., Oxford University Press, New York, 1951.




relatively protein-free, it appears that sucha cytoplasmic vesicular transport mechan-
1sm must also provide a means toreturnunfiltered proteins back to the plasma, unless
the vesicles somehow transport only protein-free plasma to the definitive basement
membrane *Certainly for the present it seems thatthe weight of evidence from electron
microscopy of glomerular capillaries, and the grear mass of renal filtration data
[17, 18] favor a “pore theory” of renal filtration. In fact, the physiological evidence
such as that which led Richards [19] to state, “that the beginning of urine formation
consists tn the separation from blood of a torrent of undifferentiated filerate by a
blind physical force” would appear to make 1t improbable that an acuve cytoplasmic
transport process 1s nvolved.”

Near the ceater and bottom of Figure 2 may be seen between two pedicels “an
apparent fine porosity” inthe thintangential section of lamina densa.As we emphasized
last year [2], these apparent holes may be artifacts pure and simple, yet they do have
apparent diameters which approach those which theoretically permutthe ready passage
of egg albumen molecules but only restricted passage of hemoglobin molecules, con-
forming with the known facts of glomerular permeability. Evidences of such “an
apparent fine porosity” have not been scen 1n perpendicular sections of lamina densa;
nor has there been any clear evidence for such fine porosity 1n our electron micro-
graphs of sections fixed 1n buffered osmium and photographed without removal of the
plastic embedding medium."So at present, until more evidence 1s available, we feel
that two opinions may be held, one that the apparent fine porosity 1s solely an arnfact,
the other that some technics, which result in pictures showing a fine porosity as 1n
Figure 2, have exaggerated the appearance of a possibly naturally existing fine porous
structure of the lamina densa, while other technics, such as those used in obtaining
Figures 5 and 12 decrease, and perhaps occlude, the fine porous structure of the
lamina densa~

The sketch shown 1n Figure 3 has been drawn to scale from electron micrographs
of rat glomerular capillaries and gives some idea of the relatively large size of a
podocyte (which 1s only incompletely shown here) and endothelial cells.”The ratio of
3.1 1s about the true ratio of endothelial cells to podocytes, for the rat at least, and
the inverse ratio approximately corresponds totheir comparative sizes? One important
feature to be noted in this diagram 1s that each endothelial 1 1s dded 1n
dense medullary cytoplasm and that the medullary cytoplasm around one nucleus jotns
closely with that around the next nucleus, but as was shown 1n Figure 8 last year [2],
the cytoplasmic membranes remain disunct and the cells separare so the arrangement
probably should not be calleda syncytium. It1s clear from study of our sertes of photo-
micrographs of 2 4 serial sections of ratr glomeruls and extensive photomontages of
detailed electron micrographs, that the glomerular endothelial nucler with their sur-
rounding medullary cytoplasm are polarized in a band or row along one side of each
capillary, “with the centers of the nucler abour 6-10 & apart? We remain of the same
opinion expressed last year [2] chat these bands of nucler and individual endothelial
nucles, with the surrounding dense medullary cytoplasm, have at times been misinter—
preted for a special type of glomerular connective or supporting nssue, the mesangium

[18] Pappenheimer, John R., “Passage of Molecules Through Capillary Walls,”
Physiol. Reviews, 33: 387-423, 1953,

{19] Richards, A N., “Processes of Urinc Formation,” Proc. Roy. Soc. Ser. B
26 398-432, London, 1938-39.



or interstitial cells. Bell [20] and other pathologists have stressed the tmportance of
changes n the glomerular endothelium 1n renal disease,™f, as the evidence of the
electron microscopy leads us to believe, the glomerular capillaries are formed and
supported by only two types of cells, podocytes and endothelial cells, and their deriva-
uves, then the proliferation and changes in the endothelium 1n disease have probably
at tumes been described as changes and proliferation of the mesangium or interstinial
cells. We again find no evidence for an “intercapillary space” in the special sense of
McManus [21], for all glomerular space appears to be erther intracapillary (capillary
lumen) or extracapillary (capsular or Bowman’s space)underthe electron microscope.”
In fact, as 1t will be demonstrated in subsequent figures today, new evidence of the
total morphology of the glomerulusandfacts of its development make 1t highly probable

that sunple capillary loops, as diagramed by Vimtrup [22], occur 1n the mammalian
glomerulus only rarely if at all, and as a consequence 1t appears that the 1dea that
such simple capillary loops constitute the organizational basis of glomerulus will

have to be abandoned. If this proves to be true as the evidence strongly indicates, then

the conceptual basis used by“Zimmermann (23] and others to develop the idea of a

glomerular mesangium, intersticial tissue, and “intercaptllary space” 1s erroneous,

leaving the mesangial concept as it applies tonormal glomerul: of the rat, dog, rabbut,

and man, unsupported 1n fact and theory. It would appear that the whole concept of

“mesangium”, etc., has developed as a resultof the tnadequacy of the light microscope

to clearly resolve the complexities of glomeruli viewed 1n sections.”

Figures 4, 5 and 6 are relatvely high magnification electron micrographs of the
surface and internal structure of the basement membrane of the rat glomerular capil-
lary Figure 4 has been selected to illustrate interdigitaring pedicels, attached to the
large trabecular processes of the covering or podocyte cells. Of particular tterest 1n
this figure s the clearly apparent, rather uniformly narrow (about 200-460 A) space
between the pedicels which represents the smallest direct extension of capsular space
to the surface of the definittve basement membrane, the lamina densa. Tt 1s probably
here 1n this space that the glomerular ultrafiltrate first enters free capsular space.
The dark bodies in the trabeculae are mirochondria, but we have yet to observe mito-
chondria 1n the pedicelss

In Figure 5 may be seenin oblique and tangential section, and 1n Figure 6 below the
micron marker in perpendicular section the lamina fenestrata with 1ts characteristic
pores or holes. We hope to obtain clearer electron micrographs of this region in the
rat, well fixed with buffered osmium and photographed without removing the plastic
from the section, but we have none better now. Comparison of these figures with
Figure 2 shows the same structures, lamina densa, pedicels, and lamina fenestrata
appear in the figures, butitis tobe noted that the pores of the lamina fenestrata appear

[20] Bell, E. T., “Renal Diseases,” 448 pp., Lea and Febiger, Philadelphia, 1950.

[21] McManus, J. E. A, “Medical Diseases of the Kidney,” 176 pp., Lea and Febiger,
Philadeiphia, 1950.

[22] Vimtrup, By, “Number, Shape, Structure, and Surface Area of Glomerul: in Man
and Animals,” Am. Anar., 41z 123-151, 1929.

[23] Zimmermann, K. W., “Uber den Bau des Glomerulus der menschlichen Niere,”
Zeirsche. f. Mikr. Anat. Forsch., 18 520-552, 1929.
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smaller and the lamina densa appears structureless in Figures 5 and 6. In comparing
dimenstons of pores, and of the cytoplasmic strands between the interstices of the
famina fenestrata in the two types of electron micrographs, i1t 1s apparent thar cyto-
plasmic shrinkage directly affects the apparent size of the pores. In Figures 5 and &
both the shrinkage andthe apparent pore size arc less than in Figure 2. The technic of
fixation, 1.e., whether the fixanve was given by perfusion or immersion, and the type
of fixing flurd both seem to influence the apparent thickness of the lamina densa. In
some preparations fixed with formalm-alcohol by perfusion, the lamina densa 1s as
thin as 500 A, while 1n Figure 6,1t appears about 4 times as thick. These facts empha-
s1ze and warn us of the danger and the difficuley that there 1s 1n any attempt to relate
what we see 1n electron micrographs to the entity functioning in life. In spite of the
possibility that fixation has destroyed an ultrathin membrane which covers the pores
of the lamina fenestrata in life, the evidence of perpendicular sections such as 1n
Figure 6, makes 1t difftcult to draw any conclusion except that it 1s possible that open
pores in the lanina fenestrata are present n life.

With Figures 7 and 8, we begin the discussion of ~'-~=-=- — -=---- Lo -6 -tb o
glomeruli These nssucs were fixed with buffered
directions and photographed with the plastic stall in the
15 a typical example of a rabbit podocyte. Two trabeculae sectioned in their long axis
are present on the left and several obliquely sectioned trabeculae appear below the
podocyte near the basement membrane. The capillary lumen 1s the space at the lower
edge of the figure “Close 1nspection of the basement membrane reveals its three
characterisuc layers, the inner lumnal layer of thin, perforated endothelial eytoplasm,
the lamina fenestrata, 1n the middlc the continuous dense definitive basement membrane
or lamina densa, and externally the numerous, minute, terminal podocytic processcs
the pedicels or footprocesses. Ingeneral the podocytes of the rabbit glomeruli (except-
ing perhaps the ‘Golgi body’) are much like thosc of rat and human glomeruli.~

It was suggested lasc year at this Conference in Philadelphia [24], that our failure
to find intcrcapllary space was probably due to the fact that we had worked with rats,
and 1t was implied that a similar study of rabbir glomeruhi would reveal evidence of 2
connective tissue supporung the capillary loops. Figures 7, 8, 10, 11 and 12 are
submutted as typical examples of the structure of the rabbir glomerulus as viewed with
the elcceron microscope. “After intensive study of these clecrron micrographs, and
many «imilar ones, we have not been able to identify connective tissue or collagen
fibers 1in the normal rabbir glomerulus? In fact, we find thar rabbit glomeruls are
basically similar to rat glomeruls in possessing (ignoring blood cells) only two types
of cells, podocytes and endothelial cells, with their specialized processes and dernva-
tives. Just as close examinarion of Figure 7 gives no evidence of connective tissue,
but only lamina densa with the podocyte and podocytic processcs on the capsular
surface, and endothelial cytoplasm on the inner surface so does sinular close examin-
aton reveal no connective tissue or conncctive tissue cells in Figure 8. Three endo.
thehial cells appear 1n Figure 8, secrioned ncar thesr artachment to the capillary wall,

[24] Ehrich, Wm and Ptel, Carolyn, “Morphologic Diffcrentiation of Nephritis in the
Rat and the Therapeutie Effects of Anticoagulants and Proteolytic Enzymes,”
Proccedings of the Fifth Ann. Conf. on the Nephrotic Syndrome, pp- 117-13;
New York, 1953. '



Each nucleus 1s surrounded by an envelope of dense medullary cytoplasm, while away
from the region of the nucleus (shown more clearly in Figure 11) the medullary cyto-
plasm gives way to a thin layer of perforated cortical cytoplasm or lamina fenestrata.
it may be seen in Figure 8 lining the capillary lumen just above the middle one of the
three endothelial nucler. External both to the lamina fenestrata and to medullary
endothelial cytoplasm there is present always lamina densa, or definitive basement
membrane, which here appears as a continuous light and dark gray membrane. This
electron micrograph 1s apparently through a region of the capillary which has been
folded (near the bottom of the picture and to the left of center) and where branching
or anastomosis occurs, for the lamina densa canbe traced in a rather complicated but
fully understandable pattern On the external surface of the lamina densa 1s found only
podocytic cytoplasm, specialized either into pedicels or trabeculae? It should be noted
before leaving this illustranon that the endothehial nucler in this figure seem to allus-
trate clearly the typical arrangement described for rat glomerular endothelium, with

the nucler located 6-10 4 apart, 1n a band of medullary cytoplasm polarized along one
side of the capillary

“in the schema of Figure 9 1s shown the relationship of the three layers 1n the
glomerular capilary wall, which must together comprise the “filtration apparatus”.”
To help 1n recogmzing the size relationships a portion of an endothelial nucleus has
been included. Ir will be noted that the cytoplasmic envelope around the nucleus thins
to gwve rise o the specialized, perforated, corncal cytoplasmic layer, the larmna
fenestrata away from the regionof the nucleus“The endothelial cytoplasm is in intimate
contact with the possibly finely porous lamina densa.*lts intimate relationship to
endothelial cytoplasm, and the close relationship of endothelial nucler to this membrane,
and certan facts of 1ts development lend support to the opinion that the origin of the
lamina densa 1s endothelial” On the external surface of the lamina densa may be seen
i surface view on the lefr and in perpendicular section on the right, the pedicels,
characteristic termunal, 1nterdigitating processes of the podocytes. At this scale a
single large podocyte would extend completely overa surface having perhaps 30 umes
the area of the schema, so a small part of only two larger podocyric processes can be
shown here ¥If the actual filtranion area 1s limuted to the free surface of the lamina
densa between the pedicels, which communtcates directly and freely with capsular
space then it seems quite possible that pathological, physiological, and local environ-
mental effects may induce the pedicels ro extend or retract over the surface of the
lamina densa and cause related changes in glomerular filtration rates.”

In Figures 10, 11, and 12 are illustrated relanvely high magmification electron
micrographs of details of the interdigitating pedicels (Fig. 10) of the rabbit as viewed
1n a plane or tangennal section, corresponding to the left side of the schema in Figure
9. They appear in every way to be similar to those of the rat (Fig. 4). In the lower
right corner of the figure may be seen a mirochondrion with 1ts cristae barely visible.
Mitochondria are regularly observed in the larger podocytic processes such as these,
but they have not been observed 1n the pedicels.

“The close relationship of the endothelial nucleus 1n Figure 11 to the lamina densa
(definitive basement membrane) 1s very evident? This figure also shows pores of the
lamuna fenestrata in tangential section arthe top tight and lower left, and i perpendic-
ular section to the left of the nucleus and at the lower ngh:."rhe Jamina densa 1s
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completely covered externally by pedicels, some sectioned perpendicularly, some
obliquely, and some longitudinaily. In Figure 11 and in Figure 12 below 1t, 1t is to be
noted that there 1s not the shightest ind of any 1ve or gial tissue
associated with the rabbit glomerular capillary walls

A good 1llustration of lamina fenestrata withits pores, in tangential section, and of
pedicels obliquely and perpendicularly sectioned 1s found 1n Figure 12. It appears that
the perpendicular profile of a pedicel in the rabbit, as in the rat, may be roughly
traangular or oval with a broad flat base attached to the lamina densa."As 1n the rat,
their height appears to be about 1500 A. In this section the pores of the lamina fenes-
trata vary from about 400 to 1000 A 1n diameter, and they have a maximum frequem:y

2
of about 5 x 10° per cm” #The remarkable stmilarity in the apparent frequency of the
endothelial pores observed in rat and rabbit glomeruli, and (neglecting shrinkage
effects for the moment) the equally remarkable similarity in the approximate size of
these pores after various fixatuves and technics affords the strongest support for the
viewpoint that they are not mere fixation arufacts.

With this remark we end the discussion of the electron micrographs
CHAIRMAN JANEWAY  Does anybody have any questions?

CR. DAVID GITLIN Do you think the podocytes or their pedicels might concerv-
ably be connccted between two capillary areas. 1 don’t say loops necessarily, but
between two areas of a capillary

DR HALL: Do you mean between two separate capillaries?

DR GITLIN No If you have a capillary which 1s tortuous and doubled back on
itself, will the pedicels and podocytes conntect between those two?

DR HALL At present Idon'tthink so, butthe question cannot be finally answered
without serial sections and I may have to recant on this. Since last year, we were lucky
enough to get onc series of 20 serial sections of which 12 were useful ones. Lkvery idea
presented here has been supported by these sections, but they do not give a final answer
to your question Lmbryology says no to your question, because the cells are small to
begin with, and as the capillary enlarges the podocyre enlarges What opportunity 1s
there gowng to be for the podacyte to let loose here and nab there? It as hike having a
lLitile picture on a balloon that’s deflated. Blow up the balloon and the picture gets big,
but 1t always stays in the same relative area. I don't think a podocyte leaves one area
or capillary and attaches to another

DR GITLIN' I don’t mean that it migrates. I mean, 1n situ, does one podocyte
attach between two capillaries or two areas of one recurrent caplllaryI

DR HALL Idon't think so, but I really don’t knowOften 1t can be scen that the
upper surface or capsular surface of the podocyte has no pedicles on 12

DR GITLIN: Then you would say every capillary would have a capsular surface
and every wall of the capillary would be free in capsular space?
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DR. HALL: Yes. Every podocyte may have a proximal surface with pedicels
contact with the lamina densa and a smooth capsular surface like the back of my hand
which 1s exposed to capsular space.

DR GITLIN: Every surface of the wall of the capillary then would also have a
capsular surface.

DR HALL  For 360 degrees the glomerular capiilartes appear to present fo
capsular space a surface covered by pedicels and trabeculae of the podocyres.

DR SIMON KOLETSKY: [ think st hardly necd be said thar these studies or
photographs are a lot different than the average pathologist sees i his everyday work.
When one looks at normal fixed ussue he sees, I suppose, a crushed glomerulus with
capiliary loops with the epithelium closely applied and so forthHowever, as you know,
we are always worrying about whether a disease process is in the capillary, between
capillary loops, or around rhe capillary. In other words, we are talking about inter-
capillary, snsracapitlary, pericapillary, disease.”

Wiile it may be true that 1o a normal glomerulus there is close apphcation,
apparcntly of the epithelium to the endothelhwm, I think st certainly is true that in
disease processes, there appears to be a spread and a true intercapsllary space.

1”n fact, we often think that there are two basement membranes, one for the captl-
lary and one for the epiuhelium, and thatr many disease processcs are the resalt of
exudative processes whuch go out of the capillary and localize in this nebulous inter-
capillary space.s

YWe sec a lot of proliferative change w this potential capillary space, and this
material surely looks fibroblasue. It doesn’t look endothelial, and [ am just curious
to know whether any studies that you have made bear on pathogeme change 1n the sense
that there are two basement membranes. There s, at least, the potentral intercapillary
space. There 1s possibly a crue intercapillary space. There 1s a definite mesangium
which I think the great majority of pathologists aceept.”

DR, HALL: Bewng an ordinary anatomist and physiologist I am on dangerous
ground in attempting to reply to a quesuon relating to pathological glomerulr, wath
which I have no experience. I can only say thac a completely honest and open~-minded
study of our extensive series of electran micvocraphs and 2 g serial sections of rat,
rabbit and human normal glomerult affords absolutely no evidence for the highly
controversial glomerular connecrive tssue termed mesangium, orits nebulods counter-
pasct wercapillary space. On the other hand, the evidence which 1s offered to support
the mesangial theory, at least as far as normal glomerular structure 1s concerned,
appears t0 us as camplerely unconvincing and inadequate. All I have to say in this
respect 1s, look at the evidence of the electron micrographs such as you have seen
here, and then look ac the dark, often black, il-defined masses of cells and celludar
materials, hardly recognizable as such, which have been used to prove the presence
of a mcsangium, and decide which seems to be the best evidence. Anothcr poiat which
should be made, 1s that Zimmermann's [23] ideas of a mesangium were based ro a
considerable extent on his belief i the reality of simple glomerular capillary loops
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as described by Vimtrup {22]."We now have good evidence which no one as yet has
questioned that at least as far as the rat 1s concerned, and 1t also seems true for the
dog and man, that there are no simple capillary loops? If this 15 substantiated, then
the mesangial concept is left without a conceptual basis.

“To answer your question specafically, Dr Koletsky, we have not one electran
micrograph in all of nearly 1000, whichinany way could be considered as evidence for
the presence of rwo basement membranes or connective tissue within the glomerulus.
But at the same time, 1t should be pointed out that all our material has been of normal
glomeruli. Perhaps, pathological glomeruli do have two basement membranes. All we
can say 1s, that we are completely unable from knowledge of normal glomeruli to
understand how or where a second basement membrane may develop in diseased
glomerular capillaries.s

DR NORMAN KRETCHMER 1 just wanted to ask what method of fixation you
used 1n these pictures

DR HALL “Actually, two methods of fixation were used. The trssues represented
by Figures 1 and 2 were fixed with formalin-alcohol buffered at pH 7 4, and the remain-
g tissues 1n 1% buffered osmium solutions. -

DR KRETCHMER: You don’t feel the formalin fixed nissues produced any aru-
faces?

DR HALL Well-fixed osmium treated ussues give what 1s accepted to be the
best pictures, but 1t 1s probable thatall fixatives induce arnfacts o some sort. Forma-
lin may produce more and different artifacts than osmium, but formalin and fixatives
other than osmium, when properly used, may give useful preparations in elcctron
microscopy "It must be admitted that fixatives dogive artifacts, and formalin 1s gener-
ally considered less satisfactory than osmium ia this respect? Our big problem 1s to
know just what artifacts are meamngful, and whac1s the meamng of the artifaces.

DR JACK METCOFF 1 have had the opportumity to see some of your recent
studies, and 1 wish you would escort all of us through the capillary circulation within
the glomerulus with your dissecting needle and camera.

DR. HALL  There are men here who have more interesting and more important
things to present than I have.

CHAIRMAN JANEWAY. Don’t apologize. Go right ahead.

DR HALL. The remainder of our discussion today deals with studies undertaken
to gain a clearer understanding of the nature of the total morphology of the glomerular
capillaries and the glomerulus Since Vimtrup’s {22] studies about 30 years ago, 1t has
been generally accepted 1n the textbooks that'the glomerulus 1s orgamzed as a tuft of
simple capillary loops branching directly from the afferent arteriole and without
anastomoses terminating scparately m the efferent arteriole. We recognized 1n our
electron micrographs last year [2] that the glomerular capillaries made frequent
anastomoses? but we were not sufficiently tmpressed 1o make a thorough study of this
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until we had obtained and studied overlapping electronmicrographs of good glomerular
sections, which were fitted together as phoromontages. Repeated study of these photo-
montages as well as thorough study of an extensive series of enlarged photomicro-
graphs of 2 £ serial sections forced us to invesugate the total morphology of the
glomerular capillaries with new methods (new to us, but old in the history of the
glomerulus). We decided to inject kidneys with latex as More and Duff [25] and others
had done, then after partial acid maceration to dissect well-1njected glomeruli with
fine glass ncedles and to study them with the highest powers of the dissecung micro-
scope. We soon learned to put cover glasses on the better preparations and to photo-
graph them with 2 Lewtz Ultropak microscope.

The first figure 1n this series, Figure 13,15 a relauvely low power view of several
glomerult with Bowman’s capsules removed, as they appear on the surface of a rat
kidney It 1s clear thar the afferent arterioles branch into 2 few basal branches, and
these in turn branch again, much as Bowman drew them 112 years ago [26]. Indeed, 1n
several glomerul, asin the one on the right, it appears thar the second order branches
(direct communicating vessels) give off small lateral capillaries which apparently
anastomose with each other and the second ordervessels. Of course a major diffrculry
1n this type of preparation 1s that the curvature of the ball-like glomerulus 1s so great
that 1t 15 next 1o impossible to obtain satisfactory photographs at sufficient magmfica-
rions to be useful Another objection ts that only the surface course of a few of the
capllaries 1s visible, even 1n the best of these preparations. So, we removed an
individual latex injected glomerulus from the kidney, dissected off Bowman’s capsule,
separated, unfolded, and arranged the lobules for maximum visibility, and then flatrened
the preparation with a cover glass for photography as shown in Figure 14. In these
dissected preparations 1t 1s often possible tofollow the full course of the blood pathway
from the afferent to efferent arterioles. In Figure 14,"the afferent arteriole 1s in view
end-on just slightly to the left and below the center of the picture where the two lower
{obules join. It 1s typical for the afferentto divade as shown in this figure, 1nto several
very short basal branches (2 or 4 here, and 3 in Fig. 15). One basal branch apparently
supplies one lobule only. The basal branches divide immediately 1nto a few (usually 3
or 4) direct, communicating vessels which seem totraverse the full length of a lobule.
The communicaring branches appear to afford direct, and probably preferential path-
ways for the flow of blood from afferent to cfferent arterioles. At the distal end of the
lobule where these direct, communicating vessels gencrally’appear reduced 1n drameter,
the lobule tapers to terminate inanother very short vessel which joins with the similar
vessels from the other lobules of a glomerulus to form the typically small-diameter
efferent artericle. In Figure 16 a direct communicating vessel can be traced from the
afferent arteriole directly upnardtothe topof the small center lobule 1n the dissection,
where 1t turns to the right, reduces indiameter and joins small vessels which together
appear to givc rise at this poine to the small efferent arteriole which extends further
to the right The efferent arterioles are so small and ‘undistinguished that to be
complerely certain that a parucular small vessel 1n a dissected glomerulus 1s the

[25] More, R. H., and Duff, G. L., “The Renal Arterial Vasculature 10 Man,” Am.
Path., 27. 95-117, 1951.

120} Bowman, Wm., “On the Structure and Use of the Malpighian Bodies of the
Kidney, with Obscrvarions on Circulation through that:Bland,” Phil. Trans. of
the Roy. Soc. of Londen, 132: 57-80, 1842,
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efferent arteriole 1s difficult. Posttive recognition of the efferent arteriole 1n a dis-
sected glomerulus 1s made possible only by recognition of the efferent arteriole before
beginning the dissection, which 1s usually easily donef Then, it must be rerained 1n
sight while the actual dissection 1s made, which sometimes is difficult to do, and
finally completely accurate notes of the dissection must be kept to posicively identify
the vessel in the photograph later.

Afrer close examination of Figure 14 and especially after study of Figures 16 and
17, “it cannot be doubted that the direct commumcating vessels within the lobules
branch freely, seemingly at right angles totheiraxis, to give rise to numerous usually
smaller diameter and often shorr capillaries. These lateral branches anastomose with
each other and with the direct communicating vesselsto form a true capillary network
within the confines of each lobule of the glomerulus? The rotal evidence of our studses
seems to establish thac acleast forthe ras, the lobule 1s the anatomical and presumably
the functional umt of the glomerulus, We have extended these studies to glomeruls of
the dog, Figure 18, and man, Figure 19, as well as to the rabbit and cac Although
species differences are preseat, the total capillary organization of glomeruls ta these
forms appears, in general, basically similar.

“Certamly the photomicrographs pr d here of dissected, latex-1n; dglom-
eruls clearly establishes that glomerular capillaries in the rar, dog, and man anasto-
mose freely, and that glomeruli tn these forms are not composed of simple capiliary
loops connecting directly between the afferent and efferent arterioles < Other dissections
of dog and human glomerul:i are equally clear and demonstrate a system, stmular to
that described and pictured for the rar, of direct communicating glomerular vessels
within the lobules, leading directly to the efferent end of the lobule and giving rise
laterally to numerous smaller diameter anastomosing capillaries.

Before commenting briefly on preliminary studies of the embryalogy of glomeruli
made with the electron microscope, 1'd like to point out that we are not the first to
have seen and to be impressed with the lobular capillary network orgamzacion of
mammahan glemerul: Over 80 yearsago, CarlLudwxg[N) saw, described and sketched
the toral orgamization of glomerular capillaries in a way which differs 1n no basic
point from the detailed photographic evidence presented here.

“Also 1t may be welltouse a little tune for d of the fi 1 implications
of these studies. It 15 possible that the orgamization of the glomerular vessels into
relatively direct 1ng 1s 1n ana ed capillary network of smaller

anastomosing vessels may in some way facihieate filtration. Perhaps it affords a
structural basis for the skimming of plasma relatively freed of cells 1nto the network
of small capillaries, while the great mass of blood cells directly and rapidly flows
through the lobule tothe efferentarteriole asan axial stream, In the network of smalier
capillarses the rate of flow may be less, and as a resule turbulence reduced~

It may also be mentioned that these studies make a comparison of the capullaries

[27] Ludwig, Carl, “The Kidncy,” Chap. XXl pp 460-490, A Manual of Histology by
Prof. § Stricker, Wm Wood and Co., New York, 1872.
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of a glomerulus with those of a tissue, like the mesentery, more possible than has
hitherto been realized, In fact, the similarity between the preferential or thoroughfare
capillaries, described and pictured 1o rat mesenteries by Chambers and Zweifach [28]
giving rise at right angles to small diameter capillaries, to some of the direct com-
municating vessels that we have photographed in dissected glomeruli 1s striking.

It 1s of 1nterest to note that Trabucco and Marquez [29] have recently also con-
cluded from a study of injected glomeruli of the rabbit, dog, and man, and from analysis
of the phystology of renal circulation, thatthe glomerular tuft 1s not composed of “loop-
formations, as described by Vimtrup.” At the same time we hasten to emphasize that
our dissections do not support their statements that “the glomerular bundle ends in
saccular (blind) tubular arrangements”, without anastomoses, and that the afferent
arteriole after entering the glomerulus continues immediately and directly as the
efferent arteriole. A careful examination of their published photographs leads to the
view that their impressions resulted from the study of incompgetely injected or visual-
1zed glomeruli, and from a misunderstanding of true relationship of the vessels demon-
strated, Most of their photographs demonstrate only the relatively large, direct com-
municating vessels arising from the basal branches of the arteriole. In their photo-
graphs these vessels APPEAR (as they do 1n some of our figures) to end blmdly for
the simple reason that they were incompletely injected and their small diameter
terminal endxﬁs joining the equally incompletely injected efferent arteriole are not
demonstrated “Our universal experience in making many detailed dissections of well-
mjected glomeruli of the rat, dog, and man as we have demonstrated here today, has
been that the afferent vessel subdivides mto several direct communicating vessels,
which give rise to numerous anastomosing small capillaries within the lobules. Each
lobule folds over back on 1itself near the tip of the glomerulus, opposed to the vascular
pole, and with the capillaries reduced both in size (at times) and number, the lobule
tapers back to the vascular pole, where with a single connection (in the rat at least)
it joins an inconspicuous efferent vessel. It is impossible to entertain a reasonable
doubt that blood circulates from the afferent, through the glomerular capillaries, and
1nto the efferent arteriole.”

1 am sorry to be using so much of your time, but there may be questions.

CHAIRMAN JANEWAY: Does anybody have any comments or questions they
would like to ask? I think, Dr. Hall, you have convinced us so that nobody either knows
enough or can think fast enough to argue with you. I don’t see that one can argue with
that kind of evidence, very much.

DR. HENRY BARNETT: No one has questioned these dara?

DR. HALL: No, not the anatomical evidence for the organization of the glomerular
capillaries into lobular networks. However, a criuical physiologist friend abjects to

[28] Chambers, Robert, and Zwerfach, B. W.,“Topography and Function of the Mesen-
teric Capillary Circulation.” Am. Anat., 75: 173205, 1944,

[29] Trabucco, A., and Marquez, F., “Structure of the Glomerular Tuft,” Jour. of
Urology, 67: 235-255, 1952.
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the suggestion that the organization of the capillaries effects ‘skimming’ of plasma into
the small capillaries and that this facilitates filtration. On the other hand, a number of
good ‘capillary’ phystologists and several excellent ‘renal’ physiologtsts accept the
suggestton as a definite possibiliry.

CHAIRMAN JANEWAY: It makes renal capillaries very much like capillaries
everywhere else in the body, doesn’t 112

DR. HALL: I think 1t very rea ble from a biological point of view that they
should be simular.

KR. KURT LANGE. Could we hear a little more about the injection?

DR HALL. Besides what has previously been said I may add that it seems
important to stabilize the latex with ammonia, and to use a syringe sufficiently large
so that the entire kidney can be filled with the first astempt to force the latex into the
kidney There 1s one trick that we have been using that may be useful. We heparmize
animals before using their kidneys for injection, and we have usually used some heparin
1 flushing the blood out of the human kidneys before attempting to force latex mto
them The heparin seems to be useful. All injections were made by hand -- nothing
elaborate at all.

DR. CONRAD RILEY: Dr Hall, how much opportunity have you had to compare
the glomerular capillaries, viewed under the electron microscope, with capillaries
elsewhere?

DR HALL- We have had, of course, excellent opportunities to view intertubular
capillaries which we usually fail to utilize, but we have obtained some good electron
mucrographs of a few non-glomerular capillaries. There seems to be nothing compar-
able to the podocytes covering these capxllar:es.‘1t appears that much, 1f not most, of
their external surface 1s in direct contact with cubular basement membranes, with
nothing n between basement membrane and endothelial wall. We have a few electron
micrographs which scem to d ate def: P s or pores in the endothelial
cytoplasm of some of the intertubular capillaries: The openings are more difficuls to
demonstrate clearly and do not appear as numerous as in the glomerular capillaries,
but they seem to be there In a recent paper, Dr. Githin and our Chairman [30] have
presented good evidence that proteins are passing rapidly in quanury through nssue
capillaries into the ussue fluids. The presence of endothelial pores in these capillaries,
as in the glomerular capillaries, would provide convenient routes through the cyro-
plasmic barner for the passage of these proteins, thac they find 1n the extracapllary
fluids, and other non-lipoid soluble materials which are known to pass through the
capillaries.

CHAIRMAN JANEWAY- There are nocellson the outside of capillaries elsewhere
that are comparable to podocytes, even 1f they don't look like them?

{30} Guthn, David, and Janeway, Charles A., “Studies on the Plasma Proteins in the
Interstinal Fluid of Muscle,” Science, 120: 461.463, 1954,
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DR. HALL: Not appearing in our electron micrographs of intertubular capillaries
of the kidney in the confined space between two tubules. In the more spacious regions
where three tubules come together, there are often extracapillary cells which appear
to be connective tissue cells, and 1n the human kidney collagen fibers 1n considerable
amount may also be found there. But we have yet to find a cell which we could identify
as a Rouget cell, or pericyte.

DR. IRVINE PAGE: Dr. Hall, what 1s the purpose of the endothelial pores>

DR. HALL: Chambers and Zweifach [31] have pointed out thatthe problem of the
passage of non-lipoid soluble materials through the cytoplasm of capillaries 1s a diffi-
cult one. Not having available at that time the recent evidence of electron microscopy
on the nature of the capillary endothelium, they postulated that the intercellular cement
between cells of the capillary endothelium provided special porous areas where the
non-lipoid materials were filtered. But this theory 1s not useful for glomerular capil-
laries, since intercellular cement appears to be lacking in these capillaries. Yet,
glomerular filtration rates, as we have said, are known to be about 100 times that of
other capillaries and non-lipoid soluble materials are known to pass through their
walls in quantity YSo 1t seems reasonable to suggest that the numerous holes or pores
1n the lamina fenestrata of the glomerularcapillariesare specializations which function
to expose the ultra fileration member, the lamina densa, to the free flow of plasma,
by removing the endothelial cytoplasmic barrier.”

DR. PAGE: What 1s the tangential substance liing the capillary -~ sort of a
membrane inside?

DR. HALL: “Yes, a membrane formed by the extension of cortical cytoplasm
(cctoplasm) of the endothelial cell mside the capillary away from the region of the
nucleus. It 15 very thin, about 500 A, and specialized by the performations which you
have scen.s

DR. PAGE: Did you see that at all 1n regular capillaries?

PR. HALL: “Yes, a similar, but generally thicker endothehal lining, at times
showing pores, but not frequently. The frequency of the pores seen 1n some intertubular
capillaries 1s always less than that you have seen today 1n the glomerular capillaries.”

DR. MILTON RAPOPORT: There was some thick material, whose origin was not

clear to me.

DR. HALL: All the thickened densc material was lamma densa, or defimtive
glomerular basement membrane, which we have observed in some human capillaries
as appearing very thick. However, 1t 1s difficult to know with certainty in electron
micrographs whether a membrane has been sectioned perpendicularly or obliquely,
and without knowing the angle of the section it 1s impossible to state accurately how
thick or thin the membrane 1s.

{31] Chambers, Robert, and Zwesfach, B. W., “Intercellular Cement and Capillary
Permeabality,” Physlologlcal Reviews, 27: 436-463, 1947.
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DR. DAVID GITLIN: Accepting for the moment these pores in the lamina densa
and extra-glomerular capillaries, 1s there any r liation between Pappenh r's
computation of the filrration surface of the capulary wall and estimation of available
pore area for filtration as revealed by the electron micrographs?

DR HALL: Yes, there 1s a reasonably close agreemen: between the two areas
for glomerular capillaries, 1f one accepts the idea that glomerular filtration takes
place only between the pedicels.

DR GITLIN- What about the extra-glomerular capillaries?

DR HALL: We have 1nsufficient data concerning them to make estimates of the
total pore area worthwhile

Finally we have arrived ar the last illustration, Figure 20. It has been included as
preliminary evidence of our current studies on the electron microscopy of developing
glomeruli Today's discussion of this phase of the study will be very imncomplete, but 1t
may be of some interest. The section shown 1s from the edge of a developing glomer
ulus taken from the cortex of the kidney of a 5-day old rat."This and similar sections,
especially those taken from even less well developed glomeruli, make it clear that the
cells of the visceral layer of Bowman’s capsule differentiate pedicels and trabeculae
very early 1n development, long before the lumimna of the capillaries become coatinuous,
or circulation established” The impression 1s gained that in these early stages the
larger processes (trabeculae) of the podocytes penetrate between the undifferentiated
cells which are to organize and to differentate into capillary endothelium to form
capiltaries It 1s possible that the podocytes by extending processes into the mass of
undifferentiated cells destined to form capillarics may actually play a role 1n the
formauve processes which organize the capillaries o therr characteristic patterns.

The evidence of the electron micrographs leaves no opportumity to question, as
did the photomicrographs of Guenwald and Popper [32], that the podocytes develop
directly from the cells of the visceral layer of Bowman’s capsule. Furthermore, we
have yet to observe 1n normal development that cells of the visceral layer slough off
into Bowman’s space, for each cell of the visceral layer appears to undergo differen-
uation nto a podocyte. The presence of differentiated pedicels and trabeculae on the
capillaries before development of a continuous capillary lumen strongly supports the
concluston that podocytes (covering cells) are specialized to facilitate filtration early
1n the development of glomeruli, even before glomerular circulation 1s established.

It 15 noteworthy that Carl Huber [33] about 50 years ago was aware that the glom-
erulus differneciates n situ “by proliferation and readjustment of its cells”, and
stated 1n his Harvey Lecture [ 34], that “the renal corpuscle consists of a double.walled

[32] Gruenwald, Pcter, and Popper, Hans, “The Histogenesis and Phystology of the
Renal Glomerulus tn Early Postnatal Lifc- Histological Examinations,” Urology,
43. 452-458, 1940

[33] Huber, G. Carl, “On the Development and Shape of Urtniferous Tubules of Certamn
of the Higher Mammals,” Am. Anat., 4: Supp., pp. 1-98, 1905,

[34] Huber, G Carl, “The Morphology and Structure of the Mammalian Renal Tubule,”
The Harvey Lectures, pp 100-49, 1909-10. :
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capsule, the glomerular capsule (Bowman's capsule), usually spoken of as the invagi-
nated end of the renal tubule, though it 1s not developed by invagination, .. .” Our
electron micrographs fully support this statement, since the earliest anlagen of glom.
eruli often appear as compact masses of cells with no vesicular space. Capsular
space early in development, seemingly, 1s imtiated by a flattening of the cells of the
parietal layer of Bowman’s capsule and the separation of the cells of the parietal and
visceral layers of Bowman’s capsule fromeachother. As the renal corpuscle develops,
expansion of the diameter of the irregular hollow sphere formed by the parietal layer
of Bowman's capsule seems to be more rapid than the increase 1n diameter of the
cellular mass formed by the visceral layer of Bowman’s capsule and the cells differ-
entiating 1nto capillaries.

~,Erythx‘ncy(:es are frequently observed in these early glomeruli. They seem to
appear even before circulation has been established, since the capillaries may have
only apparently 1solated lumina? This observation that some erythrocytes appear to
differentiate 1n situinthe glomerulus supports the experimental studies of Rewnhoff [35],
who from observation of the growth of explanted, embryonic chick metanephros in tissue
culture, found that™not only epithelial cells, but also endothelial cells and blood cells,
differentiate 1n situ from the mass of undifferentiated cells within the glomerular end
of the convoluted tublule which goes to form the glomerulus.®

The study of the development of glomeruls with the aid of the electron microscope
15 only beginning, but the results have stimulated us to continue our efforts 1n this
direction, and to make the suggestion that application of similar methods to other
problems in development may be equally, or even more, rewarding. Thank you very
much for your time and kind attention

CHAIRMAN JANEWAY: Does anybody have any questions?

DR JACK METCOFF: You left me dangling justalittle in terms of what I should
substitute for the concept of invagination. Would you clarify that, please?

DR. HALL: “The embryologists for a good many years have been studying limb
buds, anlagen of relatively undifferentiated cells, which 1n situ proceed to form some
carulage, some bone, some muscle, etc. It appears that to a certain degree the same
thing 1s happening 1n the develop of the glomerulus? Certainly from careful study
of Huber’s monograph, which 1s fully supported by our electron micrographs and by
Reunhoff's experimental study, statements which imply that~glomerul: develop into
double-walled cups because the dilated free ends of developing renal tubules are
invagmated by the pushing in of blood vessels, appear to be erroneous? Although 1t
cannot be said to be true of published diagrams, it 1s true that all actual sections of
developing glomerult in tmmature kidneys appear to have, in our experience, only
very restricted, or no, capsular space, and only 1n older glomeruli does capsular
space appear well established. Over 100 years ago, Gerlach [36] used the example of
a man pulling on his ‘stocking mght-cap’ to illustrate hts opinion of how 1nvagination
covers the glomerular capillaries with a continuous, simple epithelial layer, so that

[35] Reinhoff, Wm. F., “Development and Growth of the Metanephros or Permanent
Zidney in Chick Embryos,” Johns Hopkins Hosp. Bull., 33: 392.406, 1922.

[36) Gerlach, Joseph, "Bextrgge zur Structurelehre der Niere,” Arch. Anat. Physiol.
u. wiss, Med., s. 378-387, 1845.
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the Malpighian rete mirabile “lies 1n an invaginated cell layer stmilar to the intestine
i the peritoneum”. Even as the ‘stocking mght-cap’ has been outmoded by modern
ways of living, so have the erroneous 1deas of Gerlach about invagination of the capil-
laries 1nto the glomerulus and the epithelial nature of the cells covering the glomerular
capillaries been completely outmoded by modern means of investigating the glomerulus.

ADDENDUM TO THE DISCUSSION OF THE NATURE OF THE ENDOTHELIAL LINING

In view of the umpossibility to determine with certainty how much the presently
developed technics of electron microscopy may exaggerate a possibly inherent natural
functional porosity, or induce an apparent aruficial porosity in the attenuated lining
endothelium and definitive basement membrane of the glomerular capillaries, 1 have
decided to avoid further use of the earlier terms “lining net work” and “lamina fenes-
trata” and suggest that for every usage of the two earlier terms the functionally non-
commmuttal and yet anatomically descripuve term, “lamina attenuata” be subsuruted.
Whenever the terms pores, holes, fenestrated, or perforated are used in descriptions
of the electron micrographs without the modifiers, apparent or apparently, the modi-
fiers are imphed



1. COMPLEMENT PROBLEM

CHAIRMAN MILTON RAPOPORT: To serve as chairman of this conference
when the subject matter 1s serum complement has me at a disadvantage. This is a
field beyond my personal experience However, I remember that I was once given a
lucrative job as judge at a dog show on the strength of baving a connection with a
veterinary school -- 1 was a student helper in the biochemistry laboratory. I got by
as a judge of dogs by saying nothing, and watching the other judges. This should serve
me now.

Dr. Ralph Wedgwood will 1introduce the subject of serum complement by defining
some of the basic concepts and setting up some points of ortentation for the unitiated.

DR RALPH J. WEDGWOOD: Although we have passed the semicentenary of the
birth of complement, we are not yer at the stage where we can hold 1t up, crystalized
and purified 1n a small bottle, and weigh 1t. Complement, however, 1s well known and
defined instead in terms of function rather than consuitution. While these functuons
include bacteriolyuc and bacteriocidal effects, opsonic and virucidal acuvity, itas
best known for its specific capacity to parucipate and interact in immune phenomena;
be 1t the augmenranon of the formationof immune aggregates or the lysis of sensinzed
red cells by which 1t 1s generally measured.

The abbreviation C' 1s generally used to indicate total lytic complement as
measured by the lysis of sensitized red cells. The term sensitized red cells usually
refers to washed sheep’s red cells to which rabbit anti-sheep-red-cell serum (ambo-
ceptor) has been added 1n an optimal concentration. The amount of amboceptor consid-
ered opumal varies in different laboratories, but generally 1s an amount two to four
umes the minimum concentration needed to give 50% or 100% lysis of red cells with
a shght excess of complement, and which at the same time gives no visible hemagglu-
nination. In most laboratories somewhere between a 1-5% suspension of red cells is
used for the measurement

Since magnesium and/or calcium are needed for the function or augmentation of
the action of C', and since there 1s a pH optimum for the system, a buffered 1sotonic
saline solution with added magnesium and calcium 1s commonly used for all dilutions
and suspensions. In addition, sunce C' 15 heat labile, stored sera must be kept frozen,
optimally at about -70°C., and the diluttons should be carried out in the cold with

cold reagents.
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Although C' can be estimated by double dilution techmques, it can be measured
more precisely by standardized quantitative methods. (Fig. 21) This 1s the hemolytic
curve obtained by repeated measurements ona single human serum. The characteristic
S shape, due matnly to the in-homogeneity of the red cell suspension, can be seen.
From this curve it can be seenalsothat the most sensitive and reproducible portion of
the utration occurs tn the straight line segment which 1s around 50% hemolysis. The
portion of the curve from 10% to about 90% hemolysis can be converted, by use of the
von Krogh equation (Fig. 22) and by plotting on logarithmic coordinates, to a quite
reproductble strasght line.

Many of the abnormal sera that I have titrated have the same slope as the normal,
shifted up or down the ordinate. There are some sera in which the slope will differ
considerably, particularly sera which have any anti-complementary effect, This does
raise the pointaboutthe use of 2 100% end point rather than the 50% end point. However,
with 100% lysis you get what we call the tail off phenomenon, and under such conditions
1 am not sure 1t 1s posmble ro read 100% lysis as readily or reproducibly as 50%
lysis, 1n sprte of the fact that the slope of the line may vary 1n the latter method.

DR. KURT LANGE- But rather than interpolate from pomnts far apart, they should
be replaced with points very close to 50%.

DR WEDGWOOD: By and large when you perform these titrations you usually do
get points close to the 50% end point. If the points are too far off, the ntrations are
repeared to get the points closer. One thing I like about the von Krogh conversion 1s
the fact that you can see the slope Thisgives youan idea about the type of lytic activity
you have in the seram

In the von Krogh conversion the 50% end point 1s the point where the factor

o 71' _h_x.l.__;em:;:‘;xs equals umity The reciprocal of the amount of serum indicated on

the ordinate by the intercept ar this pomt indicates the hemolytic ticer of the serum.
In thta utration approximately 0.0096 ml. of serum were required to give 50% hemol-
ys1s, thus the serum has a hemolytic ticer of about 104 uniea.

C' consists of four known components, all of which are needed for lysis 1n the
hemolytic system. Thesc four components are known as C’'1,C'2, C'3and C'4. They
are defined 1n a negatve way by the absence of lytic activity when they are not all
present in the serum, and are recognized by their absencen sera treated in various
manners.

In guinea-pig serum, the first two componcnes, C'1 and C'2 are heac labile, and
can be destroyed by heating serum at 56°C. for 15 ta 30 minutes. The third (C'3) and
fourth (C' 4) components are relaavely heat stable.  (Table 1)

In human sera, C' 3 15 heat labile. The first and second components (C'1 and C' 2
are defined by the splir that occurs in scrum proteins dialysed against buffered
solutions of phosphate or acetate at pH 5.4 to 5.6, 1on1c strength 0.02. In such a dmlysns
the supernate will contain all the C'2, the precipitate the C'1, C'3 and C's appear in
both fraceions, in amounts depending partially on the length of time and the type of
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TABLE 1

Material Treatment Components present Material { Used to

c'1t Cc'2 ¢'3 C'4l|knownas| measure

Whole serum none + + + + c!
Guinea-pig Heated, 56°
serum for 30 min. + +

Human serum | Heated, 56°
for 30 min. +

Human serum | Supernate from
dialysis at

pH 5 6, lomic
Strength 0.02 + + + R1 c'i

Human serum | Precipitate from
dialysis at

pH 5.6, Tontc
Strength 0.02 ¥ + + R2 Cc'2

Human serum | Incubated with
Zymosan at
37° C. + + + R3 c's

Human serum | Incubated wich
hydrazine + + + R4 Cc'a

Note: Small traces of the components “missing” in treated sera may remain after
such treatment.

dialysis. The supernate which lacks C'1 1s known as R1, and the precipitate which
lacks C'2 1s known as R2.

Neither one of these fractions alone will create lysis of sensitized red cells.
However, if the two are recombined sothatall four components are once again present
in the system, hemolysis will occur, Similarly,1fa small amount of an unknown serum
containing the missing component 1S added to either one the hemolytic activity wall
ceturn. Thus these fracuions, Rl and R2, can be used as reagents to measure or
demonstrate the presence in unknown samples of the components which they lack.

The third component (C' 3) is specifically 1nactivated by incubation at 37°C. with
Zymosan. Zymosan 1S the insoluble residue of autolyzed or trypsin digested, boiled,
and alcohol extracted yeast. It 1s essentially wsoluble yeast cell wall stroma. Serum
treated with Zymosan, lacking C'3, but contaiming C'1, C'2, and C'4 1s known as
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R3, and can ’be used 1n the same manner as R1 and R2 to determine the presence and
amount of C' 3 1n unknown samples, since on addition of anything contaiming C'3 to it,
lytic activaty will return.

The fourth component (C'4) 1s specifically inactivated by incubation with ammonta
or hydrazine, and serum so treated, contaning C'1, C'2 and C'3 1s known as R4, and
can be used similarly to measure the amount of C'4 1n unknowns.

The first, second and fourth components (C' 1,C'22and C' 4) are the components
“fixed” or tnacttvated 1n the antigen-annbody reaction. The third component (C'3)1s
needed for the final step of lysis 1n the red cell system. In the human, only the first
component (C' 1) has been characterized. Itappears tobe a euglobulin with a molecular
werght of around 160,000,

The reagents (R1, R2, R3 and R4)thus prepared are used to measure the presence
of the p of the pl Such measurement 1s based on the knowledge
that the addition of small amounts of the component missing 1n the reagent will return
the lytic acuvity which the reagent alone lacks. By defimuion these reagents must be
able to recombine together and produce hemolysis; that 1s, an R1 plus an R2, or an
R1 plus an R3 and so on for the 6 p bl b ons must on r bination be
Iytic. In addition, 1t must be shown that the reagents are not 1 themselves inhibitory
to the action of complement, they must not be anti-complementary. Of course, by
defimtion, they must not 1n themselves be lyuc in the amounts used for testing.

By and large, R3 and R4 are used as prepared. Since R1 and R2 may be deficient
1n C' 3 and C'4 (these components being sphit between them) 1n some laboratories these
reagents will be “fortified” by the addition of heated guinea-pig serum which contains
C'3 and C'4 For measurements of the components a constant amount of reagent (R1,
R2, R3, or R4) 1s mixed with varying amounts of the unknown; sensttized red cells are
added, and after tncubation the tubes are read for hemolysis, Usually a 50% hemolytic
end point 1s used The amount of reagentused 1s usually two o three times the volume
of the serum (from which the reagent was made) which originally gave 100% lysis.
This volume of reagent must be known to contain a great excess of all the components
except that which ts being measured.

Since 1n such a measurement all components except that being measured are
present 1n excess, the component being measured 1s assumed to lumit the amount of
hemolysia produced, Similarly, in whole serum, by the same assumption the total lytic
titer should be determined by the titer of the component present in the least amount.
This 1s called the “limiting component.” Unfoctunately, the uter of the Iimiting com-
ponent as measured by the use of reagents 1s not necessarily the same as the lyuc
ater of the whole serum. Apparently complement does not add *arithmeucally.” It 1s
the gencral experience thac che uter of the least or limiting component as measured
by reagents ts usually ewo or three imes greater than the uter of the serum roeasured
alone.

If any component can be assumed to be truly imiting, then any increase ia the

concentration of the other three componcents in the system, so long as the three com..
ponents are 1n cxcess of the himiting component, should produce no increase in the
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tyuc acuvity of the system. Conversely, an increase in the concentration of the three
components in excess should not alter the amount of the limiting component needed to
produce any stated amount of hemolysis. For instance, in the measurement of an
unknown serum, an increase in the amount of the reagent used should not decrease the
amount of the unknown serum needed to give 50% hemolysis (the usual end point),

These relationships are graphically shown in the next four figures. These were
prepared by performing component titrations on the same serum, using the same
reagents, but varying the amount of reagent used as well as the amount of serum. In
each shide the ordinate indicates the amount of serum used, (1n ml), the abscissa the
amount of the reagent in “units.” The lines and points indicate the relative amounts
of each which produced 50% hemolysis.

(Fig. 23) With R1, an the titration of C'1, 1t1s apparent that it is not until you
approach 5 units of R1 that the curve begins to level off and an increase in the amount
of R1 fails to affect the amount of serum needed to produce 50% lysis. Thus only
around 5 umts of R1 1s there any suggestion of an actual estimate of a really limiting
component. This 1s beyond the range of R1 usually used, because with this amount of
R1, the reagent itself may be shghtly lyue.

DR. EDWARD FISCHEL: How reproducible is this curve with different reagents,
different R1’s, and whole serum 1n the same system?

DR. WEDGWOOD: This 1s a little difficule to answer. You would probably have
to use the same reagent and serum to reproduce a curve exactly like this. The shape
of this curve probably depends at least partially on the amount of C'2, C'3 and C'4
you had 1n the serum from which you made your R1.

(Fig. 24) This shows the same type of titration, but using R2. The curve 15 much
like that for R1, and the conclusions are similar.

(Fig 23) This 1s the relationship for R3. Interestingly enough, it seems to be
almost a straight line. The third component {C’' 3)does not seem to show any suggestion
of becoming “lumiung” at all. The amount of hemolysis seems to be able to be in-
creased by increasing the amount of C'1, C'2 and C* 4 without changing the amount
of C'3 at all, even though C'3s present in the least concentration in the system.

(Fig. 26) Thus shows the relattonship with R4. This 1s the only reagent with
which there appears an actual limittng function of the least component under normal

testing conditions.
DR. LANG: Would you mind explaining this once agamn?

DR. WEDGWOOD: The points on the lines indicate that when the amount of serum
shown on the ordinate and the number of units of reagent on the abscissa were mixed,

50% hemolysts occurred.

DR. JANEWAY: How do you define the umts of R4?
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DR. WEDGWOOD: The definitton 1s volumetric; one unit of R4 (or any of the
reagents) 1s a volume of R4 equivalent to the volume of the serum (from which the
R4 was made) which will give 100% hemolysis. The actual volume of the reagent
could be 1indicated on the abscissa mnstcad and you would have exactly the same curve.

What I am trying to show 1s that if the concentration of C'1, C'2 and C'3 (which
by defimtion is 1n the serum alone and not 1n the R4), then an increment 1n the amount
of R4, which contains no C'4, should nor produce any increase 1n lysis; or 50% hemol-
ysts should not occur with any less serum. As shown in Figs. 23, 24 and 25 we found
that we could get the same amount of hemolysis (50%) while decreasing the amount of
the component which we were measuring by increasing the concentration of the other
three components which we were not measuring, but which were 1n the system,

DR LANG: Does thar mean that C'4 1s the limicing component 1a this serum?

DR WEDGWOOD: No In this whole serum, (Fig. 26), using this R4, C'4 did
seem to be able to become limiting when enough of the R4 was used. But this was only
with 3 or more umts of R4, With the other reagents such limitation did not occur even
with 5 units of the reagent

DR LANGE Do you actually have a zeropointfor R4 where you can get hemoly-
s18?

DR WEDGWOOD  We have a point where, with no reagent (Rt) serum alone will
produce 50% hemolysts This 1s the hemolytic uter of the serum alone. We do not have
any paints where without serum, the reagent alone will give 50% hemolysis. Beyond 5
units {except 1n one wstance) the line 1s projected by extrapolauoen only

DR PHILLIP CALCAGNO- If you had one umit or less of reagent and used 0.2 or
0.02 ml of serum where would you be on the graph?

DR WEDGWOOD. Since onc would get more than 50% hemolysis I do not have 1t
on che graph. More than 0.01 ml of this serum produced more than 50% lysis because
¢this serum had a uter of just about 100 unuts,

DR LANGE. Dol understand correctly that youmake C'4 the imiting component
1n this serum by adding C'1, C'2, and C'3 to 1t until you come to that poine?

DR. WEDGWOOD: What we have done 18 this -- let’s take the R ~-. The R4
contamns C'1, C'2 and C'3, but no C'4. The whole serum contained, by defimtion
since 1t was lytc, all four components. By increasing the amount of R4 we wncreased
the concentration of C'1, C'2 and C' 3 1nthe whole system. There was a point at which
even with increase 1in amounts of these three components, the same amount of scrum,
which alone contained the C'4, gave 50% lysis. At this point 1t appears thae the C'4
becomes a himiting factor, bue this was not erue for the R1, R2 and R3 systems 1n the
ranges uacd.

DR LANGE- Could 1t be that the Ri1, R2 and R3 were not complecely clean
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DR. WEDGWOOD: The reagents were as clean as we could make them, non-lytic
at about 5 umts.

DR, LANGE. Aren’t you doing it the other way around, instead of doing the
regular component titration we all do, 1f you get, say for C'4 a value of 4 umts, and
your whole serum has a value of only I unit, then you would need 4 times the amount
of the others to be added, whatever the limiting component 1s, 1n order to come up
with C'4 as the limiting factor. Isn't that 1t

DR. WEDGWOOD: Iam not sure that I was with you.

DR. LANGE: Let's assume that you take 2 normal serum, and you find in it for
C'4 a value of 100 umts, and the serum itself has a titer of 25 units, for the whole
serum. That means that your C'4 can supply 4 times the amount of this serum which
18 C'4 before 1t becomes a limiting factor. Isn’t that what you want to say, that you
have an excess of C'4 1n than

DR. WEDGWOQOOD: In Fig 26, by actually measuring the components present in
the R4 and serum by the standard techmques for component titrations, at any one
point, the C'4 1s sull the limiting component aithough decreasing amounts of it give
the same amount of lysts -~ as 1s indicated by the slope of the line.

DR. BARNETT. Might not your point be clarified 1f you showed this for an R1,
R2 or R3, rather than the R4, since R4 1s the one that did limie?

DR. WEDGWOOD: Let us look at the third component, (C'3) ticrated with R3.
By the calculations that you suggest, thar 1s, measuring the amounts of the 4 compo-
nents in the reagent and serum, and adding them together according to the amounts of
each tn the mixture at any one point we get the following: At the point where 1 unit of
R3 muxed with 0.009 ml of serum gives 50% hemolysis there 1s, by such calculation,
9 umts of C't, 7 unwes of C'2, 2 unies of C'3 and 30 unies of C'4; at the point where
5 units of R3 are used, there are 9 units of C'1, 14 units of C'2, 1 unit of C'3 and 74
unies of C'4. In each instance 1in these mixtures, C°3 was limiting; but at one pornt,
there was half as much C'3 as ar the other point. Yet even with half the amount of
C'3, the same amount (50%) of hemolysis was produced. The concentration of the other
3 components must be thought to have induced this change, where the same amount of
lysis could occur 1n spite of a two-fold decrease in the concentration of the himiting
component 1n the system.

However, 1 think personally that thesc additions are hazardous. I do not believe
that these absolute amounts -- these arithmetical sums -- are actually meaningful.
But, the third component in both cases was by far the least component, and should
have been limiting tn this system

DR. JOHN A. LUETSCHER, JR.: Dr. Wedgwood, may I ask two elementary
questions? s there an clement of dilution 1n the measurement? Do you bring all the
mixtures to the same volumec so that increments of bne don’t change the dilutron?

DR. WEDGWOOD:  Absolutely.
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DR. LUETSCHER: And secondly, are we to suppose that the reagent might not
be enurely free of the specific component?

DR. WEDGWOOD: I am quite sure that that is true to some extent.
DR LEUTSCHER: And if that 1s true, 1t would account for the continuing slope.
DR. WEDGWOQOD: Not eatirely.

I wanted to present this in order to suggest that there 15 considerable difficulty
1n the precise q 100 of the P of compl 1 don’t believe that negates
n any way the measurement of components. I just think that 1t 1s hazardous to attempe
to add them together arithmencally. You can see large differences by using some
form of internal standardization, by using the same amount of the same reagent to
measure a component in the same serum before and after you have done something to
1t In this manner you can get quite precise results. But when screening multiple sera
using different reagents there 1s considerable difficulty in making any statement as to
whether 240 umits with one reagent on one day 1s the same as 240 units with another
reagent on another day

This 1s the only interpretation 1 would like to suggest at present. Unless you
internally standardize your system and use the same reagent throughout, one unit on
one day may not react the same as gne unit of the same component on the next day.
It 1s unltke rotal lytic complement (C'1) where you can measure the same serum on
different days and get the same titer within i 5%. Wuh different reagents 1 do not
believe that you can get that degree of accuracy.

DR FISCHEL The real problem here 1s to cope with 8 variables 1n one system.
The term “reagent” implies a constant and rather reproducible standardized system
to test an unknown; and yet within the reagent we have at least 3 factors in variable
quantities which may affect the total outcome

In addition, each reagent contains anti-complementary factors which have been
used to produce the reagents, These are also present in variable quantities, For
example, when we produce R4, the excess of ammonia may not be appreciable in crude
utrations, but 1is frequently detectable With these many variables 1a the reagents,
I just got myself 1n a mathematical maze and gave up.

The other question that Dr Leutscher touched on warrants discussion. I don't
think 1t 15 valid chat by rily g volume, we arc keeping a
standardized system.

Dr Oto Plescia in Dr. Heidelberger's laboratory 1s working on a kinetie systcm
for mecasuring complement[1]. He varies the concentranion of complement and red
cells, but maintains a constant ratio of one to the other, There are all sorts of resules
even in the toral complement picture which we could not appreciate with prcvlous.

[1) Plescia, O. 3., Amirian, K., and Heidelberger, M., Reacuivity of C pl

Scra of Different Species, Fed. Proc. 13. 508, 1954, from
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methods. We are forced to recognmze that the reagents prepared on any one day are
rather unlike the ones of previous days.

DR. LANGE: If you don't standardize them -- but you can standardize them,
and get the results within 10% of the substance to be tested.

DR. FISCHEL: If you get constant results, then I would question the sensitivity
of the method, because with many variables, some may cancel out others. The unknown
being tested is not the determining factor 1n the nitration.

CHAIRMAN RAPOPORT: With small apology, | am going to mterrupt this. We
have approximately one hour and twenty munutes left for five potential speakers.
Dr. Lepow.

DR, IRWIN LEPOW: With this background of discussion, 1tmay appear presump-~
tuous on my part to talk about measurement of complement components 1n the system
we have been dealing with, that 1s, the mechanism of macuvation of complement by
antigen-antibody aggregates.

I fully agree with Dr. Wedgwood that with 2 single serum pool adding an antigen-
antibody aggregate or adding an enzyme, and witha given set of reagents 1t 1s possible
to measure changes in complement components which at least reflect what 1s happen~
g i the system. We do not presume that these are quantutative data, but we do feel
that we are measuring changes which are of significance 1n the mechanism of reaction.
Under the conditions mentioned, the data are highly reproducible. We became 1nterested
1n the mechanism of inactivation of complement by antigen-antibody aggregates, not
only because the problem 1s of great intrinsic interest, but also because 1f we under-
stood the mechanism of complement fixation ~- the precise changes which occur from
step to step -- we rmught have a clearer idea of the sequence of events in various
allergic and anergic states.

Our work has been withnormal human serum. Where we have worked with antigen-
antibody aggregates, we have adhered closelytoawell defined antigen-antibody system
-- pneumococcus S-III -~ rabbit ani-S.1II. We have used established techniques of
immunochemistry, although we are aware of their limitations. We started with some
excellent background information from the work of Pillemer, Seifter and Ecker, the
Heidelberger group, and others[2]. We knew that u‘rhen norm?l human serum 1s treated
with antigen-antibody aggregates, all of the C'2 and C‘4 disappears, that we will
measure some of the C'l that was present in the original serum and that we will find
essenually all of the C'3[1]. We knew also, again from the work of Pillemer, Seafter
and Ecker[3] that 1t 1s not possible to mactivate the second and fourth components in
a serum which lacks the first component. If one takes R1, as Dr. Wedgwood dcfu']ed 1t,
and treats it with antigen.antibody aggregates, essentially nothing happens. C'2 and
C'4 remarn.

2] Pl , L., Chem. Rev., 33: 1, 1943.
[[3} P:ll:;mn:;, L., Seifter, S., and Ecker, E. E., J. Exper. Med., 75: 421, 1942.
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In mulling the problem over before starting any work, it didn’t seem likely that a
strict adsorption mechanism would apply 1n this system. We had some information on
the kinetics of the reaction which were not compatble with adsorpuon reactions. The
kinetics did suggest an ymatic However, y hani had been
postulated from the time of Ehrlich on and hadn’t found any experimental verification,
During the past two years, Dr Pillemer, Dr. Ratnoff and I, with some very able tech-
nical assistance, have tried to get at this problem.

You will recall that we made the observauion[4] that when streptokinase is added
to human serum. complement 1s wnactivated. Total lytic complement disappears. It
was shown that this mnactivation of complement was not due to a complement fixation
reaction, that s, 1t was independent of the presence or absence of anubody to strepro-
kinase which could be present in human serum. The inactivation of complement was
dependent on the activation of plasminogen to plasmin. Therefore, streptokinase plus
plasminogen forms plasmin; plasmin 1n some manner inactivates complement.

The interesting and startling thing was that the pattern of tnactivation of the
components of complement by plasmm was the same as we find in anugcn.annbody
reactions C'2 and C'4 disappear; C'1 1s partially wnactivated, and C'3 1s little or
not at all affected.

We thought at this point that we had a mechanism for complement fixation. It had
been postulated by Bronfenbrenner[5], Ungar[6], Geiger [6), and others that antigen-
annbody aggregates are capable of activating a proteolytic enzyme precursor which

re bles pla The h m of pl fixation appeared straight-
forward: antigen-antibody aggrcgmes convert plasminogen to plasmin; plasmin 1nac-
uvates the P of We soon found, however, that the situation

couldn’t be quite so sumple. Workmg with 10n-exchanged sera, we found that calcium
1ons (n some manner potentiated this system[8]. In the absence of calcium 1ons, the
1nactivation of pl by streptokinase pr ded very poorly. The serum could
be returned to 1ts original state by the addition of calcium 10ns to the serum level of
about 25 x 10® M It was the second and fourth components which became resistant
to mactivation by plasmin in the absence of calcium ions. C'1 was susceptible to
spontaneous macnvanon in the absence of calcium 1ons, so calcium secemed to have
some 1nterplay with c':

Ratnoff[9] and others showed that calcium does not have any effect on the conver-
ston of plasminogen to plasmin by streptokinase. This was confirmed 1n the course of
this work. It was also shown by Ratnoff and others that calciumn does not potentiate
the action of plasmin on fibnnogen, casein, gelatn, or other substrates. Where then
could calcium be playing its role in the 1nactsvation of complement by plasmin?

{4] Pillemer, L., Ratnoff, O D, Blum, L., and Lepow, I. H., J. Exper. Mcd., 97: 573,
1953.

] Bronfenbrenner, J, Proc. Soc. Exp. Biol. and Med., 12: 3, 1914,

] Ungar, G., and Mist, S. H, J. Exper. Med., 90: 39, 1949,

1 Geiger. W.B., J Immunol ©8. 11, 1952,

] Lepow, I. H., Plllcmcr L., and Ratnoff, O D., J. Exper. Mcd., 98: 277, 1953,

] Ratnoff, [e] D J. Exper. Mui 96: 319, 1952,
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We were encouraged that we were dealing with someching of importance in the
antigen-antibody system by the simultaneous appearance of the work of Levine and
Mayer[10] ar Hopkins, showing that calcium was involved in the fixation of the compo-
nents of complement by antigen-antibody aggregates But where was calcium operating
1n the plasminogen-plasmin-complement system?

We recalled at this potnt that in an R1, C'2 and C'4 are resistant to 1mactivation
by antigen-antibody aggregates. It seemed of interest to see if this were true for the
plasmin system as well, and indeed, we found 1t to be true[11]. If we took any reagent
which lacked or was deficient in the first component, the C'2 and C'4 were resistant
to inactivation uponaddition of streptokinase or of chloroform-activared bovine plasmin.
However, 1f we were to add to the R1 very small amounts of a C'1 containing reagent,
we could restore the system. C'2 and C'4 could once more be wactivated by plasmin
or by antigen-antibody aggregates in reactions potentiated by calcium 1ons.

The rype of experimental system used is shown in Figure 27.

We are using R1 as an indicator of factor requirements for the inactivation of
g q
C'2 and C'4, esther by plasmin or by antigen-antibody aggregates

If we add streptokinase or anngen-annbod¥ aggregates to R1 1n the presence or
absence of calcium, we get no mnactivation of C'2 and C'4, If we add to this system a
reagent which contains sufficient C'1, such as R2, R3, R4, RP (a reagent which lacks
properdin, the new serum protemn that has recently been described[12], or serum
which has been heated at 48°C. for 30 munutes, we find complete nactivation of C'2
and C'4 1n the presence of calcium. Inthe absence of calcium, we find partial tnactiva-
tion, so that calcium 1s a potentiating factor.

Any reagent deficient 1n C'1, such as buffer, R1, serum which has been heated at
37°C. for 2 hours, streptokinase-treated serum, or complement-fixed serum -- none
of these completes the R1 system 1f their C*1 titers are sufficiently low. C'2 and C'4
remain resistant to nacfivation by plasmin or by antigen-antibody aggregates, both
1n the presence and absence of calcium 1ons.

At this point we drew a working hypothesis{11]. We conjectured that the data
would fit a scheme such as shown 1n Figure 28.

In the case of the fibrinolytc system, the addition of streptokinase to human
serum converts plasminogen to plasnmun Plasmin 1s thencapable of attacking a variety
of protein substrates. However, in the complement system, plasmin or antigen-anti-
body aggregates would be capable of wnactivating complementby a mechanism which 1s

{10] Levine, L., Cowan, K. M., Osler, A. G., and Mayer, M. M., J. Immunol., 71: 359,

1953; 1bid 71: 367, 1953.
{11] Lgespm:, l]. H., Wurz, L., Ratnoff, O. D., and Pillemer, L., J. Immunol., 73: 146,

xgislte.mer, L., Blum, L., Lepow, L. H., Ross, O. A., Todd, E. W., and Wardlaw,

{12]
A. C., Science, 120: 279, 1954.
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visualized as being essentially the same in both cases: plasmin or antigen-antibody
aggregates 1n some manner react with the first component to form a postulated sub-
stance, “activated C'1*, which in the presence of calcium 1ons, 1s capable of inacuvat-
1ng the second and fourth components.

The mechantsm predicts that complement fixation should be a two-stage reaction.
We should have a stage tnvolving the reaction of antigen-antibody with C't. We should
have another stage wnvolving the action of the product of the first reaction and leading
to the tnactivation of the second and fourth components. The second stage should have
characteristics of an enzymanic reaction.

We have been able to spht the system 1into two such parts[13] Again, we come
back to the basic observation that C*2 and C'4 are not nactivared by antigen-antbody
aggregates However, we have found that if an antigen-antibody aggregate 1s treated
with normal serum under conditions of low temperature and short-time, during which
complement fixation will not occur, and if the centrifuged aggregate 1s washed free of
occluded serum, and added to an R1, 1t inactivates the second and fourth components,
i reactions potentiated by calcium tons.

In this manner, we disunguish what we call an activation stage, which 1s the
reaction of the antigen-antibody aggregate with a serum factor which we have shown
to be C'1 The aceivation stage will not proceed with reagents which lack C'1.

The second stage we call the transfer stage, which 1s the transfer of the washed,
activated aggregate to an Rl and measuring the disappearance of the second and
fourth components

We have studied the cnaracteristics of each of these stages. We have found that
the activation stage goes best at low temperatures (0°C.), that 1t occurs essentially
instantancously, and 15 msensitve to large changes in pH and 10n1c strength or to the
presence or absence of calcium 1ons. The pH range here 18 determined by the stabiliy
of C'1, which 1s somewhere between pH 5.5and 9.5. On the cxtreme ends of this range
C*1 starts to be inactivated and we no longer acuivate aggregates.

DR. GITLIN: Is C'1 missing from the whole serum from which you have removed
the antigen-antibody precipitate?

DR LEPOW. It 1s not possible to show with significance the disappearance of
C'1 with one treatment of serum with anugen-anubody aggregates at 0°C, for 30
minutcs However, 1f one takes the supernatant serum and recycles the serum on to
fresh aggregates three or four times, each aggregate in tur will be activated, and
after three or four transfers, one can show a significant drop 10 C't with hiele effect
on other components Thus, C'1 1 present in great excess n normal human serum.

The characteristics of the acuvation stage resemble those of an adsorption
reaction  low temperature, short tume, lutle pH and 1omc steengeh dependence, and
no specific 1on wnvolved.

[13] Lepow, I H., and Pillemer, L., to be published.



On the other hand, the transfer stage has strkingly different characterisucs.,
It 1s favored by high temperatures (37°C.), although, like complement fixation itself,
1t will proceed in the cold. It 1s 2 time-dependent reaction. It is quite sensitive to pH
and 1onic strength and it 15 potenniated by calcium 1ons. The transfer stage, therefore,
has the earmarks of an enzymatic reaction. However, we do not know if it is an enzy.
matic reaction.

The pH experiments[13] are shown in Fig 29. The final pH 1s plotted as absgissa,
the per cent inactivation of C'2 as ordinate. We get results which are qualitatively
similar when we measure C'4, although the two curves are not superimposable. You
see that from pH 5.2 or 5.3 on up to pH 9.5 the activation stage 1s gotng maximally.
It 1s only when we get out to the extremes where spontaneous inactivation of C' 1
occurs that we find an 1impairment of the activation stage

The transfer stage, however, 1s seen to have a fairly sharp pH optimum, around
pH 7, which 1s what one finds for whole serum. At pH 55 and 9.0 the transfer stage
1s completely inhibited.

In contrast, the 1onic strength effect 1s shownin Fig. 30. It 1s essentially the same
experimental system, tonic strength plotted agamnst per cent mactivation of C'2.

You can see that the activation stage is somewhat inhibited by increasing ionic
strengths However, 1t 1s a slow, gradual effect.

On the other hand, the transfer stage has an extremely sharp 1onic strength
optimum. The 10n1¢ strength optimum, measuring c! 2 drsappearance, is 0.15, the ionic
strength of serum. Measuring Cla disappearance, the curve would be displaced toward
lower tomic strengths, with the optimum at 0.10 Whether thts 1s significant, 1 do not
know

This, then, 1s about as far as we have taken the problem. We intend going beyond
this to study in more detail the characteristics of each of these reactions, We should
like to know the exact nature of the reaction between an(l(gen-annbody and C'1, Is it
just an adsorption or does some change trake place in C 17 Is the a.cnve material a
complex of antigen-antibody-C'1 or of anngen-anuibody~ “activated C'1”? Does some-
thing dissociate from the complex which 1s the active materal?

This phase of the problem 1s in progress, and I hope we can tell you more ina
short tume. Sumlarly, we would like to know more about the transfer stage. What are
the changes 1n the molecular structures of C!'2 and C'4 that occur when we find them

inactivated in this system?

To get a little more speculative, do the altered molecules have any resemblance
to the anaphylotoxins mentioned by earlier workers, such as Jobling[14]? Will this
provide a clue to what happens 1n the hypersensitive ammall We would like to know.
1 hope that by pursuing the work we may get a little bit closer to the answer.

[14] Jobling, J. W., Peterson, W., and Eggstewn, A A., J. Exper. Med., 22: 401, 1915,
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DR. DAVID GITLIN: After you have added your antibody complex to the whole
serum and spun it off, if you bring that serum back 1o 37°C., do you get inactivation
of C'2 and C' @2

DR. LEPOW: No If serum 1s treated with antigen-antibody aggregates at 0°C,
for one-half hour and the aggregate removed by centrifugatton, the complement in the
supernatant serum will not be inacuvated by wncubating 1t ar 37°C.

DR. THOMAS: Presumably, there ts not a release of the proteolytic enzyme.
Antigen-antibody did nor act.

DR. LEPOW: Apparently no significant amount of “dissociation” occurs under
these condittons, Otherwise complement would be inactivated when the supernatant
serum 1s incubated at 37°C. We do have preliminary evidence that it 1s possible to
“elute” from activated aggregates at 37°C a soluble product which 1s capable of
inactivating C'2 and C'4. We do not know yet whether we have solubthized a complex
or “eluted” a discrete substance. This work 1s st1ll 1n progress.

DR. THOMAS: Is there any proteolytic activity 1n the substance?
DR. LEPOW: We have tested 1t agatnst casein and gelatin with negative results.

DR FISCHEL Can the amount of C't adsorbed by the anugen-anubody aggre-
gate be detected by analysis of the precipitate or 1s 1t too minute?

DR. LEPOW- 1 have actempted this bue the results have been within the imuts of
experimental error,

DR FISCHEL: Even in the muluple precipstate process?

DR. LEPOW: No. All that I have attempred to do 1s ro compare the weight of an
activared aggregate with the weight of an unactivated aggregate. I could not detect
significant differences. However, my experience with the quantitative techniques have
not becn of the best, and I really hesitate to place too much reliability on what we
bave found.

DR. GITLIN: We have tried the same thing,

DR. JACK METCOFF. The details of che transfer system are, of course, very
exciting to anyone interested in electrolyte transport, and! am surc you have explored
a possible effect of potassium on the calcium sensitive system.

DR. LEPOW: We have treated serums with amberlice IRC.50 1n the sodium
cycle and then tested the effect of adding back individual cations on the abiliry of
plarmin or of antigen-anubody aggregates to mnactivate C'2 and Cl4. K°, Li', Mg”,
Bu‘: and Sr'* were wathous effect, while Ca** specifically potentiated the tnacuvanion
of C'2 and C*4 tn both the plasmin and anugen-antibody systems.



In 1mmune hemolysis, however, Mg** 1s also 1nvolved. Mayer and Levine [ 10, 15]
have shown that a MgJ'+ step follows a catt step 1n the reactions leading to immune
hemolysis. We do not know at this time 1f the Ca*t steps of hemolysis and complement

. +h
fixation are identical. If they are, the Ca’ " step described by Mayer and Levine would
correspond to a summation of the activation and transfer stages which have just been
described.

CHAIRMAN RAPOPORT. Dr. Stavitsky has some material he 1s going to present.

DR. ABRAM STAVITSKY. For many years 1 havebeeninterested 1n the relation~
ship of complement to allergic and cyrotoxic reactions in vivo, Actually there is a
considerable background for this work going back to about 1910, It has been observed
repeatedly that there 1s a marked decrease 1n the hemolytic complement activity of
serum 1 the course of anaphylaxis [16], serum sickness [17, 18], certan infectious
diseases, wcluding paeumonia [19}, glomerulonephritis [20], and disseminated lupus
erythematosus [21].

It appeared important in the 1mitial approach to this problem to establish beyond
a doubt that one could purposely deplete complementin vivo i the course of controlled
antigen-antibody reactions. 1 think you may realize from the sort of things Dr. Lepow
talked about that one could visualize other explanations for the decrease of complement
that has been observed under these varywng conditions.

The work 1 am going to discuss initially was done with the collaboration of Dr.
Ecker at the Institute of Pathology here years ago [22]. These experiments followed a
rather simple plan. Rabbits were bled, injected with a protein intravenously and bled
again. The hemolytic complement activity of the serum was measured. This same
sequence was repeated cach time that protein was injected at roughly three or four
day ntervals, and Table 2 summarizes some of the data that were obtained.

[15] Mayer, M. M., and Levine, L., J. Immunol., 72: 511, 1954; 1bid 72: 516, 1954,

[16] Ecker, E. E., Kovacs, J. and Pillemer, L., Complement in Anaphylactic Shock,
Enzymol. 7: 305, 1939.

{17] Paul, B. and Popper, H, Ueber den Komplementsturz im Histaminschock.
Ztschr. f. Immunitatsforsch. u exper. Therap. 82: 25, 1934.

[18] Hawn, C. V. Z. and Janeway, C.A., Histologic and Serologic Sequences in Exper1-
mental Hypersensitivity, J. Exper. Med. 85: 571, 1947.

[19) Rutstem, D. D. and Walker, W. H., Compl Activity in P J. Clin,
Invest. 21: 347, 1942,

[20] Kelleet, C. E., Complement Titre 1n Acute Nephrins, Lancet 2: 1262, 1936,

{21} Wedgwood, R. J. P. and Janeway, C. A., Serum Compleme..+ 1n Children with
“Collagen Diseases”, Pediatrics 11: 569, 1953,

[22] Staviesky, A. B., Stavitsky, R. and Ecker, E. E., Loss of Hemolytic Complement
Acuvity and of Granulocytes Following Reinjection of an Antigen into the Rabbut,
J. Immunol. 63: 389, 1949.
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TABLE 2

CHARACTERISTICS OF COMPLEMENT REDUCTION REACTION

Immuniz. Inj. Complement Titer
Charactenisuc with with Days o /2 1 he.
Specificity BGG BSA 0 1.5 1.4 L7
Persistence BGG BGG 1 0.6 5.5 5.5
Cross-
reactivity BGG PGG ] 0.72 4.8 4.5
Sensittvity Ea Ea 0 1.4 1.4 1.3

Ea Ea 2 1.4 3.0 2.6
Fixaton ts by BGG BGG 0 0.76 3.0 2.5
extra-cellular " - 14 1.5 3.0 2.5
antibody and ” " 49 1.2 1.1 11
antigen " " 57 1.0 6.0 2.0
Amount of BGG BGG ] 0.73 1.9 1.45
antigen required 200
gammas L

Complement titer - ml. of 1.10 rabbit serum required to hemolyze 50% of sensitized
cells,

The samples marked 0 were collected just prior to the njection of the antigen.
BGG - bovine gamma globultn
BSA - bovine serum albumin
PGG - porcine gamma globulin

Ea - egg albumin
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In 1mmune hemolysis, however, MgH 1s also 1nvolved. Mayer and Levine [10, 15]

+
have shown that a Mg~ step follows a ca*t step 1n the reactions leading to immune
hemolysis. We do not know at this time 1f the Ca** steps of hemolysis and cochplement

fixation are identical. If they are, the Ca't step described by Mayer and Levine would

correspond to a summation of the activation and transfer stages which have just been
described.

CHAIRMAN RAPOPORT: Dr Stavitsky has some material he1sgoing to present.

DR. ABRAM STAVITSKY. For many years I have beennterested in the relation-
ship of complement to allergic and cytotoxic reactions in vivo. Actually there 1s a
considerable background for this work going back to about 1910. It has been observed
repeatedly that there 1s a marked decrease in the hemolytic complement activity of
serum 1n the course of anaphylaxis [16], serum sickness [17, 18], certain infectious
diseases, including pneumoma {19], glomerulonephritis [20], and disseminated lupus
erythematosus [21].

It appeared important in the imial approach to this problem to establish beyond
a doubt that one could purposely deplete complementin vivo in the course of controlled
antigen-antibody reactions. I think you may realize from the sort of things Dr. Lepow
talked about that one could visualize other explanations for the decrease of complement
that has been observed under these varying conditions.

The work I am going to discuss tmnally was done with the collaboration of Dr.
Ecker at the Institute of Pathology here years ago [22]. These experiments followed a
rather simple plan. Rabbits were bled, injected with a protein intravenously and bled
again. The hemolytic complement activity of the serum was measured. This same
sequence was repeated each time that protein was injected at roughly three or four
day intervals, and Table 2 summarizes some of the data that were obtained.

[15] Mayer, M. M., and Levine, L., J. Immunol., 72: 511, 1954; ibid 72: 516, 1954,

[16] Ecker, E. E., Kovacs, J. and Pillemer, L., Complement in Anaphylactic Shock,
Enzymol. 7: 305, 1939.

[17] Paul, B. and Popper, H., Ueber den Komplementsturz im Histaminschock.
Ztschr. f. Immunitatsforsch u exper. Therap. 82: 25, 1934.

[18] Hawn, C. V. Z. and Janeway, C.A., Histologic and Serologic Sequences in Expera-
mental Hypersensitivity, J. Exper. Med. 85: 571, 1947.

[19] Rutstein, D. D. and Walker, W. H., Complement Activity tn Pneumonia, J. Clin,
Invest. 21: 347, 1942,

[20] Kelletr, C. E., Complement Titre in Acute Nephritis, Lancet 2: 1262, 1936.

[21]) Wedgwood, R. J. P. and Janeway, C. A., Serum Compleme... in Children with
“Collagen Diseases”, Pediatrics 11: 569, 1953.

[22] Stavitsky, A. B., Stavitsky, R. and Ecker, E. E., Loss of Hemolytic Complement
Activity and of Granulocytes Following Reinjection of an Antigen into the Rabbse,
J. Immunol. 63: 389, 1949.
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TABLE 2

CHARACTERISTICS OF COMPLEMENT REDUCTION REACTION

Immuniz. Ing. Complement Titer
Characteristic with with Days 0 /2 1 hr,
Specificity BGG BSA o 1.5 1.4 17
Persistence BGG BGG 1 0.6 5.5 5.5
Cross-
reactvity BGG PGG 0 0.72 4.8 4.5
Sensitivity Ea Ea o 1.4 1.4 1.3

Ea Ea 2 1.4 3.0 2.6
Fixation 1s by BGG BGG 0 076 3.0 2.5
extra-cellular " - 14 1.5 3.0 .
antibody and " " 49 1.2 L1 11
antigen N ” 57 1.0 6.0 2.0
Amount of BGG BGG [ 0.73 19 1.45
antigen required 200
gammas

Complement tter - ml. of 1 10 rabbit serum required to hemolyze 50% of sensitized
cells.

The samples marked 0 were collected just prior to the tnjection of the antigen.
BGG - bovine gamma globulin
BSA - bovine serum albumin
PGG - porcine gamma globulin

Ea - egg albumin
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We were aware of the possible 1naccuracies of the term “complement fixation”
so we called the reaction complement reduction. Actually activation reaction might be
preferred 1n the light of recent information.

What was observed was that if one mjected bovine gamma globulin, for instance,
into an animal, there was no change in the complement the first time the protein was
mjected. A sample of whatoccurs the second time 1s shown here. An animal immumzed
with bovine gamma globulin was injected with the proremn and within half an hour there
was a drop in titer. I might say that these are the experimental values obtained. In
other words, 0.6 cc of serum to give 50% hemolysis initially, and 5.5 in the later
sample, showing a considerable drop 1n complement activity.

In line with the specific antigen-antibody basis of this reaction was the observation
that the injection of bovine serum albumin would not produce a drop in hemolytic
complement 1n an ammal immunized with bovine gamma globulin, However, there was
evidence of cross reactions between proteins for which we have cross-reactivity data
of other types.

Now another interesting point was that this reaction apparently involved extra-
cellular antibody and antigen. We were rather excited by the prospect this type of
reaction might pick up reactions between antigen and the hypathetical tissue antibody
that many people had talked about. However, if one permitted an anumnal which showed
this sort of reaction imitially to sit fora number of weeks until 1ts circulating antibody
was depleted, reinjection of antigen was not followed by any drop 1n complement. Of
course, following thts injection, about a week laterthe animal had produced antibodies.
Again njection of the protein at this time did result mn 2 drop in complement.

The next figure (Fig. 31) shows further evidence for the requirement of circulating
antibody for this reaction. We need take only one of these animals here. This was
following an 1njection of 2% bovine gamma globulin 1nto an immuntzed rabbit. You can
see the complement dropped precipitously and to a great extent. The titer returned
part way to normal within about an hour and a half, at which tl‘rne injection of bavine
gamma globulin resulted 1n depletion of complement again. The third time this was
done complement was not depleted, but the titer rather returned to normal. Parallel
antibody determinations could show anubody was present when each of the first two
1njections was made, but was no longer present at the time the third xn]f-:ctmn was
made, so 1t appeared from these experiments that one can show that specific extra-
cellular antigen-antibody reactions can result 1n depletion of complement.

1 mught say in the Light of Dr. Lepow’s presentation that when we did reactivation
studies with sera in these experiments, C'2 to a great extent and to a lesser extent
C'4 were found to have been removed from these sera.

We did run anfi-complementary controls on both antigenand antibody since bovine

gamma globulin has been reported antz-complementary [23] and we could find no

evidence for this.

[23] Davis, B. D., Kabat, E. A., Harris, A., and Moore, D. H., The Ant:-Complemen-

tary Activity of Serum Gamma Globulin, J. Immunol. 49: 2223, 1944.



We are, therefore, left with the conclusion the drop in complement was due to a
specific antigen-antibody reaction.

This work has been continued 1n collaboration with Dr. Heymann and Dr. Hackel.
We were not sausfied with the evidence from these experiments that circulaung
antibody was absolutely required to obramn depletion of complement 1n vivo, We knew
from the other data that the experiments we had done were perhaps not very crinical
because if one studies in detail the tissues of ammals immunized to a variety of
protemns after they have once had a niter and had been permatted to sit around the
laboratory -- very httle antibody 15 foundassociated with their tissue, Thus this was
not really a critical test of the ability of a tissue antigen-antibody reaction to fix
complement.

1 bl

After all, when one thinks of p n with 1ts p role 1n
allergic and cytotoxic reactions, one 1s forced to think of a tissue antigen-antibody
reaction. Therefore, we switched to a system in which we knew at least one of the
reagents was associated with tissue

This was the system that Smadel [24), Masug: {25], and Heymann and Lund [26]
have been studying. That 1s, the production of nephrotoxic nephrosis in rats by
injection of anti-kidney sera.

In this work we have employed bothanti-rackidney rabbit sera and antt-rat kidney
duck sera In both cases the sera were njected imto the rats

We knew 1n this case that one of the reagents, the antigen, was definitely associ-
ated with tissue, and thus we hoped tobe able to get around the objections to the earher
experiments,

Table 3 illustrates the sort of results we have obtamned. We took a base line
blood sample, then injected the serum and bled the animal. At 30 minutes and 48 hours
after the mjection, the complement determmnarions were correlated with determunations
of the production of renal disease on a clinical, chemical and pathological basis. Pro-
teinuria, hyperlipemia, and hypertension were produced as well as characteristic

hological ch of renal d

P

If one 1njeces rabbir anti-rat sera, nesther renal disease nor a drop 1n complement
occur

With rabbit anti-rat kidney sera various results are obtained One may obtam, as
wn this case, a derable depl of pl with no d or one may
obtain a drop in complement with renal disease. The titers 1n Table 3 are the actual

[24] Smadel, J E., Expertmental Nephritis 1n Rats Induced by Injection of Anti-kidney
Serum, J Exp. Med. 64: 921, 1936,

[25] Masugi, M., Ueber die exper: lle Glomerulonephritis durch das spezifische
Antimierenserum, Bettr par Anat. 92: 429, 1934

[26] Heymann, W., Lund, H. Z., and Hackel, D. B., The Nephrotic Syndrome 1n Rats,
J. Lab. and Clin. Med. 39: 218, 1952
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TABLE 3

Serum Complement Levels and Incidence of Renal Disease in Rats after
Injection of Control Rabbit Serum, and Anti-Rar Kidney Serum.

C' at ume

Renal

Rat No. Serum No, [ 30 mun. 48 hr, disease
1 Normal 9 .85 .80 )
2 5 5 5 °
3 502 AK 7 19 .5 )
4 1.2 1.1 7 o
5 506 AK L7 4.0 2.0 +
6 1.1 4.0 1.7 +
7 493 AK 1.2 1.4 12 4
8 5 30 3.0 +
9 a 45 45 0
10 498 AK j 4 17 1.6 ©°
1 1.6 32 31 0
12 16 3.4 +

C' .- ml. serum diluted 1:25 required for 50% lysis,
AK  -- anti-rat kidney serum.
TABLE 4

Level of Complement after Injection into Rats of Plain Antu-Kidney Serum
(AK) or of Ant1-Kidney Serum absorbed with Rat Plasma (AK-RP).

'
C' uter at ume

Serum No. [ 30 min. 48 hr.
517 AK R 3.0 1.8
6 3.0 -
.5 34 -
517 AK-RP 5 3.5 5
5 2.8 .8

C' .. ml. serum diluted 1.25 required for 50% lysis.

TABLE s

Reduction of Complement after Injection of Anti-Kidney Serum
1nto Bilaterally Nephrectomized Rats

C' arer at ame
Serum No. ] 30 min,
516 AK R 2.5
1.0 3.0
K 6
None " .

G .- ml. serum diluted 1:25 required for 50% lysts.




ml of serum diluted to 25. When one considers the way in which the sera are produced,
there 1s the possibility that the drops in complement are due to antigen-anubody
reactions other than a kidney tissue antibody system.

The ones that come to mind first are antibodies to red cells contained 1n the renal
tissue, although the tissues were perfused exhaustively. Also, serum proteins in the
rat tigsue used for tmmunizartonmay be antigens; indeed, when one runs very sensitive
ticrations, in the anti-sera to rat kidney, one does find antibodies to rat serum every
time. $0 1n the next experiments we endeavor to get around this by adsorbing the anti-
kidney sera with rat erythrocytes on the one hand and rat plasma on the other.

Table 4 shows one experiment in which the anti-kidney serum adsorbed with rat
plasma sull led to a decrease in complement. Similar results were obtained with
kidney antiserum adsorbed with rat cells.

Finally on the basis of the work of Pressman and Crutkshank and Hill and a
number of others who showed that kidney anti-sera cross react with a variety of
organs 1n the ammal including liver, spleen and lung, we determined what the fate of
complement was in bilaterally nephrectomized rats. Table 5 shows these results and
indicates the drop 1n complement 1n bilaterally nephrectomized rars.

On the basis of these studies, 1t seemsto me that one can conclude only one major
thing: tnsofar as we have been able toexclude the presence of other humoral anugens
inthe material used for immuntzation, itappears that tissue antigen-antibody reactions,
not necessarily involving kidney because they occurred inthe nephrectomized ammals,
may lead to a decrease in complement

Now, these experiments are not actually patible with the postulated role of
complement 1n allergic or cytotoxic reactions We have done anti~complementary
controls, and with rare exceprions these sera were not anti-Complementary.

Ogawa [27] 1n 1938 reported that following the injection of rabbit anti-sera, into
rats, there was a latent period of a number of days before any evidence of renal
disease appeared, and in many of the experiments there appeared to be a very mice
correlation between the onset of renal disease andthe decrease 1n serum complement.

At about the same time, or a year or so later, Izam [28] presented 1n vitro data
showing that in contradistinction to many antisera, duck antisera would not fix com-
plement in-vitro with kidney anngens. Also there were the elegant experiments of
Kay [29] with duck ann-kidney sera showing that in contradistinction to the rabbat

[27] Ogawa, S. and Sato, Y., Ueber das Verhalten des Complement-gehaltes 1m Serum
1m Laufe der experimentallen Glomerulonephriis, Tr, Soc. Path , Jap. 28: 212
1938 ’ ’

(28] Izumu, F , Experimental Studies on Glomerulonephritis, Folia Endocrinol. 16: 48
1940. )

{29] Kay, C. F., Lucchesi, P F. and Rutherford, R. B., An Experimental Investigation
of an Immunologic Mechanism as the Cause of Glomerulonephritis. J. Immunol
42. 369, 1941 '
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anti-rat kidney serum system, where there is evidence of renal destruction ina
matter of hours, with the duck system the jection of duck anti-kidney serum into
rats and rabbits results in alatent period of many days and possibly even weeks during
which nothing very apparent occurs. The explanation that Kay gave was that the initial
anubody that was injected combined rather rapidly with the kidney, but did not lead to
any damage. Somehow -- and this has always been rather hazy -- some of this duck
serum was disseminated to antibody-forming sites and led to the production of anti-
bodies to duck serum. The renal disease resulted only when the host animal produced
antibodies to duck serum. The latent period was involved 1n the production of antibodies
to duck serum By appropriate experiments, in which antibody formation was blocked
by irradiation or nitrogen mustards, one could show that something in the nature of
antibody formation was required for the production of renal disease.

Figure 32 summarizes the expertences with the normal rabbit serum and nephro-
toX1C serum in rats.

The solid line indicates the complement, the brokenline indicates no renal disease
developed, plus means renal disease developed.

In general, the controls had no changes, in complement, although 1n some animals
there was afall incomplement withno renal disease; with an early drop 1n complement,
there was a suggestion of early renal disease.

Figure 33 correlates some of the clinical, pathological and complement studtes 1n
rats, given duck nephrotoxic serum.

1 think 1t 1s important to mention at the outset that these animals were bled every
one or two days following the injectron of a duck anti-serum. These bleedings were
made by the infraorbital technique described by Dr, Stone [30]. The data represent
the results during the imtial 10 days on 43 rats. 30% of these ammals did not show a
drop 1n complement, but did develop renal disease after a latent period of some 4 or 5

days.

Many of these animals showed a drop in complement at some time later than this,
similar to one of the other groups we had below. 26% of these antmals showed neither
a drop 1n complement nor renal disease duringthis period of observation. 17% showed
no disease, but a drop in complement after a latent period of somewhere between 5
and 8 days. 12% of the animals interestingly enough, developed a disease with a short
latent period of 24 hours or 48 hours, and the drop in complement did not occur until
the sixth day. This 1s analogous tothat situation where I believe many of these antmals
developed a drop in complement many days after the onset of renal disease.

Here 1s something we were unprepared for on the basis of the previous work. 10%
of the anmimals showed a drop in complement 30 minutes after the injection of anti-
serum, but did not develop any renal disease. Only 5% of the animals d§veloped a
reaction which was a lot like the one Ogawa described 1n that there was a nice corre-
lation between the decrease i complement and the onset of renal disease.

[30] Stone, S. Method for Obtamning Venous Blood from the Infraorbital Sinus of the
Rat or Mouse. Science 119: 100, 1954.
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Sumilar results were obtained by Drs. Schwab, Janeway and associates who did a
number of very clegant experiments in which they admnistered large amounts of
foreign proteins to rabbirs, and they found a very mce correlation between the dis.
appearance of the antigen, the appearance of the anubody 1n the circulation and the
anset of venal lesions and other types of lesions [31].

Finally, 2% of the group in which an early drop 1n complement was observed, had
onser of renal disease early, and no latent period 1n the drop 1n complement,

DR. LANGE: May I ask sf all these results were obrained with the same duck
serum?

DR, STAVITSKY: No, they were not obtained with the same duck serum.
DR LANGE Do you get a variety of results with the same duck serum?
DR. STAVITSKY: That 1s a good pownt. I do not have the correlacion on that.

DR HEYMANN. Usually not. There was usually anumform pattern with the same

duck serum

DR CONRAD RILEY: Dr. Beatrice Seegal, who has been working with this, now
has the feeling that 1t 1s a quantitatve reactson, and that with large enough doses of
duck serum, she can get early disease.

DR HEYMANN. Thar 1s right That 1s true in our expertence, too.

DR. STAVITSKY: Rats given normal duck serum (Fig. 34) showed neither drop in
complement nor renal disease There are amimals 1n which there 1s an early drop in
complement, and a later one which corresponds fairly well to the latent period observed
1n Figure 31

Figure 35 shows the correlation in a ratbetween renal disease, complement ticers
and the antbody [32] of this rat serum to the duck serum, 1n an animal given nephro-
toxic serum but which did not develop renal disease There was a drop 1n complement
about the fourth week at which time there was a considerable antibody ater However,
about a weekanda half earlier, one could obtatn evidence of a slight amount of antibody,
whereas, all the earlier samples were negattve for antubody. Unfortunately, we do not
have a sample in between these two. What this indicates 1s that one animal may have
some anubody at a tume far removed from that when the drop 1n complement occurs.

[31] Schwab, L. and others, Experimental Hypersensitivity in the Rabbir. Effect of
Inhibicton of Antibody Formation by X-irradiation and Nitrogen Mustards on
Histologic and Serologic Sequences and on Behavior of Serum Complement, J
Exper Med 91: 505, 1950 T

[32] Scavitsky, A. B., Micromethods for the Study of Protens and Antibodies, I
Procedure and General zpplications of Hemagglutination and Hemagglutxnau;u:

Inhibition Reactions with Tannic Acid and Protein-treated Red Blood Cells
J. Immunol. 72: 360, 1954. ‘
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1 wish we had more data of this latter rype. Unfortunately, this 1s the only exper-
iment in which we had sufficient amounts of matenal to do parallel anubody and
complement titrations.

It is difficult to conclude very much from these data, except that there appears to
be a lack of good correlation between the drop in complement, renal disease, pachology,
and antibody tter.

Appearance of antibody without appreciable drop in serum complement is not
remarkable because Fischel and Benacerraf [33] have shownin studies of anuphylaxis,
that small amounts of antigen may cause shock without any drop 1n complement [
don't think these data particularly preclude the participation of complement in these
phenomena.

1 think one could construct a reascnable explanation for the lack of correlanion
between the drop in complement and the onset of renal disease. It 1s conceivable that
only very small amounts of antibody and complement might be required to damage
tissues, and would be missed by a rather gross titration which depends on picking up
reducttons 1n the limiting components of complement

DR. LANGE: In Figure 35, do you have any evidence on how long this ligh titer
of antibody existed -~ the 1280 titer you had there?

DR. STAVITSKY: We do not Unfortunately, we have just begun to do these
parallel determinations

DR. JANEWAY: There 1s just one comment 1 would like to make. [ am sure Dr.
Stavitsky would be the first one toagree It seems to me it 1s prerty hopeless to expect
good correlations to occur when you are dealing with crude systems Like this.

You are purting in a mixture of a large number of antigens together with an ant1-
genic protein group which 1s also an annibody for something within the animal. So that
you have a very, very complex sertes of proteins | wauld hazard 2 guess thar the
antibody you are measuring 1n Figurc 351sto0a different antigen than the one respon-
sible for the drop 1n complement Onc of the things we know very clearly 15 that serum
disease will give just this patrern.

.

Dr. Longcope showed long ago that there 1s a rough correlation in serum disesse
between the appearance of antibody and the symptoms, and presumably complemem
drops at that time, although he didn’t measure 1t. Provided the dosage 1sn’t too far out
of line, mn general the globulin components of serum immumze people much more
capidly than albumin components.

[33] Fuschel, E. E. and Benacerraf, B., cited in Fischel, E. E. and Gajdusek, D. C.,
Serum Complement tn Acute Glomerulonephritis and Other Renal Discases, Amer.

J. Med. 12: 190, 1952,
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1 would hazard a guess that you were measuring precipitans to some of the
globulins 1n the serum, and that the late complement drop you observed was due to
the formation of antibody to the albumin components of the serum, since its physiolog-
ical half-life would appear to be longer than globulin.

DR. STAVITSKY: 1 have gone back to Ogawa’s paper, and the correlation there
15 not as good as one 1s led to believe from the summaries of his paper. I think he
worked with 8 ammals, and of the 8 amnimals, at least half of them showed renal
discase with no appreciable drop in complement.

DR. JANEWAY" [ would like to say in relation to the lesions we observed, that
bovine gamma globulin does not reproduce nephrotoxic serum nephritis. We used the
kidney as a place where the correlations with some patholgic change could be recog-
mzed by a pathologist. In our work there was lack of correlation too. It 1s obvious that
correlations are very hard to make 1f you look outside the kidneys This 15 a terribly,
terribly complicated problem.

DR STAVITSKY: Iwouldliketo re-emphasize a point you made Idon’t think we
should, on the basis of these data, conclude that complement plays no role 1 cytotoxic
reactions, The dara cautton us to ook for more precise and careful ways of determin-
1ng this relationship.

DR HEYMANN. [ think the most important finding among these -~ would you
agree with that, Dr Janeway> -- considering the heterogeneity of our sera, 1s the
considerable number of amimals thae developed renal disease prior to complement
depletion.

DR JANEWAY. 1 don't know. It seems to me the complement depletion like
depletion of any plasma protein 15 simply a balance between the rate 1t's produced and
the rate it’s removed, and you have to have a pretty massive removal of complement
to get ahead of what apparently 1s a pretty rapid synthesis of these

P

DR. STAVITSKY. However, one gets the impression from summaries of the
meager literature that there 1s really an excellent correlation between the onset of
renal disease -~ I am talking of Ogawa’s work -- and the drop 1n complement. This
notion has been perpetuated through the Literature until it has almost assumed the
status of fact.

DR LANGE Don’t you think your disease 1s enurely different? They have a
continuous fall for weeks of complement. That means a production of antibody all the
ume by the ammal atself. But you justgive one shot of antibody and get a reaction from
it Apparently, the rat, being a very poor antbody former, may be able to form anti-
bodies only to a shight extent, and thereby the mechanism --

DR STAVITSKY: This 1s possible, but I would like to see the evidence on the
latter point as well.

DR FISCHEL [ am not inumately familiar with Ogawa's work I have the one
illustration he used in his publication, if you wish to see 1t They injected nephrotouc
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serum, and after several days had a drop in complement with occurrence of albumin-
uria 1 thought that might be of interest.

DR. STAVITSKY: There are several animals in the paper in which there 1s no
such correlation.

CHAIRMAN RAPOPORT: We will go on to Dr. Seifter.

DR SAM SEIFTER: It will be my purpose to present some historical data, and to
raise some questions about the present work on complement flowing from the know-
ledge we obtained a number of years ago.

First of all, I should like to continue the discussion concerning the fate of C'2 and
C"¢ in certain conditions, particularly in infectious disease. We made a very extensive
study of the titer of complement and its several components 1n 1nfectious disease, and
found that 1n those casesinwhichthe overall titer diminished, the decrease was almost
mvariably due to a decrease i C'2 and/or C'4 uters. In these cases the C'1 uter
diminished only sometimes and variably, whereas the C'3 titer was found to remain
unaltered. These data, therefore, are 1n substantial agreement with the experience
presented at this conference with regard to the fate of C'2 and C'4 1n antigen-antibody
reactions, that 1s, these components are similarly affected both in-vivo and in-vitro

As other workers before us, we also found a number of cases 1n which the overall
complement titer tncreased, but we found 1n addition that this increase appeared to be
mediated by an increase 1in the titers of the four components measured

The assay in these studies was based on the determination of that component
which Iimited the expresston of overal complement titer, a method somewhat different
from that presented by Dr Wedgwood. In our method, we tested dimintshing amounts
of the serum until the overall complement tter first became zero, and then at that
pomnt we foruified with the individual reagent sera in order to determine how much
reactivation of the wntial fresh serum we would get If we got reacuvation, we further
diminished the amount of fresh serum, retested with the reagent sera, and continued
this process to a pont at whichwe could no longer obtain reactivation. By this proced-
ure of determination of limiting components we were able to distingursh which compo-
nents apparently diminished or disappeared in certain cases of infectious disease.

Relevant to some of the discussion of complement at this conference, I might also
wdicate that in some unpublished work oncytotoxic sera, not of the nephrotoxic variety,
but specifically the so-called anti-rericulcytoroxic serum, we obtatned a sigfxnfxca?t
dimunution of complement uters. Dr. Goldblare had at tbat time prepared guinea pig
anti-renculocytotoxic rabbit serum, which when m;ect'ed into guinea pigs caused them
to suffer a loss of overall serum complement titer Iw}uch was due to the primary loss
of C'2 and C'4 tters and a smaller diminution of C'1 uter.

In summary of this phase of the work 1t 1s apparent that there 1s a very close
relationship between what happens n the rest tube and what happens in the intact
orgamsm with respect to the titers of pl t and 1ts p .
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I think 1t 1s very profitable to pause and think in simple terms as to what can
possibly happen to complement 1 the body. Principally we should ask the question,
“What are the pathways by which a decrease 10 complement or component titer may
occur?”

First, although the term, “inactivation”, has sometimes beenused interchangeably
with “specific fixation”, we should consider 1t entirely concervable that a non-immune
type of mactivation may occur in the orgamsm, We simply have no data in this regard.
If such inactivation occurs, C' 4 by 1ts very chemical nature would seem to be vulner-
able. It 1s therefore interestng to recall that this component, which by our methods
appeared to be that component present in highest titer or at least 1n titer equal to that
of C'1, was the one that seemed to diminish or disappear most readily under a whole
variety of circumstances

Secondly, there can be a masking of complement activity by the so-called anti~
complementary effects, and I think 1t pertinentto remark at this conference that when-
ever one 1s dealing with the titration of lipemic sera, as in the case of sera obtained
from pattents with the nephrotic syndrome, 1t 1s necessary m each mstance to run a
control test for anti-complementaryactivity Itisnotsufficient to extrapolate from the
results with one serum to all other sera of similar type.

Thirdly, there can be specific inmune fixation of the type that we have seen in
test tube situations The presumpuve evidence 18 strong, judging from the components
which “disappear” 1n certain tnfectious diseases, that at leasr some fixation of the
specific tmmune variety may occur in the organmism as such It may not be fixation to
an anugen-antibody aggregate, but uulization 1n another type of unmune reaction

Fourthly, there can be interference with the production of complement, as Dr.
Janeway remarked, and finally, and perhapsleastlikely,loss by excretion 1a the urine.

In this latter connection I want to mention the work we did on the excretion of the
complement components in urine, work which deals with the subject of the nephrotic
syndrome 1 must state that our object in such a study at that ume was somewhat
different from the imphications we read into it nine or ten years later.

At the time of the work there was sull some question as to whether the proteins
excreted in the urine in the course of the nephrotic syndrome were “normal, physio-
logical” proteins, and our main 1nterest wastohave a naturally tagged protein In other
words, we wanted to study the excretion of a protein with some bialogical activity, and
for this purpose we chose pl 1n the first instance and the 1sohemagglutinins
secondarily Our results showed that while complement as a whole did not appear 1n
the urine, several of the discrete components were excreted 1n significant amounts by
nephrotic individuals It was also shown that the 1schemagglutinins could appear 1n the
urine We felt, therefore, that this was a demonstrarion that proteins with spectfic
physiological activity in the normal sense appeared in the urine 1n the course of the
nephrotic syndrome

We were also interested 1n the relationship of this loss of complement components
to the matter of resistance to infection We stated that the urinary loss of complement
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was perhaps one pathway, among others, by which resistance to nfection was dimin-
1shed in individuals wath the nephrotic syndrome.

In the paper we published on this study we did state that we observed some dimin-
ution of complement titers in nephrone individuals, and 1n some stances the change
in serum titer was concomitant with the loss of complement to the urine. However, we
were very wary concerning the significance of the loss of serum complement titer
since we did have some trouble with regardta anti-complementary effects presumably
due to lipemia. Since at this time I left the laboratory, and the matter was pursued no
further, I cannot say whether the anti-complementariness of sera from such individuals
1s a general thing; but we didconclude at the time that the amount of complement Found
intact 1n the urine was not sufficient in 1tself to account+for a sigmficant lowering of
the serum complement titer.

Briefly 1 should like to return to a point relevant to the discussions of Drs,
Wedgwood and Lepow. It was mentioned that in the case of the human complement
system as well as the guinea pig, :mmune hemolysts occurs with the “fixation” of
C'2 and C'4, and that no such “fixation” occurs without the presence of C'1. That this
importance of C'1 for the fixation of.the other two components 1s more general, 1s
1mplicit 1n results we obtained with the fixation of complement and complemeln: reagent
sera to a system of Vibrio comma and 1ts specific antiserum. Here too C'2 and Clg
were fixed, but again only in the presence of C' 1 However, this dependence has only
been demonstrated in such experiments taking place outside of the animal organism.

Therefore, 1 think 1t would be :astructive for Dr. Lange to extend his perfusion
experiments, which he will undoubtedly describe 1n detail later, to include the circula-
tion of specifically inactivated complements (reagent sera) through the kidney. Dr,
Lange finds that the perfusion of the kidney with fresh serum and nephrotoxic serum
results in the removal of complement components, and evidently an antigen-antibody
reaction 1s responsible for the result, It should be possible to determine 1n the 1solated
kidney, as 1t has in the test tube, whether complement components will be fixed from
sera lacking 1n C'1 Should C'1 prove to be necessary for the fixation of C"2 and C's
in this system, 1t could be mterpreted as additional presumnptive evidence that an
antlgen-anubody reaction 1s responstble for the removal of the 1ndividual components,

d

Finally, 1 think that this discussion should not c without recogmizing the
fact that we are now attribuning a new activity to complement, that 1s, we are saying
that complement may particip 1 cytotoxic or auto-cytotoxic activities. The first
new actvity ascribed to complement for a long time turns out to be a destructive one,
We have always been accustomedto think of the complement system as being protective
in the immunologic sense, and now we are confronted with the concept that it, like
aatibody, under parnicular circumstances may be destructive to the organism elaborat-

ing it.
CHAIRMAN RAPOPORT: We will continue wath Dr. Lange.

DR. LANGE: The fact that complement 1s lowered in the human 1n acute and
subacute glomerulonephntis and 1n the nephrotic syndrome has raised the question
whether this lowering is due to the use of large amounts of complement 1n an antigen.
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antibody reaction or whether it is not dependenton such a reaction but only represents
another side effect of the disease.

For that reason we started a group of animal experiments which, although they
may not be directly transferable to the human disease, may throw some light on 1.

In our first group of experiments we 1solated rat kidneys, hgated the ureters and
perfused them from artery to vein with fresh rat serum [34]. The kidneys were per-
fused with recirculation by a small pump, using approximately 6 cc of rat serum in
the recirculation. The reservoir which 1s included 1n the set-up permits the adding of
nephrotoxic sera and the withdrawal of samples at any desirable time.

A sample of the perfusing serum was taken for complement determination before
perfuston through the kidney. Another sample was taken after perfusion through the
kidney, but before the addition of nephrotoxic serum. There 1s an 1mtial drop of com-
plement titer 1n all perfusions which may be due to adsorption of some of the comple-
ment on the surface of the glomerular apparatus which was previously washed free of
serum by saline perfusion. After this mnitial drop, however, the complement titers
stay constant 1f nephrotoxic sera are not added. If one splits the complement 1nto sts
fractions before and after perfusion, one finds that the 1nitial fall 1n ticer 1s due to 2
lowering of all components, thus giving the impression that we are dealing with a
plain adsorption phenomenon.

When subsequently 0.6 ml of ant:-rat-kidney rabbit serumare added to the perfus-
g rat serum, the complement titer ts not influenced unuil this mixture has passed
through the kidney. After one, two or three passages through the kidney, however, the
complement titer goes down to zero This experiment was repeared in 18 different
perfusion expermments wich an 1denucal result in each of them. While 1n one 1nstance
only one passage through the kidney may be necessary to remove all complement
activity, 1n other instances up to three passages may be required.

If one uses anti-rat-kidney duck serum, the fall in complement titer does not
occur. This was demonstrared 1n 5 experimentsusing 3 different sera We are grateful
to Dr Heyman who sent us some of his anu-rat-kidney duck sera which showed an
1dentical behavior with the sera of our own production. If one adds, in such an experi-
ment, anti-rat-kidney rabbit serum at a later time, a precip fall 1n )\
tuter occurs, indicaung that the preparation in itself was not at fault. A‘sxmxlar
behavior of anti-rat-kidney duck serum was demonstrated by Jzumi who was able to
show that in vitro duck immune sera do not bind complement in an antigen-antbody
reaction with mammalian antigens. When plamn rabbit serum 1s added to the perfusing
rat serum, a fall in complement titer does not occur.,

Adding Cortisone to the perfusate does not prevent the fall in complement. All
ant1-sera used were tested for anticomplementary action and only those were employed
which did not show an anticomplementary effect. When the nephrotoxic serum 1s added
wn small increments, complement also falls 1n increments in a fairly straight line.
Perfusion of rat liver with rat serum to which nephrotoxic sera were added also leci

[34] Lange, K and Wenk, E J, Am. J, Med. Sciences, 228: 454, 1954,
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to a fall in complement titer. However, the amount of complement removed by the
liver on a weight for weight basis 1s much smaller than the amount removed by the
kidney, indicating, as Dr. Heymann and Dr. Stavitsky have mentioned, and as Pressman
has stressed before, that this reaction 1s not confined exclustvely to the kidney, but
seems to occur in the entire vascular tree. From these experiments 1t appears that
the fall in complement 1s due to an antigen-antibody reaction, since 1n this set-up
complement cannot possibly escape 1nto the urine.

When the sera, after perfusion with fall incomplement, were analyzed for individ-
ual complement components, 1t was found that mainly companent C'21s removed,
while component C'4 1s shightly depressed, and components C'1and C'3 are not
concerned at all. In these experiments, the ureters were ligated right at the kidney
pelvis, so that a loss of proteins into the urine can be safely excluded. The fact
remains, then, that during perfusion of rat kidneys with nephrotoxic sera which in the
intact amimal, produce a nephrotic syndrome with great regularity, complement 1s
removed from the perfusate rapidly and in large amounts. The main component
removed, the limiting component, 1s c'2

We now turn to the behavior of complement in experimental nephritis 1n the intact
ammal. Dr. Stavitsky and Dr. Heymann have shown that in the nephrotic syndrome
produced 1n the rat by anti-rat-kidney rabbic sera, complement falls ummediately,
but rises quickly thereafter, to return to normal within 20 hours. These findings
confirm the findings of Pfeiffer and his collaborators [35]. Our own experiments with
this type of experimental nephritis 1s shown in Figure 36A, 1n which a group of 8 rats
1s described before and after the injection of nephrotoxic rabbit serum. The C' titer
falls precipitously, but in 24 hours 1t 1s back to normal, even over-shooting 1t, and
then returns to the previous value. Some ammals went down to a complement level of
zero and died. Eight days after the injection, we studied again the complement levels
1 those animals which had survived, to see whether there was a secondary response,
but there was no fall in any one of them. Values taken 2 weeks later again were well
within the normal range The controls shown in the lower part of the table show
a good correspondence of values taken at different time intervals, so that we can
exclude spontaneous variations as the cause of the fall in complement 1n the treated
group. We thus have to assume that in contrast to the human disease we produce 1n
the rat disease one short-lived injury to the kidney and then the severely damaged
kidney goes on showing clinical sequelae of this damage.

The behavior 1s entirely different 1n the rabbit when given anti-rabbit-kidney duck
serum as it was originally investigated by Masugi and further studied by Ogawa and
Sato (Fig. 36B). In the rabbit, complement doesnot fall immediately after the injection
of nephrotoxic duck serum. Irrespective of the dose given, such a fall cannot be
observed for 5-7 days. On the fifth to seventh day, 29 rabbits thus studied showed a
severe albuminuria and a concomitant fall in serum complement. The fall in comple-
ment even antecedes by a few hours the appearance of albuminuria and even ammals
which become completely anuric show a precipitous fall in complement. Since the anuric
(catheterized) animal does not lose any protein into the urine, but the complement
falls nevertheless, this indicates again that the fall 1n complement cannot be blamed

[35] Pfeiffer et al., Ztschr. ges. exp. Med. 122: 446, 1954. )
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INFLUENCE OF ANTIRATKIDNEY RABSBIT SERUM (ARKR)
ON THE COMPLEMENT TITER OF RATS

c' c c' c'
Ammal Before 1 Hour After 24 Hours After § Days After
No Ingection Injection of Ingection Tajection
© 8 ml. ARKR
1 17 1.0 2.9 L9
2 36 2.0 D
3 20 0.77 2.0 18
4 20 0.12 D
5 35 13 b
6 1 0 D
7 11 0 1.1 1.2
8 16 0 1.5 17
Controls
° 1.0 11 1.2
10 19 L7 1.9
1 20 17 2,0
D . Died

Fig. 36A.  Effect of antirar kidney rabbit serum on complement ticer of rats

Figure 368 Effect of Ana-Rabbit Kidney Duck Serum on Complement Titer
of 2 Male Albina Rabbat, 3390 gm

Day of Procedure Complement URINE BLOOD
exper units Volume  Prot RBC
24/hrs;g HPF  Casts  BUN Cholest,
-1 14 9 - - -- 12 134
0 Antirabbie kidney
duck serum Scc 1 v 1o .- -- --
1 - 12 40 -- -- --
2 . 19 20
3 1.4 45
4 27 60 - - -
H 077 15 os 15 oce
° 066 45 0s 15 --
7 058 40 c43 30 -- 122 178
13 03 50 -
9 052 35 06 40 many
10 18 07 30 many
] 5 o8 45 many
32 093
13 099 100 0.2 20 few 190 162
15 087 60 o8 25 oce.
16 25 0.8 10 .
17 60 02 - -
18 15 0.05 - -
19 80 03 oce -
20 092 110 02 -- 74 273
21 130 02 7 -
22 170 03 9 --
23 90 0.4 15 -
25 o 14 150 0.8 oce -
27 0.51 180 09 6
29 250 0.8 20
1 0.13 210 L2 - - ;Z 282
4 FQUND DEAD AUTOPSY PERFORMED

Fig 36B  EBffect of antirabbre kidoey duck serum on complement titer of rabbits,






on loss of complement or one of its components into the urine. The severity of the
disease is approximately proportionate to the amount of nephrotoxic duck serum
smitially injected. The highest mortality rate is n the group with the highest dosage,
and the fastest recovery is in the group with the lowest dose. I wish to stress agam
that, even with the greatest doses applied by us, we were not able o shorten the
minimum interval of 5 days between the injection of the nephrotoxic serum and the
smmunologic and clinical appearance of disease.

The NPN rises in the majority of ammals with the onset of disease, and also
roughly 1n proportion to the amount of nephrotoxic serum given Even after the return
of complement to normal a moderate or mild degree of albuminuria may persist for
several days or weeks, a feature which 1s sumular to the human disease. A number of
our rabbits developed a nephrotic syndrome with fluid accumulation in the body
cavities, severe constant albuminuria and an elevated serum cholesterol. We feel that
this type of discase simulates more closely the human disease. It 1s characterized by
a time lag of approximately one week berweenimitial injury and occurrence of disease.
The same ume lag 1s required for the fall in pl In addition pl
stays low 1n this type of disease until the ammal esther dies or heals with or without
defect,

The analysis for individual complement components of the sera of such rabbits
with low serum complement reveals that C'2 becomes the Limiting factor, while C'4
1s esther not at all or only very shightly concerned. C'1 and C'3 remain unaltered.
Morphologically, these kidneys often showed a flea-bitten appearance, or the prcture
of the large white kidney with poor definition of pyramids and occasionally with a
capsule which stripped poorly. Histological studies of these kidneys are under way.

1 now turn to our observations on serum complement in patients with acute glom-
erulonephritis and the nephrotic syndrome As you know, we found that in all cases of
acute human glomerulonephritis, and most cases with the nephrotic syndrome, serum
complement levels are low In 166 control cases (198 determinations), the range of
complement was between 11 and 3 0 units. The high values represent mostly post-
nfectious stages where complement 1susually ighasa rebound phenomenon described
previously. Forty cases of acute glomerulonephritis with 171 determinations showed
values between 0 and 1 with an average of 0 32 units compared with an average of
1,78 units for the control group. In the nephrotic syndrome the values are somewhat
higher than 1n the acute glomerulonephritics, but clearly subnormal, the average being
0.64 unuts (29 cases, 225 determinations; 9 adules, 20 children), In the nephrotic group
you find a few cases with normal complement values. Such behavior 1s understandable.
If the reaction 1s only muld, a normal supply of complement may suffice to cover the
needs of the antigen-antibody reaction withoutafall in the overall level of complement.
Whle this behavior of complement 1n nephritis andin the nephrotic syndrome has been
confirmed by numerous investigators, the reasons for this fall remain under discussion.

When a case of acute glomerulonephritis heals, complement rises, and approxi-
mately at the time when complement returns to normal, clinical signs and symptoms
disappear There are some deviations from this rule insofar as complement may return
to normal somewhat faster than the disappearance of the climcal signs, and vice versa.
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In the nephrotic syndrome complement is usually low. It returns to normal just
prior to spontaneous remissions. Thirteen instances of spontaneous diuresis were
observed, 11 of which were preceded by high fever due to intercurrent infections 6 to
10 days prior tothe diuresis We feel that this diuresis may be due to a stress phenom-
enon with ACTH output, documented 1n these 11instances by a fall of eosinophiles to 0
In 2 instances we also examined the 17-Ketosteroids and found them to be elevated
during the episode of fever We believe, therefore, that the spontaneous diurests 1s due
to ACTH output during the stress period. Approximately 50% of our cases dwresing
spontaneously or subsequent to ACTH or Cortisone medication, showed a fall in 24
hour urinary protein output when diuresis occurred. The rest, however, did not show
such a fall, and the osmotic pressure ofthe plasma measured directly, did not change.
The question has been brought up whether the fall in complement 1n the nephrotic
syndrome could not be due to a loss of complement or one of 1ts components 1nto the
urine. Several years ago Dr Seifter had shown that the amount of complement com-
ponents found in the urine was too small to explain the fall in serum complement. In
addition, we found that in Kimmelsuel-Wilson’s disease, with similar degrees of
proteinuria, stmilar or larger amounts of complement components are lost 1n the urine,
but the serum complement levels, nevertheless, stay perfectly normal. The same held
true 1n one case of renal amyloidosis which we observed. As we have demonstrated
previously, ACTH and Cortisone given for 710 10 days to individuals with the nephronc
syndrome lead to a rise in serum complement shortly before the occurrence of diure-
s1s. In our opinion, this 1s the consequence of a suppression of antibody formation by
the steroids, When such cases diurese, the amount of individual complement compon-
ents lost 1nto the urine does not vary materially from the amount Jost prior to diuresis.
We do not find any definite relation between the complement component excreted 1nto
the urine, and the type of disease. Moreover, 1f one determines the maximal excretion
of complement components in 24 hours, and assumes that the loss of one complement
component 1s as good as 1f the whole complement were lost, one finds that the amount
of complement excreted in 24 hours is too small ro account for the lowered serum
complement values.

If one analyzes the seraof patients withacute glomerulonephritis and the nephronc
syndrome for 1ndividual complement components, a peculiarly constant observation 1s
made. Sera of patients with acute glomerulonephritis with lowered complement nrer
show that C'4 1s the limiting component. Only when the overall titer 1s down to 0 by a
reduction of C'4 to 0, a lowering of other complement components, especially C'2,
can be noted also.

In contrast to this, 10 cases with the nephrotic syndrome all showed a lowering of
serum complement by a predominant lowering of C'2. In this instance C'4 1s only
rmldly decreased. These patterns are so constant that we can now blindly analyze sera
and state whether they came from nephritics or nephrotics, depending on whether
C'4 or C'2 1s the limiting component.

The reasons for this difference are not clear at present. As I mentioned before,
the lowering of complement values in experimental nephrmsl 1n the 1otact amimal as
well as in the 1solated kidney, was always found to be due to C'2 as the limiting com-
This behavior resembles the pattern found in the nephrotic syndrome of humans

ponent. b ¥ :
hes to draw a parallel betweenthe complement 1n humans and in experimenta

1f one wis
ammals.
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In order to see what role the liver plays in complement production, we analyzed,
with Dr. E. E. Mandel of the U. S. Public Health Service, the sera of 15 cases of viral
hepatitis for serum complement content. Of these 15 cases, 4 were due to homalogous
serum sickness. All 15 cases had high complement titers. Fifteen cases of severe
cirrhosis of the liver were examined at different stages of the disease and all of them
had normal complement titers. In some of these patients, the cirrhosis was quite
advanced, and they were in hepatic coma. The sera of 7 cases of acute cholecysutis
based on choleslithiasis were studied and found to have very high levels during the
inflammatory stage and normal levels after the disease had subsided. These findings
seem to 1ndicate that the liver apparently does not have too much to do with the forma-
tion of complement. Three cases i which at least half of the liver was removed for
hepatomas were also found to have normal or high complement values.

DR. CALCAGNO. What happens to the C'2 p after therapy, and with
parnal therapy? 1 notice of the number of patients you studied, 4 were adults. Does
the same thing happen to them as happens to children?

DR. LANGE: What the pediatrician likes ta think of as pure nephrosis in the
child has the same complement response as the nephrotic syndrome in the adult.

We have several cases we followed during therapy. The limiung component, C'2,
comes up and overall titer comes up with 1t with diuresis

DR BARNETT In your perfusion experiment, did youmeasure the contentrarion
of any other substances 1n blood except complement?

DR LANGE No.

DR BARNETT. It would be interesting to know whether or not protein changed
even though the ureters were tred off.

DR. LANGE: It hasn’t been done.

DR. MAX MILLER: What does complement do in cases of chronic glomerulo-
nephritis without edema?

DR LANGE. [Idon'c hike the terrn chronic nephrins. It 1s only subacute nephritis,
and 10 subacute, complement stays low. We have cases that stayed low 1n C'4 and now
are pre-uremic, uremuic or have died after several years with low complement.
Ochers may have a mild albuminuria, but have lost much of their glomerular tissue

DR. ROBERT TAYLOR- 1 don’t think there 1s a low complement titer 1n chromc
nephritis. They have what Dr Heymann has 1n his rats. Such patients have no “iris”
any more, no inflammatory fresh lesion They are lefe with a defect which may, with
increasing age and scarring, finally lead to uremia. These are not cases of uren‘ua n
3 few years, but cases that die 20 or 30 years later, if they dic at all, from renal

1sease.
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DR. HEYMANN: Dr. Lange, do you think that there 1s a relation to the differing
degree of proteinuria 1n “pure” nephrotics and acute nephritics 1n that the ratio of
albumin excretion 1n the nephrotics 1s higher than that of the acute nephritics. As far
as our experiences are concerned, we have followed accurately 22 nephrotic children
with daily quantitative urine protein determinations We had 4 children who did not
direse, and no decrease in proteinuria occurred. Eigbteen diuresed, and 1n all of
them preceding diuresis, decrease of protemnuria occurred.

DR LANGE: As to the first question, we have analyzed acute nephritics for
albuminuria and have not found an increased output of C'4.

1 don't know whether the C'4 1s lost somewhere else, but we could not show 1t to
be lost in the urine. Whether 1t was somewhat masked by some other process in the
urine, I don’t know.

We have routwnely analyzed 24 hour urines of children with the nephrotic syn-
drome prior to diwuresis, and after diuresis. Around 50% of them do not show an
immediate reduction 1n proteinuria.

DR. SEIFTER: I should like to comment on the subject of complement in the
urinary protemns. I think 1t 1s very important to remember that you cannot quantitate
complement 1n the urine; for one thing, the urine 1s stored 1n the bladder usually under
acid conditions but occasionally under alkaline conditions. All that you can do 1s give
an 1dea of what components there are inthe urine, and set a lower hmut for the amount
of each component present. I think 1t incorrect to try to assume from what one finds
m the urine the amount that has actually disappeared from the blood.

We had one case in which the pH of the urine was oo the alkaline side, and with
ammonta appearing 1n urine under such conditions one may expect that some or all of
the C'4 wall disappear, and we would norbe cognizant of this component 1n our analysis.
So going backwards from the amount found 1n the urine to the amount which shoPld
have disappeared from the blood does not give the correct answer, In my earlier
discussion the only reason I said that 1 didn’t believe that the urinary excretxo? of
complement could be made to account entirvely for the decrease of complement titer
w the serum was because we didn’t consistently find such a decrease, parucularly
since we were worried that we hadn’t sufficiently ruled out the presence of anti~com-
plementary substances However, I do not deny that a decrease in complement activity
1n the sera of nephrotic individuals may occur.

It 1s interesting to remark that if one were willing to accept the 1dea that perhaps
the removal of complement to the urine, even though it may be inactivated before
detection, may cause a sigmficant lowering of the serum complement, one mught then
account for the difference of complement pattern tn the serum of the acute glomerulo-
nephritic as opposed to that of the nephrotic.

In acute glomerulonephrius, the picture with respect to C'4 looks very much like
that obtained 1n tnfectious disease, Parut:ularly 1n some of the streptococcal infections.
1In the case of the nephrotic syndrome the serum pattern could then be consistent with
the loss of the particular components to the urine.
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1 am not suggesting that this is the actual mechanism of the difference, but 1 am
saying that it 1s something which has to be considered.

DR. WEDGWOOD. In your shdes of the rabbits injected with duck anti-rabbit-
kidney serum, I notice something that we saw in our work following the injecrion of
bovine serum gamma globulin into’ rabbits. Following the titial injection 1n some of
your rabbits, and 1n some of ours, prior to the fall in complement, there 1s a shight
rise n the C! nter. We also found, as I remember, a slight rise 1n serum complement
tters of ammals given ACTH alone. We have kept quiet about this because we had
doubts about what 1t meant. But now Iwonder. If the stress induced by ACTH 1njection,
or the mjection of a foreign protein can produce a rise C!; whether the stress of,
for instance, fever, prior to diurests 1n anephrotic might not be one explanation of the
increase 10 C' seen 1n nephrotics at such times.

Secondly, to re-echo what Dr. Seifter has said, destruction of C' 1n urine has been
measured Complement may disappear quite fast if one incubates 1t at 37°C 1n urine,
and C'2 and C'4 are the components destroyed most rapidly. One wonders whether the
same thing might not occur 1n the bladder. This would make the actual urinary excre-
tion of C' 2 and C'4 a very difficult thing to measure.

DR LANGE: In order to overcome that, Dr. Seifter, we have done the following
thing: We have taken normal urines and added human serum with known complement
value. Recovery experiments gave 85% recovery which we thought was fair enough.
The rise 1n complement which you mentioned we have noticed also 1 think there 15 a
mild, immediate antigen-anubody reaction after infectious diseases.

CHAIRMAN RAPOPORT. Dr. Fischel.

DR. FISCHEL: One of the advantages of coming at the end of a long series of
very erudite discussions 1s that I have very httle new to offer which might compound
the confusion

As with many 1n the field, our interest 1n complement evolved from s intriguing
mamfestations during a known allergic reaction suchas serum sickness We attempted
to apply this to document the process of allergy sn rheumanc fever

Complement itself has always been defined essentially in immunological terms by
the gross process of immune hemolysis, bacteriolysts, or opsonic activity, and 1t has
always been associated with the study of infectious disease It has been, therefore, very
strikingly brought home to us thatitisnot alone used 1n the body economy in mfecrious
diseases In sterile condittons such as myocardial infarction, we find a very dramatic,
very precipitous, rise in serum complement An tncrease in complement also occurs
n pulmonary infarce, Hodgkin’s Disease, etc In short, any trauma or inflammation
associated with the so-called acute phase reaction, such as conditions that usually
result 1n fever or leukocytosis or sed. rate rise, will usually, although not
constantly, result in a rise in complement.
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Dr. Janeway touched on a very important point this morning 1n our interpretations,
namely, that there is a dynamic state, a turnover of complement. It 1s being produced
conttnuously. It 1s being used continuously, and I would hazard the guess that 1t is not
being used 1n immune reactions as much as 1n some other reparative or non-specific
process in the body. Therefore, whenwe find that there 1s no parallel between increased
proteinuria and a decrease m serum complement, the interpretation should not assume
that there is a constant level of complement in the body. There are mechanisms of
production which can be stimulated and certainly are stimulated.,

Now, suppose we review some of our resurrected data because they may empha-
size some of the problems that we are particularly mterested 1n at this time.

The first one concerns methodology. 1 shall not belabor that point. We have had
enough discussion on 1t so that all of you are aware that there are many gaps, many
things to be desired in our measurement, both of total complement and 1n complement
components. We have been content to use the method of Mayer, Osler, Bier and
Heidelberger [36] for measuring total complement

Despite the problem of method, once we have an arbitrary system, it 1s amazing
how 1in the measurement of total complement the reproducibility of the systemis a
very beautiful one, and 1s within the limits of most biological systems.

Figure 37 applies particularly to the mamtenance of normal values in adults and
children. We have our rather arbitrary method of a certain number of cells, 1ina
certain volume, buffered solution with fixed 1onic strength and added magnesium and
calcium. This 1illustration represents some 50 cases, but we now have about 100, all
falling within a rather narrow range between 30 and 45 umts. The mean 1s 38t 4 units
t1 sigma).

Dr. David Earle, when he was at New York University, and Dr. Wedgwood when
he was 1n Boston, wrote me that they obtain slightly higher values for normals., I don't
know what the differences are: 1n the sheep that provide the red cells; in the water
we use, or what the variable 1s. The values are not much different. They are shifred
a hetle higher. Is that right, Dr. Wedgwood? Nevertheless, there 1s a remarkable
constancy 1n the normal individual.

Figure 37 also shows some of our results in rheumatic fever [37]) At the ume
this was done, an mncrease in serum complement was not a well appreciated phenom-
enon. Most people, influenced by the emphasis on complement fixation 1n the test tube,
as in the Bordet-Gengou phenomenon and the Wasserman test, did not consider that
complement must be produced in the body and perhaps can be produced in excess.

[36] Mayer, M. M., Osler, A. G., Ber, 0. G., and Heidelberger, M., The Activating
Effect of Magnestum and Other Cations on the Hemolytic Function of Complement.
J.Exp. Med. 84: 535, 1946. See also Kabat, E. A. and Mayer, M. M., Experimental
Immunochemustry, Springfield, Ili., 1948. Charles C. Thomas.

[37] Fischel, E. E., Paul1, R.H., andLesh,J., Serological Studies in Rheumatic Fever,
J. Clin, Invest. 28: 1172, 1549.
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In rheumanc fever, there had been reports of a low complement, and we were
rather surprised to find pred ly a high pl We now have about 100
cases which we studied serially over the years. In four instances a low complement
was found Two were 1n moribund patients and two with low C'1 for no known reason.
Many non-specific things will cause a low complement, as will be discussed

We have naturally done a fishing expedition, as others have done in the past, and
have found that 1n most inflammatory conditions, the most usual phenomenon we find
15 elevation of complement.

There a few very liumited conditions 1n which we find a low complement. The one
of chiel nterest to you probably 1s acute nephritis. We are not too happy about the
techmcal difficulties in measurement of nephrotic serum, and we haven’t done too
much of 1t, but we will come to thatna Lupus eryth has a low
complement. It has beendescribed by many people, and this, too, has particular ramifi-
cations which do not suggest an allergic reacnon to us. Serum sickness has a low

P but a few of the reverse have been observed. Moribund individ-
uals with overwhelming septicemia, may occasionally present witha very low comple-
ment

There are, therefore, conditions with alow complement which may not necessarily
be due to fixation of complement by antigenand anttbody That which 1s bewng produced
may possibly cease being produced by toxemia or death. There are also anti-comple-
mentary substances 1a the blood, In lupus eryth the gamma globulin has been
well described as anti-complementary by several investigators. There are also
problems of loss in the urine. We touched on that previously as well as the technical
difficulties of measuring complement in various sera.

The other unexpected finding was that with 2 number of allergic reacrions no
complement fixation was observed, but rather an elevation of C'1 as 1n non-specific
inflammations This was observed in many cases of penicilin sensitivity, Arthus
reactions due to heparin, and sulfadiazine hypersensitivity of the massive overwhelming
type similar to good, old-fashioned serum sickness. In periarteritis nodosa, which 1s
less well defined as an allergy, an elevation of serum complement was found 1n about
20 cases Therefore, complement level alone cannot be used as an indication of an
allergic reaction on the one hand, oras proof thar something 1s not an allergic reaction
on the other. In rheumatic fever, for example, we feel that we haven’t confirmed the
falls of C' which were reported in the hterature but at the same tume, we haven’t
disproved that it 1s an allergic reaction since we are not capable of doing so with
complement data alone Penicillin sensitivity, for example, gives the same elevation
of complement.

The next problem we were faced with was, how much of our failure to confirm
previous reports in rheumatic fever was smply due to the method we employed for
measuring C'. Were we dealing with a method which precludes the measurement of a
low complement? Were we introducing artifacts? Did the introduction of magnesium
and calcium prevent us from finding what previous 1nvestigators had reported

This 15 a real problem because I think the way the old utrations were set up with
double dilution methods, precluded the detection of an elevation of complement.
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To get increase from the normal, by double dilution technique, for example, one would
have to have 100% increase to detect a rise in serum complement. This may explain
whyanincreaseinC' was rarely if ever recognized by the old methods -- and by “old,”
I am also talking about the turnof the century when some very beautiful work was done
by many investigators. We, therefore, decided to go back and study other diseases in
which a low complement was described. In a very brilliant study, Kellett and Thomson
in England in 1939 [38] demonstrated low complement in acute nephritis. Using a 50%
hemolytic method, they also found a normal complement in chronic nephritis, and felt
they could use C' to differentiate the two nephritides. The toxemia of pregnancy
associated with nephritis was also associated withnormal complement. They therefore
proposed the complement test as a differential test between acute nephritis and other
kinds of nephritis.

In our study with Dr. Gajdusek, who was working at Babies’ Hospatal, and then in
Cincinnati, we accumulated some 30 cases, 18 of whom were seen within the first 10
days of symptoms of acute glomerulonephritis [39]. Of the 18, all but one had a low
serum complement early in the course (Table 6). The one exception was a pauent
(No. 14) with a pemcillin rash who had a normal complement. This points up the
balance, 1f you will, between the consumption or 1nactivation of complement, if that 1s
what 1s going on, and the increased production of complement due to another nflamma-
tory stimulus, namely, a pemcillin reaction This patient subsequently went on to have
an elevated titer, 55 units, with subsequent return to normal. Most of the patients with
nephritis had a low complement only transiently. From the quantitative aspects, how-
ever, and those are the aspects that we are particularly interested 1n, this suggests
an overwhelming union of many antigens with many antibodies,

This, too, I think, 1s a point worth dwelling on. There are any number of antigens
which may react with their antibodies even in the experimental nephrotoxic system,
and 1t 1s not surprising that these antigens may 1n some instances be shared 1n common
by laver, serum, and kidney.

We have for example, the two patients with rheumatic fever and low complement,
These patients showed no evidence of renal disease, no peculiarities or differences in
their mild rheumatic disease from the other 90 odd rheumatic fever patients who had
hugh C' Some fortuitous antigen was probably uniting with some antibody, if we think

of it 1n these terms.

There 1s no parallel between the low C' and the urinary abnormalities of acute
nephritis. Again, this 1s to be expected because 1t1s likely that those antigens and
antibodies which are resp ble for pathog 1ty may Continue to exert a profound
effect on a small area of the kidney, with quantitauvely little effect on total l?ody
complement. On the other hand, such anugens and antibodies may have long since
ceased their troublesome work while more benign antigens and antibodies continue to
cause fixation of complement. One patient (No. 22) went on with a zero level of

[38] Kellewr, C. E. and Thomson, J. G., Complementary Activity of Blood Serum in

itis. J. Path. and Bact. 48: 519, 1939.
{39] ll;]fsp:lz;isli. E.aand Gaydusek, D. C., Serum Complement in Acute Glomerulone-

phritis. Am. J. Med. 12: 190, 1952,
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complement for at least 12 weeks although the hematuria, albuminuria and other
manifestations of disease cleared relauvely early, before the seventh week. The fact
that at the one year follow-up his complement titer was found to be normal was
satssfying

Despite the low complement, the body 1sableto produce large amounts of comple-
ment when a stunulus which we usually associate with complement production 1s
present. A patient (No 1) with an 1ntial level of 18 units developed a level of 46 units
with a periapical tooth abscess Other cayses of high complement 1n this series were
pemicillin rash, (Case 14) concurrent rheumatic fever, (Case 21) and the development
of thyrotoxicosis (Case 28) while on the wards The simple staustical data do not
mirror the constant anabolism and carabolism of complement 1n the body, particularly
when other conditions complicate the picture. The amounts of antigen and antibody
required to fix complement in vivo from the total blood volume in order to obtam a
very low complement titer are also of interest, as Dr. Stavitsky pointed out. We began
a study of this with Dr, Benacerraf and have recently renewed this study with Dr.
Nordén Guinea pigs passively sensitized with 2 minute amount of anti-egg albumin
can be killed of anaphylactue shock without any deviation of complement. When given
a large amount of antibody, however, a deviation of complement wall occur, as might
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be expected from quantitative studies on complement fixation 1n the test tube, This
data has not been published as yer. We may not have controlled all the variables such
as repeated bleeding in such small animals. A few animals given the antigen alone and
bled from the heart forbaseline compl fter occ lly have a striking incrcase
in titer on thefollowxn% day. Exposuretotrauma and an innocuous antigen, egg albumic,
results 1n a rise in C'. Complement was once defined in a negative way as something
that did not increase when the antigen was injected, 1n contradistinction to specafic
antibody. Yet here, with precise techniques, or other conditions a different picture is
obtained. At any rate, the quantitative fixation of complement 1n vivo probably follows
the pattern observed 1n vitro, but 1s more difficult to control.

Injecting normal rabbit serum into our guinea pigs will sometimes cause an anti-
complementary effect. This also complicates the evaluation of fixation produced by
specific allergic reactions. If we are going totranslate these data to clinical interpre-
tation in nephritis or nephrosis, there ts much that has to be qualified. Table 7 uses
what we considered at the ime a feasible term -- subacute glomerulonephritis. We
didn’t like the term “subacute”, but we used 1t merely in those cases which by virtue
of their duration could not be categorized with certainty as either acute nephritis
subsiding, or well established chronic nephritis. The latter diagnosis carries with it
a much more ominous prognosts, and calls for some hesitation before making it. In
these patients with “subacute” and chronic nephritis we found a variable picture. In
some during 2-9 weeks of complement determinations, there was a suggestion of a low
value; in others there was a high value, Case 31 developed a nephrotic syndrome, and
we had low complement titers. Case 38, on the other hand, did not develop a nephrotic
syndrome and values were §, 5, 5, 0, 0, 5 between the fourth and sixth month. Cases
39, 40 and 41 had urema, two of them dying within a short period of time. All had
levels of complement above normal.

TABLE 7
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Figure 38 15 a pattern of serial deter of compl in one .of our patients
(E.F.) with acute nephrius. In this instance there appears to be a coincidence between
the clearing of urmary findings and the rise to normal of complement. The second
chart of Figure 36 1s of a patient (I.A.) who on admission was thought als’o to have an
acute nephritis. In follow.up, however, 1t appeared that she had chronic nephratis.
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At 22 weeks after admisston, she still had two plus albuminuria. In this case, as
Kellett and Thomson origmally described in chronic nephritis, there 18 no reduction
in complement. They described a normal C' but we find an increase which serves to
emphasize the difference from uncomplicated acute nephritis. Table 8 shows the C' 1
other conditions associated with proteinuria and this 18 an(:ther argument against the
suggestion that C! loss 1n the urine accounts for the low C' in acute nephritis. In t.he
first example given, a patent with left lower lobe pneumonta with a 4 plus proteinuria,
the complement was normal on the second day and went up to 63 by the seventh day.
Carbon tetrachloride poisoming and exogenous poisons which couldn’t be defined, are
associated with striking elevation of complement up to 70, 80 and 1n one case 90 units.
In Case 48 with so-called 1schemic or lower nephron nephrosis the complement wae
found low when the patient was moribund, and subsequently 1t became elevated. Three
patients with so-called lipotd nephrosis showed variatton -- two with low figures, not
strikingly low -~ 21, 25 and one elevated at 62, One patient with Kimmelstiel-Wilson
syndrome had a normal complement at the nme we studied the serum.
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Finally, a word about complement as indication of allergy. In acute glomerulone-
phrius, the low C’level 1s one addittonal factor which added to all the others 1s
suggestive of allergy. The relationship to hemolytic streptococcal infection, the larent
period, the relatively abrupt and acute onset of a disease which usually has a good
prognosis, all speak for a suddenallergic reaction, if you will, and the low complement
1s compatible with that finding.

When 1t comes to nephrosis, I am afraid that [ can’t go along with the idea thas
this proves an allergic basis for the disease. There are no other clintcal data as there

91



are with acute nephritis. If the supposition that nephrosis is due to antigen-antibody
interreaction rests solely on the low C' levelsfound, then attention should be called to
the many other factors which result malow C' and to the technical difficulty of meas-
uring C' 1n nephrotic serum.

I haven't tackled 1t myself. I hope Dr. Ruth Alice Davis and Dr. Riley wall mention
some of their work 1n which they have tried to separate out the lipemic substances and
then determine complement. It 1s a very difficule thing to do, Perhaps, 1f you could
separate off the fat layer the serum C' would not be tao low 1n terms of water content
of the serum.

Other problems include, as has been mentioned, possible anti-complementary
action of ipids. It might be anticipated from the low serum proten, as was suggested,
that complement along with the other proteins might be deficient 1n nephrotic serum.
To speak of a low C' as a proof of pathogenetic mechamsm 1n this instance is, I think,
a little premature at this ume.

Mention was made of ACTH andCortisone this morning. Again we do not feel that
change in complement titer during hormone therapy necessarily mirrors an allergic
reacnion, 1 think we have been partly guwilty along with others of demonstrating an
mhibition of anubody production with massive doses of Cortisone and ACTH [40). The
inhibition of antibody production, although marked, 1s relatively slight in terms of the
amounts needed to alter passive hypersensitvity reactions.

We produced quantitative, passive Arthus reactions with a known amount of anti-
body and antigen, single antibody, single antigen presumably, and found that the admin-
1stration of rather large doses of Cortisone did not whibit these reactions [41]. The
changes 1n C! observed 1 hormone treated nephrotics are a little too fast to attribute
them to dimimshed allergy secondary to altered antibody production. Quantitatively,
the changes are probably not significant enough to nterrupt any allergic reaction of
such exasts.

The change n C' may perhaps be better thoughe of as paralleling changes in
proteins generally. The hormones seem to make all deviations from the normal revert
toward normal. Whatever the reason, 1 don’t know, but 1t 1s of interest that Dr. John
Vaughan, who 1s now in Richmond, reported from Boston that in patients with lupus
given ACTH and Cortisone, a rise 1n complement occurred [42]. Of course, he found

[40] Bjorneboe, M., Fischel, E. E. and Stoerk, H. C., The Effect of Cortisone and
Adrenocorticotrophic Hormone on the Concentration of Circulating Antibody.
J. Exp. Med. 93: 37, 1951,

[41] Fischpel, E. E, Adrenal Hormones and the Development of Antibody and Hyper-
sensitvity, in Effect of ACTH and Cortisone upon Infection and  Resistance
G. Sh 2man, Editor, Columbia University Press, 1953.

[42]) Vaugl"x‘:'::,-t.l‘ H., Bayles, T.B. and Favour, C.B., Effect of 17-Hydroxy-11-Dehydro-
corticosterone and Adrenocorticotropic Hormone Upon Plasma Gamma Globulin,
Fibrogen, and Erythrocyte Sedimentation Rate. Proc. Soc. Exp. Biol. & Med.

76: 274, 1951.
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alow C' to begin with, In our patients with any non-specific mflammarory disease who
mitially have a high C' and to whom we give Cortisone, the converse occurs. As you
would expect, during hormane administration all aberrantlevels seem to revert toward
normal.

One other observation: in patients with schizophrenia being given large doses of
ACTH, we had the opportumty to test for complement and found no appreciable changes
during rather severe hyperadrenal states over a long period of time. In the medically
normal individual, 1f you will, I don’t think we can affect complement too much with
hormone Naturally, in those who developed pl due to h therapy,
we had deviation. Thank you.

CHAIRMAN RAPOPORT. Dr. Riley will assume the chair for the next part of
the session
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1. EXPERIMENTAL RENAI, VASCULAR DISEASE
A. RENAL LESION OF THE SCHWARTZMAN REACTION

CHAIRMAN CONRAD RILEY: Dr. Thomas, will you talk about Renal Lesion of
the Schwartzman Reaction?

DR. LEWIS THOMAS: I am planmng to talk to you briefly about an experimental
form of diffuse vascular disease which resembles, 1n certain of its morphological
aspects other disease states that have for many years been regarded as allergic in
basis, although the mechamsms which appear to operate in the production of these
lesions do not involve a recognizable disturbance of a known tmmune system, 1t is
possible that a process analogous to bacterial hypersensitivity may be implicated.

The endotoxins of gram negative microorganisms are perhaps the most ubiquitous
and most widely distributed bactenal toxins in nature. They are demonstrable in all
gram negative organtsms that thus far have been studied for their presence. They are
not possessed, on the other hand, by any known gram positive organisms. Chemcally,
1n so far as we can cateogorize them, they comprise a fairly homogenous class of
substances. They appear to be macromolecular complexes, consisting of liptd, protemn
and polysaccharide fractions, and an as yet umidentified phosphorous-containing com-
ponent. When injected into experimental ammals, they produce a stereotyped series
of physiological reactions, and the variety of these reactions has given rise to some
confusion 1n the nomenclature of the endotoxins. Depending upon what your field of
interest 15, you may recogmze them by one or another descripuve term.

For example, these are the “bacterial pyrogens”. It 1s most likely that the sub-
stances 1n contaminated blood transfusions or infusions fluids which give rise to
fever and shock, and the active components of the so-called “foreign protein” thera-
peutic agents, are in allinstances the endotoxins of one or another of the gram negative

microorganisms

The endotoxins are also the substances which, when injected by vein, produce
hemorrhagic necrosis in rapidly growing animal tumors, They are, therefore, known
to some as “tumor-pecrotizing toxins.”

The endotoxins also have the capacity of producing a considerable degree of
hyperglycemta within an hour or two after injection, followed sometimes by lethal
levels of hypoglycemia. They are also the materials which produce the Shwartzman
reaction, and therefore they have become known to some as the “Shwartzman-active

toxins.”
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The local Shwartzman reaction s produced by an intradermal injection of endotoxin,
followed 24 hours later by an intravenous njection of the same material. The site of
the intradermal injection, which undergoes a brisk inflammatory reaction during the
stage of “preparation”, becomes involved in an extensive reaction of hemorrhagic
necrosis within two hours after the intravenous injection. A modification of this
phenomenon, known as the generalized Shwartzman reaction, 1s the problem which
concerns us this afternoon

The generalized Shwartzman reaction 1s produced in the following fashion:
Rabbits, preferably young rabbits, are given a preparing 1njection of endotoxin by the
1ntravenous route, instead of into the skin. They are then allowed to rest for 24 hours,
and at the end of this time another tntravenous 1njection 1s given Within 2 or 3 hours
after the second or “challenging” njection of endotoxin, the glomerular capillaries
become filled with a homogenous eostnophilic material which completely jams the
lumen, and this occlusion of the glomerular circulation 1s followed within the next few
hours by the development of bilateral cortical necrosis of the kidneys.

One of the cemral mystenies of the reaction 1s the role--the evidently dominant
role--which 1s played by time tn1ts pathogenests  One can give any amount of endotoxin
1n a single 1ntravenous mjection, up to lethal doses, without the development of bilateral
cortical necrosis of the kidneys. Bur when one gives two injections, spaced 18 to 24
hours apart, amounts of endotoxin which are farbelow the lethal dose produce bilateral
renal cortical necrosis 1n as high as 100% of the ammals

Not only must there be a time interval, but 1t must be an interval of the proper
duration. For example, if the interval between the two injections is shortened to 2, 4,
or 8 hours, the amimals do not develop kidney lesions. The optimal interval 1s some-
where between 18 and 24 hours

It 18 evadent, then, thatduring a period of time after the first injection of endotoxin,
some change occurs which renders the animal excessively susceptible to a new effect of
endotoxin There is a paradox in this. Most of the untoward reactions which are
displayed by rabbits following one injection of endotoxtn occur during the first few
hours after the injection 1s made. This 1s the time during which the animals develop
hgh fever, or go into shock, or exhibit hyperglycemia or hypoglycemia This s also
the tme during which severe polymorphonuclear leucopenta occurs - Buton the follow:ng
day, when they have become fully prepared for the generalized reaction, they seem to
be 1n reasonably good health on all counts.

It 1s our purpose this afternoon to present evidence which suggests that there are
two main participants in the generalized Shwarrzman reaction One of these appears to
be fibrinogen, or an altered form of fibrinogen. The other seems to be a material
which has the property of causing precipitation of fibrinogen within the lumen of small
blood vessels Before considering the evidence in supporr of this view, let us review
briefly the histological changes which characterize the generalized Shwartzman
reaction,

During the first two hours or so after the second injection of endoroxin, the
glomerular capillaries become pied by a homog s slightly granular,
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acellular, eosinophilic substance, which 1s at first laid down 1n layers along the 1nner
surface of the capillary wall and subsequently fills the entire lumen as a solid mass.
Occasionally, there may be tiny strands of fibrillar material 1n the capillaries, but
1n general the deposit does not resemble fibrin Ithas more the appearance of “fibrin-
oid.” Furthermore, it presents all of the staining reactions which are considered to
be characteristic for fibrinotd, according to the criteria of Angevine and Altschuler,
including an intense purple stain in the Hotchkiss-McManus modification of the Schiff
reaction.

In fresh preparations prepared from homogenates of renal cortex, the glomeruls
containing deposits of fibrinoid are quite resilient, almost rubbery objects. Homo-
genates can be prepared by prolonged treatment 1n a Potter homogenizer or a Waring
blender, and the glomerulr retain their shape quite nicely. When viewed with ordinary
light, saline suspensions of the unstained glomerul show the presence of a colorless
or sometimes faintly yellow material inside the capillaries. But when the glomerul
are viewed 1n polarized light, the intracapillary material is seen to be extremely
birefringent. The birefringence 1s not effected by exposure of the glomeruli to lipid
solvents. It withstands elevations of pH to 10 or higher without being altered. It
disappears, however, within a half hour or so after the pH has been reduced to 2.5 or
3 Sigmuficantly, the birefringence disappears within a few minutes when the glomeruli
are exposed to trypsin or papain. These observations suggest that the material
contained in the capillaries 1s a protein of highly organized molecular structure.

The same sort of pink staining fibrinoid material appears 1 many other intra-
vascular locations in ammals with the generalized Shwartzman reaction. It 1s present
in the sinusoids of the liver and spleen, and 1s deposited 1n extensive masses beneath
the mtima of the walls of the coronary arteries. It 1s also demonstrable as acellular
vegetations on the mitral and aortic valves of the heart.

The appearance of fibrinoid material within the small blood vessels, and the gross
hemorrhagic and necrotizing lesions of the generalized Shwartzman reaction, can be
prevented by the adriimstration of heparin at the nme of the second mnjection of
endotoxin. The animals must be given a sufficient amount of heparin so that the blood
1s mncoagulable for three or four hours afterthe second injection; in this circumstance
1t 18 possible to prevent the reaction in all animals.

In the course of a study of the mechanism involved in this effect of heparin, we
have observed a new reaction in the plasma of ammals, which occurs after an injection
of endotoxin, consisting of the precipitatton by heparin of a large volume of protein
material at low temperatures. The easiest method for demonstration of the material
is to obtain heparinized blood in the ordinary fashion, remove the cells by centrifuga-
uon, and place the plasma at 4° C. for a period of 30 to 60 minutes. During this tume,
1n animals which have received endotoxin during the preceding 1 to 4 hours, an opaque
flocculant prectpreate begins to form within about 15 minutes after chilling the tubes.
It increases mn density and amount and eventually settles to the bottom of the tube as a
solid mass. When estimated in terms of dry weight, or by the biuret reaction, the
material constitutes between 50 and 150 mg. per cent of the plasma. There are
reasons to believe that the material precipitated by heparin is closely related to
fibrinogen. In the first place, the washed precipitate has been shown to be clottable

96



by the addition of thrombin. Secondly, plasma from which the material has been
removed by centrifugation has been found to contain greatly diminished levels of
fibrinogen. Thirdly, the washed precipuate, redissolved 1n warm saline or buffer,
has been found to migrate as a single component in paper electrophorests, and 1ts
migration 1s sumlar to that of fibrinogen. Finally, we have found that heparin-
precapitation only occurs in plasma and never in serum, indicating more strongly
the likelthood that 1t 1s related either to fibrinogen or to fibrin.

The precipitable material does not appear in the plasma of heparimized rabbits,
when heparin 1s admimstered prior to the injection of end It seems p 1
that the material maybe analtered form of fibrinogen, perhaps polymerized fibrinogen,
representing a form of this material somewhere midway in the transformation of
fibrinogen to fibrin

The observanon suggested that a particular affinity existed between heparin and
the altered fibrinogen It was therefore of interest to learn that Walton, in the course
of studses on the properties of synthetic preparatcnsof dextran sulfates, had observed
that dextran sulfates of large lecular size p d anticoagulant properties
similar to those of heparin, and also were capable of bining with and precsp g
fibrinogen when added in optimal concentrations. Moreover, Walton reported that the
intravenous 1njection of large amounts of dextran sulfate resulted in the development
of glomerular lesions which were strikingly similar to those observed by us in the
generalized Shwartzman reaction. The glomerular capillaries were filled with homo-
geneous, eosinophilic material with staming properties axmilar to those of fibrinodd.
Hausman and Dreyfus reported similar observations with another acidic polymer of
large molecular size, sodiwm polyanethol sulfonate, known to the trade as Liguoad.
This matenal 15 an anticoagulant, resembling heparin, and also 1s capable of causing
precipitation of fibrinogen from plasma. When injected into animals 1n sufficiently
Ingh doses, 1t has been reported to cause occlusion of the glomerular capillaries by
material resembling fibrinod

We have found that an injection of gram negative bacterial endotoxin enormously
enhances the toxicity of these acidic polymers, and makes 1t possible to produce the
generalized Shwartzman reaction consistently within a very short period of ume,
using doses of dextran sulfate or Liquord which are of themselves completely nontoxic
for amimals The amounts of endotoxin which are required for this synergistic effect
are extremely small. For example, we have produced bilateral cortical necrosis of
the kidneys using 2 micrograms per rabbit of purified dysentery endotoxin, or with
dilurions of memmngococcal endotoxin as hugh as 1 to 10,000. The optimal me for the
wnjection of acidic polymers has been found to be between 1 and 2 hours after the
njection of the endotoxmn. It 1s of particular interest that dextran sulfate or Liquoid
are most effective in producing renal lesions when they are injected at the time when
the highest concentrations of heparin-precipitable fibrinogen exist in the plasma. We
were led by this observanion to the tentative hypothesis that fibrinogen 1s in some way
mnvolved 1 the formation of fibrinotd. In order to test this theory, the levels of
fibrinogen before and after an injection of acidic polymer were determined 1n normal
rabbits, and in rabbits which received an injection of endotoxin an hour or so prior to
the admimstration of acidic polymer. The results were striking. In every mstance
1t was found that the level of fibrinogen was not sigmificantly altered during a penoé
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of one hour after the injection of Liquoid or dextran sulfate, in normal rabbits.
However, 1 animals previously injected with meningococcal endotoxin, the mnjection
of acidic polymer was followed within ten minutes by the disappearance from the
blood of all, or almost all of the plasma fibrinogen. To illustrate, a group of nine
rabbits were injected with meningococcal endotoxin, and this was followed 2 hours
later by an intravenous injection of Liquoid. The animals were then bled ten minutes
after the injection of Liquoid, and again atthe end of one hour. The average fibrinogen
levels for the group prior to the injection of Liquoid were 1n the vicinity of 300 mg.%.
Ten miunutes after the injection of Liquoid, the fibrinogen had fallen to less than
50 mg.% and remamned at this low level for an hour. After two or three hours, in
animals surviving the experiment, fibrinogen began to reappear in the blood.

Thus, we have observed that during the most crucial period in the development
of bilateral renal corucal necrosis, when deposttion of fibrinoid material 1s occurring
within the capillaries, the fibrinogen of the blood becomes greatly depleted. In animals
who are protected against the generalized Shwartzman reaction by the admimstration
of heparin, no fall 1n the level of fibrinogen occurs. On the basis of this circumstanual
evidence we suggest that the origin of fibrinoiud, 1n this particular experimental
circumstance, may be fibrinogen.

Several years ago we observed that the generalized Shwartzman reaction could be
prevented by mitrogen mustard, and the protective effect of mustard seemed to be
related to 1its capacity to produce polymorphonculear leucopema. It was found that
the Shwartzman reaction was prevented only during the relatively brief period of time
during which the neutrophiles disappeared from the blood, three days or so after the
admimistration of nirrogen mustard. Moreover, if the ammals were given nitrogen
mustard and at the same time prevented from developing leucopenia, by clamping the
femoral artery for a period of five minutes during the administranon of mtrogen
mustard, leucopenia did not occur, and such ammals were not protected against the
generalized Shwartzman reaction We concluded at that time that the circulating
polymorphonculear leucocytes were in some way concerned in the pathogenesis of the
reaction.

It therefore became of interest to determine whether nitrogen mustard prevented
the effect of the synthetic heparin-like polymers. We found that this was not the case.
Despite the production of absolute neutropenia by nrtrogenmustard, the administration
of endotoxin combined with Liquoad or dextran sulfate produced the same incidence
of bilateral cortical necrosis as wn control ammals not treated with mustard. The
observation suggests that the acidic polymers may be capable of substituting for, or
imitating, the role which 1s played by leucocytes 1in the conventionally-produced
generalized Shwartzman reaction. Concervably, the role of the leucocytes may be to
contribute some substance which has properties stmlar to those of acidic polymers,
and which can therefore combine with and precipitate fibrinogen in the circularing
blood, leading to the deposition of fibrinoid.

In summary, we would suggest thattwoparticipants in the generalized Shwartzman
reaction which lead to the appearance of wntravascular fibrinoid are fibrinogen,
altered in some way sothat 1t can combine with and be precipitated at low temperatures

by heparin, and an unknown polymerized materal of large molecular size, with
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combining properties similar to those of heparin, which causes precipreation of
fibrinogen within the circulating blood.

The alteration in fibrinogen which leads to its precipitability by heparin has been
found to occur to an equal extent after either of the two intravenous injections of
endotoxin, but it persists for only a few hours, Perhaps the role of timing in the
pathogenesis of the generalized Shwartzman reaction 1s to allow the two partcipants
to become present at the same time. The function of the preparing injection may be to
produce an effect on the leucocytes which results in the availability, 24 hours later,
of a polymerized substance with the properties of dextran sulfate or Liquoid. By
itself, this event would not lead to damage Bur a second injection of endotoxin, given
at this ume, causes the appearance of fibrinogen 1n its precipitable form, and the
final result 1s the deposition of fibrinoid material within the glomerular capillaries.

Obviously this 1s hypothesis, based on scudies which are still i progress. It
has the advantage, we believe, of offering 2 new approach to the problem of fibrinoid
which can be directly studied by experimental manipulation.

DR. DAVID GITLIN: We just concluded a study of the fibrinoid -~ so-called
fibrinoid degeneration that takes place in humans. We have been unsuccessful thus
far 1n producing the Shwartzman Reaction 1n young rabbits, whether 1t be with Shear's

poly haride or d In h we have seen two patients, two children,
who prior to death appeared to have whatmighe be considered a generalized Shwartz-
man Reaction, and on post mortem ton they d ated lestons which are

1dennical with those you have demonstrated today
DR THOMAS: Had they recetved cortisone?

DR. GITLIN: Only smmediately prior to death 1n one and not in the other. In
both of these instances, we had an opportunity to stawn sections by a method that was
previously described before this group, using an antibody which 1s specific to fibrin,
using Coombs fluorescent antibody procedure, and there 1s very little question in our
munds that this material which we call fibrinotd 1s some derivauve of fibrinogen,
presumably fibrin. Just to go a bit further, the fibrinoid degeneration we see 1n
rl d arthrius, rh fever, and many other conditions, 1s apparencly
fibrin and not degeneration of callagen at all,

DR. OSCAR D. RATNOFF. I want to ask Dr Thomas a number of questions
which he may or may nor have the answer to.

In chinical states, there are a number of conditions 1 which the reaction berween
fibrinogen and thrombin appears to be altered. Now, 1n some cases this may be due
to changes in constituents of the plasma other than the fibrinogen, but 1n a number of
nstances which are intriguing to me, the fibrimnogen isself appears to be altered.

The most common of these 1s the newly born 1nfant sn whom the reaction between
fibrinogen and thrombin 1s delayed, apparently, because of a change 1n fibrinogen 1tself.
1 wondered whether he had the opportunity to stud} this phase. Is the fibrinogen alrered
1n such 2 manner that its reaction with thrombin had been altered?
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Second, I wondered whether he had observed the appearance of the heparin pre-
cipitable protein m clhnical states because there 1s one clinical state which might
have been musinterpreted, as you look ar the dara, and that is premature separation
of the placenta. It may become defibrinated, 1 always thought, because of thrombo-
plastic activity of the placental tissue, but the subsequent course of these ladies at
tumes 1s such that they go on to develop a renal lesion not unlike the cortical necrosis
of the generalized Shwartzman’s phenomenon.

Finally, many substances have one obvious in vatro effect, and then a few more
subtle effects. T thiak that the obvious example of this 1s tissue thromboplastin which
everybody knows 1s thromboplastic, but as has been shown by Hartman and Connolly,
the thromboplastic preparations are pari-pasu, antithrombic, or at least they do some-
thing to the fibrinogen-thrombin reaction.

DR. THOMAS: 1 would like to answer the third pomnt firss.

The most extensive studies that bave been made with the acidic polymers which
we used were made by Walton and Rickerts with dextran sulfate. We have repeated
their observations, and confirmed them also with sodium polyanethol sulfonate, The
most conspicuous wmn-vitro effect to appear to the naked eye 15 precipitation of fibrin-
ogen.

It 15 almost an immunological type of precipitation. With excessive amounts of
dextran sulfate, precipitation fails to occur, and a precipitate formed with optimal
concentrations redissolves when more dextran sulfate 1s added. The presence of
heparin prevented the precipitation of fibringgen by dextran sulfate.

As far as the second point 1s concerned, we have engaged on a fishing expedition,
to borrow a phrase, with patients with a variety of different diseases, and the highest
levels of heparin-precipitable fibrinogen we have encountered yethave been in children
with acute rheumatic fever and rheumatoid arthritis. It also appears to be elevated
1n pregnancy, and in the acute stage of various infectious diseases.

In patients with rheumatic fever i whom large masses of precipitable matersal
are present, the administration of cortisone 1s followed withtn a few daysf by dis-
appearance of the material, paralleling the expected fall in the sedumentation rate.
Whether this kind of fibrinogen has to do with sedimentation rate, we do not yet know.

DR. HEYMANN: Is the renal lesion associated with hyperliperia?

DR. THOMAS: Hyperlipemia occurs in many of these rabbits as the result of
preparation for the generalized Shwartzman Reaction, and it exists at the end of
twenty-four hours, before the second 1njection of endotoxin 1s given.

The cholesterol levels reach three or four nmes the level of normal as the result
of one 1njection of endotoxin,

fact that
R. FISCHEL: One of the peculiar things about this system 1s the h
ﬂnim’ils will apparently adapt to 1t so that repeated induction of Shwartzman reaction
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in the skin, at any rate, becomes less productive of a lesion. Bennett and others have
studied this in relation to colloidal material. I wonder if you have studied this 1n
relatton to this system and found correlation.

DR. THOMAS: Yes, we have. We have found that induced resistance to the
generalized Shwartzman reaction appears after a series of daily injections of
sublethal amounts of endotoxin. In such animals, heparin-precipitable material does
not occur 1n the plasma following an injection of endotoxn.

DR RAPOPORT: Have you examined the kidneys of patients in different stages
of the nephrotic syndrome? Dr. Erich has stated that patients with the nephrotic
syndrome who develop progressive glomerular disease, show as the first sign of this
progress, a layering of fibrinoid material 1n the capiliary walls.

DR. NORMAN KRETCHMER. Dr. Thomas, what happened to the tubules during
this generalized Shwartzman Reaction?

DR. THOMAS: During the first four hours nothing histologically demonstrable
happens, and then they participate in the general hemorrhagic necrosts which mvolves
the entire cortex,

There 1s one change of interest, though. That 1s, that during even the first two
or three hours, material whichmorphologically 1s similar to the intracapillary fibrinotd
material appears in some of the tubules, and 1t 1s our impression some of 1t must be
getung through and being excreted very early

DR KRETCHMER; Is 1t only 1n the proximal tubule that you see this materal?

DR. THOMAS: Early only in the proximal tubule, but later on with ammals with
full-blown reaction, we have seen 1t down in the collecting tubules.

DR. JAMES BAXTER: I didn’t understand about heparin and other polymers.
DR THOMAS: Heparin and dextran sulfate are possibly compentive Heparin

may protect by combimng with fibrinogen before dextran sulfate, forming a complex
which remarns soluble ac body temperature.



B. EFFECTS OF TEMPORARY INTERRUPTION
OF RENAL BLOOD RLOW IN RATS

CHAIRMAN RILEY: Dr. Koletsky, now will tell us about the Effects of Temporary
Interruption of Renal Blood Flow 1n Rats.

DR. S. KOLETSKY: What I have to say 1s in the line of exposition. I don’t
propose to prove anything.

We got interested in the effects of shutting off blood flow to different organs
during the war. Some of you may be familiar with the technique of wrapping a rubber
band around the upper thigh of an animal, keeping 1t on for four or five hours, and
after 1t 1s removed, there 1samassive loss of flud 1nto the 1njured leg, and the animal
goes nto shock.

We spent a great deal of time looking for a so-called toxic substance that was
supposed to come from the area of injury, circulate and produce shock. We never
found that substance, but in the course of thinking about the effects of shutting blood
flow off, we thought we would try this on the kidney, particularly since a good deal of
emphasis was being placed by clinicians on a syndrome that they called the shock
kidney.

This was a kidney which was supposed to be severely injured because 1t was
deprived of 1ts blood flow 1n states of shock through low blood pressure and vasocon-
striction Subsequently, after the shock was successfully treated and the patient
seemed to recover progressive anuria or total anuria followed and the patient died
urerma. This was a very puzzling situation. It was attributed to the effects of very
small and almost negligible blood flow 1n the kidney itself.

Several pathologists were interested in this condition. They studied the lesion
very thoroughly, and evolved the concept of lower nephron nephrosis.

This was a very peculiar thing in itself because here was an injury that was
supposed to be very specifically localized to one given segment of the nephron, the
distal part of the convoluted tubule, including the loops of Henle. I think 2 moment’s
reflection suggests that 1f you render the kidney totally anoxic or markedly 1schemic
for a period of tme would produce a specific lesion in one particular segment of the
nephron, just doesn’t sound right. In fact, 1t just sounds wrong, but nevertheless, the
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pathologists could only report what they saw. They said that individuals dying of this
so-called shock kidney had neither glomerular lesions, nor lesions of the proximal
convoluted tubules, but a specific nephrosis of the distal convoluted tubule, and this
caused uremia by upsetting the capacity of the tubule to maintain what 1s called 1ts
normally selective capacity to reabsorb flud, and presumably electrolytes or other
substances

We thought that we could simulate the conditions of the shock kidney by mterrupting
blood flow to the kidneys and determining what kind of lesion there was, and what the
Consequences were

We had never been able to produce anything like the shock kidney 2s 2 result of
shock itself This was the general experience of practically all people who worked 1n
this field.

It 15 very stmple to shut off blood flow to the rat kidney We merely dissected both
kidneys free, 1solated the pedicles and threw a long clamp across the entire halum.
This catches the ureter, the renal artery and renal vein.

No blood entered or left these organs for the period of the experiment. If both
kidneys are simulraneously deprived of all flow of blood for 30 minutes, we found a
Iittle rtse 1n blood urea nitrogen levels, ranging from say 40 ro 80. Occasionally a few
went a lirtle hugher. After a few days, they all recovered, and apparently lived happily
after that with no apparent consequence.

Next, 1f one shuts off flow to both kidneys stmultaneously for an hour, the blood
urea nitrogen levels go up to higher levels, but most of the amimals, nevertheless,
seem to recover after about 5 or 6 days, but occasionally one died 1n uremia

If the same process 1s repeated for an hour and a half only a relatively small
number of the animals survive, and most go on and die in uremia at about 6 or 7 days

Now, 1f the blood flow to both kidneys 1s simultaneously occluded for two whole
hours, no rat will survive They develop a progressive rise 1n blood urea nitrogen and
die m uremia somewhere around the third or fifth day

What accounted for the uremia? We found thatthe basic leston was 1n the proximal
convoluted tubule, where there was a massive type of coagulation nephrosts, a necro-
uzing nephrosts, not too dissimuilar objectively from the type of lesion one sees 1n
mercury potsoning.

It was very obvious even in the ammals that were to die that the kidneys had
apparently a remarkable tendency to heal this necrotizing lesion, again 1n much the
same way as mercurial nephrosss, and of course, 1t seemed the reason many of these

1
rats were dying was they developed J: ge and plete tubular destruction
and died before they had a chance to recover

The next thing we did was wvestigate this phenomenon on a untlateral basis.
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Here we had one untouched kidney which would guarantee the survival of the rat,
regardless of what we did. We could have clamped one kidney for 24 hours, and the
rat wouldn't have died because the other kidney had been left intact,

Now, Figure 39 1s a composite picture that shows you what happens to a kidney
shen you completely block off 1ts blood flow for a period of two hours.

At the end of an hour and ac 6 and 12 hours, the kidneys are usually a little
enlarged and swollen. They show marked hyperemia of the medulla.

This seems to indicate that perhaps the Trueta shunt theory might be operative
here, but during this persod of return of blood flow, they are developing massive
necrosis of the tubules, and they go on at the end of 5 days, and ane week to a large,
pale, swollen kidney of the nephrotic type. In other words, they get marked necrosts.

1

dency micr prcally for p tubular repatr, and then a

There 1s a
surprising thing occurs

After healing the kidney shrinks downin size so that at 2 weeks 11 15 much smaller
than the opposite one On the left you sce the opposite, ntact, hed kidney. Very
often at the end of 3 weeks, you have what seems to be a dwarfed kidney.

We have turned off blood flow for periods of 3 and 4 hours with the same result.
There 15 a remarkable capacity to repair the necrosis of the tubules, but we wind up
with a tiny kidney

Sometimes the kidneys were only one-fifth the size of the opposite kidney. Nothing
seems to be wrong with them. Their architecture 1s preserved. You can sull see the
structure completely except that all of the nephrons are completely atrophic and
collapsed.

DR. BARNETT: Is the other kidney larger by this tume?

DR KOLETSKY: There 1s some compensatory hypertrophy. We have followed
experiments of this kind out of curiosity more than anything else for long periods of
ume, and if you leave the opposite kidney alone, nothing will happen to this dwarfed
kidney. It remains permanently small; 1t 1s not likely chat st funceroas.

We have followed such animals for periods of 18 months to 2 years Interestingly
enough, we have not cbserved the development of hypertension during the course of the
necrotizing lesion and subsequent shrinkage and atrophy of this kidney.

1 call your attention to this because I think it 1s sigmificant in connection with
some abservations to be made later

Figure 40 shows the basic lesion. When you interrupt blood flow to the kidney for
a given period of time, and then let the blood come back, there 1s a massive coagulation
necrosrs of tubules, proximal convoluted tubules.
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Fig 39. Gross appearance of mjured left kidney at intervals after a two hour period
of complete 1schemia. The pairs of kidneys represent the injured left organ (on the
right side) and the right kidney of the same ammal as control. Variation 1n size of the
control kidneys 1s due largely to difference 1n magmfication: (a) 1 hour; (b) 6 hours;
(c) 12 hours (the left kidney 1s enlarged, and the right kidney 18 hyperemic); (d) 24
hours; (¢) 5 days (note pallor of both cortex and medulla, together wath indistinct
structure in €), (f) 1 week (the appearance of the kidney 1s that of an enlarged nephrouc
organ), (g) 2 weeks, and (h) 3 weeks (note progresstve reduction 1n size of kidney).
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Icall your artention to several distal convoluted tubules which are completely
preserved. The glomerulus 1s bloodless to be sure, but its essential structure is
preserved, but this massive coagulationhas occurred inthe proximal gubules. Evidently
during the period of complete interruption of flow, there are profound chemical changes
in the cells, but you have to let the blood come back in order for the phenomenon of
coagulation necrosis to occur.

Now, 1t 1s perfectly obvious this picture does not even remotely resemble that of
lower nephron necrosis, and there seems to be little doubt that episodes of complete
wnterruprion of blood flow tothe rat kidney will not give a lesion that ts morphologically
like that of so-called lower nephron nephrosis.

It 1s true some wnvestigators have pointed out that there are probably glomerular
and proximal convoluted tubular p to what has been called lower nephron
aephrosis Oliver suggested that the term ischemuric tubulorhexis be taken on to
replace lower nephron nephrosis because the lesion 1s not really fixed to the distal
convoluted tubule. It occurs 1n other parts of the nephron, and this particular term
would give the proper emphasis to the various items of significance here like the
1schemia and the anuria and the factthat the necrotizing leston 18 partly connected wich
disruption of the tubules

But there 1s no morphologic evidence when you do the experiment this way that
reduction 1n blood flow picks out the distal part of the nephron. This part seems spared,
morphologically, in comparison with the proximal nephron The glomeruls, I think,
are actually rendered more permeable because while it 1sn’t shown in Figure 40, many
of the capsular spaces contain protemn exudate and casts of protein type are found
within the collecting tubules

Now, this experience 1s quite different from what Oliver reported because he
stated that 1n studying the dogs to whichthe Van Slyke group had applied renal clamps,
he noticed that the lesion was 1solated to the distal part of the nephron. He used the
maceration and dissection technique, and suggested that the paraffin method 1s not
sufficiently accurate to localize the lesion

Figure 41 shows repair of the necrotic lesion.
The debris 15 removed from the tubules, (Fig 42) and finally, they shrink down.

in Figure 43, the dwarfed kidney 1s apparent and it remains so with relatively
small tubules, and reduced glomeruli There 1s a little ntersacial reaction

This small kidney, we found, has a remarkable capacity of atself to undergo
enlargement (Fig 44). You can show this very easily by taking out the kidney that
hasn’t been subjected to 1schemia In other words starting wish the small kidney, you
can force 1t to function or kill the anumal 1 renal failure,

When the opposite kidney 1s resected, the tiny, dwarfed kidney enlarges progres-
swely, and becomes a big kidney and supports the ammal, so 1t muse undoubredly
function. However, there 1s an important time element here.
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With a two hour period of ischemia, the above 1s the sequence of events. With a
period of three hours of previous ischemsia, progressive enlargement does not oceur,
only partial enlargement of the nephrons, With four hours of complete ischemia,
nothing happens. The kidney stays a tiny kidney. It has no compensatory reaction, and
the animal dies in uremia 1n abour 3 or 4 days.

Figure 45 illustrates good compensatory hypertrophy where the glomerulus and all
of the tiny tubules have become enlarged following the two-hour sschemic period and
later resection of the normal kidney

In the average three-hour i1schemia (Fig. 46) where one gets 1nstead of a large,
smooth kidney, a granular kidney, and only about half of the nephrons undergo compen-
satory enlargement

Microscopically, (Fig. 47), many of the tubules remain small while some are
enlarged and hypertroptued In other words, the capacity for regeneration has a direct
bearing on the nme of the 1mtial period of total 1schema.

Now, 1n a rat in which one kidney has had a two-hour or three-hour peried of
ischemia, if one removes the opposite normal kidney, the blood pressure rises rapudly
and hypertension develops.

This 15 a phenomenon of great interest because while this tiny kidney and the
normal kidney were 1n the body, the pressure was normal.

Blood pressure rises, although morphologically 1t 1s impossible to demonstrate
that anything more 1s occurring in the sschemic kidney than that individual nephrons
are undergomng progressive enlargement due ro compensatory change. The heighes of
pressure vary, and 1t 1s hard to predict just how fast it will go up, whether itis a
week or two, but the tendency 1s for ir to go up. Of course, this phenomenon greatly
interests us because this certainly looks asthoughthe mechanism of hypertension here
1s due to withdrawal of the influence of a certam bulk of normal kidney substance.

After the resection of the normal kidney, the pressure is rising at a time when
there 1s very hittle or no sigmficant renal disease So the question then invelves inter
pretation as to whether the withdrawal of the influence of the normal kidney 1s signifi-
cant or whether the process of hypertrophy of tissue previously 1njured by 1schemia
1s actually responsible for the hypertension, let’s say, by elaboration of a specific
pressor substance.

We also found that the ischemic kidneys which have very little in the way of
glomerular disease at the beginning go on to develop diffuse lesions and the rats
eventually die 1n uremia

These lesions, I think, are not dissymilar from human glome rulonephrius, with
deposiion of fibrinord material, a marked capsular reaction, lipoid deposits, progres-
sive fibrosis, and hyalintzation of the glomerulus.

Why an ammal develops lesions of this kind 1s of great nterest.
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Fig. 44.

Compensatory enlargement of atrophic left kidney at intervals after resection
of opposite kidneyi (a) one day, (b) three days, (c) one week, (d) two weeks, (e) three
weeks, (f) one month. Note progressive increase in size. Renal circulation intially
wterrupted for two hours.
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Fig. 45. Enlargement of glomeruli and tubules ane month after resection of opposite
kidney. Renal circulation interrupted for two hours. Hematoxylin and eosin; X 158.






Fig. 46. Parnal compensatory enlargement of
arrophic left kidney one month after resection of
opposite kidney. Renal ctrculation interrupted
for three hours.
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Fig. 47, Hypertrophied and atrophic tubules in
kidney with partial compensatory enlargement
one month after resection of opposite kidney.
Renal circulation interrupred for three hours.
Hematoxylin and eosin; X 158,
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CHAIRMAN RILEY: Any questions?

DR. WALLACE McCRORY: Whar were the levels of BUN in the rat? Did you
have them after you resected the weak kidney?

DR KOLETSKY: This again depended on the duration of the imtial 1schemia so
that after a two-hour period, the levels were practically normal. After a three-hour
pertod, they were slightly or moderately elevated -- 80 or so. After a four-hour
pertod, they went progressively up, and the rat died 1n uremia.

DR. THOMAS: Is the little kidney functiontng before you take out the good one?

DR KOLETSKY: Idon’t know. We have not determined whether 1t 1s functioning.

DR THOMAS: Is it making any water?

DR KOLETSKY: Idon’t know.

DR BARNETT. Have you by any chance tried the observation on hypophysecto-
mized rats?

DR KOLETSKY: No
DR MAX MILLER- My question 1s the same Usually this whole proposition 1s

seen better after a three-h pertod of 1sch where the p ory hypertrophy
will just 1nvelve roughly 50% of the nephrons.

DR KOLETSKY In this instance the BUN is slightly te moderately elevated to
levels of abour 80, and these ammals are hypertensive

CHAIRMAN RILEY: Do these rats with the hypertension die early? Do they have
a pretty short life?

DR KOLETSKY: That's another variable thing. We have had some that died at
about one to two months, and we had some that we followed for one to two years

They may live a short time or a long trme This 1s one of the drawbacks tn ustng
this technique as a method of experimental hypertension. There 1s nothing wrong with
1t, but if you want to do chronic studies, all your animals may have hypertension and
die early There 15 no way to predict 1t.

DR. JACK METCOFF. Is there anything unusual about what the rats are fed or
how they ear?

DR KOLETSKY. Our rats were on ordinary dog chow I chink that their food
consumption 1s about average We did not make any quantitative measurements of how
much they ate, but their weight curvesare reasonable. Even those rats that are hyper-
tensive and are, in fact, perhaps shghtly uremic, seem to mamtain a sort of plateau
weight or perhaps wncrease very slightly, much less than a normal animal would do,
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but they don’t go downhill unt1] they are about ready to die

DR NORMAN KRETCHMER: 1 would like to say a few words about Dr. Oliver’s
experiments. When he reviewed the kidneys, he showed quite clearly that the 1schemia
in the crush syndrome effectively was random 1in all portions of the tubule, but that
the greatest effect was in the proximal tubule. He then went on with his dissection
technique to clarify the situation of so-called lower nephron nephrosis. His feeling
on this subject 1s that if one takes a three-dimensional section of a nephron, one can
better predict whether the lesion 1s proximal or distal. The great failure tn the begin-
ning, after Bywaters’ description of the crush syndrome, was that from flat, two-
dimensional sections predictions were made

With the three-dimensional techmque, 1t was obvious that 1schemia was not only
random, but predominantly proximal

DR. KOLETSKY: Oliver received for study dogs that had been subjected to a
temporary period of complete tschemia, exactly as 1 did with the rats.

This was a standard procedure All animals were treated alike. They were all
clamped completely for three hours, and then the clamp was released. However, the
resulting picture, according to Oliver, variesgreatly He said that proximal convoluted
tubule lestons are found in some instances. In other instances, they are combined with
distal tubular lesions. In other instances, he found what 1s called pure tubulorhexis,
1.e , pure lower nephron nephrosis

There doesn’t seem to be any degree of uniformuty in the findings and the thing
that bothers me here 1s that he concluded, therefore, that the reason for the variation
was that there was a difference tn the amount of blood that was actually circulating
through the kidney or getting into the kidney.

It 1s difficult to see how, with a very standard procedure, all these variables
occurred In other words, the implication 1s that the one lesion 1s due to incomplete
1schemia and the other lesion 1s due to complete 1schemia. The only possible way to
explain this 1s on the basis of difference 1n collateral circulation 1n dogs, following
these procedures, and in the rats, of course, 1 don’t think this occurs because in
experiments that are done by throwing something across the whole hilum, one doesn’t
have any collateral circulation

DR. KRETCHMER. Oliver not only studied dogs, but he collected human kidneys
from all over the world. He received kidneys from Bywaters, where Bywaters orig-
mally described the crush syndrome. Kidneys were collected from the United States
Army throughout the world where bombings were gowng on He defined the crush
syndrome. He first named 1t acute renal failure, and the acute tubular necrosis was
divided 1nto two phases: The 1scheminuric episode, the first phase in which there was
an 1schemia, and random destruction of the tubule, and 1n the second phase, if destruc-
tion went too far, there would be a lack of regeneration, was called tubulorexis, an

actual destruction of proximal tubule cells.

CHAIRMAN RILEY: Thank you, Drs Thomas and Koletsky, for this sumulating

presentation of your studies on expertmental renal vascular disease
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IV RENAL MECHANISM OF HYPERTENSION

CHAIRMAN JACK METCOFF: The program this morning will start with a
consideration of the Renal Mechanism of Hypertension by Dr. Goldblatt and Dr. Haas

DR HARRY GOLDBLATT: It seems to me that the subject of hypertension has
been more or less dragged 1to this conference, because hypertension 1s certainly not
a usual accomp of nephro In my opinion, about the only justification for
including hypertension in these discussionsisthatin the pathog of both ¢ond.
the kidney plays an important part. Insofar as hypertension is concerned, this 1s
perhaps best illustrated by the classificatron of this condition which 1s given 1n Table 9.

“In this list of pathological conditions, usually associated with hypertension, the
nvolvement of the kidney 1s common and, for some, glomerulonephritis, for example,
the primary part played by the kidney in the pathog s of the d hyperten-
ston 1s always conceded About the only types of hypertension in which the kidney
probably plays no part are those which are associated with some form of endocrine
disturbance (thyroid, adrenal, pitwtary) and in the systolic hypertension of the aged
It 1s my contenuon that in the other conditions, including so-called essential hyper-
tension, the involvement of the kidney determines the elevation of the blood pressure~

I mcluded essential hypertension because it 1s a fact chat, although there may be
no disturbance of renal excretory function, yet, almost invariably, vascular disease of
the kidney 1s found in this conditions The rest of what I shall have to say 1n these
introductory remarks will deal with the resules of the attempts to prove the probable
primary relationship between disease of the kidney, especially vascular disease of the
kidney, and human essential hypertension It would take a long nme, too long for this
aceasion, to tell the whole story Fortunately, with this group, 1 do not have to go tnto
great detail, because you are undoubtedly well informed on the subject

We did not attempt to reproduce the intrarenal lesions of arteriolar nephroscle-
rosis. This has not been accomplished to date We retreated at once to the main renal
artery, and, with the thought 1n mind that the probable hemodynamic disturbance 1n
the kidney as a result of obliterative intrarenal vascular disease mught, in the final
analysis, be the cause of the elevated blood pressure, we constricted the main renal
artery, with the hope that this might simulate the intrarenal circulatory disturpance.
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TABLE 9%
CLASSIFICATION OF TRUE HYPERTENSION
(according to associated conditions)
1 ESSENTIAL HYPERTENSION
(Arterial and arteriolar nephrosclerosis)
2. DIFFUSE GLOMERULONEPHRITIS
3 PYELONEPHRITIS CONTRACTED KIDNEYS
4. AMYLOID CONTRACTED KIDNEYS
5. RENAL ARTERIAL OBSTRUCTION
.6 POLYCYSTIC RENAL DISEASE
7. PERIARTERITIS NODOSA
8 ADRENAL AND PITUITARY TUMORS
SYSTOLIC HYPERTENSION
1. THYROID HYPERPLASIA OR ADENOMA

2 AORTIC AND LARGE VESSEL SCLEROSIS

"Surprxsmgly enough, the blood pressure rose, even when only one main renal
artery was constricted In the dog, 1t remained up only 4 to 6 weeks, but 1n other
animals 1t remained elevated for months. The removal of the clamp, or the excision
of this kidney, resulted 1in a prompt fall of the blood pressure to normal. It was this
observation which led later to the recognition of the occurrence in man of -hypertension
associated with unilateral renal disease, usually pyelonephritis and the associated
obliterative vascular disease, and the cure of at least 100 1ndividuals with this condition
as a result of the removal of the one diseased kidney.

“In the ammals, to produce persistent hypertension, 1t was necessary either to
constrict the main renal artery of one kidney and remove the other kidney, or to clamp
both main renal arteries.

“hAs a basis for the experimental work there were two working hypotheses. One was
that, as a result of the constriction of the renal artery, the blood pressure would go
up, and the other was that there would be no sigmficant disturbance of renal excretory
function as a necessary accompaniment of the hypertension. The results of our inves-
ugations showed definitely that both hypotheses were completely sausfied. Significant
disturbance of renal excrerory function was not a common accompaniment of this type
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of hypertension. Of course, when both renal arteries were constricted ro excess, or
one matn renal artery was greatly constricted and the other kidney was removed, then
the renal excretory function did fail, the ammals developed uremia and died within a
week or 10 days. In such amimals the typical necrotizing vascular lesions of the malig-
nant phase of essential hypertension 1n man were exactly duplicated.

Much work was then done by ourselves and many other investigators on the
pathog, of exper al renal hyper . 1 cannot possibly go 1nto the details
of this phase of the work. As a result of many imvestigations done by many workers,
particularly by Dr Page and hisgroup, presenthere today, we have learned a lot about
the pathogenesis of exper 1 renal hyper . In the few moments left for my
part of this discussion 1can best epitomize 1n the next two tables the results of most
of the invesugations on what proved to be the humoral mechanism of experimental
renal hypertension (Table 10)about which Dr. Haas will speak in detail, and in Table 11,
give a comparison of what 1s known about human essenuial hyperrension with the
kaown facts about experimental renal hypertension

%As 1 look at these tables again, I am impressed, as I always have been, with the
close simuilarity between experimental renal hypertension and essential hypertenston.
I am reminded that when 1 was in high school and the Chemistry professor first
discussed the matter of identfication of various chemicals, he stared that “if a thing
looks, smells, feels and acts exactly like something else, and if 1t has all the other
properties of a known substance, then 1t 1s hughly probable that 1t 1s that substance *
This 1s the kind of reasomng I have used here in trying to induce you to belicve with
me 1n the probable renal origin of human essential hypertension

CHAIRMAN METCOFF*  Dr. Haas will continue

DR. ERWIN HAAS5: After the preceding discussion by Dr Goldblatt 1t may be
understandable that the investigative work of our laboratory 1s centered pretty much
around the kidney It involves 1n particular, at present, the 1solated components of the
humoral mechism of renal hypertension, shown in Figure 48. Renin, the enzyme 1n
the kidney [1], reacting with hypertensinogen, the substrate n the plasma, forming
hypertensin, which 1n turn exerts its hypertensive effect by constriction of the
arterioles [2,3)~

Of the exper: L results d. d here, some will be presented with certain
reservations imposed by the fact that the 1solavion of the indivadual components from
the kidney requires the disintegration of the kidney structure While the pressor
activity of these 1solated, purified components are real, and can be demonstrated n
bto-assays on normal ammals, there seems ar present no way to extrapolate and to
evaluate the state of their acnvity in the intact kidney. "

[1] Tigerstedr, R and Bergman, P. G., Skand. Arch. F Physiol., 8. 223, 1898,

[2] Braun-M dez, E, Fasciolo, J. C., Leloir, L F, and Munoz, J. M., Am. J.
Phystol. 98 283, 1940

[3} Kohlstaedt, K G., Page, 1 H, and Helmer, O. M., Am Heart J., 19: 92, 1940,
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Organ or Con-|
dition Studied

Efect of Intravenous
Injection of Renia in
Normal_dnima

Paraltel in Expermental
enal Hypertension

Heart Rate
Cardiac Qutput
Complete Sym-
pathectomy
Pithing
Hypophysee-
tomy
Thyroidectomy

Gonadectomy

Acute Adren-
slectomy

Chrome Adren-
slectomy

Bilateral Ne-
phrectomy

Peripheral
Iood flow

Renal Hemo-
dynamcs

Blood Pressure.

Unaltered from nor-
mal 79 32,99

Unaltered from normal 58 155

Does not reduce BP. rise
due to renin 128

Does not reduce BT
due to remn 9293

Does not reduce B P
due to renin 109,122 127

nise
rise

Dnes not reduce BP mise
=

due to remin

Does not reduce B D
due to vemn 122

nise

Does not rtduce B
due to repin®:

Tise|

Abolishes B P response to
remn 132,133 124

Response restored by
adrenal mrtlcal extract
or DCS1

Response to renin
greater T9 170,133 134 133

No decrense dur(ng vise of
BP due to renin#

Direct evidence shows de-
r:nse nl renal blood

flow ¥

Tadirect evidence of efferent
arteriolar constriction 8
Infusion of remin causes
persistent elevation 137

Buse nat reverscd by
933F 10

Repeated injections eause
tachy phylaxis 19,92 93 99

Renn causes na rise m pul-
monary arterlal pressure 138

Unaltered from normal 20

Unaltered from normal 20

Do-s not reduce B P. rise m expenmen-
tal renal hypertensiont.2s.62 63

Does not abolish experimental renal hy-
pertension 6 61
Does not present or abolsh experimental
renal hypertension 128,129
Does not prevent or abolish experimental
renal hypertension 52
Does not present or abolish experimental
renal hypettenson 130
Does not reduce rise of BP when is.
chemie_ladney of hypertensive dog is
grafted into neck of normal dogit
Prevents or abolishes experimental renal
hypertension 1.8, 89 120,132

Tects

Hy d
mired dogs treated with udrenul cortical
extract or DCS¥

Response to grafting of Ischemic kidney
of hypertensive dog greater in nephrec-
tomwed than normal recipient &

No decrease In hypertensive rablits with
renal 1schemia 22

Direct e\ldmce shows decrease of remal
blood flow

Indirect evidence of efferent arteriolar
constriction 152

Constriction of renal arteries causes per-
swstent clevation t

The rise of B due to release of the
pedicle of & completely fschermc cat kid-
ney is not reversed by 933F 19

If & cat Is first rendered tachyphyluctic

to renin, release of pechcle of completely

ichemic ladney b not followed by usual
of BPU

No rise of pulmonary arterial pressure
in experimental renal hypertension 41

DCs
BP

Desoxycorticosterone acetate
Blood pressure

EXPERIMENTAL HYPERTENSION. XVIII.
Mechamsm of Hypertension by Harvey H.
New York Academy of Medicine, Vol. 18,

TABLE 10. Reproduced from STUDIES ON
Experimental Observations on the Humoral
Lewis and Harry Goldblatt, Bulletin of the
No. 7, pp. 459-487, July, 1942.
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Subject

Iuman Essential

Faperimental Renal

Hypertension Hypertensnon
Cardac yate Normal Normat
Carduat output Normal i1 13 Normal 2o
Blood volume Normal 2t 27 Normal 11 21
\nscosity Normal 25 Nermal 26
Teripheral blood flow Normal # 8¢ Normal »

Sympathectomy
Resection of splanchmic
€3

Renal blood flow

Renal excretory function

Cardiac hypertrophy

Putmonary artenal
pressure

Unilateral rena] disease as-
soctated with hypertension|

Dilateral nephrectomy

iy roldectomy

Generalized  arteriolar
neerosis and necrotiing
aurteriolitls

Does not sbolish hyper-
tension 37

Does not sbolish hyper-
tension 30

Apparently reduced st

(a) Benign phase
normal 35,38

(&) Mabgnant phase
reduced 33

Left ventricle when uncom-)
phcated by faluret®

ot altered when hiperten-
sson 13 uncomphcated by left
heart failure. &s indicated

by pormal right heart3e

Cured by pephrectomy when
proved unslaters] 41

No nie of pressure 4t

Does not prevent or cure,

hypertension unless of the
type assoriated with disease)
of the thyroid 3t

1 malignant phase
onty 38 83 54

Does not prevent or abolish
hypertension? 23 ¢2 41

Does not prevent or abolish
bypertension 7

Reduced s1**

Benign phase
normal 1834 4 37

Malignant phase reduced 3
Left ventricle
Rat,11 42 Rabbit,1s Dogs 1

Unaltereit 43

Cured by nephrec-
tomy1 54 %

No nke of pressure ! 47 30

Daes not present or abolish
hypertenvion 52

1o maligant phase only 8 3¢

¢ Controveral  Aptamson, I

T and Fierst, § M

Resting blood flow and peripheral vascular

responses in bypertensive subjeets, Am Heart J, 1942, 23 84

¢ ContToversial  Corcoran A € and P: n
d

age, 1 Renal aspects of cxperimental and chnical
hypettension, / Lab & Cln Med 1941, 26 1713

TABLE 11. Reproduced from STUDIES ON EXPERIMENTAL HYPERTENSION. XVIIL.
Experimental Observations on the Humoral Mechanism of Hypertension by Harvey H.
Lew:s and Harry Goldblatt, Bulleun of the New York Academy of Medicine, Vol. 18,
No. 7, pp 459-487, July, 1942.
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A procedure was devised for the 1solation of renin 1n a highly purified form and
onalarge scale [4], and an outline of the experimental conditions i1s shown 1n Table 12,

TABLE 12

ISOLATION OF RENIN FROM HOG KIDNEYS

. P
Isolation of Renin fug. —rotein Purification
Unit Renin
Extract of Kidney Tissue 71 1
Autolysis, Benzene, pH 8 5, 38°C. 18 4
Ethanol Fractionation at pH 2.1 11 65

Sedimentation of Renin - Tungstate

(NH,), 80y - Fractionation pH ¢ 3 0.28 260
Acetone " " 48 010 670
(NH),504 ” " 55 0.036 2,000
” ” * 75 0.021 3,400
” " " 39 25°C, 0 009 8,000
" ” "o 25 0.005 13,000
Acetone ” ” 35 0.0013 56,000

As a result of the purification it can be seen thar about 1/1000 of one mg of
protein will yield one unie of renin, wmn contrast 10 71 mg. of substance required in the
form of the crude first extract of kidney fissue. Hog renin was admunistered to human
hypertensive patients over long periods and 1n repeated doses for the PI‘OdL:Cthn of
antiremn [5, 6] Some of the patients received 40-60 injections tn an 8 months’ immu-
nization period, each dose of 4,000 umts representing an extract of abo.ut 3,000 gm. of
foreign kidney substance. It 1s obvious, therefore, that the purification of the reamn
represents an essential prerequisite to avoid undesirable side reactions typical for
foreign proteins, 1.€, anaphylactic shock, blood pressure depression, interference
with the clotting mechanism, etc

[4] Haas, E., Lamfrom, H., and Goldblatt, H., Arch Biochem. and Biophys , 42: 368
1953

[5] Goldblatt, H, Haas, E. and Lamfrom, H., Trans.Assoc Am Phys. 64. 122, 1951,

[6] Lamfrom,H., Haas, E. and Goldblatt, H., Am. J. Physiol., 177: 55, 1954.
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HYPERTENSINOGEN

HYPERTENSIN

/Fig. 48. Humoral mechamsm of renal
hypertension
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The purity of the new remmn preparation, relative to that obtained by previous
methods, 1s illustrated 1n Table 13 Also compared in the same illustration are the
amounts of kidney tissue which can be processedby the new procedure, another essen-
t1al factor in obtaining sufficiently large quantiues of remin for its possible application
to patients.

One of the tools employed 1n this type of study is a special construction of a
hydraulic press which permuts the processing of 150 pounds of kidney in a few hours.

TABLE 13

SPECIFIC ACTIVITY OF VARIOUS RENIN PREPARATIONS
AND AMOUNTS OF KIDNEYS PROCESSED

Comparison with Previous Methods

Authors Year Kg. Kidneys mlém—;it%;"?
Helmer and Page 1939 1 3
Collings, Remington et al. | 1940 3 6
Schales 1942 1 17
Katz and Goldblatt 1943 4 130
Marshall and Wakerlin 1949 10 125
Haas, Lamfrom, Goldblatt | 1951 70 - 140 5,000

“A rapid and accurate bio-assay 1s avatlable for remin [7] and for hypertensin [8]
and this has been of considerable tmportance 1n a variety of studies. It served as a
guide 1n the 1solation procedure for renn, 1n the detection of undesirable substances,
1n measuring the reninconcentration in the constricted kidneys of hypertensive anunals,
and 1t was employed in immunological studies concerned with the formation and action
of antirenin” The intravenous tnjection of remin or hypertensin into normal, trained,
unanesthetized test dogs induces an elevaton of the mean femoral blood pressure of
the amimal as shown 1n Figure 49.

“The elevation of the blood pressure by hypertensin 1s rapid and of short duration.
In contrast, more time 1s required for renin to exert its peak pressure and its effect
on the blood pressure 1s much more prolonged The role of renmn, as an enzyme, and
of hypertensin, as the metabolic end product of the reaction, 1s reflected in their
phystological action on the blood pressure ~

{71 Goldblatt, H., Katz, Y. J., Lew:s, H. A.and Richardson, E., J. Exp. Med., 77: 309,

1943
[8] Goldblatt, H., Lamfrom, H , and Haas, E., Am J. Physial., 175: 75, 1953, "
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DR. JANEWAY: If this were human plasma, what would you say are the limits of
accuracy with this method?

DR. HAAS: Using average values obtained on three test dogs I would say that
renin or hypertensin can be determined with an accuracy better than t 10%.

DR. JANEWAY: Do you get tachyphylaxis?

DR. HAAS: There 1s no tachyphylaxis under the experimental conditions of our
bio-assay procedure. However, conditions can be arranged at will, either to avoid
tachyphylaxis or to induce this refracuve state. As shown in Figure 50, a practically
identical blood pressure elevation was elicited i each case, following the injection of
7 successive doses, of 2 units of remin, atintervals of 1 hour, into a normal dog.
Tachyphylaxis does not occur under these conditions

In contrast, the blood pressure responses to equal quantities of renin decreased
progressively whenthe dose wasincreased to7 units and when the time interval between
the injections was shortened to 20 minutes. This 1s shown in Figure 51, The hyperten-
sinogen concentration in the serum of the dog remained unchanged throughout this
procedure, so the diminished response to the injected renin cannot be ascribed to a
depletion of the renin substrate in the test animal.

DR GOLDBLATT. I think the main reason why we do not gert tachyphylaxis 1s
we rarely use the same animal twice in the same day, for a renin determination, and
we never use an animal for two consecutive tests for renin on any day.

DR. JANEWAY: You can use dogs repeatedly, for a long tume?
DR. GOLDBLATT: We have used some for 8 years.

DR. HAAS: The pressor response of a normal dog to hog renmn, as a function of
time and of remin concentration, has been plotted 1n Figure 52 and 1t can be seen that
the relative area under these curves represents a sensitive index of remin activaty.

The peak of the blood pressure elevation after the injection of various amounts of
renin 1s reached 1n 2 minutes and, as shown in Figure 53, this elevauon 1s directly
proportional to the amount of renininjectedupto a rise of 35 mm. Hg. This represents
the basis for the bio-assay of renin and the amount of renin that will raise the blood
pressure of an unanesthetized trained dog 30 mm. Hg. has been designated as one unit.

The 1njection of a single dose of rentn has been shown to induce only a temporary
rise in blood pressure. If remn actually plays a part in hypertension, 1t should be
possible to select experimental condrtions under which iemaintains the blood pressure
continuously at an elevated level. Such conditions have been established 1n the exper-
iments shown in Figure 54, by the continuous infusion of small amounts of renun.

YThe peak pressure in Figure 54 1s matntaned as long as the infusion of renin 1s

continued and persists for some time after 1t 1s stopped. This experimental arrange-
ment might be of interest also for the evaluation of hypotensive drugs.~
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“The chemical nature of remn as anenzyme and protemn suggested that its injection
1nto experimental animals, and subsequently nto hypertensive patients, might result
wn the immunological formation of antirenin{9, 10, 11, 6], corresponding to the ihibition
of an enzyme by 1ts anti-enzyme, a neutralizaton of the renin acuvity by antirentn
could be anticipated, and 1t was hoped that this might provide the basis for a therapeutic
treatment of human hypertensive patients, especially after renin had become available
1n a highly purified form /(Fig. 55)."

Vit was soon established that the danimal pletely unresponstve
to renin, even to the intravenous injectionof very large amounts, such as 100 unies [6],
and this was the basis of our attempt to produce antirenin :n human patients?

The presence of antirenin in the serum of an 1mmunized ammal or patient can be
determined quantitatively by permitring 1ts instantaneous reacrton, the mactivation of
renin, to take place at room temperature, in-vitro Any residual rentn remaining there-
after 1 its active form s determuned, subsequently, by the tnjection of the remn-
serum muxture 1nto test dogs, inthe usual bio-assay for remin. The amount of antirentn
which will tnacuvate one umt of renin under these cond has been desig d as
one unt Testing at the 10-umit level, the tirration of antirenin can be performed within
5% of accuracy, an unusually high degree, compared to customary immunological
procedures This permits immunological studies of a perhaps more general interest,
1 e, on the dissociation of the antigen-annbody complex, on the chemical properties of
the antibody, on the specificity of the remn-antirenin interaction, erc.

With this method 1t was demonstrated [6) that the enzymatic acuvity of rema 1s
not neutralized or blocked by its interactron with antirenin but that 1t 15 1rreversibly
destroyed. Following tts reaction with remn, antirenin dissociates from the complex
under a variety of conditions (Table 14), even spontancously, under physiclogical condi-
tions Thus anniremin becomes available again to interact with additional amounts of
renin, almost 1n a catalyne fashion, incontrastto the customary coacepr of a stoichio-
metric antibody-antigen relation.

The amounts of renin and the time required for the active immunizartion of human,
dog and rat are shown in Table 15, together with the maximum anttrenin titers which

were attained, finally, in their sera

The patients were usually njected with 4,000 umts of remn, incramuscalarly,
twice a week

DR JANEWAY: Hog remn?®

DR HAAS  Yes, but purified about 2,u0u-fold in the fivst 0 steps of the new
1solation procedure[4] There 1s a very pr d logical

resp of the

[9] Johnson, C A and Wakerlin,G.E., Proc Soc.Exper Biol.and Med , 44: 277, 1940,
[10] Goldblatt, H, Karz, Y J, Lewss, H. A., Richardson, E., Guevara, Rojas, A,, and
Gollan, F, Proc Central Soc Clin, Research, 15. 31, 1942. B
[11] Helmer, O M., Shipley, R E. Peirce, J. D., and Kohlstaedt, K. G., J. Lab. and
Chn Med, 33: 1484, 1948 :
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patients or experimental ammals, to renin, i.e,, the amount of antirenin formed is
large, considering for example, thateach cc.of the patient’s serum conraied sufficiens
antirenin to inactivate 37 units of hog renin.

TABLE 14
RECOVERY OF ANTIRENIN FROM ITS COMPLEX WITH RENIN

Conditions for Recovery of Recovery of

Spliteing Complex Renin Antirenmin
% %

1) pH 113 o v

2) 3MNaQl 0 80

3) Dialysis s} 52

4) Saline 20 hrs. 0 50

TABLE 15

ANTIRENIN FORMATION FOLLOWING INJECTION OF RENIN

Total Amount Immumzation  Antirenin
Injected Period Titer
units
untts renin weeks
CcC serum
HUMAN 112,000 20 37
DOG 15,000 31 20
RAT 10 2.5 25

DR. JANEWAY: Do they develop local reactions to the injection during this
immunization?®

DR. GOLDBLATT No reacuion, or only slight erythema at the site of 1njection.

DR. HAAS: The experimental results obtained inthe ratare of practical interest:
In contrast to the requirements of man and dog, considerably smaller amounts of
cemin are sufficient to induce, 1n a short time, the formation of high concentrations of

antirenin.

The high degree of anuigemcity of renin becomes apparent by comparing 1t, 1n
terms of mg. of substance required for immumzation, with other enzymes such as
catalase, urease, etc. This 1s shown in Table 16.
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TABLE 16

COMPARISON OF RENIN WITH OTHER ENZYMES

Total Antigen  Inhibitign Enzyme-
Injected of Enzyme Antienzyme
Complex
mg. % _—
RENIN 001 100 soluble
CATALASE 100 [¢] ppt-
UREASE 30 30 - 80 ppt.
LACTIC ACID 120 10 - 75

DEHYDROG.

YThe catalytic activity of renin 1s completely abolished by antirenin, as compared
1n Table 16, withother enzymes which remain partly or completely active in the pres-
ence of their anti-enzymes’ The renin-antirenin reaction proceeds without the formation
of a precipitate, 1n contrast to the msoluble precipitates formed by the other enzyme-
anti-enzyme complexes shown in Table 16. All of these are desirable features and
necessary prerequisites for the application of renin in the :mmunologrcal treatment of
hypertension. In Table 17 are shown the amounts of renin admimistered to a number of
patients and the antirenin titers obtained after various periods of immunization,

TABLE 17

ANTIRENIN FORMATION IN HUMAN HYPERTENSIVE PATIENTS

PATIENT TREATMENT RENIN INJECTED ANTIRENIN
Weeks Units Unuts
cc Serum
Mrs. B.T. 3.5 28,000 0.8
Mr, HW 5 20,000 0.4
Mrs LES. L 48,000 ]
Mrs. B C, 7 56,000 11
Mr. V.M., 8 64,000 1.0
Mrs S.K 20 112,000 16
Dr IY.B 20 132,000 7
Mr.HB 33 1421000 2.0

YNo migmficant lowering of the blood pressure could be observed, even in the
hypertensive patients with high antirenin titers [5]. This may be attributed to the fact
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that the antirenin to hog renin, developed in man did not block the activity of human
rentn, even in vitro and ata ratioof antirenin to renin of 60 to 17 The antirenin induced
in man or dog by the injection of hog renin was found to inactivate, with various
degrees of efficiency, renin of every ammal species investigated, with the exception of
human renin (Table 18). On the basis of these results, the application of antirenin to
the therapy of hypertension has been discontinued, for the trme being.

TABLE 18

CAPACITY OF ANTIRENIN TO NEUTRALIZE RENIN FROM VARIOUS SPECIES

ANTIRENIN TO RENIN FROM
HOG RENIN
N
HOG DOG RABBIT BEEF SHEEP RAT HUMAN
Dog Serum 1.0 0.5 0.4 03 0.1 0.1 o
Human = 1.0 0.7 0.2 0.2 0.1 0.1 o

A certamn degree of unspecificity of antiremin to hog remin was revealed by the
resalts shown 1n Table 18 Preliminary experiments, to modify the antigen, hog renin,
chemically, were unsuccessful, so far, in an attempt to broaden the unspecificity of
the antiremin produced to such an extent that 1t would react with human renin.

Quantiniative considerations raise some questions as to the actual state of activiey
of renin in the intact kidney. The isolated renin, under physiological conditions, is
effective in very small amounts, for example, the infusion of 0.1 units of renin per
minute 1s sufficient to induce an appreciable blood pressure elevation 1n a normal
dog (Fig. 54). On the other hand, about 1500 times as much renin can be obtained from
the kidneys of a normotensive dog, suggesting that renin mught not be accessible in the
intact kidney, or that it might be present in an enzymatically mactve state.

An 1mnvesugation of semi-purified renin preparations of all three species investi-
gated, rabbut, dog and hog, revealed that a modification of their pressor properties
can be induced, for example, by acidification This alteration of the pressor pattern
of renin can be visualized by a comparison of the graphs 1n Figures 56 and 57.

The 1nyection of semi-purified remn (Figure 56)canbe seen ro resultin a delayed,
prolonged blood pressure elevation, with a plateau-like peak pressure, and the rise 1n
blood pressure does not reachits maximum atthe 2 minute period. I.n contrast, aliquots
of the same remmn preparation, subjected to a brief period of acidification, mducr: a
somewhat greater blood pressure elevation (Fig, 57) with the appearance of definite
pressor maxima, 2 minutes after the injection

The renin content of the semi-purified preparation cannot be estimated from 1ts

pressor action, at the customary 2 minute period, because the response does not
reach the maximum at this ume, and 1t 1s not directly proportional to the amount of
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renin admimstered For example, the injection of an amount of the semi-purified
preparation (Fig. 56) equivalent to 3 umits of the more purified preparation induced
a pressor response, at the 2 minute interval, corresponding to the blood pressor
elevation induced customarily by only 1 umit of the more purified renin.

The increased blood pressure response, at the 2 minute wterval, from the prep-
aration after acidification, was previously evaluated erroneously as an activation of a
precursor of remn In reality it indicares only a modification of the time-pressure
pattern, with a shift of the pressure peak to the 2 minute period.

The different response of the test dogs to the two renin preparations,of different
degrees of purity cannot be ascribed to a foreign protetn reaction, but 1t may be the
result of the presence of impurities in the semi-purified preparation. Homologous dog
renun, prior and after acidification, induces the ume-pressure patterns 1dentical with
those of rabbit and hog renin.

The presence in the serum of increased amounts of hypertensin (Skeggs, Kahn et
al. {12, 13]) suggested mdirectly that an wnusually high concentration of renin may be
acuve 1n the kidneys of hypertensive patients and animals, catalyzing the reaction
shown in Figure 48."If renin plays a part 1n the humoral mechanism of hypertension,
a more direct determination of its Concentration seemed to be of importance, especially
under conditions 1n which a kidney with an impaired circulation can be implicated
definitely as the cause of hypertension

The results of such an experiment are shownin Table 19 10 which the bemgn phase
of experimental renal hypertension had been escablished by the partial constriction
of the left main renal artery of 7 dogs [14, 15]

YAn elevanon of the renin Content 1s apparent in the kidney with the constriceed
circulanion of all the hypertensive dogs, mvesugated 13-30 days after clamping,
when the blood pressure of the amimals had reached its maximum, #

<,

At the same tme, when the concentration of renin was found to be abnormally
high 1n the constricted kidney, the renin content of the unrestricted, opposite kidney,
was reduced consistently 10 176 of the values found 1n normal kidneys. -

The average of 4 2 umits/gm. in the clamped kidney and of 0.3 umts/gm. in the
contralateral, uncestricted kidney, represent very sigmificant devianans from the
normal renin content of kidney tissue (1/8 units/gm.)

While 2 mechanical clamp was employed 1n the preceding expertment, to restrict
the renal circulation of dogs, 1t seemed as if a physiological interference with the

{12] Skeggs, L. T.Jr, Kahn, J R. and Shumway, N. P., J. Exp. Med., 95: 241, 1952.

[13] Kahn, J. R., Skeggs, L. T Jr, Shumway, N. P. and Wisenbaugh, P. E., J. Exp.
Med., 95: 523, 1952

[14] Goldblate, H., Lynch, J., Hanzal, R. F., and Somerville, W, W, J. Exp. Med.,
59. 347, 1934,

[15] Goldblate, H\ Am. J. Clin. Path., 10 %0, 1940.

135



renal hemodynamics might be established by the intramuscular injecuson of a single
large dose of heg remin into the dog. This 1s indicated, 1 Table 20, by a prolenged
elevation of the dog's blood pressure, following the injection of single doses, 25 to
350 unats.

These 1njections, repeated twice weekly over a period of several weeks, induce
the formanon of antiremn 1in the dog and an increase in the renn concentration in the
kudney of the animal to very high amounts {16}, 14 mes that of normal dog kidneys
as shown in Table 21.

TABLE 19
RENIN CONTENT OF DOG KIDNEYS AFTER UNILATERAL
3 CONSTRICTION
00G | CONstRichion | BLOOD PRESSURE| UNITS RENIN /ou WIONEY
ReNAC ARTERY | INFTOAL | Mraxivunt CONSTRIGTED °;"\§§'E‘;:]
\ 13 Days 105 175 87 03
2 a3 . s 188 a6 03
3 5« 30 90 43 04
a EC I 125 185 az 03
s w 120 170 38 03
L 15 . 120 165 30 03
7 2 135 180 va 03
A 19 pavs 2o leg Az o3,

The formation of antirenin, and not the clevated blood pressure, appears to be
the cause of the increased remn content of the kidaey. This 15 suggested by additional
experiments performed on rabbits and shown sn Table 21.

1 The intraperitoneal injection of hog remn in the rabbit had no effect on its
blood pressure, yet 1t 1induced the formartion of antirenin, and 1t resulted 1n a 4-fold
imcrease of the renin concentracion tn the kidney of the ammal [6].

2 The wjecnion of rabbit renin wto rabbits did not lead to the development of
antiremn, presumably because of the homologous nature of the antigen The remin
content of the rabbit kidneys was actuaslly depressed under these condittons, not

clevared {6].

The experimental studies presented here may have very litle bearing on the
nephrotoxic syndrome, aside from the face chat both are concerned with the kidney.
There may be common denomunators, for example, the masstve proteinuria Fncoumcred
1n the nephrotoxic syndrome canalsobe reproduced by the administration of renin [17].

[16) Becker-Brennan, B., Burns, R, O. and Wakerlin, G. E., Federanon Proc.,

12: 20, 1953, i
{17} Addis, T., Barrew, B, Boyd, R.L.,andUreen, H J., J. Exp. Med., 89: 131, 1949.
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TABLE 20

BLOOD PRESSURE ELEVATION OF DOGS
AFTER INTRAMUSCULAR INJECTION OF RENIN

TIME AFTER
INJECTION

HOURS BLOOD PRESSURE ELEVATION = wu Hy
' 25 52 3 30
2 28 37 50 35
& o 20 a5 32
24 Q 40 a5
3o a a0
48 o 10
34 °
L
TABLE 2!
CONCENTRATION OF RENIN IN THE KIDNEYS OF NORMAL AND IMMUNIZED
ANIMALS
Species Antigen Injected Remn Content
units
gm kidney
Dogs - 1.8
" Hog remin 25
Rabbits - 11
” Hog renin 40

» Rabbur reatn 4



renal hemodynamics might be established by the mtramuscular injection of a single
large dose of hog renin into the dog This 1s indicated, 1 Table 20, by a prolonged
clevation of the dog’s blood pressure, following the injection of single doses, 25 to
350 units.

These injections, repeated twice weekly over a period of several weeks, induce
the formation of antirenin in the dog and an 1ncrease 1n the renin concentration 1n the
kidney of the animal to very high amounts [16], 14 times that of normal dog kidneys
as shown in Table 21.

TABLE 19
RENIN CONTENT OF DOG KIDNEYS AFTER UNILATERAL
. CONSTRICTION
TOG | CONSTRICTION BLOOD PRESSURE ] UMITS RENIN /om HDNEY
RENA ARTERY | INITIAL | MAXIMUM CONSTRIGTED | opmosTTE
' 13 pAYS 105 175 87 03
2 23 . 155 185 46 0.3
3 15 " 130 190 43 04
4 30 . 125 85 a2 03
5 8 L} 120 170 3.8 a3
s [E 20 | ws an 03
7 T 2 v l 135 —[ 180 14 03
A 19 DAYS J20 180, 22 o3

The formation of antirenin, and not the elevated blood pressure, appears to be
the cause of the mcreased rentn content of the kidney. This 1s suggested by additional
experiments performed on rabbits and shown 1n Table 21,

1 The intraperstoneal injection of hog remn in the rabbic had no effect on 1ts
blood pressure, y}:r 1t induced the formation of antirenin, and 1t resulted 1n a 4-fold
increase of the renin concentration 1n the kidney of the animal [6).

2. The injection of rabbit remin into rabbits did not lead to the development of
antirenin, presumably because of the homologous nature of the antigen The renin
content of the rabbit kidneys was actually depressed under these conditions, not

elevated [6].

The experimental studies presented here may have very litle bearing on the
nephrotoxic  syndrome, aside from the fact that both are concerned with the kidney.
There may be common denomunators, for example, the massive protemuria fen(:ourm:red
1n the nephrotoxic syndrome canalsabe reproduced by the administration of renin [17].

[16] Becker-Brennan, B., Burns, R, O. and Wakerln, G. E., Federation Proc.,

12: 20, 1953. )
[17] Addss, T., Barrett, E., Boyd, R.1.,and Ureen, H. J., J. Exp. Med., 89: 131, 1949,

130



TABLE 20

BLOOD PRESSURE ELEVATION OF DOGS

AFTER INTRAMUSCULAR INJECTION OF RENIN

TIME AFTER
INJECTION
HOURS BLOOD PPESSURE ELEVATION — mm Hg
' 25 s2 35 50
2 25 37 50 55
3 [ 20 as 3z
24 o a0 s
—
30 37 30
48 o 10
54 ©
TABLE 21

CONCENTRATION OF RENIN IN THE KIDNEYS OF NORMAL AND IMMUNIZED

Species

ANIMALS

Antigen Injected

Hog renm
Hog renin
Rabbit remin

Renin Content

untts

gm. kidney

1.8
25
11
40

4
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For this reason, a progress report on studies of the humoral mechanism of renal
hypertension may, perhaps, be of some interest.

CHAIRMAN METCOFF: Thank you, Dr. Haas. Dr. Skeggs will continue.

DR. LEONARD SKEGGS, JR : The group at the Veterans Admimstration Hospital
in Cleveland decided*to determine whether hypertensin or angiotonin 1s the substance
responsible for the elevarion of blood pressure in experimental renal hypertension in
ammals as well as in human beings with either benign or malignant essential hyper-
tension? In order to do this, it seemed necessary to prepare extracts of hypertensin
from blood and concentrate and purify them so that they might be tested for pressor
action 1n 2 small and sensitive ammal.

¥Since hypertensin 1s a dialysable substance, 1t occurred to us that 1t could be
separated from the blood by the use of an artificial kidney.~

One of our first experiments [18] 1s illustrated 1in Figure 58. The aruficial kidney
[19] 1s connected to the femoral artery of a dog from which blood flows through the
kidney and back to the animal via the femoral vein. While the blood 1s flowing between
sheets of cellophane 1n the kidney, dialysate or salr solution 1s re-circulated on the
opposite side of the membrane The ammals were dialysed 1n this manner for 90
minute periods during which time 300 ml of dialysate was brought into equilibrium
with the blood with respect to its hypertensin content

The 300 ml. samples of dialysate thus obtained were chemically purified and
concentrated about 300-fold and assayed in the rat

The assay preparation [20] which was used is shown in Figure 59. A small bore
polyethylene catheter 1s inserted into the left jugular vein to provide a method of
njecting the extracts. A larger polyethylene catheter 1s inserted into the trachea to
provide a free airway. Both vagus nerves are cut. The right carotid artery 1s cannu-
lated and connected to a mercury manometer equipped for inkwriting on the kymograph.

Figure 60 1s a typical result obtained by this assay method At 1, injections of
0.01 Goldblatt umt were given and ar 2 and 3, respectively, 0.1 ml. and 0 14 ml. of an
unknown solution were given It can be concluded from this assay that 0.12 ml. of the
unknown solution was equivalent to 0.01 of a Goldblatt umt.

Applying these methods to normal dogs [21], we obtained the results shown in
Table 22. It 1s evident from this table that the blood of normal dogs contained very

hittle hypertensin,

18] Kahn, J. R, Skeggs, L T., Shumway, N. P., Circulation, 2: 363, 1950,
%19% Skeggs, L. T, Leonard, J R., Heisler, C. R., Proc. Soc. Exper. Brol. Med.

72: 539, 1949.
{20] Skeggs, L. T., Kahn, J. R., Marsh, W. H., Lab. Investigation, 2: 109, 1953. |

[21] Skeggs, L. T., Kahn, J. R., Shumway, N. P., Circulation, 3; 384, 1951,
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TABLE 22

NORMAL DOGS

Dog Units of Hypertensin
No. Per Later of Dialyzate
34 0.04

37 0,03

38 0,08

39 0.08

45 0.00

42 0.00

32 0.00

TABLE 23

DOGS WITH BENIGN EXPERIMENTAL RENAL HYPERTENSION

Dog Mean Operanions No. Days Hypertensin
No Pressure Hypertensive U/L Dialyzate
42 140 LK 4 . 0.53
43 150 LK 6 0.41
32 200 LK & RK 7 0.66
28 165 LK& RK 10 0.52
29 175 LK 15 0.18
16 165 RK& LK 21 0.19
16 155 RK& LK 25 v 10
31 205 LK& RK 29 075
27 155 LK& RK 90 0.13

Similar experiments were performed on dogs with experimental reanal hyperten-
s1on produced by the Goldblatt method. Dialyses were performed at varying periods
after hypertension had developed and it 1s evident from the results in Table 23 that
there 1s a marked increase in the amount of circulating hypertensin

VAlthough these experiments were encouraging, we didnotfeel that 1t was pracucal
to apply the aruficial kidney to patients just for the purpose of determiming whether
they had hypertensin 1 their blood. We, therefore, developed a chemical method of
obtaining hypertensin directly from blood”[22]. By means of this method, shawn 1n
Table 24, we were able to concentrate the hypertensin from 250 mi. of arterial blood
to a volume of 1 ml. This concentrate was not depressor, was 1sotonic with blood,
and was suitable for assay in the rat.

[22] Skeggs, L. T., Kahn, J. R., Shumway. N. P., J. Exper. Med. 95: 241, 1952.
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TABLE 24

* ISOLATION OF HYPERTENSIN

250 ml. Arterial Blood + 1 L 95% Alcohol Discard
Stir, filter, wash with 1 L 80% Alcohol

[} Precipitate
Filtrate acidified and evaporated to 100 ml.
Centrifuge

¥ Precipitate
Supernatant extracted with Ether

Lipids in Ether layer
Aqueous layer evaporated to 10 ml.
Extract with n-butanol at pHf 2.5

—~
1] Aqueous layer
Butanol extract adsorbed on Alp03 column

1 ™ Butanol
Al,03 column washed with 85% Alcohol

™ 85% Alcohol
Al,03 column washed with 50% Alcohol

—*A1,03
50% Alcohol eluate evaporated to dryness and dissolved in 1 ml.
at pH 7.3 and test biologically

In order to test the ability of the method to recover hypertensin, 0.2 of a Goldblatt unit
was added to 250 ml. samples of blood which were then processed by the chermcal
method just described. The overall recovery of hypertensin, as shown in Table 25,
was about 50%.

A group of dogs was then bled and the samples processed by the chemical method
shown 1n Table 24. Malignant hypertension was then produced in these animals and
additional blood samples taken 48 and 72 hours later. The results are illustrated 1n
Table 26. It can be seen that there1is a marked increase in the concentration of hyper-
tensin in the blood of these ammals after their renal arteries had beea constricted.

Although the amount of hypertensin obtained indogs with experimental hypertension
was greatly in excess of the amounts found in normal dogs, 1t appeared to us that the
amounts were quite small and possibly ineffective in causing the elevation of blood
pressure. We, therefore, devised experiments designed to show whar the effective
blood level of hypertensin must be in order to raise the blood pressure of dogs.

Two such experiments are shown 1n Figures 61 and 62. In Figure 61, hypertensin
was infused During the time when the blood pressure was elevated, the amounts of
hyperteasin were found to be 0.10, 048 and 0,24 Goldblatr units per liter of b]?od.
In Figure 62, renin was 1nfused 1n place of hypertensin. Samples were taken at various
intervals and 1t was found thar while the blood pressure was elevated, 0.24, 0.54, 0.80,
0.68, 0.28 Goldblatt units of hypertensin were found per liter of blood. The animals
used in these experiments had been nephrectomized so that the hypertensin recovered

could not have originated ta the amumals’ kidneys The large volumes of blood withdrawa
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from the dogs for the hypertensin samples were replaced by blood from bilaterally
nephrectomized donor dogs.

TABLE 25

RECOVERY OF HYPERTENSIN ADDED TO BLOOD

Sample No. Hypertensin added Recovery of hypertensin
units units per cent
17 B 02 011 55
17C 02 0.11 55
17D 02z 0.11 55
17E 0.2 0.10 50
17F 0.2 010 50
17G 0.2 0.12 60
TABLE 26
Assay of Hypertensin from the Blood of Dogs before and afrer Constricrion
of the Renal Artery with Dx of Malignant Hyp
Before constric- 48 hrs after constriction 72 brs afterconstricrion
tion
Dog Mean Mean
No  Hypertensin Blood ures femoral Hyperten- Blood urea  femoral  Hyper-
—_— €aund aitcogen  bloo sinfound  muccogen  blood  tensin
pressure pressure found

units per hrer mg per 100 mm Hg unitsper  mg per 100 mm Hg  units per
ml ml

Liter icer
4 003 75 185 010 104 190 010
67 004 190 190 12 Dead Dead Dead
41 oc2 96 165 020 207 155 025
55 005 150 160 o7 146 175 10
62 002 146 175 012 Dead Dead Dead
76 No sample No sample 185 020 218 165 16
0 605 t04 155 028 159 175 030
82 00z 9 185 024 153 190 028
2 004 86 165 029 1 155 1o
2 002 ne 160 010 150 10 o2t

Encouraged by these results, we proceeded to the assay of hypertensin in the
blood of humans [23] The resules obtained on a group of 24 normotensive patients are
tabulated m Table 21 ln half of this group we were unable to find any hypertensin.
lThe others had extremely small amounts One patient has as much as 0 05 ymts per

ster

[23) Kahn, J R., Skeggs, L. T., Shumway, N. P, Wisenbaugh, P. E., J. Exper Med.
95: 523, 1952.
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TABLE 27

ASSAY OF HYPERTENSIN IN THE BLOOD OF NORMAL PATIENTS

Systolic Diastolic
Patient Age Sex Blood Blood Hypertensin

Pressure Pressure Round

mm. of Hg. mm. of Hg. units per liter
v.D.D. 26 M 120 65 0.00
L.G.B. 64 M 120 80 0.00
J.G. 23 M 118 74 0.00
D.AA. 20 M 130 80 0.00
M.E.B. 24 M 124 68 0.00
M.E.H. 32 M 114 60 0.00
R.R.R 26 M 114 90 . 0.00
J.AL 25 M 130 90 0.00
S.FS. 28 M 120 60 0.00
O.D.W. 26 M 130 74 0.00
R.C.P. 26 M 130 80 0.01
W.L.F. 37 M 120 70 0.02
J.G.B. 32 M 119 65 0.02
J.W.H. 53 M 115 80 0,02
W.T.W. 45 M 119 85 0.02
T.G.H. 33 M 116 80 0.02
GH. 30 M 125 80 0.02
HW.E. 27 M 135 84 0.02
PJ.L. 41 M 118 80 0.02
P.C.E. 41 M 125 75 0.02
JJ. 36 M 126 79 0.03
S.W. 31 M 120 82 0.03
C.C.G 29 M 124 70 0.05
E.B. 28 M 108 78 0.05

“Table 28 illustrates the amount of hypertensin found 1n a group of 10 panents
with malignant hypertension. The amounts found ranged between 0.08 and 0.43 units
per liter. The average amount found 1 this group was 20 imes greater than the
average amount present in the normotensive patients. This 1s clearly a significant
result and one cansaythatatleastin malignant hypertension the rise in blood pressure
is due to ctrculating hypertensin.~

“Table 29 shows the amounts of hypertensin found 1n a group of 18 patients with
benign essential hypertension. The average for this group1s 0.03 units per liter. When
analyzed statistically the amount found 1n this group is sigmificantly greater than the
hypertensin found 1n the normotensive group. ~
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TABLE 28

ASSAY OF HYPERTENSIN IN THE BLOOD OF PATIENTS

Age

33
32
51

62
38
54
48
47
42

Age

Sex

mMAMTZE XERR

Sex

TTTZIXZIIZTRRXIZZIXR

z

WITH MALIGNANT ESSENTIAL HYPERTENSION

Systolic Drastolic
Blood Blood Hypertensin
Pressure Pressure Found
mm. of Hg. mm. of Hg. units per liter
227 150 0.08
202 146 0.10
205 149 0.11
225 133 0.11
0.31
220 120 0.24
206 134 0.24
203 148 024
300 160 040
289 159 0.40
247 149 0.43
TABLE 29
ASSAY OF HYPERTENSIN IN THE BLOOD OF PATIENTS
WITH BENIGN ESSENTIAL HYPERTENSION
Systolic Diastolic
Blood Blood Hypertensin
Pressure Pressure Found
mm. of Hg mm. of Hg. units per liter
204 135 0.00
173 1 0.00
202 103 0.00
187 12 0.00
204 135 0.02
210 142 0.02
164 105 0.02
165 116 002
201 134 0.02
198 130 0.03
146 100 0.03
212 129 0.03
156 120 00t
195 15 0.04
170 106 0.05
146 100 0.05
174 106 0.06
206 125 0.06

2zzZ
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TABLE 30

THE EFFECT OF INTRAVENOUS INJECTIONS OF HORSE HYPERTENSIN
UPON THE BLOOD PRESSURE OF SEVERAL HUMAN SUBJECTS

Patient Age Sex Dose Control blood Maximum blood
Pl‘CESL\l‘E pressure
yrs. units mm. Hg. mm. Hg,
L.D. 41 M 2.5 120/82 190/120
112/ 80 1807130
S.R. 44 M 2.0 120790 174/140
120790 172/130
128/90 180/ 140
D.S. 38 M 15 120/70 160/120
110792 165/120
M.J. 35 M 2.0 108/60 130/80
110750 130780
110754 125/75
Js. 46 M 2.5 110/72 1607100
108/70 1507100
J.Y. 33 M 2.5 126/ 80 168/108

“Table 30 illustrates the response of patients to the mnjection [24] of 1.5 to 2.5
Goldblatt umts. The marerial used for injection was relanively pure having a specific
activaity of 5000 Goldblatt umts per mg. of N. With this purity there were no side
effects from the intravenous injection. In the second patient there was a rise in blood
pressure of 54 mm. of Hg. tn 1 minute. This 1s a large rise when one remembers that
2 Goldblatt units are diluted 1nthe patient so that the maximum concentration of hyper-
tensin which could possibly be attained in the blood would be 0.4 of a Goldblatt unit
per liter We, therefore, feel that although the amount of hypertensin found 1n the
benign phase is not striking, 1t 1s within the range of the amount that might be neces-
sary for it to be the chemical mediator of benign essential hypertension, as well as in
the malignant phase of the disease -

“Hypertensin, therefore, seemed to us an imporrant physiological material and
accordingly we embarked upon 2 program of purificaton. 4

[24] Skeggs, L. T., Marsh, W. H., Kahn, J. R., Shumway, N. P., J. Exper. Med.
99: 275, 1954.
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“We soon learned that an excellent method of purification was by the countercurrent
distribution method. When successive batches of tmpure hypertensinwere subjecred to
this process, we found the active material in different portions of the countercurrent
machine indicating the extstence of two types of hypertensuf[24]

When hog renin 1s incubated with substrate from horse blood 1n the absence of
chloride and the resultng hypertensin subjected to a countercurrent distribution a
result 15 obtained corresponding tocurve A in Figure 63. If the peak tubes are removed
from curve A, the maternal divided 1nto two portions, and one portion reincubated with
substrate 1n absence of chloride, material giving curve B 1s obtained. When the second

ortion 1s reincubated with substrate in the presence of chloride, curve C 15 obtained.

his chemical transformation of one material to another s due to the action of a
chloride activated enzyme present in the plasma This enzyme converts the material
from curve A or B, called hypertensin I, to that material composing curve C, called
hypertensin 117

“A small study was carried out to determne what 1ons were able to acuvate the
enzyme 1n addiion to chloride. It was found as shown in Table 31 that chloride,
bromide and nitrate would activate the enzyme whereas carbonate, phosphate and
sulphate were ineffectuve. <

Having found that there were two types of hypertensin, we choose to proceed with
the purification of the first product of the action of renin on 1ts substrate, designated
hypertensin 1

The purification [25] was accomplished by a series of steps illustrated in the
flow diagram of Table 32

The crude hypertensin 1s obtained by incubation of the remin prepared from 400
Ibs of hog kidneys with the substrate from 400 liters of horse plasma. The crude
material thus obtained contains 120,000 units with a purity of 40 units per mg. of N,.
By use of an alumina column, by salting out, and by butanol extraction, the purity 18
increased to 4850 units per mg of Ny Ar this pownt, the hypertensin 1s subjected to
countercurrent distribution 1n a 106 tube machine using 375 transfers and the single
withdrawal method of Craig {26] An analysis of one such run 1s presented 1n Figure
64. The material from the peak tubes, representing one component, was pooled and
after concentration and precipitation was found to have a puriy of 7056 Goldblate
units per mg. of Np or 1125 units per mg of solid. A portion of this material was
hydrolyzed and chromatographed on paper 1n two dimensions using secondary butanol-
NHy and phenol-H,O solvents. The chromatogram shown in Figurc 65 reveals the
presence of 9 amino acids, which have beenidenufied as aspartic acid, valine, proline,
1soleucine, leucine, phenylalanine, tyrosine, arginine and histidine.

-
Hypertension I 1s truly a remarkably acuve pressor substance. On a weighe for
weight basis, 1t 1s 4 times stronger than 1-arterenol which 1s one of the most powerful

[25] Skeggs, L. T., Marsh, W. H., Kahn, J. R., Shumway, N. P., J. Exper. Med.
100: 363, 1954.

[26] Craig. L C., Methods Med. Research, 5: 3, 1952,
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TABLE 3t

THE EFFECT OF VARIOUS SALTS
UPON THE TYPE OF HYPERTENSIN FORMED

Expertment No. Sait added Predominant type of
hypertensin
185 No salt I
238 0.0001 m NaCl 1
227 0.001 m NaCl il
208B 0.01 m NaCl I
186 0.153 m NaCl II
194A 0.1m NaJHPOr 1
209B 0.1 m NaHCO, 1
214A 0.1 m NaBr i
214B 0.1 m NaF II
204 0.1 m NaNO, II
194C 0.1 m KCl I
212 0.1 m K,50, 1
203 0.1 m CaCl, s B
2054 0.1 m MgCl, I
205B 0.1 m MgSOy I
199A 0.1 m (NH,),50, ¥
199B 0.1 m NH,Cl u
194D 0.1 m L1,50, I

*These experiments ytelded mixtures of the two types of hypertensin.

pressor materials Further study 1s necessary to finally establish the purity of this
product #

CHAIRMAN METCOFF: Thank you, Dr Skeggs. Dr. Orbison will continue.,
DR. JAMES ORBISON: My interest in this subject started from the standpoint of
vascular disease, rather than from hypertension, and I will present another facet of

this particular problem. Before 1 do that, however, 1 think 1t might be well to go into
a litele of the background that preceded this parucular piece of work.
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TABLE 32

PURLFICATION OF HYPERTENSIN I

1400 Liters Hnr”pl e hoo be, Eog mnsy..
Colt, 0324, Fractionate
De-t;:; g;:ua':.m. at vﬂ ;l‘go" (1Ey, 1,50, X l-ﬂ. lnd numo.

Dialyze in Artifid
80 1aters of Substrats ¢ 3 liters
Incubste 1 hour &t 37°C, 1.n.1.s ithent @
Ppte with dlcohol

Aleoholfc Filtrate, svaporated, extract with etherpEther

Aquecas 1 r, 120,000 u at L0 u/ag ¥;
Enponu to J.S u'.un centrifoge 2 - 315-1 Ppte

Sopernatant, pll 10 7.0, sate with Hadl, filter . ;uu-m

¥
Active Ppt, dideolve in 1 Uter
ik 1 L1, esntrifuge Tt %0

Suparnatint, 100,000 u at LSO v/ag ¥y

Supernatant, 100,000 u at LSO q/q; Ny
PH to 7.0, extract with n-Fu

Aqueous layer
711,000 u at 162 w/ng Ky
Butanol extracted with 0,015 n HCL — Butanol

4 extract
85,000 u at 1300 u/mg K.
pil to 1.0, Sat. with Na
Extract 1nto p~Butanol > Aq. layer inactive

Bnta.nol, run thru Acld A1203 colwm T Butanol, inactive

Colum washed with 85% ethancl — Ethanol, 3500 u

1
Colum eluted with Hot water — Column discardsd

¥
Eluatoe heated to 80°C pH 7.0, filtered —= AL(OH)y

Filtratd eveporated to 18 nl,
71,000 mits 3300 n/mg N,

Biltrate, L8 ml,

72,000 u, 3300 v/mg %

B to z.o, sat. with flaCl, filter _, Filtrate 1500
Ppt, dibsolved 1n 10 taa,
59,600 mu at uas o/ng ¥y

SubJect countercurrent distribution

X 10
108 tabe, 0 ®l. phase &ug.gp.zmn-
375 uuurm. Single vithdravale (—Inactive Fractions

Pooled furtfisd fractions, sveps to
o to 7.0, Sate vith Nah, fitberey o "

Ppt. d1bealved 1n HP
323 mee, 178 17
7050 o/ag ¥

25 o por e, molid

Fltrate and washings
15,600 w

153



“Several years ago Dr. Grollman {27] postulated that the kidney had a function
which prevented the production of hypertension. When the artificial kidney and perito-
neal lavage became available, he found that keeping nephrectomized ammals alive for
a considerable number of days, ranging up to 79, resuted in hypertension in 28 of the
38 ammals so treated. These results were believed to support the hypothesis of a
renal antipressor effect.”

“Dr. Leonards and Dr. Heisler [28] thought that there might be some other explan-
aton. They repeated the experiments following very closely the flmd and electrolyte
balance 1n these ammals. They found that the animals which became hypertensive were
those which retained a significant proportion of the perfusing fluid.”

“Wuh this, then, as a background, it seemed to me possible that rapid hydration
m bilarerally nephrecromized dogs mught be expected to produce hypertension and
vascular disease in a relanvely short period of time. -

In a series of bilaterally nephrectomized dogs we found that only an occasional
amimal will develop hypertension.

Then we arbitranly gave a large dose of 1sotomic sodium chloride solution (100
ml./Kg./day) to biulaterally nephrectomized dogs intraperioneally, They developed
hypertension 1n 24 to 48 hours, and at the time of death, 4 to 8 days later, had a
sigmficant amount of acutc arterial necrosis.

Figure 65 shows gross lestons 1n the stomach, pancreas and heart of one of these
dogs In the stomach you can see that numerous mucosal hemorrhages have occurred
bath 1n the pyloric and in the fundic region, but the fundus shows a larger proportion
of hemorrhages. In the heart there are sub-endocardial hemorrhages, both 1n the left
and in the right ventricle, and in some animals this extended to a considerable depth
in the myocardium.

The pancreas in this particular animal 1s promuncutly wnvolved by hemorrhage,
and although I don’t have sections or shides to show it here, the small mntesune and
colon were also wvolved 1n a sumilar process.

Figure 66 shows the changes which were evident upon microscopic examination.
The myocardium, taken from a zone of interstinal hemorrhage, 1s characterized by
myocardial necrosis and a zone of adjacent degenerated myocardium,

Figure 67 shows the arterial lesions in a section from the submucosa of the
stomach. You see an artery which sull retans a few of its nuclei, but although I don’t

f27] Grollman, A., Muirhead, E. E., and Vanatta, J.,Role of the Kidney in Pathogen-
esis of Hypertensionas Determined by a Study of the Effeces of Bulateral Nephrec-~
tomy and Other Procedures on the Blood Pressure of the Dog. Am. J, Physiol.

157: 21, 1949.
{28} Leonards, J. R.andHeisler, C.R., Blood Pressure of Bilaterally Nephrectomized

Dogs. Federation Proc., 11 (No. 1, Pe. 1): 247, 1952.

154



A

&

.
QT SN P - R N - -

Fig 65 Amino acid chromatogram of hypertensin

S

155






Fig 66 Gross lesions in stomach, pancreas
and heart of bilaterally nephrectomized dog
followng intraperitoneal NaCl snstillatton

Fig 67a  Mjocardial necrosis and degenera- 157
tion.






believe you can see 1t in this particular section, many of the nuclel in the wall are
neutrophils. You also see the subintimal edema that raises the nttma from che sub-
inamal nissue.

Figure 68 1s a section from the urinary bladder to show the typical fibrinod
change which has been described as a feature of malignant hypertension, both 1n the
experimental animal and tn the human. Hence, when these antmals developed lesions,
they were consistent with those seen in malignanthypertension. There was no question
that these animals were overhydrated. They became obviously edematous.

“Figure 69 1llustrates the blood pressure changes in our “control® nephrectomized
dogs. The blood pressures range from 110 to 140. We did our sccond nephrectomy on
the eleventh day, and only one ammal had a blood pressure as high as 160. One was
150 at the time of death The remaining amimals were in the 130 or below range.”

“This ts about the distribution of blood pressure that has been reported in the past
for this type of experiment. Occasional ammals do develop hypertension, but by far
the greater number do not.~

“In contrast to this, when we gave bilaterally nephrectomized animals sodium
chloride mrraperioneally, all with one exception had, within 24 to 48 hours, a blood
pressure of 150 mm. Hg. or over, some ranging as igh as 195. The one animal thar
did not get up to 150 previously had a very low blood pressure, and this rose some 30
mm, Hg. (Fig. 70.)*

“When we repeated the experiment giving modified Locke solution [29] instead of
the sodium chloride, we found to our surprise that the blood pressure elevation was
even more rapid, and that the degree of elevation was greater than that obtained with
1sotonic sedium chloride (Fig. 71.) -

It was intriguing to find that the amimals given a solution which was more nearly
physiologic than sodium chloride should react by developing a greater degree of hyper-
tension than the animals given the sodium chloride.

Because of this observauon, we have used several other kinds of fluid, raking the
modified Locke solution as a model, but varyingit by making 1t up with chloride as the
only anion or sodium as the only canon. In none of these wmstances have we found a
solutton which has a pressor cffect as grear as that of the modified Locke solution

Now we return to the distribution of lesions as they occurred in these ammals
When the nephrectomized dogs are givennofluid, lesions occurred 1n only two animals,
(Table 33) This chart was made by assessing the lesions i the stomach, heart, and
calon, from 1 to 3+, adding these together and then taking the average value. In the
dogs given no fluid, there was only a plus-minus lesion 1n one dog and a 1+ lesion 1n
another In dogs given normal saline intraperitoncally, two developed no lesions, the

[29] Skeggs, L T.,Jr. and Leonards, J. R., Studics on the Arnficiat Kidney. L. Pre-
himinary Results with a New Type of Continuous Dialyzer, Science 108. 212, 1948,
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rest developed lesions, but of mild degree. In comparison, the dogs given the balanced
salt solution or modified Locke solution developed very severe lesions in all of the
organs examined.

TABLE 33

Nephrectomized Dog No. 27 34 35 36 37 39 41
Dogs Given Degree of - - - + - - t
No Fluid Vascular

Lesions
Nephrectonuzed Dog No. 28 29 30 31 32 38 40
Dogs Given Degree of - ++ 4+ + + _ .
Normal Vascular
Saline 1P Lesions
Nephrectomized Dog No, 43 44 45 46 47 50 53
Dogs Given Degree of b e ++ 1t b +
Salt Solution 1P Vascular

Lesions

¥So here again we have some evidence which suggests that this may not be only a
fluid factar, but that the type of electrolyte used may also play a role.-

“Since there 1s the possibility that the increased blood pressure was a direct
result of an increase in blood volume 1n these edematous, over-hydrated dogs, it
became necessary to study flud volumes. T-1824 was used for determining blood
volume, and 1nulin for determuning extracellular fluid volume.~

These methods have definite limirations, but we ran a control determination as
soon as the second nephrectomy was completed, andthen repeat determinations during
the life of the animal.”The results show that there are very definite increases 1n 1nulin
space and variable changes 1n the blood volume.

“The “control” dogs had changes in blood volume ranging from minus 8% to plus
12%. In cur experimental dogs with sodium chloride solution, the changes ranged from
a minus 15% to a plus 56%7 three of these ammals ranging frem 5 to 15%. (Fig. 72.)
This tllustration also shows a group of dogs given the modified Locke solution. The
blood volume range changes from munus 15 through a plus 75. In all dogs which we
have done subsequently, we have found this peculiar inconstant change 1n blood volume,
some dogs showing lutle or no change even on repeated determinations. Hence, 1 do
not believe this 1s an experimental error.

There seems, therefore, to be an individual factor m the dogs which plays some
role 1 control of blood volume and the hypertension, Hence, the hypertension 1s not
simply a result of increased blood volume.
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Fig 67b. Arteral lesion in submucosa of
stomach

Fig 68. Fibrinowd change 1n urinary bladder of
hypertensive overhydrated dog
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“In contrast, Figure 73 demonstrates the constant increase of imterstitial fluid.
It should be noted that in control amimals which had no fluid over a period of 4 to 5
days, there was an increase of up to 40% in extracellular fluid. The experimental
ammals, as one would anticipare in this type of flud overloading, had a marked
increase i extracellular flmd, ranging from 200% to 400%.

“As a result of these studies, we concluded that the increase 1n blood pressure
was not the result of an increase in extracellular flud Furthermore, the absence of
the kidneys excluded the possibility of the hypertension betng due to the presence of
a renal pressor substance And finally, the face that bilaterally nephrectomized dogs
did not develop hypertension unul they were overhydrated indicated that this hyper-
tenston was not due to the loss of a renal anti-pressor substancer

Work done by Kolff and Page [30], using this technique, adds a very interesting
aspect to this problem. They have perfused kidneys fromnormal dogs wath the blood of
these hypertensive, overhydrated amimals. When that 1s done, the blood pressure in the
majority of the experimental nephrectomized animals drops tonormal 1n approximately
2 hours. One immediately thinks. Isthisthenthe result of overcoming the dehydration?

I think the answer to that 1s defimitely “no,” because in 2 hours the amount of
fluid excreted by these donor kidneys 1s much less than would be necessary to alter
hydration It has also been found that perfusing the hind legs of amimals has produced
no change i blood pressure, even though the amount of fluid as edema that was picked
up by the donor leg, insome instances was as great as the fluid excreted by the kidney.

“Obviously, then, we have the kidney back in this picture, because the evidence
suggests that the removal of the kidneys has altered the body 1n some way which allows
hypertension and arterial disease to occur when the animals are overhydrated.”

CHAIRMAN METCOFF: Thank you, Dr. Orbison. We will proceedto Dr. Bumpus
and Dr Page and then following this have a brief question period, before moving on to
& of Salt R g Sub Dr. Bumpus.

DR BUMPUS, In our laboratory at the Cleveland Clinic we are attempting to
purify angtotomin However, our approach has been shightly different from the one
reported earlier by Dr Skeggs

Our angioromin preparations were assayed on a specially prepared dog whose
sensitivity to angiotonin has been increased 5 to 10 fold over that of a normal ammal.
The unit of angiotonin activity 18 approxumately 1/5th of the Goldblatt unit as described
by Dr Skeggs.

It was felt that to obtain a purer angiotonin we should first purify renin substrate
This work was carried out 1n our laboratary by Dr. Arda Green and myself.

[30] Kolff, W T. and Page, . H., Blood Pressure Reducing Function of the Kidney;
Reduction of Renoprival Hypertension by Kidney Perfusion. Am. 3. Phyewcy.
175: 75, 1954. yeweh

165



The purification of renin substrate was carried out 1n 4 steps. Each step included
a series of precipitationsor extraction. ‘

Series 1 is the usual preparation of rentn substrate originally described by Plentl,
Page and Davis. It consists of an ammonium sulfate fractjonation at approximately
pH 6, and collecting the precipitate between 1.64 and 2.1 M-ammonium sulfate concen.
tration. This 1s repeated until the precipitate has a blue.green hue.

In Series Il use 1s made of preferential denaturation of protemns. This has been
utilized before to denature enzymes which hydrolyze angtotonin. However, we denatured
many additional blood proteins and finally removed them by ammonium sulfate fracnion-
ation By the above-described procedure a purification of approximately 10 fold was
accomplished.

Series IIT 1s another ammonium sulfate fractionation at about PpH 6.

In Series IV the substrate was adjusted to pH 2.5 and fractions were collected at
three rations of a sulfate.

With these four series of fractionations, we were able to purify renin substrate
from 1000 ta 1500 numes that 1n blood serum.

Obviously, this preparation is not pure renin substrate. As shown electrophoret-
ically, 1t contains both alpha and gamma globulins It 1s interesting to note herc that
Plent], Page and Davis [31] reported a rentn substrate preparation which contained
only alpha globulin, yet 1t had a much lower specific activity than does the one that we
are reporung here “From this one caneasily infer that remn substrate 1s an extremely
small fraction of the serum alpha globulins.-

It became evident that further purification of renin substrate after series 111 gave
no further purification of the angtotonin formed after ncubation with remin. However,
the product from series Il substrate was about 50 umes more pure than the product
from series I and the yield of angtotonin increased about 3-fold.

The procedure for the purification 1s much simplified compared to most that have
been reported. There 1s nothing unusual in the steps as shown. The incubation mixture
was first deproteimzed with ethyl alcohol. After evaporation to about 1/10th the
orgtnal volume, the angiotomn preparation was freed of farry materials and some
proteinwas removed by allowing 1tto stand at pH 1.8 and at ~20°T. Numerous fractions
were then obtained by the serial addition of sodium cloride at pH 1. The recovery frem
this fractionation was good, usuzlly being about 95%. More than 50% of the angiotonin
recovered from this step was pure enough to be partitioned in a counter-current

machine.

For the purification of angiotonin by partitioning we chose a solvent system of
1:1 butanol-propanol equilibrated againse 0.1 N hydrochloric acid. This system having

[31] Plentl, A, A., Page, 1. H., and Davis, W. W., J. Biol. Chem. 147: 143, 1943.
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a pH of about 1.2 was used because 1t gave (1) a usable distribution of angiotonin,
(2) it showed no destruction of the activity and (3) the final product, after lyophilizing,
was essentially salt-free.

LARGE SCALE PREPARATION OF ANGIOTONIN
RENIN + RENIN SUBSTRATE ——> ANGIOTONIN

1. Deproteimze by addition of ethyl alcohol
Clarify by allowing to stand at pH 1 8 and at ~20°C.
Fractionate svith NaCl at pH 1.0

e W N

Parntion between butanol-propancl: 0.1 N HCI

On Figure 74 1s shown an activity curve of angiotonin run 100 transfers in the
above mentioned solvent system The theoretical curve, the dotted line, fits quite
closely to the actual curve. This comparison is not much of an indscation of purity,
1t shows only thar there 19 but one pressor substance present in this preparation Upon
removal of the fractions from the center of the activity peak after counter-current
distribution and redistributing in the same solvent system for 120 transfers, we were
able to increase the purity but slightly However, the angiotonin samples at the top of
the activity peak were always purer than those on the sides,

In order to determine purity, we resorted to a chemical method. Samples were
taken from both sides of the activity peak near the top and the amino end group was
determined by the Sanger method Ineachcase, only one amino acid was found, namely,
aspartc acid. From this we felt that even though the angiotonin was not pure, it was
close enough to purity to justfy some work on 1ts structure,

In Figure 75 1s shown a two dimensional chromatogram of an acid hydrolyzate of
angiotonin. We show more amino acids here than reported earlier today by Dr Skeggs.
However, our hydrolyzate lacks tyrosine while that of Skeggs and Kahn contains
tyrosine It 1s interesting to note that these two preparations of angtotonin have almost
identrcal specific acuvities, (our preparacions having a specific activity of 30,000 to
35,000 umts per mulligram of mitrogen), but there is species difference. Our renin
substrate was made from hog blood while that of Skeggs and Kahn was made from
horse blood.

Our proposed structure of angiotomin 1s shown below. The amino acids tn the
angiotonin hydrolyzate were determined quantitatively on a Dowex 50 column and their
ratios are shown here. As was stated earlier the amino end group was found to be
aspartic acid

By using the hydralzinolysis method we were able to decermne that etther leucine
or isoleucine was the terminal amino acid at the carboxyl end of the peptide. The

rematning amino acids, after subtracting the two for the end groups go to make up the
center of a straight chain pepride
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We have proceeded further and isolated fragments of this peptide and identfied
four of the amino acids from the amino end fragment.

At this ume, however, we were able to show by several means that our prepara-
tions were not as pure as we had originally thought; so consequently, our work on the

structure 1s not valid. So now our work has turned back to further purification of
angiotonin.

AMINO ACIDS IN ANGIOTONIN

2 Aspartc 1 Alanine 2 Leucine
1 Serine 1 Valine 2 Hisudine
1 Glutamic 1 Isoleucine 1 Lysine
2 Proline 1 Tyrosine 2 Argiine
1 Glycine 1 Phenylalamine

RO H o}

10l W 1l [l
HZN-C-C_ S T B C N-C-C-OH
Aspartic Leucine or

Isoleuctne

CHAIRMAN METCOFF: Thank you, Dr. Bumpus. Dr. Page, would you like to
continue?

DR. IRVINE PAGE: Mr. Chairman, Ladies and Gentlemen: I gather thatlam
i the cleanup spor. You have heard the recitation of a large amount of, I think, very
beautiful work.

1 am sure Dr. Goldblatr would share with me the view that we would like to turn
back to the old days when hypertension was all very simple, and we had 1t in the bag.

Now it turns out to be expremely complicated; these complications, I am sure.
you have recognized. .

1 was slightly put to 1t to know what to say, not to duplicate’ the many things said
earlier, so 1 am taking as my thesis: Why the extraordinary spontaneous change 1n
the cardiovascular response of various ammals, and human beings, to standard
stimulations?

Just to orient you, Figure 76 shows the various equilibrated components of the
system controlling the perfusion of tssues.

“What are all these various factors? Well, you know there are people who believe
in chemical mechanisms, 1n neural mechanisms, change in elasticaty, cardiac output,
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vascular caliber, viscosity, volume, and this one, reacuvity, whichlam going to
discuss a little more in detai! teday.

“The responses to angiotonmn and another pressor agent which 1s produced by the
action of pepsin which 1s known as pepsitensin are shown 1 Figure 77. You don’t hear
much about the latter these days.

, .
1 suspect as the angiotonin problem 15 bester clarified, pepsitensin will come 1nto
1ts own. They are closely related, although not :dentical substances”

We always assume that an ammal should respond to drugs 1 whar we assume to
be a “normal” fashion; the whole thing hinges on the term "normalicy.”

You know perfectly well that one patient shows one type of response and another
shows a very much lesser or greater response to a standard dose of a drug.

This intrigued us because we were concerned with the problem of how to increase
the sensittvaty of assay ammals for angiotonta. When 1t was ta such small supply any
increase tn cardiovascular reactivity in the rest ammal made a vast difference.

Yl won’t trouble you with all the various things that we have found which almost
specifically influence the response of the ammal toa wide variety of vaso-active drugs.
Ler me call your atrention to just a few of them: Destruction of the spinal cord,
section of the spmnal cord at Cg, lumbo.dorsal sympathectomy, e ganglion
blockade, all influence the ability of the animal to respond to vaso-active materials.
Hepatectomy ts one of the best ways to reduce cardiovascular reactivity. Eight to 10
hours after the removal of the liver, these animals become refractory to almost all
vaso-~active drugs

One wounders perhaps if the death of the ammal after hepatectomy rmight not, 1n
large measure, be due to this development of refractoriness. The same sort of thing
occurs tn hemorrhagic and traumatsc shock, as youprobably know. There are 2 variety
of mechanisms which control, I think, 1 an equilibrated fashion the ability of the body
to respond to sttmulating or depressing agents. These are all included 1n what we call
“cardiovascular reactivity.”

Here are some examples of changes 1n reactivaty.

Figure 78 shows response to injections of remn, and as you see, they gradually
duniaush. At point (9) the autonomic ganglion blocking agent tetraethylammonium chlo-
ride was given and immediately the response to renin returns, The blockade of auto-
aomic gangha caused this remarkable change m the abiity of the anumal ro respond.

Figure 7¢ shows response to angiotomn (1 and 4). You can change the ammal’s
responsiveness remackably.

Since angiotonin s the thing we are primarily interested in this morning, the
question 1s: Is there any degree of specificaty mvolved in these reactivity changes?
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Yt is conceivable that a person with abnormal specific sensitivity to angtotonin might
well develop hypertension. If the sensitivity were great enough even a normal amount
of inoculating angiotonin could produce hypertension.”

This 1s an example 1n ammals to show you that there are certain peculiar aspects

to this increased resp veness to ang

Figure 80 1llustrates response to an injectionof noradrenaline. Tetraethylammon-
ium chloride was given in order to augment the response, and then the caroud simuses
were sectioned. At this point, one still gets a2 marked rise in arterial pressure even
though one mught think the autonomic ganghia were blocked.

Figure 81 shows the opposite effect.

Here tetraethylammonium chloride was given, then remin, and serotonin. Carond
sinuses were sectioned in the presence of the tetraethylammonium chloride, and now
the 1njection of renin 1s greatly augmented but that of serotomn 1s not.

Figure 82 shows the same thing with angiotomn.

Injection of tetracthylammonium augmented noradrenaline but there 1s some further
augmentation with noradrenaline and with angiotonin The caroud sinuses were sec-
t1oned, and then the angiotomin effect 15 greatly augmented, whereas, the noradrenaline
1s not augmented further.

1 really don’t know whether these relatively specific changes are of importance 1n
the etiology of hypertension.

Subcutaneous 1njection of remin ordinarily gives no rise in blood pressure. When
these amimals are sensitized, the injection of renin gave a very prolonged rise which
lasted for as long as it was recorded, 11 hours. (Fig 83 ) The possibility exists that
change 1n substrate sensitivity would make 1t possible for extremely small amounts of
vaso-active agents to give very prolonged rises in arterial pressure.

1 would like to close by saying that I have only made the problem a little more
complicated; my hat 1s off to the people preceding me who showed you the gradual
unfolding of the very complicated renal-vasopressor system. There was a day, which
1 ought well to remember, when 1t too seemed hopelessly complicated ¢ has now been
fifteen years since we discovered that renin s an enzyme which acts on a substrate
to produce the peptide angiotonin. In the interval many workers have joined 1n trying to
clarfy the position of this complicated renal-vasopressor system among the mechan-
1sms of hypertensions Some think all hypertension 1s produced by it, others see no
evidence for its participation at all. I have always behieved 1t participated 1n some,
but only to a minor degree, 1f at all, 1n others, The rgid proof must await further
knowledge of the chemuistry of angiotomin. Eventoday it 18 quite apparent that its activity
as a pressor substance exceeds that of other pressor agents, which means 1t will
probably be present sn blood 1n very minute amounts. Some of you have asked me about
terminology. We use the name which we gave the substance when we discovered 1t,
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avoiding implication as to whether it was or was not the hypertensive agent. The South
American group under Braun-Menendez arrived at about the same conclusions we did,
at about the same time. They called their product “hypertensin.”

Whether you prefer the home-grown product, “angioronin,” or the more exotic
one from the pampas, “hypertensin,” 1s a matter of choice. Less satisfactory is the
term “hypertensinogen” for remn-substrate. It 1s musleading as regards the type of
chemical reaction occurring, indeed, suggesting that of trypsinogen and pepsinogen.

Ultimately the various panels of my octagon will be mvestigated by the bright
youngsters of the future and 1 have no doubt 1t will eventually be fitred together 1nto a
beautifully integrated, equilibrated system controlling perfusion of tissues.

CHAIRMAN METCOFF: This has been a magnificent opportunicy for many of us
to become acquainted with a field 1n which we ordinarily have listle experience, and
the complicated material has been presented 1n a most lucid way.

1 1magine there are going to be many questions.

First of all, a question for Dr, Skeggs: If 1t 15 possible to 1solate the hypertea-
sive factor by dialysis, does dialysis reduce the hypertension tn the patient with hyper-
tension?

DR. SKEGGS: No, the amount that passes through the cellophane is a small
pornion of the circulating hypertensin and, therefore, there 1s no decrease in the
animals’ blood pressure.

DR GOLDBLATT: I would like to ask Dr. Orbisonwhether he practices removal
of the flmd he 1njects intraperitoneally or whether he leaves 1t 1n.

DR. ORBISON: The fluid 1s injected every day. This 1s not a peritoneal lavage,
but a daily addition of fluid to the animal.

DR. GOLDBLATY- You mennioned azoterma. Do they all have 2
DR. ORBISON- All of these dogs show azotemia. The animals that are hydrated
show a shghtly lesser degree of azotemia, but I believe thar 1s only due to the fact

that the mitrogenous products are spread through a greater volume of fluid.

DR. CONRAD RILEY: Did you try injections of non-electrolyte fluid? I suppose
it dilutes the ammals up so fast that 1t klls them rapdly.

DR ORBISON: We attempted that. As you anticipated, 1f you disturb the electro-
lyte balance so greatly, the animals die in a short period of time.

We have cut the injected sodium whalf, and we do get elevation in blood pressure,
but 1t 15 less, and there 1s less vascular disease than if we use more nearly 1sotome

solution,
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DR, LANGE: How about plasma?
DR. ORBISON: No, we have not used plasma.
DR, BARNETT: What s the composirion of the modified Locke solution?

DR. ORBISON: Sodium ‘48 meq/L; potassium, 3; calcium, 5; and magnestum,
3 megq/L. Then the anions, chloride, 125, and the rest are a muxture of phosphate,
carbonare and lactate.

DR. MILLER: Dr Orbison, the artificial kidney can be used for removal of
electrolytes and flud. Have you tried reversing hypertenston and the lesions by that
means? In other words, after you have given the excessive fluid and electrolyte and
hypertension developed, can you maintatn the animal by dialysis?

DR ORBISON. I have not attempted that. Perhaps the work that Dr. Kolff and Dr.
Leonards have done approaches that. I am not sure 1t does exactly. Dr. Kolff used the
perfusion of kidneys after ammals had supposedly developed lestons, or would be

d to develop lesions, and were certatnly hypertensive and reversed the hyper-
tenston very quickly. Lesions were present in some of those animals at the trme of
autopsy.

Dr Leonards found that 1n some of his anumals he could regulate the flurd volume
by using hyper and hypotonic solutions in either his peritoneal lavage fluid or arnficial
kidney, when he used hypertonic solutions to perfuse and draw out more fluid, the blood
pressure dropped, and as he replaced fluid with hypotonic solutions, the blood pressure
rose.

DR MILLER: There 1s a difference between the experiments Kolff has done
where the normal kidney is perfused because presumably the hypertensive substance
could be removed, whereas, the artificial kidney does not remove sufficient amounts
of hypertensive substance but could remove the electrolyte, and thus poseibly rmght
clarfy the problem

DR ORBISON: There 1s a ume difference between the two sets of experiments.
That 1s probably important. When the kidney 1s used, the change 1n blood pressure
occurs 1n a very short period of time, a matter of hours, without 2 concomutant change
1n fluid, whereas, 1n Leonards® experiments, the change 1n blood pressure followed the
change 1n fluid and was a matter of days

DR. JANEWAY I am very ignorant 1n this field and probably somebody can set
me straight very quickly, but I had anidea thar another variable was the adrenal which
in some way 1s necessary to mantain blood pressure, and which tt would seem to me
in such expertments as Dr. Orbison described would probably be put under a tremen-
dous strain and be doing all sorts of things which might have terrific effect on the
t1ssues when there was no end organ 1n terms of renal tubules to work on,

Where does the adrenal cortex relate to all that has been described today?
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DR. GOLDBLATT: 1t is certainly a definite fact that the only thing that has ever
mterfered with the elevation of blood pressure on the basts of constriction of the main
renal arteries has been the removal of both adrenals. In the earliest experiments
performed, we destroyed the medulla of one adrenal and excised the other adrenal.
When the renal arteries were then constricted the hypertension sull developed. But 1f
both adrenals were ablated, which was the only way to remove the cortex of both
adrenals, there was no rise of blood pressure when the renal arteries were constricted.
We concluded that an adequate amount of adrenal cortex must be present to permit the
elevation of blood pressure to occur as a result of constriction of the renal arteries,
We have invesugated this phenomenon, but I shall not go into the details on this
occasion.”

“In years gone by, whenever I came tothis part of the subject, I used to say, “Don’t
believe for one moment that I am advocating the removal of both adrenals for the
treatment of hypertension.” As you know now, however, that day has come, and that
procedure 15 actually being practised on human hypertensives.”

DR. BARNETT: “Hypophyscctomy does not wterfere with the development of
hypertenston?~

DR. GOLDBLATT: That 1s right.

DR. GEORGE SAYERS: lsn’tittrue, Dr.Goldblart, thatall one needs 15 a replace-
ment dose of adrenal cortical substance to maintain the hypertensive state in these
amimals?

DR. GOLDBLATT: Yes.

DR. SAYERS: I think that 1a animportant pointin considerations of the etiological
role of the adrenal cortex in hypertension.

‘i brings up the matter of two phlosophies as to the role of the adrenal cortex in
disease, one being the general adaptation syndrome that thinks of hyperactivity of the
adrenal cortex as being the eticlogical factor in the development of hypertension, and
the other philosophy which has been posed and backed up by the beaunful experimental
data of Dingle, that indicates the adrenal cortex plays what he calls a permissive role.
In other words, according to this permussive theory, there has to be a little of the
cortical hormone around for the smooth muscle of the cardio-vascular system to

manifest 1tself.”

“t effects the dose 1n the hypertensive state so that maintenance of the hyperten-
sion doesn’t require an excesswe secretion of the adrenal cortex, simply requires the
normal output? ¢ )

DR. GOLDBLATT: When we reduced the cortical substance in a few animals
to about 175th or 2/5ths of the original amount, and then constricted the renal arteries,
up went the blood pressure 1n the usual way.
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DR PAGE: 1 think you mighe add that there is a further complication; even with
total adrenalectomy in some patients, the blood pressure does not always come down.
It 15 a fly 1n the ointment we would like to overlook because certainly all evidence from
a variety of sources, as Dr. Goldblatt has said, is in favor of the fact that removal of
adrenal cortices causes a fall 1n blood pressure to normal, and 1t can be brought back
to the hypertensive level by a variety of adrenal steroids. It comes somewhar as a
shock in patients to find that -- andeven to surgeons 1t comes as a shock -- removal of
both adrenals doesn’t always lower the pressure to normal. This is a disturbing
phenomenon

DR GOLDBLATT: It should not be surprising because substitution therapy is
being practised in such cases

DR. PAGE: “The trouble 1s, when we dropped the adrenal cortical support from
the patient, the blood pressure did not come down. One patient had two bouts of severe
adrenal insufficiency with marked rise in serum potassium and fall 1n sodium while
recewving steroid therapy without significant fall in arterial pressure. In malignant
hypertension, hypertension can be mamtained 1in the face of adrenal insufficiency.-

DR, ARTHUR MERRILL  Will 1t come down with treatment, etc.?

DR. PAGE: Blockage with hexamethonium, as you know, knocks the spots aut of
patients temporarily, and many of them become refractory We have found some of
the hypertensives do not show a fall with even very large amounts, 200 milligrams,
of hemethontum intravenously. It 1s this variability of response whether to adrenalec-
tomy, hexamethomum, reserpine, sympathectomy, or what you will, that makes me
think hypertension in patients 1s exther of multiple etiology or 2 multi-faceted disease
with predominance of one facet over the others in varying proportiouns.

DR GOLDBLATT: I would like to ask Dr Skeggs whether he has tried to deter~
mune whether a given dose of hypertensin will cause an increased pressor response
in the patient with hypertension over that produced 1n the normal,

DR SKEGGS: No

CHAIRMAN METCOFF: We are indebted to each of the participants for a stimu-
lating session Since time 1s lumited, let us proceed to a discussion of salt retaining
hormones



V. SALT RETAINING ADRENAL CORTICAL STEROIDS

CHAIRMAN METCOFF: We will begin with Dr. Luetscher and a discussion of
Salt Retaining Substances 1n the Urine. Dr. Luetscher.

DR. JOHN A. LUETSCHER: It has been known for a number of years that the
amorphous fraction of adrenal cortical extract contains sodium-retaining activity
beyond that accounted for by 11s content of known, crystalline corticosterords.

The situation remained static for a period of almost twenty years until a more
sensitive bio-assay of sodium-retaining hormone and the use of paper chromatography
for the fractionation of adrenal cortical steroids allowed the reopening of the subject.

A number of investigators onboth sides of the Atlantic remvestigated this problem,
and groups in this country and England have prepared a crystalline corticosteroid of
very high sodium-retaining activity Subsequently, collaboration of the British and
Swiss groups led to its identification as the 18-aldehyde derivative of corticosterone,
or aldosterone {1-4].

This material exists 1n body fluids as the hemi-acetal, bridging the 11 and 18
carbons. It 1s responsible for the bulk of the sodium-retaining activity of adrenal
cortical extract, of adrenal venous blood, as Dr. Farrell will show us, and of the urine.

The same developments which made this work possible also came to our attentian
beginming 1n 1948, and our investigations were aimed at the demonstration of a sodium-
retaining material. Our reason was that we were dissausfied with the concept that
glomerular filtration rate regulated sodium excretion. In patients with nephrosis, during
the injection of concentrated human serum albumin, the filtration rate could be raised
from subnormal to supranormal levels, doubled in some instances, with small and
sluggish changes tn sodium excretion[5)]. These studies convinced us that the tubule had
the last word i1n sodium excretion, and thar there must be something to account for

1] Mattox, Masen, and Albert, J. Am. Chem. Soc. 75: 4869, 1953.

2] Knauff, Nielson, and Haines, J. Am. Chem. Soc. 75: 4868, 1953.

3] Simpson, Tait, Wettsten, Neher, v. Euw, Schindler, and Reichstein, Experientia
10: 132, 1953,

] Harman, Ham, de Young, Brink, and Sarett, J. Am. Chem. Soc. 76: 5035, 1954,

1

Luetscher, Hall, and Kremer, J. Cha. Invest. 29: 896, 1950.
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increased tubular reabsorption of sodium 1n the nephrotc patient.

When Addis [6] pointed out that experimental proteinuria also seemed to be depend-
ent on the presence of adremal corncosterouds, 1t was easy to speculate that 1n the
nephrotic syndrome, 1n addition to the obvious renal lesion, there was some superim-
posed factor, originating mn the adrenal cortex, which was affecting the excretion of
sodium and perhaps also that of protein.

We then set up a method for bio-assay of sodium-retaining activaty [7,8]. Dr. Quentin
Deming was responsxhle for many of the early observations, and since that time, Drs.
Edward Hyman, Ben Johnson, Joseph Cates, and Bernard Axelrad have been working
with the group They are responsible for most of the data which I am gotng to show
today

In Figure 84 we see plotted on the verncal parameter the sodium-retaining
activity of urme extracts, expressed as micrograms of DCA equivalent per 20 minutes
of urine, that 1s, 1/72 of a 24-hour specimen On the bottom line, plotted on a log
scale, 1s total urine sodium per day As you see, the sodium output shows a good
tnverse correlation with the output of the sodium-retatning corticod.

Increased sodium-retaining activity was found not only inthe nephrotic syndrome,
but also in other diseases associated with edema. The X’s are children with the
nephrotic syndrome. Solid circles and squares are adule patients wath nephrosis. The
triangle 1s a pawent with cirrhosis of the liver. Pauents with cardiac failure are indi-
cated by dots wichin circles and squares. Sodium-retaining activity of a smaller degree
was found in normals on low sodium diets In all of these groups, shown on the chare,
we see that there 15 a general relanonship. The higher the sodium-retamning activity
of the urine extract, the lower the urine sodwum {9].

CHAIRMAN METCOFF Does negative sodium-retaining activity mean sodium-
excreting activity?

DR LUETSCHER. Yes. This, 1n a sense, 1s an artifact of the bio-assay. It has
been useful to us 1n our work on fractionation because substances like corusone,
hydrocortisone and corticosterone produced an increased output of sodium under the
conditions of bia-assay The only natural compounds which are known to be sodium-
retaining are aldosterone, desoxycorticosterone, and Reichstein’s Substance S The
order of activity of these materials 1s different by a factor of several hundred. Aldo-
sterone 1s approximately 30 times as active as DCA, while Reichstein’s Substance $
1s only a few per cent as active as DCA

When an acuvely sodium-retaining urine extract 1s chromatographed on paper 1n
toluene and propyl glycol, the sod etaining activity 1s concentrated 1n a fraction

[6) Addis, Marmorston, Goodman, Sellers, and Smith, Proc. Soc. Exper. Biol. and
Med 74. 43, 1950

[7] Deming and Luecscher, Proc. Soc. Exper. Biol. and Med. 73, 171, 1950

{g] Johnson, Endocrinol. 54: 196, 1954, ! ’

{9] Luetscher and Jobnson, J. Clin. Invest. 33: 1441, 1954,
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wmch has approximately the same mobility as cortisone. This fraction reduces neo-
terrazolium and shows U-V absorption with a peak near 240 mp. [10] Wath different
chromatographic systems described by Bush, we have been able to prepare a sub-
stance with properties 1dentical with those of aldosterone 1n brological activity and 1n
the chromatographic behavior of the native material, of 1ts monoacetate and diacetate,
and of the oxidation products after treatment with porassium periodate [11].

Samples of this material have been submitted to Drs. Wettstein and Neher of the
Ciba Research Insttule at Basle. The crystalline form, melung porat, and infrared
spectrum of the sodium-retaining corncoid are idenucal with those of authentic
samples of aldosterone [12].

It seems quite clear that the sodium-retaming corticord, found 1n the nephrotic
syndrome, 1s aldosterone We have assumed that the material of similar chromato-
graphic mobnlx[y, with similar biological activity, found in various other conditions,
1s probably aldosterone also

We have been working entirely on urine. It would be desirable to measure aldo-
sterone 1n blood. Unfortunately, the bio-assayis scarcely sensitive enough to determine
normal levels 1n human blood, unless very large samples are used [13]. Furthermore,
the blood level reflects only the situation at a given moment, while the output of
material 1n the 24-hour urine has proved to be a satisfactory method for the assess-
ment of the other secretions of the adrenal cortex

When normal urine 1s extracted in the neutral state, very little or no activity is
found. When this urine 1s acidified to pH 1 and promptly extracted, perhaps a litcle
activity is found, but in many instances the extract 1s dwuretic. When this urine 1s
allowed to stand at pH 1, at room temperature for 24 hours, considerably more
material can be extracted, and an assayable quannty 1s obtatned from normal men on
ordinary diets.

When the normal individual goes on 2 low.sodtum diet, aldosterone 1s found in
wncreased amounts in extracts prepared after hydrolysis with acid or with beta-
glucuromdate [14].

Many of our patients are on low sodium diets, and obviously we have to take this
nto account in the interpretation of the climeal data which we waill show.

The excretion of aldosterone in the patient with nephrotic syndrome or heart
failure, who 1s 1n a sodium-retaimng phase of the disease, 1s larger than that 1n normal
individuals, even those who have been on stringent sodium restriction. In certain
instances as much as 20 tumes the normal outpur of aldosterone has been garnered in
all of these fractions. In nephrosis and i heart failure, aldosterone 1s not extracted in

[10] Luetscher and Johnson, J. Clin. Invest. 33: 276, 1954,

{11] Luetscher, Recent Progress in Hormone Research; in press,

[12] Luetscher, Neher, and Wettstemn, Experienna 11: 456, 195.4.

[13] Simpson and Tait, Recent Progress in Hormone Reseaf‘ch. i press, ;955.
[14] Axelrad, Cates, Johnson, and Luetscher, Bric. Med. J.; in press, 1954.
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sigmficant amounts from neutral urine, but is easily extractable from acidified urine.
After standing at pH 1, or after treatment with glucuronidase, sull more aldosterone
1s recovered.

It 15 apparent then that the method of extraction of the urine is an important
element inquantitation It1s essential for making comparisons that extracts be prepared
1in a standardized manner.

Normal children put out very nearly as much aldosterone each day as normal
adules, 1n spite of the rather marked discrepancy 1n the production of ketosteroids
and smaller difference 1n the output 1n 17-hydroxy-corticoids (Porter-Silber chromo-
gens).

In adrenalectomized patients and those with Addison’s disease, we see no sodium-~
retaining acuvity In the patient with panhypopituitarism, there 1s virtually normal
output of aldosterone, i contrasc to the greatly reduced output of ketosteroids and
chromogens [15].

When a normal individual received ACTH, the output of hydrocorﬂsone—hkc and
17-ketosteroids increased by a facror of 5, while an insignificant increase in the
output of aldosterone was found in the urine. There was not much change 1n sodium
excretion 1n this subject, who received a single injection of 80 clinical units of ACTH
gel. It 1s possible that ACTH given under different circumstances might produce some
change 1n the output of aldosterone

In sodium depletion, a different pattern of adrenal cortical function 1s seen.

When a healthy man reduced his sodium intake from a control level of 120 mEq.
per day to 11 mEq. perday, the urine sodium fell to abour 4 mEq. per day. At the same
tme, the aldosterone output rose to 5 times the control level in the 24-hour extract
There was also an icrease in the glucuromdase extract, while the immediate acid
extract showed less striking changes, While these events were taking place, there was
almost no evidence of change 1n the other secretions of the adrenal cortex The 17.
ketosteroids were unaffected, as previously reported in patients on low sodium diets.
There was no sigmficant change in the output of Porter-Silber chromogens The
clearance of wulin and of endogenous creatinine chromogen was not significantly
changed during 6 days of sodium deprivation [16).

The serum sodium dropped only shightly, while potassium rose for a day or two.
The hematocrit rose There was a modest fall 10 body weight.

We have the impression here we are seeing a normal mechanism for sodium
couservation. I was hoping that Dr Lauson would be here. Henry has often told us
that ald one 1s portant b 1f the glomerular filtration rate 1s low, no
sodwum reaches the distal tubule for reabsorption 1 was hoping to pornt out to him

that since the distal tubule completely reabsorbed a normal load in the presence of

{15] Luetscher and Axelrad, J Clin. Endocr. Metab. 14. 1086, 1954.
[16] Luetscher and Axelrad, Proc. Soc Exper Biol. and Med.; 1n press, 1955,
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of increased aldosterone, the filtration rate was immaterial.

It is just a question of which way you want to look at 1t, Obviously, there is a
balance here. If there 1s an acute reductionin filtration rate, there would be a corres-
ponding acute fall in output of sodium until the kidneys and adrenals had tume to com-
pensate. This readjusrment, which, we believe, includes adrenal function, allows for
adaptation to chrome changes 1n glomerular filtration rate.

We have described changes i aldosterone outpur during spontaneous or induced
diuresis in nephrosis [17,18]. The output of sodium-retaining hormone 1n nephrosis was
increased. The wnitial high output of aldosterone occurred with a normal serum sodium
concentration, as well as n those patients with hyponatriemia When ACTH was given,
and when diuresis followed, there was a sharp fall in the output of sodwum-retaining
activity of the urine. McCall and Singer [19] noted stmilar changes after ACTH. They
also measured formaldehydrogenic steroids, which showed a rather sluggish increase
after ACTH, as expected

Similar results were observed. in the post-cortisone diuresis. With the fall in
body weight, with elimination of water and sodium 1n the urine, the high, 1nital level
of sodium-retaining activity inthe urine fell toward normal. This change in the sodium-
retarning activity reflects changes 1n aldosterone mn-urine.

We have seen comparable changes during diuresis on cortisone, after cortisone,
during ACTH administration, or after the withdrawal of ACTH. These findings did not
suggest direct effects of ACTH on adrenal cortical secretion of aldosterone, but
rather indirect effects of the anti-1nflammatory hormone, producing general improve-
ment of the patent’s condition

In the patient whohas the nephrotic syndrome, but who 1s temporarily 1n an edema-
free phase, changes are seen in aldosterone output after administration of ACTH,
A young man with the nephrotic syndrome, without edema, was treated with ACTH gel
1n an unsuccessful effort to modify the proteinuria. On the second and third day of
therapy, there was a fall 1n sodium excretion from the control level of 135 to 7 mEq.
per day, followed after one week by release of sodium in the urine, and loss of flud
which he had accumulated during the early days of therapy. The output of aldosterone
was at a normal level imtially, rose sharplyon the second and third days, correspond-
ing with the fall 1n the urine sodium and fell again to subnormal levels during diuresis.

Obviously, we are not dealing with any simple relation between ACTH and aldo-
sterone output, although the expected risen 17 -ketosteroid and Porter-Silber chromo-
gens appeared and was maintained during ACTH administration.

The patient was on a normal sodium intake during these observations. When his
urtne sodium dropped to 7 mEq. per day, he retained approximately 130 mEq. per day

17] Luetscher and Demung, J. Chin. Invest. 29: 1576, 1950.
[18% Luetscher, Deming, and Johnsen, J. Clin. Invest. 30: 1530, 1951.
[19] McCali and Singer, J Clin Endocr. Metab, 13: 1157, 1953.
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and accumulated water at a corresponding rate without sigmificant change 10 the serum
sodium concentration.

When 2 patient received cortisone for five days, without apparent effect on his
steadily 1ncreasing weight or on the low output of sodium, there was no change 1n the
assay of sodium-retaining materials in the urine. It has been found consistently that
when treatment fails to relieve edema, 1t also fails to affect the output of sodium-~
retaining activity 1n the urine. This 1s equally true with ACTH [17, 18].

A number of patients were also treated with concentrated human serum albumin
[18] Wuth diurests and release of sodum 1n the urine, there was 2 fall in sodium-
retaining actwvity to normal levels, These data indicate that the output of aldosterone
18 more closely related to fluid balance and the factors controlling this balance, than
to control by the anterior pituitary corticotropin of the conventional type.

This 1s obviously a complicated situation, 2nd wehave a great deal more to learn.
To summarize our position at the moment, we believe that aldosterone regulates the
sodium output, but we are not prepared to statg in simple terms what regulates the
output of aldosterane. The secretion of aldosterone appearsto be a normal mechamsm
for sodium conservation, It can be stimulated by sodium deprivation. The output of
aldosterone increases n several diseases during the accumulation of edema, when the
mcreased outpur of aldosterone 1s associated with very low output of sodium in the
urine. We do not believe that this 15 merely a reaction to sodium depletion occurring
1n the course of disease, because we have pushed the sodium 1ntake to high levels,
witholt affecting the increased output of aldosterone

Corticotropin has little effect on the output of aldosterone 1n normal men, but
there may be considerable effects in disease

Perhaps, some teleological speculations may be permussible at this poinr. I have
repeatedly emphasized that the patient with the nephromnc syndrome must dilute his
plasma in order to stay alive If he tried to maintain a normal plasma colleid osmotic
pressure with his greatly reduced quantty of circulating proten, his plasma volume
would be so small as to make Life impossible A similar situation may exist in hepatic
cirrhosts, complicated by diversion of flud snto the peritaneal cavity If we exchange
blood flow for blood volume, cardiac fatlure might be included.

We sull have to consider the possibility that there 1s a failure of hepatic destruc-
ton of aldesterone, resulting in mcreased blood and urine levels, rather than an
increased output by the adrenals

I hope that Dr. Farrell and Dr. Sayers will have more to say about these marters,

since their physiological experiments can give simple and clear answers to some of
these problems.

Dr Bertha Singer, who worked with Dr. Stack-Dunne last year,may hav

€ some
comments on the regulation of aldosterone 1n the experimental animal.
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DR. McCRORY: I would like to have you explain in more detail the meaning of
sodium loss by the bio-assay method. You stated that you could observe sodium excre-
tion under certain circumstances and that cortisone had this effect. Is this salt excretion
effect of cortusone quantitatively important in the sense of influencing the estimation
of salt-retaining material acting? In short, does the presence of cortisone negate or
lessen the salt-retaining response of the assay preparation. If this occurs the salt-
retaining activity would be lessened if the patient were excreting cortisone m addition
to salt-retaining steroids. The inability to find increased salt-retaining action in urine
extract of patients recewving ACTH or cortisone 1s not 1n keeping with the clinical
observation of salt and water retentioninthese patients. Could the bio-assay measure-
ment be influenced by the excretion of cortisone?

DR. LUETSCHER: Dr. McCrory’s comments raise questions, first about bio-
assay, and second, about patients.

Let’s take these one at a time very briefly. In the bio-assay, we are dealing with
adrenalectomized ammals, which have subnormal filtration rate and impaired ability
to excrete water after loading. Dr. Sala has studied renal function under the conditions
of the bio-assay [20]. When small amounts of aldosterone are given, there 1s no change
1 filtration rate, buttubular reabsorption of sodiumis increased. when corticosterone,
hydrocortisone, or cortisnne is given, there is an increase tn filtration rate, and the
impaired diuresis of the adrenalectomized, water-loaded ammal 1s abolished. A large
volume of urine appears, together with an increased output of sodium and potassium.
This effect can be eliminated by reducing the water load. For technical reasons, we
have found 1t inconvenient to do so It 1s also useful to have a qualitatively different
response to aldosterone. The quantity of cortisone present in the urine 1s not enough
to affect the assay, as we have shown.

In man, we have to consider againthe double effect of these hormenes on filtration
rate and on tubular reabsorprion The patient with the nephrotc syndrome 1s tnmany
ways not unlike our adrenalectomized rat because both have a subnormal filtration
rate, which can be increased by the administration of cortisone or hydrocortisone,
together with impaired diuresis. However, the over-all effect of the hormone on the
patient depends on a very complex series of phenomena, which include changes 1n
filtration rate, tubular function, adrenal cortical secretions of several types, diet,
metabolic changes, water intake, diwresis, and changes in the pathologic physiology
of the disease It1istiring tocontemplate this over-all picture. If you try to analyze these
factors as clearly as you can, the situation may not be so complex or so difficult to
understand as 1t appears on first glance. I have emphasized some consistent features
which appear regularly in our series of observations.

DR. MILTON RAPOPORT: Several years ago at the Boston Conference, I men-
tioned a rather puzzling situarionina child with the nephrotic syndrome. A small boy who
had all the findings of the nephronc syndrome -- edema, low serum proteins, hyper-
cholesterolemta -- but no protemurial His swelling had been recognized four days
before he entered the hospital. He was quite edematous and contmfxed so for five days,
following hospitalization. Anaccompanying upper respiratory tractinfection was treated
with pemcillin 1injections, -- no other therapy was used. Foll?wmg the fifth day he
diresed and lost his edema completely in two days. Urinalysis was carried out 14

{20] Sala and Luetscher, Endocrinol. 55: 516, 1954.
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times on this youngster and showed no protein with the routine clinical tests, and a
maximum of 50 mg. per 12 hours by a quantitatve test; a value which we consider
normal. His renal function as judged from his NPN concentration and his urinary
specific gravity of 1030, was apparently adequate and normal.

Dr. Henry Lauson appeared incredulous, This child’s findings did not fit a theory
of the genesis of hypoproteinemia which he held, However, this boy proved that he had
the nephrotic syndrome, by returning to the hospital two months later with edema and
marked proteinuria 1n addition to the other characterisuc abnormalities. Dr. Lauson
suggested that this youngster had had proteinuria before we had seen him the firsc
time -- a pont which he couldn’tprove -~ and we couldn’t deny. However, Dr. Luetscher
has suggested an alternative explananon - the increased secretion of aldosterone is
part of the nephrotic syndrome and 1t persisted, even though a postulated antecedent
proteinuria had disappeared -- and so accounted for this youngster’s edema

DR LUETSCHER: A most interesting observation, Dr. Rapoport. I would agree
with your conclusions I hope that you don't suggest that proteinuria 1s primarily

responsible for the hypopr .

DR. RAPOPORT" This 1s a point I'd rather not get involved in now.
DR BARNETT: 1am very sorryDr.Lausonisnot here to state his own opmions.

In regard to Dr. Rapoport’s patient, { think Dr. Lauson would have suggested that
a per1od of proteinuria may have precededthe time when the patient had edema without
proteinuria

We have recently followed very closely a child whose proteinuria disappeared.
The rate at which the plasma proteins increased 1o this child was really quite slow
extending over a period of many days.

In regard to what causes excessive retentron of the salt and water 1n a child with
nephrosis, 1 do not think anybody really has technques to resolve the question concern-
ing the relanve importance of changes in glomerular filtration rate or in tubular
reabsorprion. Certamly no one woulddeny thatinterms of sodium the final composition
of the urtne 1s determined by the tubules. However, I think Dr, Lauson would say, and
1 would agree, that changes in glomerular filtration rate may influence what the tubule
does 1n dete: g the final J: on.

There are two questions I should like toask Ithoughtthar Dr. Alex Leaf had shown
during sodium restriction there was an increase in the excretion of ketosteroids

The other question I had concerns the relationship between sodium excretion and
aldosterone excrenon. You demonstrated a direct relanionship between the two in a
variety of patieats. I wonder whether or not this relationship mught be altered in the
same way that the relanonship between anti-diuretic hormone and water excretion
can be altered under certain abnormal conditions.
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We know, for instance, that under maximum anti~diuretic hormone action, one can
alter the rate of urine flow by changes in the rate of solute excretion. I think 1t would
be very 1nteresting to know whether you have, or if you haven’t, whether you plan to
study aldosterone excretion during sodium loading of an anhydremic subject. It would
be of interest also to know about aldosterone excretion 1n a child with active nephrosis
who was forced to excrete sodium by chromc “salt-loading”.

DR. LUETSCHER: Dr. Leaf [21] showed that there were changes which he mnter-
preted as secondary to adrenal oversecretton at this time, but I don’t believe that
ketosteroid or corticosteroid excretion were measured. Insubsequent studies, Daugha-
day and MacBryde [22] did not demonstrate any change in the output of ketosteroids
or of neutral reducing lipids during sodium deprivation Our results confirm these
observations.

With respect to the acute experiments, unfortunately, it requires quite a long urine
collection 1n order to obtain enough aldosterone to measure accurately.

With respect to sodium loading, I am quite sure that with an adequate sodium load,
more sodium would appear in the urine, as Dr Fox has shown us. We don’t have the
crucial data to interpret this observation. Overflow of sodium could occur under
erther of two circumstances. If you give a constant dose of desoxycorticosterone to a
dog or patient, you can still cause him to excrete sodium, if the sodium load 1s 1n-
creased sufficiently. The accumulation of body fluids can apparently override the action
of a constant dose of that hormone, even 1n the absence of the adrenals, though with
difficulty 1n the latter case. In the patient whose adrenals are responsive to the
mternal environment, any excess of sodium accumulated in the preliminary phases
might cause a suppression of aldosterone output. It would be extremely interesting
to measure aldosterone under these conditions.

DR, ARTHUR MERRILL: I would like to ask Dr. Leutscher if he has correlated
aldosterone with the sweat sodium.

DR. LUETSCHER: We have not done so, but in view of Dr. Conn’s previous
observations [23], there would probably be a correlation. Simpson and Tait have
gwven aldosterone to normal individuals and have shown an clevation of the potassium
to sodium ratio in saliva [13]. Berger and Steele [24] noted suppression of sodium
excretion by the colon n heart failure and cirrhosis of the liver. Evidently there are
effects on cells other than the renal tubules.

DR. MERRILL: ACTH always lowers sweat sodium content, does it not?

DR LUETSCHER: I have no personal experience, but published reports suggest
that ACTH lowers sweat sodium content.

[21] Leaf and Couter J Clin. Invest. 28:1067, 1949.
(22] Daughaday and MacBryde J. Chin. Invest. 29:591, 1950.
[23] a. Conn Arch.Int Med 83:416, 1949,
b. Locke, Talbot, Jones, and Worcester J. Clin. Invest. 30:325, 1951.
[24] Berger and Steele J. Clin. Invest. 31:451, 1952.



DR JOHN JAMES: I should like to ask Dr. Leutscher whether any studies have
been done on aldosterone output in animals subjected to plasmapherests

DR. LUETSCHER: I have heard no reports on this subject. We did a very
extensive study some time ago on plasmapheresis in dogs and were able to show that
we did not affect the filtration rate significantly, nor did we affect the sodium excretion
sigmficantly, even when very marked hypoalbuminemia developed. We published these
data only 1 abstract form, but they were subsequently repeated and confirmed by
other observers 1 consider the story of plasmapherests in animals to be a sort of
bad joke. I spent one whole winter working with Dr. A D. Hall and Miss Kremer 1n
Balumore trying to make some dogs ed ous by pl esis and never really
succeeded A protewn-free diet 1s essenttal. without this, plasmapheresis is futile.
If you go back to the original experiments, you will discover that 1n order to keep the
dogs comfortable or happy or something during the procedure, investigators used to
1nfuse something like 10 per cent of body weight 1n 1sotonmc sodium chloride solution
each day during the experiments When the serum proteins are reduced, edema 1s
produced more readily. In the absence of sodium and water loading, edema does not
occur spontaneously until the last stages when the dog is dying of malnutrinion.

DR MILLER- I think 1t might be wise to offer a word of caution on the 1nter-
pretation of bio-assays You mentioned that other salt-retaining substances exist,
and until the day comes when easy methods become available to determine which
substance, we will not have the final answer You rmght be interested in a second-
hand report from the Central Society Meeting in Chicago last week where the Mayo
Climc people reported giving as much as 2 to 3 milligrams of aldosterone to patients
with rheumatoid arthritis over a period of five days. The amount of sodium and water
retained was surprisingly small in these otherwise normal individuals Very little
effect on potasstum excretion was observed 1 think the whole matter of what aldoster-
one does 1 the human still awaits further experimentation.

DR LUETSCHER. I am glad that Dr. Miller has raised these points so that they
can be cleared up In our earher work, we measured sodium-retaining activiry of
urtne extracts Subsequently, 1t was found that only one fraction of these extracts
showed sodium-retaining activity, The active material was proved to be aldosterone
1n nephrosis, and we believe thar the active material of similar properties 1s aldo-
sterone 1n the other cases also. When the word, aldosterone, 1s used, I meana
sodium-retaining substance with chromacographic properties identical with aldo-
sterone

Secondly, 1 the mterpretation of studies in man, we must be exceedingly cautious
for a while because the short duration of action of aldosterone 1n man has not been
generally recogmized.

Prunty [25] has shown thac the effects of aldosterone appear and disappear quickly.
If one large dose of aldosterone 1s givento a man, most of the effects occur 1n the 4 to
6 hours following the injection. Temporary suppression of sodum output may be
almost complete, but in the subsequent hours there 1s increased sodium excretion

{25] Prunty, McSwiney, Mills, and Smuth Lancer 267:620, 1954.
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above the baseline. The preparations of aldosterone which are availablé at the present
time are not suitable for sustained action. Unul longer acting materials are available,
day-to-day balance studies must be viewed with a critical eye.

DR. T. S. DANOWSKI: It might be helpful to keep in mind there are multiple
regulators of sodium retention and excretion. As a clinical counterpart of Leutscher’s
dog, there are the studies of Rosenbaum, et al.[26] Their patients with Addison’s
Disease maintained on cortisone responded to water excesses and deficits and to
variations in sodium loads. These adjustments could not have been mediated through
the adrenal cornices, and hence other regulators must have been operative.

Secondly, 1 support of this view, you might expect that, with a compound such as
aldosterone which leads to sodium retention and topotassium excretion, such processes
are inherent and inflexible properties of the compound. However, under conditions of
complete electrolyte deprivation where the urine becomes sodium free, the rat produces
a urme which 1s also essentially potassium free. If this complete conservation of
sodium 1s mediated through aldosterone, then one mightexpect an increased potassium
output Since this does not happen there must be regulators of porassium other than
aldosterone

DR. LUETSCHER: There are mechamsms of the kidaey which work 1n the absence
of adrenal sterotds and others which will operate 1f given small amounts of hormone.
But 1t 15 easy to demonstrate serious deficiencies of renal function 1o the adrenalecto-
mized animal or man A small dose of cortisone restores some normal reactions,
but does not make the Addisonian patient normal, as Dr. Danowski knows as well as
any of us.

We think aldosterone 1s analogous to posterior pituitary hormone, which adds the
fine regulation to the primitive mechanisms which exist in the kidney deprived of
adrenal support. The situation 1s obviously complex, and aldosterone 1s surely not
the only thing that controls the excretion of sodtum or potassium

CHAIRMAN METCOFFE: Thank you, Dr Luetscher for your stumulating comments.
Dr. Farrell now will present studies onisolation and identification of steroids obtained
from adrenal venous blood.

DR. FARRELL: We have been interested 1n the past few years in isolating and
identifying the steroids in adrenal venous blood. We believe that this 1s the most
accurate way of defining the nature of the secreton of the adrenal cortex. I would
like very briefly to present some of our more recent work,

Figure 85 will illustrate a typical experiment in which a sample of adrenal
venous blood from the dog, collected by cannulation of the lumbo-adrenal vein, 1s
extracted with chloroform and partitioned between 70% ethanol and hexane. The
solutes from the 70 per cent ethanol fraction are chromatographed through a series
of paper chromatograms. We employ the solvents propylene glycol-toluene for the
separation of the more polar steroids such as 17-hyroxycorticosterone and corticos-
terone. Propylene glycol-hexane serves well for compounds of the order of polarity

[26] Rosenbaum, J.D., et al J. Chin. Invest. 31:657, 1952.
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of 11-desoxycorticosterone. The 1solated fractions are routinely studiedfor absorption
1n the ultraviolet, reaction with ammoniacal silver nitrate and reaction with phenyl-
hydrazine. Bio-assay for sodium-retaining acuvity is also rourinely employed to aid
the 1solation of aldosterone.

DR. BARNETT: With how much blood do you start?

DR. FARRELL: This varies with what we have 1n mind The largest amount of
blood we have used was 50 liters, during the inittal studies on aldosterone. We ordinari-~
ly use about two liters for an experiment

Figure 86 shows the steroids which we have 1solated from adrenal venous blood
of the dog The two largest components are clearly 17-hydroxycorticosterone and
corticosterone. In the region of the chromatograms corresponding to higher oxygen
levels on the steroid nucleus are found five components which have not been 1dentified.
Slightly less polar than 17 hydroxycorticosterone 1s an umdentified steroid, Fraction
7 This summer Elizabeth Rauschkolb, Paul Royce, Hans Hirschmann and I were able
to 1solate and tdenufy aldosterone from this source[27]. 11-Desoxy-17-hydroxycorti-
costerone 1s present. In the less polar regions of the chromatograms are four com-
ponents, one 1s probably 11-dehydracorticosterone, the second 1s umdentified, the third
1s ll.desoxycorticosterone and the last 1s umdenufied 11-Desoxycorticosterone has
only recently been 1dentified as a component of this secretion[28]

The finding of these steroids inthe adrenal venous blood 1tself does not, of course,
mean that the adrenal secretes them. It was ry to study v rterial
concentration differences It was found that the five steroids more polar than 17-
hydroxycorticosterone (that is, probably more highly oxygenated) are not directly
secreted by the adrenal since they are found in the peripheral blood 1n the same
concentration as in adrenal venous blood. They may well be degradation products of
the major steroids The same 1s true of Fraction 7. An occastonal animal does not
secrete Substance S. The other steroids appear to be secreted by the adrenal, as
evidenced by these A-V difference studies

This work clearly indicates that the adrenal secretes a complex mixture of
sterords The question naturally arises as to the relative importance of these steroids
1 the metabolic balance of the ammal. If we consider the effects of the steroids on
carbohydrate metabolism, there appears to be lutle question the 17-hydroxycorti-
costerone 1s the most important steroid in this regard, It 1s, so faraswe know, the
most potent carbohydrate-active steroid in the secretion and is present in the highest
concentration With regard to electrolyte metabolism, the situation 1s more complex,
since aldosterone, corticosterone and desoxycorticosterone all play a role. The
relative sodium-retaining activities of these fractions hasbeen esumated (Fig. 87)from
our data on the relative concentrations of the steroids in adrenal venous blood and

[27] Parrell, G. L., Royce, P. C., Rauschkolb, E W. and Hirschmann, H., Proc, Soc.
Exp Biol. & Med., 87. 106, 1954,

{28] Farrell, G. L., Royce, P. C., Rauschkolb, E. W. and Hir
Exper. Biol. & Med., In Press.

, H., Proc. Soc.
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and from the literature. This 1s a representative sample of adrenal venous blood
obtained from animals on a moderate mtake of sodium chloride. 17.Hydroxycorti-
costerone contributes 3 per cantand corticosterone 27 per cent of the sodium-retaining
actwvity. Aldosterone 1s the most important component simce 1t 1s responsible for 69
per cent of the sodium-retaining activity of the sample. This 1s true in spite of 1ts
comparatively low concentrationbecause of its very high potency. Desoxycorticosterone
contributes very little (about 1 per cent) of the total activity.

It was of interest to determine whichof these steroids was under pituitary control.
The experiments shown in Fig. 88 were conducted 1n the following manner. Dogs were
hypophysectomized via the oral approach. Six hours later the adrenal vein was cannu-
lated and from the sixth to tenth hour adrenal venous blood was collected. This blood
was analyzed for steroid components. The cross-hatched areas represent the control
levels, the clear areas, the hypophysectomy levels of steroid secretion. I think 1t is
fairly evident that each of the steroids 1s influenced by hypophysectomy. The effect is
quite profound with regardtothe secretionof 17-hydroxycorticosterone, corticosterone,
11.desoxy~17-hydroxycorticosterone and 11-desoxycorticosterone. The rate of secre-
t10 of aldosterone seemed to decrease less proportionately than the others. In order to
further study this problem we conducted an additional series of experiments in which
we 1solated aldosterone following hypophysectomy. Figure 89 shows the results of
experiments conducted on thirty-two amumals, sixteen sham hypophysectomized and s1x-
teen hypophysectomized. The cross-hatched bars show the levels of secretion of the
controls and the clear, those of the hypophysectomues. It 1s evident that the levels of
secretion of 17-hydroxycorticosterone, 11-desoxy-17-hyroxycorticosterone and cort:-
costerane fell to about one tenth of the control during this period following hypophysec-
tomy. The level of secretion of aldosterone consistently remained at somewhat less
than one half the controllevel Thisfinding suggestseither that the time relationship of
the decrease of the secretion rate of aldosterone following hypophysectomy 1s different
than for the other steroids, or that aldosterone 1s synthesized by two pathways, one
ACTH dependent, the other not.

The effect of ACTH 1njected intravenously into hypophysectomized dogs 1s shown in
Figure 90. The levels of secretionof 17-hydroxycorticosterone, 11-desoxy-17-hydroxy-
corticosterone, corticosterone and 11-desoxycorticosterone by the adrenal of the hypo-
physectomized dogs (cross-hatched areas) rise sharply following ACTH(Clear areas).
Fractions 13, 13A and 14A have not been 1solated 1n a study of this kind. The increase
in the rate of secretion of aldosterone following ACTH 1s less than 1t 1s 1n the case of
the other steroids. This raises once again the questionas to the extent of the pituitary
regulation of this important steroid component.

CHAIRMAN METCOFF: Thank you, Dr. Farrell, Iwonderif we can proceed to Dr.
Sayers’ presentation and then discuss both afterward.

DR. GEORGE SAYERS. I have noexpertmental data of my own to present. I want to
take this opportunity to compare the metabolic actions of hydrocortisone, corticosterone,
aldosterone and desoxycorticosterone. 1 will emphasize atthe outset that aldosterone s
not merely amore potent form of desoxycorticosterone. We now have experimental data
from various laboratories which indicate quite clearly that aldosterone has bxol?gxcal
features of its own which distinguish 1t from hydrocortisone and from desoxycorticost.
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erone. If time permits, we may consider some wild schemes on what possibly 1s going
on in the nephrotic syndrome in regard toexcretion of aldosterone in the urine. Whythe
excess of this steroid? What mechanism regulates the rate of secretion of aldosterone?
By what means does ACTH and corusone reduce the output of aldosterone n the
nephronc syndrome?

1 have gathered from the literature experimental data on the metabolic actions
of hydrocortisone, corticosterone, aldosterone, desoxycorticosterone (see Table 34).
The four steroids are of special interest as far as adrenocortical physiology 1s con-
cerned

Dr. Farrell has established the fact thathydrocortisone, corticosterone, aldoster.
one, desoxycorticosterone are elaborated by the dog adrenal cortex, and Dr. Sweat 1n
our laboratory has good evidence that hydrocortisone and corticosterone are elaborated
by the human adrenal.

In Table 34 L have given the most potent compound a rating of 100. The comparisons
are made on a weight basis, that 1s, the actuvity of a unic weight of hydrocortisone 1s
compared with the same weight of each of the other three steroids Hydrocortisone 18
much more potent than desoxycorticosterone in promoting deposition of glycogen.
Aldosterone has an appreciable effect on carbohydrate metabolism and 1s, therefore,
quite distinct from desoxycorticosterone.

However, from what we just heard from Dr Farrell, the quantity of aldosterone
secreted by the adrenal cortex 1s so relatively small that obviously hydrocortisone 1s
the important steroid asfarasthe regulatson of carbohydrate metabohism 1s concerned.

Life maintenance L have divided intotwo categortes. optimal conditions and stressful
condittons By optimal conditions | mean a situation 10 which the animal 1s maintained
at a fairly constart temperature and free frominfection. The sodium chloride tntake of
the ammal 1s that of a regular diec There has been no supplementation of sodium
chloride

Aldosterone s, by far, the most potent pound. D ycort: terone 1s one
twenty-fifth as potent Hydrocortisone 1s very weak in this regard The well-being of
the animal under optimal conditions 1s tn large measure determined by aldosterone.
The situation changes when we talk about survival under stressful sitvanens. Here
you see that, whereas hydrocortisonc was very weak in comparison to desoxycorti-
costerone under opumnal conditions, hydrocortisone becomes very umportant under
stressful conditions. (The rating i Table 34 1s for cortisone, but I am quite sure the
same rating applics to hydrocortisone ) So here 1s a different type of actvity being
revealed when the animal 1s under a stressful situation

1 have picked two types of stresses, cold and exercise, and in both situations
hydrocortisone 1s much more potent than desoxycorticosterone

Now, the data on aldosterone are a bit fragmentary yet, but from what infor-
mation we have 1t appears that aldosterone 1s as potent as hydrocortisone under
conditions of cold stress.
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TABLE 34*

Hydrocortisone  Corucosterone  Ald D ticosteronc
Cnr\\o\\xdra(t
letabolism
Liver glycogen 100° 16 25t 3
Life Mantenance
10,12
Optimal conditions 005! ' 1007012 4
Stress
Cold 1007 (for E) o 100® 8’
Exercise 100 30° ) 1°
Renal Funcuon
NPN ucls4 24 100’2 I
16
GFR  Rar lnrease ? No change'®  Slight increase®
(for E)
18
Dog Increase ? » No change o 15

shight increase

Inhibition of

14 n
ACTH Discharge 100 25 33t wh
19
Eostnopenia 100%° 25 (for A) 563? a4
Elccrrolgze
Metabolism
L 1 1w , 3,12
Ng* Low Nav Retention = 0 05 R =1 « 10012 R =4
reserves
2 . 2,21
Normal or No retention No retention’ ? Retention’
1,15.20
high Na or excretion
reserves
. 3 3
K’ excretion Increased Increased 100 20
Water excrenon o "
afier water load rhev 1 + +

*  Supcrscript numbers refer 1o references on facing page

+ 10
** Dogs maintained on DOCA. Swirched fram DOCA to aldosteronc. Transient increase 1a Na” excretion
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We have no information on the potency of aldosterone in the exercise test of
Ingle.

It looks as if hydrocortisone 1s the important steroid in resistance to noxious
stumult, Now we shall consider renal function Aldosterone 1s by far the most potent
steroid 1n maintenance of normal renal function as measured by blood NPN; desoxy-
corticosterone is about one~twenty-fifth as potent.

It seems the effect on NPN about parallels the sodium-retaining effect. Hydro-
cortisone 1s relauvely inactive under the conditions of the particular assay system
that I am describing here. Corticosterone 1s also quite weak.

Hydrocortisone apparently increases glomerular filtration rate in the rat, 1n the
dog, and in man. This 1s an important aspect of the problem of the effect of these
steroids on sodium excretion. Dr Luetscher has pointed out that sodium load may be
increased by sterords which increase GFR.

Desoxycorticosterone may have some effect on glomerular filtration rate, but the
effect doesn’t seem to be nearly as pronounced as in the case of hydrocortisone.

Dr Luetscher and Dr. Sala have some data on the effect of aldosterone on GER
in the rat

It appears that it has no significant effect on glomerular filtration rate in this
species. We have no information on the dog or man.

As far as inhibition of ACTH discharge 1s concerned, hydrocortisone is ten times
as potent as desoxycorticosterone. This is an action in which we test the ability of an
mnjected steroid to inhibit discharge of ACTH upon application of a noxious stiumulus,
Aldosterone 1s one-third as active as cortisone. Corticosterone 1s one-quarter as
active. It 1s obvious from the relative amounts of steroids secreted by the adrenal
that the most important sterord inhibiting ACTH discharge 1s hydrocortisone.

Hydrocortisone 1s much more potent than desoxycorticosterone in inducing
eosinopema. Aldosterone has an action quite comparable to that of hydrocortisone.
Here again we have an indication that aldosterone 1s distinct in its actions from

desoxycorticosterone.

1 anucipated considerable difficulty in discussing the role of the adrenal cortex
1n sodium excretion. This 1s avery complex problem, indeed, as Dr. Luetscher pointed
out. I would litke to add to the discussion that has gone before to say thatitis a
multi-dimensional problem in the sense that 1t 1s not only a matter of the dose of
sterotd, but 1t ts also a matter of the sodium reservesin the animal. When one
describes the effect of hydrocortisone on sodium retention, one must be care'ful to
otate the dose of the steroid and also the amount of sodium in the animals’ diet.

As far as retention goes, on low sodium reserves, aldosterone 1s the most potent
le’s
compound; 1t 1s twenty-five times as potent as desoxycorticosterone. From Swing
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work on adrenalectomized dogs it appears that on relauvely low sodium intake,
hydrocortisone has 1/2000th the activaity of aldosterone. Very weak activity, indeed!

On normal or high sodium reserves, one sees little or no retention, sometimes
even excretion following the admimstration of hydrocortisone. This 1s quite distinct
from desoxycorticosterone,which regardless of the sodium intake, be 1t low or be 1t
tigh, 1nduces retention. There appears to be a qualitauve difference between hydro-
cortisone and desoxycorticosterone,

We are beginning to get some experimental dataon the effect of aldosterone under
the circumstances of normal or high sodium reserves. Iam not willing to make a final
statement at this time as to just what the action of aldosterone will be 1n high doses
1n an individual on moderate or high sodium loads.

The Swiss investigators, Gross and Gysel, ma d adrenal d dogs on
desoxycorticosterone The day following the withdrawal of desoxycorticosterone the
ammals were given aldosterone, and for the first few days on high dose of aldosterone
ncreased sodium excrenon occurred.

There 15 a gap 1n our knowledge regarding the action of aldosterone under circum-
stances of high sodium 1ntake that obviously has to be filled

This knowledge 1s quite 1mportantasfarasthe role of aldosterone 1n the nephrotic
syndrome 1s concerned.

Potassium eecretion may be discussed briefly Aldosteroneisfive times as potent
as desoxycorncosterone. The effect of the steroids on water excretion 1s interesung.
As you know, the patient with Addison's disease 1s quite incapable of handling a water
load Desoxycorticosterone has a shight effect 1n increasing the rate of excretion of
water. Hydrocortisone, on the other hand, hasa very marked effect and can restore the
deficient organism to normal at relatively low doses.

It 15 rather interesting that aldosterone falls into the same catergory as desoxy-
corticosterone 1n this regard

CHAIRMAN METCOFF: Thank you for this enlightening presentation Dr. Sayers.
1 wonder 1f Dr Singer mght like to comment at this point

DR. BERTHA SINGER 1 know there 1sn’t much tume, so perhaps I will get right
down to the pomnt, 1f I could show just one slide, summarizing some of the work I did
last year in collaboration with Dr. M.P Stack-Dunne on the adrenal vein blood of rats
studied under a varicty of experimental conditions.

First, a word about the collection and handling of the blood. It was collected from
the adrenal vein, and extracted withethyl acetate and chr graphed. Cor sterone
was esumated by the fluorescence reaction onpaper The aldosterone was eluted from

the appropriate paper chromatogram fraction and assayed biologically by the Simpsen
and Tait assay [29]

[29] Simpson, S. A. and Tait, J F. Endocrinology. 50150, 1952
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We have plotied the values that were obtained in these experiments logarith-
mically, so that changes which might not appear great at first glance are really quite
sigmficant (Fig. 91).

The corticosterone 1s plotted here, and the aldosterone values, were expressed as
the DOCA equuvalent, 1n micrograms, peradrenal, per kilogram body weight, per hour.

The blood was collected for anhour anda half 1n each instance. As you can see, the
mtact rats secreted quite high amounts of both compounds, and the proportion of the
aldosterone to corticosterone was about 0.3 After hypophysectomy, the values of both
substances fell, in the case of the corticosterone very dramaucally, and the mean
aldosterone values of several groups was about one-fifth the values found n the intact
ammals. These values did not fall in the period during which we studied them, from
two days after hypophysectomy to forty-four days.

We then studied the effectof anacute intravenous njection of ACTH given two days
after hypophysectomy.

As you can see, both substances shot up to the level found 1n 1ntact animals, and the
rat1o of both substances was about the same as 1n intact amimals. However, seven days
after hypophysectomy we noted that the aldosterone still responded to the acute injec-
tion of ACTH whereas, the corticosterone did not However, when we maintained the
animals with ACTH over the whole seven-day period, and then gave them ACTH just
before collection of adrenal vein blood, both values seemed to be up in the normal
range, although not quite as high as those observed 1n the 1ntact animals.

From these, we have concluded that the secretion of both substances can go on
without the pituitary, and that ACTH can affect the secretion of both. However, there
15 a marked difference between the dependence of corticosterone on ACTH and of
aldosterone on ACTH.

Another set of experiments performed on intact ammals, was the effect of DCA
treatment on the secretion of both substances and of the effect of a low potassium diet
for twenty-eight days, Inbothinstances we found a spectfic decrease 1n the aldosterone.
Both of these values are less than 90 per cent of the original values, whereas, the
corticosterone values were well within the range of intact ammals. When we tried a
combined experiment on hypophysectomized rats, ACTH maintenance did show an
increase in the corticosterone and DCA treatment at the same time did result in the
specific wmhibition of the secretion of aldosterone in the absence of the piturtary.

I don’t know if these experiments will help in understanding what happens 1n the
nephrotic syndrome, but I think they might be of some 1nterest.

Incidentally, we did feed animals on what we thought was a low sodium dl.Et for
twenty-eight days, and did get an mcrease in the secretion of aldoste{one, but it was
not sigmficant and on analysis of the diet we were quite relieved to find that we had
not actually produced very great sodium deficiency. The 1ntake was only cut by 50

per cent.
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CHAIRMAN METCOFF: Dr. Barnett.

DR. BARNETT: 1 had one question I would like to ask Dr. Sayers. What are his
speculations about nephrosis?

DR. SAYERS: As I see 1t at the present time, there are three possibilities that
we can think of. Probably the nght answer is the one we haven’t thought of Dr.
Luetscher has mentioned degradation of the steroids.The liver s probably the most
1mportant organ 1n corticosteroid degradation. It 1s possible that there 18 some defect
in the liver 1n the nephrotic syndrome which leads to impairment 1n degradation of
aldosterone. This would explain the increased rate of urinary excretion of this sterod.
Cortisone and ACTH reduce the rate of excretion of aldosterone by correcting the
underlying pathology 1n the lwver.

The second possibility would be the matter of excretion, It doesn’t seem likely,
but we should consider the possibility that there 1s something peculiar about the renal
handling of aldosterone in the nephrotic syndrome.

Pracuically no work has been done on the renal handling of steroids. How mych
steroid 1s filtered? How much 1s re-absorbed by the tubule? We don’t know how much
of these steroids are protein bound Theseare problems which can be solved. We have
the techniques available ac the present ume.

A third possibility would be some defect in the adrenal cortex.

I don’t think there 1s a likely possibility of a primary defect 1n the adrenal cortex.
This would be a situation analogous to the adrenogemital syndrome 1n which there 1s an
excessive secretion of anandrogen. Inthe nephrotic syndrome the adrenal cortex would
secrete an excess of aldosterone because of an aberration in the metabolic pathways
concerned with the biosynthesis of the corticosteroids.

I think st ts pretty obvious from what I have learned from you people who know so
much more about the nephrotic syndrome than I do, that the basic, underlying defect
15 probably to be found at a site other than the adrenal correx.

Perhaps the adrenal cortex 1s influenced by the status of sodium metabolism. It
1s pretty obvious from the data we have at the present ume thar it 1s not a simple
matter of concentration of sodium 1n the extracellular fluid.

I talked to Dr. Luetscher about potassium, and he feels there 1s not much evidence
to support the notion that the concentration of potassium 1n extracellular fluid influences
the secretory pattern of the adrenal cotex. A change in concentration of potassium
doesn’t seem 1o be the cause of the increased output of aldosterone 1n the nephrouc
syndrome. If electrolyte influences the output of aldosterane the mechanism nvolved
eludes us at present

Now, 1f 1t 1s the pirwitary, and | have doubts that it 1s, then one has to modify our
present thivking 1 regard to the prtuitary regulation of the adrenal cortex. We now
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must think of the elaboration of ACTH, which stimulates the output of F, of B, and of
DOC, and 1n addition an X factor which stimulated the output of Aldosterone.

Of course, this X factor does not fit with Dr. Luetscher's study on the patients
with pan-hypopitwitarism. You will remember that in these individuals output of
aldosterone was quite normal.

The data of Dr. Farrell and of Dr. Singer would indicate the pitwitary does have
some degree of control. We must introduce another concept to resolve this dilemma.

Now, why does the administration of ACTH and cortisone reduce the output of
aldosterone in the nephrotic syndrome? The injection of ACTH would increase the
output of the complex, hydrocortisone, corticosterone and 11-desoxycorticosterone.
This complex would act back on the pitwtary, and here we have to bring in a new
concept that this complex not only inhibits the output of ACTH but also X, and that
the X factor 1s a more sluggish system than the ACTH system.

DR. LANGE: Ten days sluggish.

DR. SAYERS: We have no exact experimental data on this point. Dr, Farrell has
analysed dog adrenal venous blood six to ten hours after hypophysectomy.

Well, now, let's get back to the business of Dr. Luetscher’s data on patients with
pan-hypopituitarism. These data do not fit with the scheme of regulation just presented
We talked about this problem inthe lab yesterday afterncon--Dr. Farrell, Dr. Luetscher
and myself, and we came up with a wild scheme. Let's skip the pituitary and go to the
hypothalamus. Maybe the steroids inhibit the hypothalamus, and the X factor 1s not
elaborated by the pituttary at all, but by the hypothalamus.

That would resolve the difficulty as far as Dr Luetscher’'s data are concerned,
and might also explain Dr Farrell’s and Dr Singer’s results on the ime relationship.

While talking about this, John Luetscher brought up the matter of central mecha-
nisms that effect sodium metabolism. Pretty darn vague, this whole business. But
1t would help clear the vagueness 1f it turns out that the central mechanism which is
said to influence sodium metabolism 1s a hypothalamic factor which stimulated the
adrenal cortex to secrete aldosterone

Well, so much for the dreaming, 1t may raise some discusston.
CHAIRMAN METCOFF: 1 believe Dr. Gallan in Cuba has done hypothalamic
sections in nephrotic children, somewhat along this line of reasoning, and as I vaguely

recall the data, there was no diuresis 1n two or three such children, and 1n one in-
stance, diurests occurred after ACTH.

DR. BARNETT: There 1s evidence, as you know, that there. 1S an 1ncrease in
anti-diuretic hormone 1n the blood of children with nephrosis.

DR. SAYERS: That brings up the touchy point about the bio-assay of anti-diureric



hormone. Dr. Van Dyke at the Laurentian Hormone Conference in September empha-~
sized that the methods used for the bio-assay of ADH in plasma are in general worth-
less since they wvalve the intraperitoneal or subcutaneous administration of unknown
material. The intravenous administration of the unknown material is the only way to
assay for ADH Intravenous admmstranon in the intact dog is the method of choice.

DR. BARNETT: This was done in 1ntact man

DR. SAYERS: Injected 1intravenousty? If that ts true then your results are cruly
reliable

DR BARNETT: Just once, n one observation, so 1 think the results remain 1n
some doubt.

DR LUETSCHER: I belteve that Dr Barnett’s intravenous assay in man has Dr.
Van Dyke’s blessing, to judge by his remarks ac the Laurentan Conference.

CHAIRMAN METCOFF. We are grareful roall participantsfor an exciting seasion.
We shall proceed toadiscussionof therapy, and Dr, Barnett will assume the chatrman-
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V1. THERAPY OF THE NEPHROTIC SYNDROME

CHAIRMAN BARNETT. We plan this afternoon totalk about therapy of the nephro-
nc syndrome

There are a number of people representng different groups whom we are gomng
to ask to present their ideas concerning therapy, within a period of ten minutes each
We thought we would not have discussion until the end of these presentations, Because
of time lunirations, data from other members of the group will have to be presented 1n
the discussion period. Drs Metcoff, Riley, Danowski, Greenman, Rapoport, Spector,
Lange, Kramer, Merrill, Taylor, Startzman and McCrory will be asked to present
their therapeuvnic results. We will begin wath Dr. Rapoport.

DR MILTON RAPOPORT- In this report, I am presenting an analysis of the
results of treatment with cortisone and ACTH of children with the Nephrotic Syndrome
at the Children’s Hospital of Philadelphia, since 1949. Following the imitial demonstra-
tions thar intensive corticord therapy could produce a remission of the Nephroric
Syndrome, many modifications of the original short courses (8 to 12 days) of therapy
have been introduced In general, the different regimens are engendered by two short-
camings or failures of cornicord therapy, viz.,

(1) The fatlure to bring che Nephrotic Syndrome under control in some children
with relatively large doses of cortisone.

(2) The recurrence of the nephrotic syndrome following remission in many
treated children,

Therapeutic investigation with ACTH and cortisone has accordingly followed two
lines-

(1) Short term or “intenstve” treatment of the child with nephrosis with relatively
large doses unuil remission occurred,

(2) Long term or a “maintenance” treatment 1n an attempt to bold the disease
under control,

.Whether these two directions of therapeutic effort represent ewo distince phases
in the evolution of treatment of the nephrouc syndrome with corticords 1s not as clear
as 1t would appear at first glance,



It has been our belief that adherence to one plan of therapy would 1n time give
us a large enoughbody of data from which it might be possible to evaluate the modifying
effect of corticord therapy upon the yltimate course of Nephrosis. Accordingly we have
adhered strictly to intensive or short term therapy in edematous patents and have
given no maintenance treatment during edema free periods. Even though we were
aware that other clinics were experimenting withmaintenance therapy we have resisted
the oft-times strong temptation to change. No fixed rules dicrated the repetition of a
course of therapy. When we believed that a particular patient’s recurrent edema was
becoming burdensome to him, intensive treatment was repeated. In many instances,
spontaneous diuresis with disappearance of edema occurred.

In Figure 92 1s depicted graphically the clinical status of our patients at increasing
intervals of time after their first course of treatment.

The clinical status of the child with the Nephrotic Syndrome may be placed 1 any
of four categories, (which we have indicated by the numerals-1, II, Ifl, and IV - 1n
the circles of Figure 92):

Category I--includes patients who are clinically and biochemically normal--1.e.
have neither edema nor proteinuria and have normal renal function and blood chemistry.

Category II--includes patients whose sole abnormality 1s a trace of protein in the
urine.

Categories I and Il we have combined and are depicted as a single area in each
circle of Figure 92.

Category Ill-includes patients with no edema but with proteinuria of marked or
significant degree.

Category IV--includes patients with edema in addition to protemuria and bio-
chemical changes 1n the blood.

In the upper portion of Figure 92 1s shown the climical behaviour of 40 children for
a one year period after an mtial single course of short duration (8 to 12 days) of
either ACTH, cortisone or compound F. In 1949 and 1950 ACTH was employed at a
dosage of 2 mg per pound per day From 1951 through 1954, cortisone and compound
F (5 mg. per pound, per day), have replaced ACTH.

At the beginning of treatment all children were markedly edematous, 1.e. were
in Category IV. The first circle shows the 1immediate response to intensive corticord
therapy. Approximately three quartersofthe children(77.5%)lost their edema (Groups
1, I and 11 combined), buc oaly45%(Groups I and II combned), of rhe'pauents stopped
excreting protemn. The gradual reversion of mostof the patients to their pre-treatment
status 15 shown by the circles showing the successive distribution of categories at 2, 6
and 12 months following initial treatment. At one year, but one 1n fourteen patients
was in the group that we considered favorable (1.e. Categories I and II combined).
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In the lower half of Figure 92 is depicted the chinical behaviour of a group of 15
patients treated more intensively with a single course of cortisone; for 28 days 1n
contrast to the short 8 to 12 day courses employed 1n the preceding 40 patients. The
extenston of the period of cortisone administration to 28 days was prompted by the
centhustastic report by the University of Putsburgh group of their results with 28 day
ACTHadminmstration at the 1953 Conference on the Nephrotic Syndrome 1n Philadelphia.
The status of our pattents s depicted up to 6 months after treatment. The number
followed for one year 1s too small for analysis.

The striking differences in response of this group of 15 patients treated for 28
days compared to those of the 40 children given 8 to 12 day courses are obvious. All
15 children lost their edema, whereas 22.5% of the short course patients did not.
Ten of the fifteen (66 7%) were 1n almost complete remission,(Group 1 and II), 1.e.
free from edema and protewnuria immediately after therapy as compared 1o 45% of
the children treated for the shorter period. Furthermore, remission continued for a
longer tume following 28 day therapy. At 6 months 44 4% were 1n Group I and 11, while
only 10% of the short course patients were 1n this group at the same nterval.

In Figure 93 are depicted the clinical conditions of 28 children followed for a
period of one year after a second short course (8 to 12 days) of corttsone  All were
edematous (in Category 1V) before treatment. There was greater incidence of thera-
peunic farlure (35 7%) than after the firse course (22 5%) Simularly, the favorable
group (Categories | and Il combined) was smaller,--21 4% as compared to 45%. At
2, 6, and 12 months after treatment the reversion of these children to the less
favorable Categories Il and 1V paralleled the behaviour of the patients after their
first course of cortisone,

In the lower half of Figure 93 are shown the responses of eleven childrento a
second 28 day course of cortisone. In general, the therapeutic results are better and
longer lasung than those in the group given the second shorter course. Using the
chinical status of patients six months after therapy as a criterion, a second 28 day
course of cortisone appears to be as effecuve as the first course.

The varying responses, both immediate and ultimate, of children with Nephrosis
to steroid therapy which are depicted in Figures 92 and 93, led us to search for factors
which rught have some bearing on this variability. During the course of steroid
admunistration measurements of datly urinary excretion of protein were done Depend-
1ng upon whether proteinuria persists or disappears under the influence of steroid ther-
apy, we have divided our children into two groups.

In Figure 94, data are presented on 22 children (Group 1) who lost their proteinuria
while receiving steroids Diuresis, with resultanc loss of edema occurred in every
child, and had 1ts onset from the fifth to the twelfth day of therapy. Urinary loss of
protem which averaged 3 grams daily at the onset of therapy, declined to low levels
by the eighth day, and had ceased by the fourteenth day. Continuation of steroid therapy
beyond 14 days had no additional effect.

In Figure 95, simiar data are depicted for 13 children who did not lose their
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proteinuria with steroid therapy, even though 8 children developed diuresis with loss
of edema. The line depicting the average urinary loss of protein per 24 hours, shows
a slow fall from an imtial value of 6 grams to 3 grams on the tenth day of treatment,
and a gradual rise in urinary protein excretion with the continuation of therapy, to
levels of 4.5 grams on the twenty-third day of steroid admimstration. The more
massive proteinuria with continued therapy 1s curtously not indicative of deterioration
of the patient, but 1s a result of further improvement of his status, 1.e. with a glomeru-
lar leak of fixed magnitude, the increased proteinuria 1s due to higher levels of circu-
lating serum albumin.

Based on the influence which sterod therapy exerts on proteinuria, we feel
justified in speculating somewhat on the prognostic value of this response 1n individual
pattents. It 1s reasonable to believe that the renal lesion at the onset of Nephrosis
varies quantitatively from patient to patient. The degree to which an adequate course of
sterotd therapy (14 days from our data) abolishes the glomerular leak responsible for
proteinuria would appear to be an index of the severity of the lesion at the time of
measurement. It would seem that the patient who continues to have protetnuria after
14 days of steroid in adequate dosage 1s more likely to be among those patients who
have 2 severe renal lesionand poorer prognosis than the group which ceases to excrete
protein in the urine.

TABLE 35

STATUS OF PATIENTS WITH NEPHROSIS TREATED WITH STEROIDS

Time 2 years 3 years 4 years
Number of patients 42 32 22
Per cent well 24% 34% 36%
Per cent 1n remission 24% 12% 9%
Per cent Active 21% 6% [4
Per cent with Chronic

Nephritts 12% 23% [
Per cent Dead 19% 25% 55%

In 1954 - 42 patients have been followed for 2 years
32 pattents have been followed for 3 years
22 patients have been followed for 4 years

In Table 35 we have summarized the present status (1954) of children with Nephro-
s1s who have had repeated intenstve courses of steroid therapy. In the first column 1s
shown the distribution of 42 patients two years after their imtial treatment. If we
designate as a favorable group the 24% who are well, plus the 24% 1n remussion (48%),
at the end of 3 years, this group, (32 pauents followed for 3 years) 1s 46% and at 4
years 45%, with the patients in remission gradually moving 1nto the group of. patients
who are well. Conversely, the patients who show continued activity of their disease at
the end of twoyears, may be lumped with the group of patients having chromc nephrutis,
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for at 3 years they have shifted 1ato this category, and at four years have swelled the
ranks of the patients dead to 55% of the 22 patients followed for four years.

While this 1s a pessimistic view, 1t would appear from our data, that the severity
of the lesion 1n any particularchild withNephrosts 1s determined early in the disease.
Whether steroid therapy alters the ultimace course of the early renal lesion we are
unable to say.

Dr McCrory has some observations which have a bearing on early assessment of
the magnitude and seversty of the renal lesion.

DR WALLACE McCRORY: In the short tume available I would like to report
briefly on the progress of our studies of proteinuria m children with renal disease.
The aim of this study 18 the clarification of the mechanism of proteinuria in nephrosis
and nephrits

If increased glomerular permeability to serum proteins 1sa major factor respon-
sible for proteinuria, molecular size of the proteinparucies filtered could be expected
to influence their rate of filtration through the glomerulus. One would expect the
smallest molecular size proteins (albumins) to pass through the glomerulus more
readily than the larger protein molecules (globuline). Clearance rates of the serum
protein components should then be highest for small molecular size proteins (albumins)
and lowest for large molecular weight proteins (globulins). Hematuria 1s considered
to be a reflection of gross leakage of blood through the glomerulus. If urine protein
leaking through glomerular tears allowing passage of blood rather than by filtration
the protein composition of urine and serum would be sumilar. In such a proteinuria
clearance values for albumin and globulins would be essentially the same.

Since the amount of protetn excreted by the kidney 1s influenced by glomerular
filtration rate and serum protein concentration the quanutative study of proteinuria
1s valid only when the contribution of these factors 1s known. Protein excretion will be
expressed 1n terms of protemn clearances so that differences in proteinuria between
members of the group will not reflect differences in serum protein concentrations.
Endogenous creatinine clearances (Hare Method) have been measured as an estimate
of glomerular filtration rate. With these data we can indirectly estimate the degree of
abnormal permeability of the glomerulus to protein All clearance values have been
corrected to one M* of surface area.

Paper ejectrophoresis has been used for the estimation of the albumin and globulin
fraction concentrations 1n serum and urine. Total protein has been determined by the
Buuret method Even though the electrophoretically separable fractions of serum and
urine proteins are not homogeneous or necessarily similarin compositton the globulin
fractions contain protein molecules whose average molecular size exceeds that of the
relatvely homogeneous albumin fraction, (The alpha - 1 - acid glycoprotein, Mol. We.
45,000 1s an exception ) A further recogmzed limitation of this approach 1s the fact
that 1t does not provide a means of assessing the important contribution of tubular
resorption of filtered protein. Regardless, the presence of sigmificant amounts of
protemn the urine 1s evidence of she saturauon of functioning tubular mechamsms of
protemn resorption. We have assumed that tubular resorption affects the concentration
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of the individual protein components in the urine of these subjects to a similar degree.
Consequently the urinary protem 1s considered to represent the general composition
and the minimal amount filtered through the glomerulus.

The values for the albumin and globulin fraction clearances in the patients are
shown 1n Figure 96. In this qualitative evaluation the globulin fraction clearances are
expressed as the percent of the albumin clearance. The albumin clearance is used as
the reference standard because this fraction 1s most homogeneous, If whole serum 1s
being “leaked” 1into urine the globulin clearances should be similar to the albumin
clearance and the ratio would ceater around one, The data include a group of 18
children with the nephrotic syndrome. Similar data are shown for 6 children observed
during the acute stage of glomerulonephritis (AGN), 2 children with chronic nephritis
(CN) and 3 chifdren with terminal renal wmsufficiency (IN) as a result of the nephrotic
syndrome. The data for the 18 children withnephrosis reveal that the alpha-1-globulin
clearance 1s the highest of the globulinclearances in comparison to the albumin clear-
ance (Cd.-l/CALB range 0.2-1.15, AVE 0.61). A wide variation 1n individual values 1s

apparent. This is due in part to the inhomogeneity of the fraction and to difficultses 1n
accurate measurement of low concentrations of alpha-1-globulin by the paper electro-
phoresis method. The value of the beta-globulin clearance 1s next highest (Cﬂ/CALB

range 0.04-0.4, AVE = 0.13) and the alpha-2-globulin and gamma globulinclearances
lowest in comparison to CALB (Czr-Z/CALB range .03-.11, AVE = .05; C'YICALB range

.03-.20, AVE = .08). The high value for the alpha-1-globulin clearance could be due in
part to the high urinary loss of acidglycoproteins. We have found higher concentrations
of the 1ron binding beta-globulin (Mol. W+ 90,000) 1n urine than in serum. This would
contribute to the lugher value for the beta-globulin clearances. The finding of lower
and different ratios for the major globulin fraction clearance in comparison to CALB

1s compatible with the concept that proteinuria 1n nephrosis 1s the result of increased
glomerular filtration (permeability) of serum proteimn. To consider another factor we
have compared fracuon clearance relationships i nephrotic patients who exhibit
different degrees of hematuria. The numbers in the bottom of the Graph, I, I1,-1II
relate to degrees of hematuria. Grouplincluded children with no or minimal hematuria
(up to 10 R.B.C./C HPF), Group Il defimte microscopic hematurza (11-75 RBC/C HPF)
and Group III patients with gross hematurra. The ratios of the globulin fraction clear-
ances to C are however stmilar. Nogroup separation of these subjects by clearance
ratios 1s appareat. The data for the acute nephritics show a wider variation than the
other subjects. The high value for beta-globulin clearance results in large part from
hemoglobin which moves with the beta-globulin fraction 1n urine. In general the values
1 nephritics show less evidence of selective filtration, but the values for alpha-2 and
gamma globulin clearances still differ sigmficantly ff'om the albumin clearance.
Though qualitative differences in protewnuria in nephrotic patients were not apparent
in relation to the degree of hematuria, aquantitative comparison was more rewarding.
Table 36 presents data on the same patients that quantitate their protewnuria. Ave.re.xge
figures only for the groups are given 1n the table. Values for endogenous creatmu:;
clearances (CCR) reveal a lower percent of normal value for CCR 1n patients wi

microscopic or gross hematuria. This indicates greater reduction in glomerular
filtration 1n these patients. The proteinuria alsowasgreater as indicated by the higher
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values for albumin clearance inGroups llandIIl. A measure of the degree of 1ncreased
permeability of the glomerulus to protein can be obtained by expressing the albumin
clearance as a function of the filtration rate. If the creatinine clearance is taken as a
measure of the permeability of the glomerulus to water the ratio CALB/CCR expresses

the minimal permeabiity of the glomerulus to albumuin per unit of warer filtraton,

The value for CALB/CCR % 100 inGroupll 18 4 tumes that of Group I, and 1n Group I,

6 times Group L. The findings of greater permeabihity to protein and lower filtration
rates in patients with microscopic and gross hematuria would suggest the existence

Table 36

RELATIONSHIP BETWEEN PROTEINURIA
AND HEMATURIA IN NEPHROSIS

HEMATURIA
RBC's/Cent. HPF
. 0-10 10 - 75 GROSS

[ Growp 1 i m
( Number of Patients 10 5 2

% Normal G.F.R * 81.9 74.5 48.3
‘ CALB ML/MivMS.A. | 0145 1.08 13
l CaLs’Cer a7e 2.58 4.2

- 2
CCRML/MIN/M S.A

of greater diffuse glomerular damage quantitatively in these patients rather thana
qualitatively different type of renal disease. It 1s also of interest that simular quanti-
tative differences are apparent 1n protem clearances inthese 18 children with nephro-
s1s if they are separated on the basts of their response to a long (4 week) course of
cortisone. Table 37 presents the data with such a group separation. Average albumin
clearance values before treatment were 4 umes as great in the pauents failing to
become protem-free Minimal glomerular permeability to albumin was also greater
6 fold) i the patients failing to become protewn-free. These differences were found to
be staustically sigmificant by the T test A greater depresston in glomerular filtration
rate was also observed in the latter subjects since values for CCR were lower.

These data would suggest that the patients who become protein-free had milder
renal disease The data are graphically shown in Figure 97, the albumin clearance
© ALB) reflects the protetnuria The permeability to protesn per ums of filtering

surface 15 shown on the abscissa (CA/CCR x 100). Two frechand lines are drawn to
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Table 37
STATUS OF RENAL DISEASE IN NEPHROSIS
BEFORE CORTISONE IN RELATIONSHIP TO RESPONSE

STATUS i NO +
AFTER THERAPY PROTEINURIA PROTEINURIA
Number of Patients 10 8
CALB ML/MIN/ M3 0.31 1.21
CaLB Ccr 0.55 3.05
% Normal G.F.R.* 84.6 65.7

. 2
CCRML/MIN/M S.A.

show where values would fall 1f GFR were normal or 50% normal (CCR data used for

GFR). The two groups are clearly distingushable. It 1s clear that increasing protein-
uria 1s associated with both increased glomerular permeability to protein per unit of
filtering surface and decreasing glomerular filtration rate. Evidence of greater glom-
erular damage was found 1n the group whofailed to become protein-free with cortisone
therapy. Since fraction clearance comparison failed to reveal a qualitative difference
these data infer that the patients differ in amount of renal damage rather than in the
type. The data suggest that patients showing the best response to cortisone may repre-
sent those subjects with mildest renal damage.

CHAIRMAN BARNETT: Here 1s a clear statement fromthe group from Philadel-~
phia of their opinion concerning the value of hormone therapy and a suggestion from
Dr. McCrory of the means by which prognosis might be indicated early in the disease.

We will go on to Dr Merrill.

DR. ARTHUR MERRILL: I present this as an experimental approach and not my
favorite method of treatment. I am sure 1t 1s not the best method of treatment for all

patients.

Table 38 indicates the treatment which we have used. However, 1f the patient fails
to respond in any way after a perwd of 3 weeks, we may increase the dose of ACTH
to as much as 1 174 to 11/2 mligrams per pound. Then, as shown 1n the outline, after
the urine has become free of albumin fora period of 2 weeks, we reduce the dose very
abruptly, and then somewhat less rapudly with gradually decreasing decrements of
dosage. Table 39 shows some factors in response to this form of therapy.
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Table 38
TREATMENT

1 mg. per Ib. ACTH gel until urme albumin-free for 2 weeks,
Then 1 mg. per b QO.D.
Reduce each dose 3% for 4 weeks.
Reduce each dose 1.5% for 4 weeks.
Reduce each dose 0.5% for 4 weeks.
Give 0.3 mg. per 1b. Q 3 days
Stop. Check Alburmin Q.D. for 1 month, and twice a week
for t month., Check with wfections for 2 years.
200 mg. Na diet K 6 mg./D. Physical checks. Sulfa 0.5 gm.

Table 39
FACTORS IN RESPONSE
Onset - 9 months to 10 years NO
Duration {2 weeks 1o 4 years) NO
Hematuria (7 panents) NO
Prior Intermastent Rx (12 pattenss) NG
Rapadity Instial Responee NO
NPN Elevactson, 6 of 9 resistant YES
Chalesterol Rapidicy of Reduction YES
Iafections YES

The dose of ACTH 15 doubled i the presence of an wfection instead of omitting at.
This seems 1o help prevent relapse.

Table 40
RELAPSES
CAUSES NUMBER

Infection Two have had 2
Reduction i dose One has had 2
Unknown facrors Four have had 3

One has had 4

One has had 6

Table 40 shows the number of relapses. Infection is the most common cause of
relapse. Two casesof chicken pox, one of measles, and the rest respiratory infections,
Reduction 1n dosage produces relapse m a fair number of instances, and have oceurred
after the patients have been raken completely off treatment, one as long as 10 months
after the patient had been completely free of albumin and edema.

Table 41 further characterizes the relapses. A trace to 1+ albuminuria does ot
necessarsly mean relapse It us wsually abrupe. The patient almose immediately
develops a 2 to 4+ albuminuria,
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Table 41
RELAPSES

1+ albumin usually means nothing. Relapse is abrupt,

2 to 4+ albumn. Anorexia may precede relapse.

Double dose or frequency with relapse or infection until
albumin disappears.

Go back to 1 mg. per Ib. daily if albumun fails to decrease
1n 4 days or increase after double dose.

Reduce dose rapidly to 25% above pre-relapse.

Then decrease more slowly than before.

Patients have albumin studies every day, but not quantitative. I think the rest of
this 1s pretty obvious.

These represent averages of the way we have treated the patient rather than any
fixed, specific way.

Table 42
SUMMARY

Only adult treated well 1 year.
26 children.

1 completely unresponsive.

24 free of edema.

24 free of albumin.

9 off treatment 18 months.

10 stall under trearment.
No deaths or serious complications.
Usually return to full activity 1n 2 to 6 weeks.
Brief relapses of albuminuria 1n 13.
Remain free of edema if followed closely.

Table 42 presents results of treatment to date We have treated only one adult,
and we are sure that this 1s the wrong way to treat most adults because the incidence
of complications 1s so great. Some of the patients have psychotic reactions. All develop
severe acne and signs of Cushing’s syndrome

Twenty-s1x children have been treated and all but one of these at one time or
another have been completely free of albumin and edema.

As of today, 24 are free of edema and have no albuminuria, although 2 of the
patients have only been free of albuminuria for 2 weeks following their last relapse.
Nine have been off treatment for 18 months and have remained well. Ten are sull

under treatment.

There have been no deaths or serious complications, but these patients have been
watched very closely. They have been examined each time they receive ACTH.
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Patieats are usually able to return to full activity in 2 to 6 weeks and in most
mstances edema has disappeared 1n a period of 3 weeks.

In relapses 1if the dose of ACTH 1s doubled promptly, the patients do not develop
edema. The patients who have had edema in relapses have not had aggressive treat-
ment All but 2 have been rendered free of edema rather easily by an appropriate
increase in their dosage.

CHAIRMAN BARNETT: Thank you, Dr. Mernll.

1 think, to continue somewhat m the order of people who are doing essentially the
same thing, that we mught now hear from Dr. Riley and from Dr. Metcoff, and also
from Dr., Danowsk1, whom I didn’t mention before. Dr Ruley.

DR. CONRAD RILEY: I am more ¢oncerned at this time with a method of trying
to evaluate what has been going on than I am with the actual results. The accompany-
g life table form may help in understanding the technique. The question I wanted to
answer when we started to get data together was whether or not we are doing anything
to the underlying disease.

TABLE 43, Present Status Nephrotic Patients

STEROID
Scheduled Rx
No Rx. Edema 3.d. 10-d. 28-d.
Rx

Excellent 8 5 0 1 0
Good 4 15 7 5 [}
Fair 2 4 6 5 6
Poor 0 4 0 3 1
Uremic o 3 [} o 4]
Dead 13 25 1 [} [ o

Table 43 shows how 1 tried to answer 1t at first, This demonstrates how detailed
you can be and get nowhere We tried to classify the patients according to present
status. [ won't define these categories because Lam not going to discuss them 1n detail
and we tabulated them according to kind of treatment they have had.

We had a lot of old-timers with no treatment We had a group 1n whom we used
treatment only for recurrence of edema. Then we had a group 1n whom we used some
kind of pre-planned schedule

We had some put on hormone therapy 3 days a week, some 10 days our of each
month, and some on prolonged therapy As we looked over our figures of these really
well and the othere, we didn't bave anything very significant. There weren't enough
figures, so we next tried to re-combine and get a gross idea of all categories that
might mean something

Thus, as seen 1n Table 44, we limited the categories of treatment to whether they
had no treatment, treatment for edema only, and tre by pl i schedule, We
reduced the categories of present status to alive and dead

Quite an mteresting thing jumped out at one immediately, that among the *no
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TABLE 44. Survival vs. Steroid Therapy

No Indicated Scheduled

Rx. Rx. Rx.
Alwe 14 31 34
Dead 13 25 1

27 56 3—5

treatment” group, 13 out of 27 were dead. Out of the “treatment for edema” group, 25
out of 56 were dead. Out of schedule treatment, one out of 34 was dead. That looks
wonderful. On the other hand, the follow-up on those in the last treatment group is
obviously much shorter.

Table 45
Mean Time of Observation from Onset
No Indicated Scheduled
Rx. Rx. Rx.
Alwve 67.5 mos. 49 mos. 28.2
Dead 19.8 28 mos. 26 (1 pt.)

So the next thing we did (Table 45) was to make a mean time of death after onset
for those that died withinthe “notreatment” group, and we compared 1t with the “treat-
ment for edema” group. I must emphasize that the time 15 calculated from the onset
of disease, that 1s, edema, not the beginning of treatment.

From these figures one sees that those treated by schedule are still alive at least
as long as the mean time of death in the other two groups.

So 1t began to look as if 1t might mean something; but one can’t compare those
now alive with those that died very satisfactorily.

So 1 sought the help of Dr, William Silverman, a very good amateur statistician,
and later Dr. John Fertig, a professional statistician. With their help we applied the
Life table to the problem, as illustrated in Table 46.

This life table, briefly, 1s a method of trying to evaluate patients according to the
duration of their disease. The sample sheet attached has a legend which I hope explains
the way patients are distributed on the table. You will see there 1s a separate table for
those patients who received no treatment, those who received treatment for edema
only, and those who received treatment on a pre-planned schedule.® In general, com-

*Ediror’s Note: Dr. Riley further clarfied the classification by mdicaung that all
patients treated 6.11 months after onset or later, appear in group 1 until interval
treated and then are transfered togroup2. Patientsare included n group 3 if indicated
hormone therapy was given within one month of start of scheduled therapy. Some of
these were non-edematous.
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paring the expected mortality (qx) 1 the various intervals, it can be seen that there 15
no very striking difference betfween those who received no treatment and those who
received treatment for edema only. Therefore, 1t seemed justifiable to pool these two
categories as a basis of reference for comparing the effect of treatment on a pre-
planned schedule, Using thts pooled “probability of dying” and applying 1t to the toral
population of the age interval for the patients i the “therapy by schedule” category,
we were able to arrive at a figure of an expected death rate {column headed Exp-q )
and thus the expected number of deaths perinterval (Exp-dy). From this method one
calcufated that at the end of 65 months the expected number of deaths was 6. The
observed number of deaths was one. Calculating’ the average population per interval
we were able to calculate X* of the difference expected and observed and found 1t to
be 8 (P<0.01)

From this calculation, if the arithmetic is correct, it looks as 1f treatment on a
planned schedule basis 1s actually prolonging life even though we cannot show that the
percentage of complete cures has increased. Our figures are relarively small and 1t
1s concetvable that this apparent success 1s a stanstical fluke. I would feel happier
1f we could get pooled data from all our experiences to which we might apply the same
type of techmque The attached questionnaire would serve to give the necessary facts
to do this kind of analysis. The number of facts asked for here are so few and so
simple that 1t should take only a brief time for any individual to fill out such a
questionnaire for a given patient.

DR. BARNETT. I mught say at this point that for the last two years we have
discussed the desirability of some sort of pooling of data to try to do exactly what Dr.
Riley 1s talking about here. During the past year a group of us n New York have met
several umes and have prepared a prelimmary form which 1s considerably more
detailed than this form thac Dr. Riley 1s now proposing. Before ds g the marter
of a coordinated analyses of treatment experiences, Dr. Meicoff will present the
observations of his group

DR JACK METCOFF: Part of the problem in the analysis of data relating to the
results of therapy in patients with nephrotic syndrome 1s the lack of statistically
significant groups and our inability to assess all pertinent variables.

Dr. John James and I have gone over the patients observed by at least one of us
since 1948 to July 1, 1954. We have excluded all patients 1n whom the onset of the
nephrotic syndrome was prior to January 1, 1948

The size of the group 15 1ndicated 1n Table 47,

The patients have been separated into two main categories: Those who received
ACTH or cortisone therapy, and those whodidnot. The untreated “no steroid” group 1s
weighted by patients with either mild disease who went 1nto remission within a few
months of onset, or patients who could not be treated because of reeurrent compli-
cations These patients have been classified further according to whether they were
alive, dead or of unknown status. 71% of treated and 53% of untreated patients are
alive.
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TABLE 46.

Life-Table Evaluation of Mortality in Nephronc Patents

1 No Hormone Therapy 2. Hormone Therapy 3. Hormone Therapy
by Indication by Schedule
x |lx nx dx owx | gx Ix  nx  dx wx|gx Ix  nx  dx owx|gx | gx* | dx**
exp. | exp.
% % %] %
6-5 |- 64 1 - 31 - 48 1 --142 - 30 - 6 [0 3.6 | 054
6-11]63 -— 2 20 38 47 14 3 6 5.9 24 9 1 9 14.2) 48 [115
12-17 | 41 - 3 5 78 52 4 3 5 5.9 23 3 -~ 10 [0 67 | 131
18-23 |33 - 2 4 bs 48 2 4 5 88 16 4 -- 9|0 7.7 [ 1.04
24-29|27 - 2 2 7.7 41 2 4 5 1ot 11 3 - 7 {0 91 |082
30-35]23 - 1 2 45 34 2 5 3 |15.0 7 1 - 3 {0 104 |062
36-41]20 -- -~ 2 0 28 1 2 4 |70 5 1 - 2|0 4,5 |0.25
42-47 (18 -- 1 -- 56 23 - v 4 0 4 - -- - |0 2.6 [0.10
48-53 {17 - .- == 0 19 - 1 2 56 4 - - 1 (o 2.9 |010
54-59117 -~ - 3 o 16 -- .- 4 o 3 1 - 3 (o 0 o
60-65 | 14 -- - 2 o 12 - 1 3 95 1 1 - - |0 4.3 [000
66-71 | 12 -- - 3 o 8 1 -~ 7 o 2 1 -- 10 o o
72-77 | 9 - - 1 o 2 - - - o 2 - - 1|0 o 0
78-83( 8 - on - o 2 ew - .-l o0 1 ew . 1o ol o
84.89( 8 - - 1 o 2 -- 1 1 665 -- - -— - 10 111 o
90.95| 7 - - 2 0 6 e - 0 0 S O] 0 o
9% 5 - 2 3 4571 o -~ - - ] - - -~ ~- |0 37.1
— 1

Key x -- 6 months intervals after onset of edema NOTE

Ix -- 1ndivaduals living at beginning of interval At double Line, toral expected deaths

nx -- new individuals entering during interval at 65 months

dx -- individuals dying during interval Observed deaths at 65 months %% 1

wx -- tndividuals withdrawing during interval of difference (P << 0.01)
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(lost to follow-up, currently 1n mterval,
transferred to another category).

qx -- death rate per interval -
d.

x
Ix+ 1/2nx - 1/2 wx

“Expected gqx was calculated from

a paoling of data of 1 and 2.
**Expected dx was calculated on

the group using the expected qx.



SUGGESTED QUESTIONAIRE FORM FOR EVALUATION
OF HORMONE THERAPY IN THE NEPHROTIC SYNDROME

INDIVIDUAL RESPONSIBLE FOR REPORT

Name
Hospital City
1 Paunent’s Name
Last Farst Middle
2 Date of Birth
Month Day Year
3 Date of Onset of Edema
Month Day Year

4. First Came Under Care of Reporting Phy: n

Month Day Year

5. Was Patient Seen by Another Physician Previously?
{Check One) Date First Seen, 1f known,

e o Doy T
No
6. Present Status:Alive s Dead {Check One)
7 * Date of Last Contact
Month Day Year

TREATMENT: This refers only to ACTH, Cortisone, or other comparable Adrenal
Steroid

8. No such treatment at any time. (Check 1f applicable)

9 **Such treatment given for edema only. First given by any physician

Mo. Day Year
10. Such treatment given by predetermined schedule®**
Fuirst Started
Mo Day Year

* I dead, date of death, if alive, date of last personal observation, correspondence,
or telephone contact, whichever 1s later.

** If patient was treated first for edema, and later by schedule, both No. 10 and No. 9
should be filled out

*** This would nclude any treatment not given only for edema, such as 3 days a week,
10 days a month, prolonged large dose therapy (longer than 21 days) carried beyond

time of diuresis, treatment for chemical signs of relapse without recurrence of
edema.
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TABLE 47
CHILDREN WITH NEPHROTIC SYNDROME
Jan. 1948 - July 1954

Therapy
Patients Steroid No Steroid Total
Alve 85 33 118
Dead 34 28 62
Unknown _7 RN 18
126 72 198

Table 48 presents the same material from another view point. Only patients who
received steroids are included in this table. The steroid response 1n the last course of
therapy 1s related to mortality, No patient 15 considered twice 1n this table. Those
pattents who received only one course of therapy are indicated 1n the first column;
those patients who received two courses, in the second, etc. Of 67 patients who
diuresed with the last course of therapy, 4 are dead. Of 31 patients who failed to
diurese with the last course, 18 are dead. Of 20 who had an incomplete therapeutic
course, 18 are dead. It seems that 1f a patient responded to therapy his chance of
survival to date was greater than 1if he did not respond or remained untreated.

TABLE 48
CHILDREN WITH NEPHROTIC SYNDROME
Jan. 1948 - June 1954

Sterord Response
Last Course vs Morrality

Patient’s No. of Last Course Total*
Response 1 2 3.8

Diuresis 26 19 22 67
(Dead) ® © &Y )
No. Diwuresis 9 7 15 31
(Dead) © ® ® 8
Incomplete Course 8 9 3 20
(Pead) ® © w (13)
Total Pts. 43 35 40 118
(Dead) (15) (10) (20) (35)

* Unknown Status Omatted.

Table 49 attempts to relate therapy and clinical status. Climcal status 1s defined as
clintcal remsssion, dead, and unknown. 71 patients responded to steroids with diwresis
on their last course. Of these 43 are m clinical remission, 4 are dead, and the status
of 4 in unknown. For those who, did not respond with diuresis or had incomplete
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courses, 10 are in climcal remission; 31 are dead, and 4 status unknown. Of those
patients who had no therapy, 26 are in chimcal remission, 28 are dead, and 11 status
unknown. It would seem that although fewer untreated than successfully treated
patients are alive, proportionately more of the untreated living patients are well.
TABLE 49
CHILDREN WITH THE NEPHROTIC SYNDROME
January 1948 - June 1954

Clinical Status vs Therapy

No. Patients Climcal Remission Active  Dead Unknown
Steroid Response® 71 43 20 4 4
No Steroid Response® 55 10 10 31 2
No Therapy 72 2 7 28 1
Total 198 79 37 63 19

* Last course of therapy.

It 1s impossible to draw any firm conclusions from our limited analysis of the
data so far 1 think 1t 1s fair to assume that one of two things might account for the
status of treated patients Either those patients who responded with diurests were
ones who were destined to get well and hence had the best response, as Drs Rapoport
and McCrory have suggested, or those patients who responded to therapy ultimately
did better as a result of therapy Our data on serial renal functions 1n some patients
with 1nitsally low GFR’s who responded to therapy and now are in climcal remission
with normal renal functions would favor the latter imterpretation n these particular
instances.

We are not yet m a position to decide between these two possibilities for most
patients, however Analysis of our data along lines suggested by hife-table statistics
may enable us vo do so. However, even with the life table adjustment technique,
categorization of patients will be d lt. For ple, those p who we
maintatn on “Scheduled” treatment are selected with two obvious biases - first, they
have remained alive long enough to be treated; secondly they have responded to a full
course of hormone therapy with diurests and are 1n at least partial remission at the
fime “Scheduled Therapy” 1s imniated Obviously such patients are difficult to compare
with either an untreated group of patients, or with hormone treated patients who did
not respond to full course therapy and therefore were not started on intermttent
treatment. Until the statistic 1s resolved, at least, we will continue to treat patients
with sterard hormones
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CHAIRMAN BARNETT: Thank you, Jack.

The group from Pittsburgh suggested a new approach to therapy at the last
conference. We are eager to know what their results have been during the last year.

Dr. Greenman will present these data. .

DR. GREENMAN: I would like to start out by indicatng that the prediction that
we would continue to have recurrences made by members of last year's conference
has been fulfilled On the other hand our therapeutic program 1s essentally unchanged.

The therapeutic regimen has consisted of bed rest, a diet limited 1n sodium to
two and a half to ten milliequivalents per day, high 1n potassium, 150 milliequivalents
per day, about 3 grams of protein per kilogram of body weight provided with the aid
of an electrolyte free protetn supplement, and additional 1ron and vitamins., ACTH, 25
milligrams intramuscularly, every six hours has beengtvento all patients. In addition
the first twenty-five children received mitrogen mustard, 0.3 mulligram per kilogram
of body weight, in single dosage intravenously usually on the third day of therapy.

Dr. Danowsk:i and other members of our group have now treated 41 children,
26 males and 15 females. Of these 33 were less than 5 years old, and 8 between 5
and 15 years of age The duration of illness was less than 2 months in 21 children,
2 to 6 months in 6 others and longer than 6 months in the remaining 14. These 41
children have received a total of 58 courses of the ACTH regimen.

Our experience 1s like that of other groups insofar as delivery of edema 1s
concerned. Eighteen lost their flud while on therapy; two gradually delivered their
edema; three became edema-free after ACTH was discontinued, and in one edema
persisted. The others had had edema delivered by other means.

The effects on the underlying disease state were evaluated by serial physical
examinations, urinalyses and blood and serum studies. There are now 24 patients
who are completely well; an additional 10 have had an essentially complete remission
save that single abnormalities, 1.e., trace or 1+ proteinuria or cholesterol values
between 300 and 400 milligrams per cent are present. Seven patients are not normal.

Of the 23 patients followed more than 12 to 40 months, 18 are well and 3 have
single changes. One has died; one 1s not well. Thirty per cent have had one or more
flare-ups of the:r illness.

Nine patients have been followed for 7 to 12 months. Six are well and three have
had relapses. They have responded to retreatment.

Nine additional patients have been followed between 1 and 4 months. Three are
well; 2 have had relapses; 3 are not well and 1 has died. Again the relapses have

subsided on retreatment.

Of the 25 patients to whom nitrogen mustard was given, 14 are well, Follow-ups
now extend 13 to 40 months. There have been recurrences in 7 from three to twenty-
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four months after a favorable response. All relapses have responded to repeat
courses of therapy. Four children are not well, 2were lost after 2 months; 1 died, and
one is still 11l 19 months after ACTH therapy.

The results 1n the 16 patents treated without nitrogen mustard are as follows: 8
are well; 4 have single abnormalities; 3arenot well and 1 died of septicemia, Follow-
ups now extend for 1 to 27 months with 11 more than 7 months. There have been 5
relapses between 4 and 7 months, again with response to retreatment. There 1s there-
fore no evidence 1n our studies thatthe inclusion of nitrogen mustard in the therapeutic
regimen exerts an additional beneficial effect.

In an attempt to analyze the factors importantin patients who will relapse, we can
come up anly with the following. That 8 of 12 patients with relapses were 1ll less than
2 months, while 12 of 29 without relapses had been 1ll for the same interval. At the
ume of the study there were no differences in blood pressure, heart size, blood non-
protein mtrogen, serum albumin and globulin and cholesterol. Urinalyses were not
helpful in differentiating the patients. The differences indurattonof illness may or may
not be sigmficant

1

In summary therefore, of the 41 children 1n our ed series lated
durtng a 3 1/2 year period and which has included all instances of the nephrotic
syndrome irrespective of the presence or absence of a nephritic component, 39 are
still alive. Therapy with rigid sodium restriction, patassium supplementation, a high
protein intake, vitamuns, iron and ACTH for 28 days produced symptomatic improve-
ment during or following completion of therapy 1n57 of 58 courses. Toxic or untoward

£,

were 1 and limited to hyponatremia and water intoxication with
convulsions intwo One patient developed hypertensionand convulsed without electrolyte
abnormalities Relap o € to retr have occurred 1n 30 per cent of

P
the children About 30 per cent of the patients developed upper respiratory nfections
which responded to simple therapy. Two of them were serious. Analysis of chermical
or laboratory features preceding or predisposing to an exacerbation reveals a some-
what shorter clinieal course prior to institution of therapy in those who ultimately
develop a flare-up. At any particular moment 85 per cent of our children are 1n a

e or virtually pl r though about one-third of these may have
possible abnormalities which are difficult to evaluate. These consist of trace to 1+
albuminuria and serum cholesterol levels between 300 and 400 mulligrams per cent.
We feel therefore that this therapeutic regimen presents some measure of control of
the underlying disease state, beyond the mere symptomatic relief which has been the
usual goal 1n the past. We do not know that all of the components of the regimen are
indispensible.

CHAIRMAN BARNETT: Next we would like to hear the experience of the group
working with Dr. Lange who with Dr. Kramer, 1think, were probably the first to
pe dlong term tr . Dr. Strang will present their experiences.

DR. STRANG: 1 agree that 1t 1s difficult to evaluate these groups statistically.
First, our number of cases 1s small and second, because we have been seeking a
better method to prolong remisstons of the nephrotic syndrome, we have used several
different schedules of inte therapy.
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In 1951 Dr. Lange suggested that remisstons of the nephrotic syndrome might be
prolonged if ACTH or Cortisone was given after diuresis had occurred. We knew thar
1t was impractical to give high doses of ACTH or Corusone datly for a long period of
time because of the undesirable side effects. Experience soon taught us that if low
doses were given daily, the patients relapsed while on maintenance therapy. The
idea was conceived then to give patients high doses of ACTH (100 mg. daily) or Corti-
sone (400 mg. daily) during regularly repeated, short periods of tume. Accordingly, 1t
was planned togive ACTH or Cortisone for three consecutive days followed by four days
of no therapy. One week of therapy as described was designated as one mamtenance
course.

In our original work ACTH was used for mamtenance therapy. Five days after
duresis had been induced by 7-10 days of ACTH, patients were given ACTH 100 mg.
daily for three successive days. For four days thereafter no ACTH was given.

The first group of patients was small, (Table 50) consisting of five children and
one adult, The average number of maintenance couses was five, the range being 3 to
8 The number of relapses which occurred was three, and the time interval between
the end of therapy and the occurrence of relapse averaged 7 months (range: 4 to 12
months). At the present rime these particular patients have been observed from 23 to
37 months.

TABLE 50
Maintenance Therapy and Relapses
“Short-term” “Long-term”
Maintenance Therapy Maintenance Therapy
Number of Patients 6 18
Number of Maintenance Courses 3-8 6-30
Average Number of Maintenance Relapsing Cases: 12
Courses 5 Remissions sustained: 20
Number of Relapses -
during Therapy [ o
Number of Relapses after
Discontinuation of Therapy 3 5
Time Interval between End of
Therapy and Relapse 4-12 months 4-8 months
Period of Observation 2337 months 6-36 months

It became apparent that even though this group was small the number of relapses
was significant, but it seemed 1mportant thatno relapses occurred while these panents
were recewving therapy. In each case relapse developed after the discontinuation of
therapy. The question which came to us was therefore, would prolonging maintenance
therapy decrease the incidence of relapses?
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When we idered pr i therapy with ACTH, several objectsons

1 4
8!

were raised, Our first group had been hospitalized during therapy, Prolonging therapy
would then necessitate esther too long a hospital stay or the of arranging
for intramuscular injections at home. The many intramuscular mjections were a
consideration, especially, because the majority of our patients were children. Oral
Corusone (400 mg daly) therefore seemed more practical. The patients would be
permutted the comforts of home and no injections and therapy could be supervised
adequately by clinic vistts.

Eighteen patients, 16 new patients and two from the original group, have received
this type of therapy The number of maintenance courses has ranged from 6 to 30, the
longer terms of therapy being given to patients who have started therapy during the
past year.

Analysis of case material on August 1, 1954 disclosed that five relapses have
occurred. These statistics have not changed during the past two months, Again, no
relapses developed while these patients were on therapy. The time interval between
the end of therapy and relapses has averaged 5 6 months, the range being 4 to 8
months

When this group was divided into relapsing cases and “remission-sustained”
cases, we found that in the relapsing group the number of courses of maintenance
therapy has averaged 12, the range being 6 to 20.Patients who have had no exacerba-
ations have received 12 to 30 maintenance courses, the average being 21. The pertod
of observation of these cases has been 6 to 36 months (average* 18 months)

In this group we have had one death, This particular patient was treated with ACTH
wm the hospital Diuresis was induced and oral Cortisone maintenance therapy was
started The child then returnedtohishome manother ¢ity and therapy was supervised
there After many weeks oral Cortisone mantenance therapy was disconanued and,
according to the report received by us, five months later the child developed a very
severe infection which lasted 1.2 weeks and was brought under control with difficuley.
Shortly thereafter massive protesnuria developed and edema became obvious. Before
steroid therapy was restarted, the child expired suddenly one morning without warg-
wg. Because an autopsy was not performed, the cause of death 1s undeternuned.

At the present time the other seventeen patients are free of edema and clinically
well They have etther no proteinuria or only a mild degree

I would like to reemphasize that 1n our group of cases no relapses have occurred
during therapy All relapses have developed after the disconunuation of therapy, and
these relapses bave been preceded by one or several episodes of acute infection, most
frequently pharyngotonsillar or respiratory

Because of our experiences, we believe now that long.term maintenance therapy
does prolong remissions We are sull observing relapses after therapy has been
discontinued and, therefore, the question to us 1s, just how long should maintenance
therapy be given?
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CHAIRMAN BARNETT: Thank you.

We are getting various shades of opinion, I think, about the value of the long-
term therapy.

1 think Dr. Kramer was the first one, at least to my knowledge, who treated
non-edematous chiddren with hormones, and Dr. Kramer, we would be interested
in knowing your present ideas.

DR. KRAMER: Dr Metcoff said that his 198 cases were too few for statistical
analysis and that no conclusions could be drawn. 1 can ounly echo that sentiment
based upon an analysis of eur 17 patients. Obviously, any conclusions which I may
draw must be considered very, very, tentative. However, I could not help forming
some 1mpressions even from a study of this small group.

We selected for study only cases that had received one or more courses of esther
ACTH or Cornsone. The patients were all treated in the hospital for their edema
and were discharged when edema free. They received from 60 to 125 mg. of ACTH
in 4 divided doses daily for a period varying from 10 days to 4 weeks. If diuresis set
in before the 10 day period was upthe dose was rapidly decreased and further hormone
therapy was withheld until diuresis was complete The following changes were con-
sidered an indication that diuresis was about to set 1n and the dose of ACTH was then
erther decreased or omutted completely: a decrease in albumunuria, a rise in serum
albumin level, a drop in the sedimentation rate and a decrease in cholesterol con-
centration. After diuresis ceased hormone therapy was resumed and continued until
the blood chemical findings had returned to mormal. A few cases received twenty
consecutive days of hormone therapy without regard to diuresis. Occasionally, the
gamma globulin level was stll low when treatment was stopped. Patients showing no
edema and normal chemical findings in the blood were discharged even though albumi-
nuria persisted and treatment was resumed only with the reappearance of edema.
More recently, we have followed Dr. Lange’s suggestions and administered Corri-
sone intermuttently, 1.e., 3 days for treatment eachweek and 4 days without treatment.
No attempt was made to control salt intake except that vegetables were cooked 1n the
usual manner and no additional salt was served.

We had a total of 18 cases of which we were able to follow 17. These were divided
equally between males and females. Their ages varied between 16 months and 4 1/2
jyears at the ume of onset of theirdisease They received from 1 to 6 courses of ACTH
and in cases receiving Cortisone they were given from 1 to 3 courses. At the present
time, of the 17 cases followed, 11 are alive and 6 are known to be dead, Of these, 5
died 2 renal death and one died of sepsis, giving a mortality of about 35%. Eight are
known to be climcally well, but 5 of these stll show variable amounts of albumin in the
urine from zero to 3+. Of the 8 cases 1 has been well for 4 months, 1 for 1 year,
1 for 1 1/2 years, 2 for 2 years, 2 for 3 years, and 1 for 4 years, Of the three patients
who received maintenance therapy 1 received 200 mgs. of Cortisone a day for 3days
in each week and the other only 5 mgs. a day for 4 days 1n each week. One of these
patients is dead. Of the 2 living patients 1 has been well for 1 year and the other for
3 years. We attempted to correlate certam phenomena such as hematuria, azotemxa'
and hypertension, with mortalicy. A persistence of any one of these must be conaidered
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a grave sign, particularly persistent azotemia and, or, hypertension.

Children who are given ACTH 1n what we considered as a therapeutic dose and
failed to develop diuresis, but showed a persistent elevation of NPN and hypertension
either during the first course of therapy or during the second course and if these
symptoms persisted after therapy was discontinued, usually did very poorly, so that
we feel that this abnormal response to therapy may be an indication of structural
irreversible damage to the kidney and is therefore an important prognosuc sign

This would indicate the need for a further subdivision of patients presenting the
nephrotic syndrome into those patients who present the uncomphicated syndrome of
lipord nephrosis and those that have persistent azotemia, hypertension and hematuria,
With prolonged 1llness, the lhikelthood of unfavorable complications increases, while
the chances of survival dimimish A statistical evaluation of these superficial impres-
sions 1s certainly indicared.

CHAIRMAN BARNETT" Thank you, Dr. Kramer.

1 have left the Cleveland group to the end because they are the least likely ones
that have to leave early

Before they start, and just to change the subject a little bit, I would like to show
one shide concernmng infections in Nephrotic children and the problem of continuous
prophylactic antibiotics

During this past winter we have separated our children into two groups. We
treated one-half of them continuously alternating at monthly intervals between 10
mlligrams per kilo of Terramycin® and 300,000 umts a day of Bicillin**

The other group were treated with the same anubiotics but only for indication
However, they were treated more liberally than we recommend for most other children

We counted the number of months 1n which a child had an 1nfection with fever of
over 101, and then calculated the per centof months 1n the observation that a child had
such infections.

In Figure 98 the black columns represent data on children who received con-
tinuous prophylactic treatment The stippled columns represent data on children who
were treated intermistently for indication. Although this 15 not a large group, there
appears to be a strniking difference between the two groups.

The groups are so small, and this 1s so hard to evaluate, that during the current
year we have reversed our groups, The children who last year got antibiotics con~
tinuously this year are getting it intermitzently We hope this device will ehiminate
some of the bias If, at the end of this year, it comes out the same way, we will tend
to believe that one can reduce the incidence of infections with fever by continuous
administration of antibiotics and we will then probably recommend treating all children
with continous prophylactic antibiotics.

*  Kindly supplied by Phizer & Co
** Eandly supphed by Phzer & Co
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Now, may we go on with the last three discussions of therapy and then perhaps
have a short intermission. After the intermission I should like to ask Dr. Guild 1f
she would open the discussion because I think we would all be interested tn her judg-
ment about these reports and her own experiences.

Dr. Spector, would you begin?

DR. SAMUEL SPECTOR: Much of the data we have to present has already been
presented by other members, primarily the Philadelphia group, and also the Boston
group. I will try to emphasize some of the differences we observed.

Our data concerns short-term therapy. ACTH or Cortisone was admmstered for
ten to twelve days and repeated only whenedema became apparent and the child showed
some difficulty 1 think the latter depended a good deal on the judgment of the in-
dividual treacng the child.

In Table 51, 1t 15 noted that the incidence of diuresis was the same whether ACTH
was admimistered I.M. or LV. or if Cortisone was used. However, in the group of
children who eventually died of this disease, diuresis occurred in 54% of the cases
m contrast to 81% of the entire group. One nught infer that the children who died had
a chromc stage of the disease which was responsible for the failure to respond. Yet,
1n most of these patients failure of diurests occurred at a time when definite indication
of progressive renal disease was not evident. When a child did have evidence of fixed
renal impairment, hormone therapy was no longer employed. Of 13 patients who failed
to respond twice during their course of hormone treatments, 11 have died to date of
renal fatlure. Thus, 1t appears that failure to diurese 1s a poor prognostic sign.

Length of remission appeared to be longer following ACTH therapy (4.2 moanths)
than after Cortisone therapy (2.6 months). The data were not sufficient to be stattsti-
cally significant.

TABLE 51

ACTH or Cortisone: 189 Courses
(10/49-4/54)

ACTH LM. ACTHLV. Cortisone
No. Courses 117 33 39
Incidence of Diuresis 85% 76% 74%
Overall 81% (54% in group who died)
Diuresis During Treatment 69% 71% 80%
Length of Remssion 4.2 mo. 2.6 mo.
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Complications as listed in Table 52 proved infrequent and usually reversible.
However, several of them should be emphasized. We had 1 child who at the end of 2
short term course of ACTH (10thday) suddenly developed high fever, severe abdominal
pain and a mass could be palpated n the left flank. Although he recovered from this
acute 1nsule, he succumbed 8 months later and proved to have a thrombosis of the lefc
renal vein and contracted left kidney. Whether this thrombosts was induced by ACTH
therapy 1s difficule to determine, but it raises a problem in regard to the safety of
long-term hormone therapy with exther ACTH or Cortisone.

TABLE 52
Complications (189 Courses)

Transtent Hypertension

(Diastolic  90) . 22
Hyponatremia 3
Hypokalemta 2
Hypocalcerma: 2
Convulsions. 6
Renal Vein Thrombosis. 1

Another imteresting comphication from viewpornt of prognosis was convulsions. We
had 6 convulsions occurring in 5 patients. Three of these children had hypocalcemia.
However, in 2, there was 0o explanation, no evidence of hypertension or renal umpatr~
ment. All 5 children have died.

TABLE 53
RESULTS
Number %
64
Dead 17 26.5
Chronic Renal Disease 1 L5
Active 15 23.
Remission 19 30.
> 4m6, >1iy:5, >2y:8.
Probably Cured 12 19.
> 6m'3, >ly:4, >2y.5.



Table 53 lists our results in the 64 children we have treated. The shorrest time
any of these patients has been followed was 14 months and more than 50% of the group
have been followed for more than 2 years. Seventeen or 26% have died. One has
chronic renal disease which has been stationary for more than 2 years. Fifteen or 23%
are sull active, but have no evidence of fixed renal impairment Nineteen or 30%
are m remussion which, as defined by us, 1s freedom of edema with minor degree of
albuminuria and no evidence of chronic renal disease of more than 4 months’ duranon.
Thirteen of these panients have been in remission for more than 1 year and, from past
expertence, we feel that this group will probably progress to cure. Twelve or 19%
have been considered as probably cured. They are symptomatically and chemically
normal. It 1s our estimate thar some of the active patients will eventually develop
chronic disease so that the eventual mortality in this group will rise from the present
26% to approximately 35%, a figure closely approximating our results in a previous
study performed before hormone therapy but after the advent of antibiotics.

It 1s interesting to note from Table 54 that with this regimen of therapy the
majority of our patients needed 2 or less courses.

TABLE 54

COURSES
32% - 1 Course (12 days hospitalization)
53% - 2 Courses (3 wks. hospitalization)*
69% - 3 Courses (1 1/4 mos. hospitalization)
80% - 4 Courses (1 2/3 mos. hospitalization)

In reviewing our deaths, 14 of the 17 died 1n renal failure. One child died following
renal vein thrombosis. One child had an E. Col1sepsis complicated by an acute necro-
tizing pancreatitis.

Teo of the children had no recognized evidence of chronic disease at onset of
therapy. Eight of these were treated within 2 months of onset and despite 3 - 8 courses,
died 1n 8 - 24 months of renal failure. These findings seems to indicate that the short-
term treatment with either ACTH or Cortisone does not prevent progression of the
renal lesion. It does decrease morbidity and period of hospitalization.

CHAIRMAN BARNETT: Thank you, Dr. Spector.

We have here another impression that repeated failure to respond to ACTH mught
have a prognostic sigmificance, indicating a poor prognosis.

We now will hear from two of the people, 1 think, who have had recent experience
with the use of nmitrogen mustard, and we will start with Dr. Taylor.
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DR. ROBERT TAYLOR: There are several things that I would like to say very
briefly before beginning this discussion. First, I am not particularly interested in
pediatrics, but rather internal medicine, and hence the patients we have are almost all
adults. Our approach to the problem assumesthatallhave chronic glomerulonephritis.
Nephrosis 1s something I don’t understand.

All patients have been followed for at least three years subsequent to their treat-
ment, and most of them for five years.

Nitrogen mustard was given at the rate of a tenth of a mulligram per kilo on each
of four successive days., As Dr. Chasis and Dr. Goldring described in 1948 or 1949,
the mitrogen mustard caused transient d on of pre butit b back
after treatment, and doesn’t become normal for weeks or months later

We have studied twenty-two patients for three to five years after treatment,
They are 1n three groups, those who recovered, those who are unchanged, and those
who died. Nine patients have apparently recovered completely without any residue
of their disease (Table 55). Their ages range from two to forty-eight years of age.

TABLE 55

PATIENTS RECOVERED AFTER HN2

Age Sex Duration Hematuria Urea Clearance
Mos. Cells/12 hrs, % of normal
40 F 2 05 45
48 M 3 0.9 55
43 M 6 19.0 97
21 F 2 1.5 47
3 M 6 06 84
5 M 2 0.3 50
3 F 6 08 100G
5 M 8 0.4 30
2 M 9 Gross 45
Ave. T; -5_ 3.0 71—

The number of months the disease had been present before treatment was gen,
from two to nine, 1s indicated 1n Column 3. Symptoms were present for an average of
five months before treatment.
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Column 4 shows the amount of hematuria by Addis counts. It ranges from one
pattent with gross hematuria to normal which is less than half a million red cells in
twelve hours. The average was 3.0 million cells. Urea clearance values (column 4)
averaged 71 per cent of normal before treatment, and ranged from 30 to 100 per cent
of normal, Average age was 19 years.

Two children, two and three years of age respectively, had between them five
relapses, but both have been well for three years since the last relapse. Each re-
currence was successfully treated with nitrogen mustard.

TABLE 56

DISEASE UNCHANGED AFTER HN2

Age Sex Duration Hematuria Urea Clearance
Mos. Cells/12 hrs. % of Normal
58 M 3 16.0 65
14 M 5 24.0 40
26 M 3 27.0 115
17 F 1 4.4 30
4 3 3 12.0 62
21 M 6 20.0 80
41 M 1 1.8 85
Ave. ; 4_6— 15—2 -;

In the patients of Table 56, the disease was uninfluenced by nitrogen mustard.
Their average age was 26, but ranged from four to 58 years. They had symptoms
about the same length of time as the previous group.

The only difference that we can find between those who did well and these 1s that
more of the latter group had eignificant hematuria. The lowest in this group 1s 1.8
million per twelve hours, the average 15 mullion, Urea clearances were roughly the
same, the average 69 as compared to 71,

The last group of patients are now dead (Table 57). All had rather far advanced
renal discase. Azotemia, with urea clearance of 10 per ceat was present in one. A
youngster of 8 years had a normal clearance, mimmal hematuria and his disease
had been present for ten months before he died. Why he died, we don’t know for sure,

but he did not respond.

246



TABLE 57

PATIENTS EXPIRED AFTER HN,

Age Sex Duration Hematuria Urea Clearance
Mos. Cells/ 1 hrs. % of Normal
25 M 18 18.0 10
54 M 12 50.0 35
57 M 17 10.0 45
69 F 7 4.8 48
3 M 24 4.0 27
8 M 10 0.8 85
Ave, ; T4—7— 16.3 —4?

Why some of these patients respond and why some don’t, we do not know The
only difference we can see is that the patients who did well (Table 58) have shghtly
less hematuria and slightly better renal function. Thank you.

TABLE 58

SUMMARY OF THREE GROUPS OF PATIENTS

Ave. Age Duration Hematuria Clearance
Recovered 19 Smos. 3.0 mil. 71%
Unchanged 26 4.6 mos, 15.2 mil. 69%
Expired 36 14.7 mos. 16.3 oml 42%

CHAIRMAN BARNETT: Thank you, Dr Taylor.
The next speaker will be Dr. Startzman.

DR. VIOLA STARTZMAN: 1 wish to present a small group of eight patients who
have had a combined course of ACTH and nitrogen mustard.

It has been a set course of ten days of ACTH, 10 milligrams every six hours
intramuscularly, for the ten-day period. On the sixth, seventh, eighth and ninth day
they received intravenous nitrogen mustard, calculated at one-tenthgram per kilogram
of body weight.
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The patients have been followed until November 1 of this year.

All of these patients had therapy of one type or another but relapsed preceding
this combined course

7 patients are in remission following the last course of combined therapy for
1-22 months; 4 of these for longer than 9 months. 1 patient, a child recently treated,
failed to respond to therapy.

CHAIRMAN BARNETT: Thank you Dr. Startzman.

L think we would be very interested, Dr. Guild, 1f you would be willing to tell us
what you are thinking at present about the use of the hormones.

I would be 1nterested also 1n your present thoughts about treatment and importance
of infection in this disease. Dr. Guild.

DR. HARRIET GUILD: 1 have a few illustrations which serve to illustrate some of
the points that have already been made today.

Since the cortisone gospel has spread, the patients are getting to us earlier and
we are now having more of an opportunity to follow a group from the start of the
disease. While many of the out-of-town patients still return to their own physicians,
who usually cooperate well 1n continuing treatment according to plan, more and more
of the local patients are being left 1n our hands for treatment throughout the course
of their disease.

A year ago I made a rough summary of the patients treated with cortisone up to
that time, covering a period of three years These were divided into three groups:
(1) those in whom the disease started as a “pure nephrosts” and has remained such
throughout the period of observation; (2) those in whom 1t started with purely “nephrotc”
signs but in whom a “nephritic” episode or episodes with hematuria, nitrogen re-
tention and elevated blood pressure have supervened; and (3) those in whom the
“nephritic” component has been conspicuously present from the start. While this 1s
rather loose terminology, I am sure you know what I mean. One patient, in remission
when last seen, was accidentally omatted from the first group; and one, now dead, was
omitted also from the third group. Thus there should have been thirty patients in all.

In Figure 99 are shown the patients in these groups. A four plus (++++) response
to treatment indicates complete disappearance of all climical signs and chermcal
evidence of the disease, mncluding albuminuria, three plus (+++) indicdtes disappear-
ance of everything except the albuminuria, two plus (++) indicates moderate improve-
ment with edema stablized at 2 lower level but without complete return to normal; and
one plus (+) just very shight improvement of brief duration. Each course of treatment
is recorded separately for each patient, although, for purposes of condensation, the
duration of treatment 1s not indicated. Where an arrow follows the recorded response
(for example “+++-»), cortisone has been continued 1n maintenance dosage after the
maximal response has occurred.
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Fig. 99. Cortisone treated patients, 1950-1953

A. Uncomplicated nephrosis - Patients No
14 and No, 15 notobserved duringimtizl nephro-
tic phase (history only).

B Nephrosis later showing nephritic signs

G Nephrosis withconcomitantnephritic com-

plement
* Corusone given to these without expectation
of success
No. 25 - renal disease too far advanced.

Nos. 20, 27 - nephrinc  predominated and
was rapidly progressing from onset,

No 28 - blood pressure foo high for ade-
quate dosage.
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In the first group (A), panients 1, 2, 4, B and 9, are now completely well or 1a
remission, No's 3, § and 6 are now tn renmussion, on cortisone, which has been given
continuously for over a year. The mantenance dosage has averaged 50 miligrams
a day. Recently, however, we have been using larger imrial dosage and have given
more than 50 mulligrams daily for ma 1if more d and: d

In the second growp (B), the sections underlined represent the periads during
which “nephrinic” signs were present. The firstchild(No. 10) had a complete response
to the first course of cortisone, relapsing two months after 1t was withdrawn There
was a long delay before tr could be r d and we dered whether that
played a part m his subsequent fadure to get well. We later adopted the paliey of
giving treatment for a longer peritod of ume and of stepping mn more quickly with
reswmption of treatment when signs of relapse appeared. This child progressed to 2
chronte nephritis and died  Thus Far his ss the only death ta this group.

The third child (No. 12), whose course will be shown in more detail, after gomng
through a “nephritic” episode, entered a purely “nephrouc” state with graduafl dis-
appearance of all signs of the discase except for the albumin 1n the urine. Because of
the albuminursa, matntenance therapy was coaunved, after the fifth course of treat.
meat, for another year Six months before this slide was made, cortisone was with.
drawn for a short tme but was then r db of a g merease in
chenueal sigas of the diseass. It has since been d for another eigh months
and the child 18 now completely well excepr for a trace to one plus albumin

In the fourth child of this group (No 13), “nephritic” signs were of relacvely
brief duraton They d 1o be supp d pletely by cortisone therapy and
the child 18 well now except for 2 muld albuminuria, He ss sull on therapy

The sixth ene (Mo 15), had the disease for two years before seen by us. He has
shown a most remarkable, really unexpecred improvement in kidney function on
cortisone therapy. He 1s doing well on maimntenance dosage a year and a half after
cortisone was started

In the third group (C) the picture 1s quite different These are the patients in
whom the “nephritic” component has been prominent from the very stact. At the tme
this ilustration was made @ year ago, already seven of the thirteen had dred and
another has since succumbed

These patients all had hematuria, nitrogen retention and elevated blood pressure
when we firse collecred chem and these findings were supposed to have been present
from the onset of the disease They progressed to a chronte nephritis and death from
renal fatlure, with one excepuon.

As far as the other patents m this group are concerned, 1t 1s not worthwhie to
discuss them individually The chagr illustrates the difference in response in the
mayority of pavents 1 whom “nephritic” signs are promunent from the start. But
1t also shows that one need notgive up hope for them and also need not dodge cortisone
therapy just because kidney damage (with even a considerable degree of :mpairment of
renal function) 18 evident when the panient first comes under observation
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I shall now illustrate the various types of response described within the different
groups. The line across the center of the following figures represents the normal
level for each of the chemical findings recorded. In the columns for serum proterns,
the solid upper part of the column 1s the albumin fraction; the lower is the globulin
The symbols for the other elements are self-explanatory.

Figure 100 illustrates the course of a child (No. 4) who had six complete re-
missions on interrupted therapy. Since the chart is not up to date, only the first five
courses of cortisone are shown. Every remission lasted for two months. In the first
relapse, treatment was not resumed unnl edema reappeared; in all of the others, 1t
was started as soon as there was a sigmficant degree of albuminuria before edema
had time to appear This child has been completely well now for a year without
cortisone. As has beenpointed out already today, she1s the type of patient who probably
would have recovered anyway. One feels, however, thatbykeeping her edema-free and
1n an artificial state of remissionduringthe active stage of the disease, one has helped
her to ride through her disease more comfortably and safely, and has also eased the
situation for the whole famly.

Figure 101 1llustrates the course of one of the patients (No. 12) 1n the second group
who started with a “pure nephrosis” and whohad responded well to the imtial course of
cortisone therapy. The chart begins withthe first relapse which occurred with a series
of infections. By now there was a “nephritic” component. After chronically infected
tonsils were removed, she was given two short courses of treatment, comparable 1n
duration and dosage to the one that induced the tnitial remission, but with only partial
response. The parents removed her from the hospital against advice before more
itensive treatment could be given. She coasted through the summer fairly well, but
returned 1n the fall with a severe exacerbationn the “nephritic” component. This time
the parents agreed to leave her until we were satisfied that enough cortisone had been
given. After two months of therapy the “nephritic” signs subsided; within another
month edema had disappeared, “nephrotic” chemistries were approaching a normal
level; and a few weeks later she was in complete remission except for a mild albumi-
nuria. A small maintenance dose of 25 mgm. of cortisone datly was continued for a
year, when 1t was withdrawn for a period of two weeks. Following withdrawal there
was an increase in the albuminuria anda shight rise 1n non-protein-nitrogen. Cortisone
was, therefore, resumed. The child has remained well throughout this period, showing
only a trace to one plus albumin, and we are now in the process of weamng her from
the cortisone again

Figure 102 demonstrates the effect of infection in precipitating relapses. This
child (No. 13) who had been 1n remission for two months following his first course of
cortisone therapy had therapy resumed because of the reappearance of albuminuria,
when an acute infection precipitated a complete relapse. Fou.r infections n a row
kept precipitating relapses just as he was trying to go into remission. Follow{mg the
fourth 1infection, a year passed before another remission was achieved 'and du'rmg this
period there was a transient “nephritic” episode of about two months’ duration. Stll
on maintenance therapy this little boy has been without edema since last February and
in chemical remission except for a low-grade albummuria since April,
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Figure 103 illustrates the course of the child previously referred to in the third
group, who had gross hematuria and a non-protein mitrogen of 90 mg.% at onset.
While the non-protein mitrogen had gradually settled down to an average level of 60
mg.%, there had been slowly progressive renal insufficiency during the 18 months
before cortisone became available. Theschart begins with a sudden exacerbation in the
renal disease when there was an abrupt rise in the non-protein nitrogen to 100 mg.%
and a rise in serum phosphorus to 10mg.% The kidney could not longer concentrate
the urine and the 2-hour phthalein excretion wasless than 10%. Furthermore the blood
pressure was up to 160/100 While the child appeared to be heading into the terminal
stage and 1t did not seem likely that corusone could help, the abruptaess of the 1m-
mediate exacerbation made 1t seem worthwhile to give 1t a trial. Treatment was
started cautiously by the intramuscular route and to our surprise the non-protein
nitrogen dropped back within afew weekstoan average level of 60 mg.%, the electro-
lyte picture gradually returned to normal and, over a period of several months, even
the proteins reached normal for the firs: t1me, edema disappeared and the blood pres-
sure returned to normal. After five months of treatment, the cortisone was withdrawn
and steady improvement in kidney function has continued with no relapse over a period
of three more years. The child 1s still 1in excellent condition, with a non-protein
nitrogen that hovers between 40 and 50 mg.% and a 2-hour phthalein excretion of
65% The capacity of the kidney to concentrate the urine 1s still impaired and there 1s
stll a mild degree of albuminuria with a few casts from time to time 1n the urmary
sediment, but he 1sfree of external signs of his disease and his blood pressure remamns
normal, While this child has had ideal home care and much of the improvement has
been accomplished on his own, one cannot escape the feeling that 1t was the cortisone
that turned the tide at the critical moment, by suppressing what would probably have
been a fatal exacerbation

In conclusion, I think we can say that cortisone produces remissions most easily 1n
the purely “nephrotic” group of patieats in whom there 1s no evidence of glomerular
damage While these are the ones whowould probably have recovered anyway and while
the cortisone probably does not shorten the course of the disease, they ride through
the disease more comfortably with fewer complications, and 1t certamnly seems
desirable to keep them in remission, even though 1t 1s an arnficial one, as long as 1t
15 possible

In the group of patients 1n whom “nephritic” episodes occur, spontaneously or
precipitated by 1nfection, one has the feeling that cortisone often helps to suppress the
“nephritic” process, thus favoring chances for recovery. While some of these un-
doubtedly would recover by themselves, there are others in whom the balance may
swing one way or the other and 1n whom cortisone may give just enough of a shove 1n
the right direction to push them back over the fence

In the last group of patients, in whom subacute or chronic nephritis 1s progressing,
1 doubt whether, even with cortisone therapy, we can expect complete reversal. By
suppressing the disease, however, and keeping the lid on for a reasonable period of
time, it has 1n some instances prolonged life and has at least permutted the disease
to become quiescent Only time will tell whether the ultimate outcome has been altered,
but if, even 1n a few, life 1s comfortably prolonged, treatment with cortisone Seems.
well worthwhle
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Incidentally, with regard to the problem of infection, I may add that all of our
patients, whether recetving cortisone or not, have been maintained on antibiotic
prophylaxis throughout the active stages of their disease. While this has not wholly
prevented infections, with resultant exacerbations, we feel that nfections in general
have been less frequent and less severe. Furthermore, on this regime, we almost
never see the old familiar complicatons, such as peritonitis, any more.

CHAIRMAN BARNETT: Thank you very much, Dr. Guild.

1 think, Dr. Danowsks, you had some experience with adults that might be of mnterest
if you would like to tell us abour 1t.

DR. T. S. DANOWSKI: Dr. Greenmanand other members of our group have treated
fafteen adults with the nephrotic syndrome which we thought was of glomerulonephritic
origin. The therapy was like that of the nephrotic children described by Dr. Greenman,
except that we gave 200 milligrams of ACTH to almost all of these patients.

We gave mtrogen mustard to only 2 of these patients. The results in the 15
patients are nowhere near as good as they are 1n the case of the children, buc they are
nonetheless encouraging in view of the accepted hopeless prognosis for the nephrotic
syndrome in adults. You will recall in the case of the children, 34 of the forty-one
children that we treated are well; although we have had one or more flare-ups 1n about
one-third of them. Therefore we have at any one time 83 per cent of the children in
remission In the adult group 6 out of 15 are currently 1n remission.

Again we wish to potnt out that these people were put on a regimen of low sodium
and high potassium intake. It may well be that ACTH given to such patients does more
than ACTH given without sodium restriction and potassium supplementation. This 1s
evident 1n the gross morphologic changes in the adrenal cortices described by Dezne,
W: H., et al, [1], and Badinez, O., [2] and others, as accompanying such regimens. We
ourselves have measured neutral 17-ketosteroids in a numberof patients, I would hike
to indicate the order of magnitude of response that 1s seen. For example, we have one
patient who put out 132 milligrams of 17-ketosteroids in twenty-four hours, and we have
another who excreted 94 milligrams in twenty-four hours. These amounts point to
marked hyperfunction of the adrenal cortices in patients receiving ACTH on this
regimen.

One final comment. Though we have not used mtrogen mustard 1n the bulk of these
.
studies 1n adults you will recall that Dr. Greenman pointed out we can't recogmize
any additional beneficial effect actributable to mustard

DR. LANGE: We have had eight adults 1n our group of patients with the nephrotic
syndrome Of the eight, seven are in remission following ACTH and one we have never
been able to diurese  He has had four courses of ACTH and four of mtrogen mustard.

{1] Endocrinology 43: 133, 1948.
[2] Bol. Soc. biol. Sanurago, 5: 40, 1948.
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CHAIRMAN BARNETT: I wonder if anybody would care to discuss the question of
the relative effectiveness of ACTH and Cortisone. Are there differences of opinion®
Con, I think you have a definite opinion about 1t.

DR. RILEY: Simply that I feel they are interchangeable. 1 haven't been able to
see any difference.

DR. HEYMANN: I showed our work in this respect to Dr Badger who 1s our
statistician, and as you remember, Dr. Spector showed we had a difference in the
length of remission between ACTH treated children and corusone treated children.
4 6 months to 2.7 months, I believe.

He did not think our figures would lend themselves to statistical analysis, but
going over them, he had the impression they suggested strongly that the lengths of
remisston after cortisone were shorter, with short-term treatment.

DR. SLATER: 1 would like to ask -- 1s the role of heparin in nephrosis known?
1s 1t too dangerous a drug to use 1n children in carefully controlled doses’ The rather
favorable results in some ammals 1n which nephrosis has been induced makes one
think about the possibility of 1t as another form of therapy which hasn't been explotted.

CHAIRMAN BARNETT: I think both Dr RileyandDr Lange had some experience
with heparin

DR RILEY We tried it 1 two children with Dr Howard Eder following the lipids
1 the blood very carefully. We gave 1t, as I recall, for seven days in daily doses.
Nothing happened either clinically or to the lipids 1n the serum.

DR LANGE In ammals with the nephrotic syndrome, you can suppress the
disease, or at least, ameliorate 1t almost completely if you give very large doses.
For a rabbit you need about 80 to 100 milligrams 2 day, so the dose required 1s too
high from the anti-coagulant viewpoint. With lower doses you don’t get any effect

CHAIRMAN BARNETT: We considered it and spoke with Dr. Irving Wright who,
as many of you know, 1s interested in anti-coagulant therapy He belteved it would
be oo dangerous to warrant its use in nephrosis

DR. HEYMANN I very briefly want to stress one point which for lack of time
was not emphasized 1o the data that Dr Spector presented.

Years ago, after chemotherapy was introduced, we reviewed a similar group of
nephrotic children as the one that Dr. Spector discussed today.

The death rate 1s equal 1n both groups. One chemotherapy without hormones; the
other chemotherapy and hormones.

CHAIRMAN BARNETT Having heard impressions of therapy, it 1s obvious that

compilation of all our data i systematic fashion would facilitate needed statistical
analyses The suggestion has been made that we might expedite the beginning comp-
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TABLE 59

Composite adjusted life table (533 pacients) comparing survival of un.

treated and sterotd treated patients
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Key x - 3 months intervals after onset of edema  “Average (expected) qx as calculated from a
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lation of data regarding effects of steroid therapy if the form Dr. Riley has prepared
could be completed for each patient under the care of each doctor in this room. If
this were done promptly, the results could actually be included in the transcription of
this conference. Just looking at the number of p that were pr  in the
last hour and a half, there are well over 500 patients being taken care of by people in
this room right now.

I think we really need this information urgently, and from what Dr. Metcoff said,
1 think Dr. Riley indicated that he would be willing to analyze them. Is that true?

DR. RILEY: Yes. (The results of this compilation follow).
PRELIMINARY REPORT OF STATISTICAL EVALUATION OF EFFECT OF
ADRENOCORTICAL -ACTIVE HORMONES ON CHILDHOOD NEPHROSIS

Prepared by Dr Riley and Associates
Based on Responses to the Questionnaire

To the date of writing (January 14, 1955), 533 such questionnaires suitable for
evaluation purposes have been analyzed on patients whose illness began below the
thirteenth year of life. Since few reports have been received on adults, 1t has been
dectded to set those aside and treat them as a separate category Other question-
naires are still being returned, so that a complete report will be given at a later date.

In the current analysis the following considerations were used mn entering cases
and withdrawing them from the accompanying life tables. The time intervals (x)
during the first 3 years after the onset of edema are of 3 months each. Cases with no
adrenocortical-active therapy were entered as new cases (Nx) 1 the mtervals when
they were first seen by the reporting physician. They were withdrawn (W_) at the
proper interval, either at the time when observationof them ceased or when one of the
forms of hormone treatment under discussion was started Cases in the “treatment
for edema only” and “treatment by schedule” categories were entered (N ) at the
interval when such treatment was first started Cases in which such treatment was
admimstered by some other physician prior to their observation by the reporting
doctor were not included Also, cases in which treatment was given first for edema
only and later by schedule, unless the interval between these two was one month or
less, were excluded. If enough such cases later become available, a separate category
will be made for this group.

We have carefully reviewed our technics with Dr John Fertig, Professor of
Biostatistics at the Columbia University School of Public Health, and are most grateful
for his advice and criticism Certain glaring weaknesses 1n such an analysis should
be pomnted out. First, the cases being studied are not contemporaneous, in fact,
Category 1 (no treatment) 1n general tends to antedate Category Il (treatment for edema
only) which inturn represents anearher group than Category Il (treatment by schedule)
Thus, the “controls” are not comparable 1 period of time to the group being specifi-
cally tested. One easily discermble difference which such difference in time nmught
make, control of infection, has been minimized by accepting only cases observed sice
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the beginning of 1946 when effective anti-bacterial therapy was an accomplished fact.

A second objection 1s that cases in which treatment was first given early are
frequently compared to cases in which treatment was not started tll late in the
disease. That this can make some difference, usually by unfavorably altering the
mortality rate, has been shown by small-scale separate analysis of the early and late
treated cases. It 1s hoped that as more figures become available such-separate
analyses can be made on a large scale

With thase qualifying remarks, the accompanying life table (Table 59) is submitted.
The technic for calculation of the probability of dying in a gtven mterval (Q_ ) was
reported at the conference and 1s accepted statistical practice. *

A preliminary glance at survival umes in Categories I and 11, calculated from the
Qx’s, showed that there was no sigmficant difference between them in the first 2 172 -
3 years after onset. Therefore, these two were pooled to form a “universe” with
which Category IlI could be compared. Here it1s necessary again to point out a qualifi-
cation - this “universe” 1s notyetlarge enough to have 1ts rates for probability of dying
1n any single interval stablized.

Next, this probability of dying, as calculated from the “universe”, was applied in
each interval to the cases in which treatment had been given on pre-planned schedule.
At the end of 30 months after onset had these rates obtained, there would have been
18.2 deaths. The observed deaths were 6. Chi square, calculated for this difference,
15 76, indicating a P of less than 0.01. If the P 1s calculated on the basis only of
patients starting treatment in the first 6 months of the disease, 1t becomes less than
0.05. This change 1n P value appears to be the result of reduction in total numbers,
but the collection of further data should helpto determune this. The reason for making
the calculation at 30 months after onset 1s that treatment by schedule has not been
given much more than this length of time.

With the qualifications discussed, no final conclustons are justified. One can only
report that the evidence for the factthat scheduled treatment prolongs life in childhood
nephrosis 1s suggestive.

CHATRMAN BARNETT: Ithink the major question of whether or not these hormones
are favorably affecting the final outcome of this disease cannot be answered with
assurance until further evaluations are made along lines of what Dr. Riley has said.
My own impression 1s that the chance that they are favorably affecting the disease
are good enough that I certainly will conninue to use the hormones.

DR. JANEWAY: There are two or three things I would like to say, rounding this
out. In the first place, Dr. Rapoport left me a note when he left and said he was afraid
he hadn’t made himself 100 per cent clear, and he wanted to be sure people understood
his point. I think he did, bur basically, 11s that really there are, two groups, those who
respond very nicely 1n terms of becoming protein free in class one, and those that
don't get protein free 1n class two, even though you keep up cortisone twice as long as
you need to. He feels that all of these adjunctive methods of treatment Itke long-
term maintenance therapy, should probablybe restrictedto this second group, 1n w)ur:h
the prognosis is definitely much worse, and tn which ultimate outcome of the disease is

much more in doubt.
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Anather thing 1 would like to mention because his group 1sn’t represented here, 1s
that when I was out in Minnesota a couple of weeks ago, Dr. Watson told me among
adults they had found therapeutic malaria was the most effective means for treating the
nephrotic syndrome of anything they had ever tried. It worked better than ACTH. So
here 15 a stressful reaction with high feverin an infectious disease which you can turn
off at will with chemotherapy. He was very much excited about 1t, so this 1s another
thing to keep up your sleeve for the future.

There are certamn things that are going to come out of this, with Dr. Riley’s
analysts, and 1 am delighted we are going to do this cooperative job. It seems to me
all through this meeting there wasaprettyclear mdication that perhaps the people who
were treating the remission of the disease per se have been doing better than those of
us who restricted ourselves to what you mught call symptomatic treatment for a
manifestation of the disease

There certamnly 1s a spectrum of case response in nephrosis. At one end of the
spectrum, the patient will get well no matter what you do. At the other end of the
spectrum, the patient probably wouldn’t recover no matter what you do. I am re-
minded of our experience with inoculated measles which was much, much smaller.
Again, we never saw a good measles diuresis in a patient who obviously fell into this
group at the bad end of the spectrum. We didn’t have half the data then on patients
which we have today, but I think the stmilanity of response 1n general, no matter what
kind of treatment you are using, 1s reaily prerty striking.

It 18 anawfully good thing to remind ourselves that, as Dr. Guild suggested, we may
be making a lot of these patients more comfortable and possibly rendering them safer
from infection by steroid tr b they are d At the same
time, we must remember that patients recovered from this disease 1n about 35 to 40
per cent of the cases, if they didn’t die of acute infection, long before the steroids
were known or introduced. Basically, there 1s not much evidence yet we have changed
that figure.

1 think we have got to be awfully skeptical and remember that Dr. Spector ex-
hibited some rather serious complications of steroid therapy. All of us who have had
any large experience with steroid therapy have encountered this. No matter how
carefully we watch, people do get 1nto trouble with these drugs which are awfully
potent Granted they got into trouble with the disease before we had the drugs, but 1t
18 certamnly not a sumple form of treatment.

DR LUETSCHER' Could I comment on two points? First, we have been fortunate
at Stanford b of the encour of Drs. Faber, Anderson, and Piel to work 1n
pediatrics as well as in the adult medical wards. This has allowed a comparison
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short-term therapy 1n the youngsters and in the adults Just shart of one-half of each
group recovered completely



The second comment concerns the question of treating on indication versus treat~
ing on schedule. Although scheduled treatment certainly offers many points of superi-
ority, still until we have a completely safe and effective form of therapy, we ought to
keep in mind the hazards of high dose, continuous steroid therapy. If we embark on a
long-range, lugh dose schedule 1n every patient, we are going to induce some unneces-
sary trouble in a certain number of patients, since half of these patients would have
gotten well with much less treatment.

For this reason, at the moment, we are taking an intermediate position, and are
using a few short courses of therapy to see wherc we stand. We feel secure in this
approach in the patient who 1s seen very early, but not in the patient who is beginning
to deteriorate If the patient fails to respond promptly, if there is prompt relapse, or
if there are signs of glomerular involvement of a greater severity, we would feel that
patient ought to be given enough ACTH or cortisone to induce maximal improvement
and then put on a prolonged course of scheduled treatment.
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Vil. REPORT ON WORK IN PROGRESS

CHAIRMAN BARNETT: I think I would like now to turn to brief descriptions of
some of the work that 1s currently going on, and perhaps Dr. Hodges and Dr., Metcoff
and Dr Kramer would share the remaining twenty-five minutes or so. If there 1s any
ume left, other people mught tell us of work 1n progress. Dr. Hodges, would you care
0 start?

DR. RICHARD HODGES  We were 1interested inthe response of nephrotic children
to an antigentc sumulus We took 8 nephrotic children in the edematous stage. Serum
was obtatned and type specific polysaccharides of the pneumococcus types I & Il were
tnjected The children were bled again2 weekslater. We had 11 non-nephrotic children
of comparable age who were treated in the same manner. The paired sera were then
tested by the mouse protection test and results are expressed in terms of that test.

The non-nephprotic children tested with type I pneumococcus had some natural
immunity, but the immunization, the injection, greatly increased that immunity

The response in the edematous, nephrotic patients was nowhere near as great

When the control group was tested against type II pneumococcus, the antigemc
response as far as the mouse protection test went was very good. Following this anti-
genic sumulus, the level of anubody 1n nephrotic children was not nearly as high as 1t
was 1n the control group Only one of the nephrotic children really resembled the
control group in her response. Interestingly enough, she was the only one that had a
diuresis berween the rimes of two blood drawings.

DR JANEWAY You haven’t got subsequent sera on the other nephrotic patients
after diuresis’ I bet they go way up.

DR HODGES: 1 will bet they do, too.

CHAIRMAN BARNETT. Dr Metcoff,,

DR METCOFF. Dr Sylvester Frenk, Miss Antonowicz, Dr John Craig and |
have been exploring the nephrotic syndrome in rats induced by a new techmque, the

daily subcutaneous injection of 6 dimethyl amino purine, 0-3 amino @-ribose, an am-
monucleoside representing a hydrolysis product of the antibiouc “puromycin” . given
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for 12 days. Rats develop marked edema, ascites, hyperlipemia, h i
protewnuria, but no frank hematuria. They do have yx:zonjma. 1 m}ilg}(:f;it:;::;n:):
remarks by saying that we do not yet know the natural history 1 detail of this kind of
rar disease. We have not had time toexplore 1t, We hope that the material will become
available, and that enough investigators will be able to study the disease and deter-
mune 1rs features. .

) Flgurle 104 1s a picture of two pair-fed animals killed at the end of 14 days of
pair feeding and after 12 days of drug injection. The control animal 1s on the left.
They have been depilated prior to sacrifice to facilitate tissue analyses.

In the nephrotic animal the renal lesions consist of thickening of the basement
membrane of the glomeruli, and the tubules when stained for fat show a marked
increase 1n the neutral fat droplets atthe basal ends of the tubular cells. There is also
an alteration 1n the phospholipid pattern in the tubule cells.

In a recent experiment we pair-fed 18 young rats, during development of the
nephrotic syndrome, with 18 controls, Twelve in each group were loaded by gavage
with sodium chloride in a dose of 10 millimols per kilogram body weight - a standard
loading dose ~ the last 4 daysof the experiment. Muscle, entire skin, and total carcass
were analyzed in all 36 rats. The results show that there is a slight decrease 1n the
intracellular potassium concentration of muscle when corrected for collagen and
expressed as non-collagenous, dry fat-free solids. This decreased intracellular
potassium concentration 1s due to intracellular edema, since the potassium content of
muscle is not decreased.

Skin, which normally accounts for 15-18% of total body weight, appears to be the
principal tissue reservoir of edema flud,

The total residual carcass centains a smaller quantity of tissue edema fluid.
Approximately 1/2 of the edema accumulases as free ascitic fluid.

We are engaged currently in imnating some simultaneous electrolyte balance,
tissue composition and 1sotope studies to determine the specific activities of the
electrolytes particularly in the skin since there has been some suggestion made that
there 1s not complete excqangeability of sodium or chloride in this organ. We are
hoping to learn also whether 1sotope distributions compare favorably with mdirect
balance and direct tissue analytic techniques. Ultimately we plan to explore other
features of fat, protein and electrolyte metaboltsminthese animals in order to project
meaningful studies to the only valid test subject - the human patient with nephrotic

syndrome.

CHAIRMAN BARNETT: Thank you, Dr. Metcoff. This new rat disease opens
further investigative possibilities. We will now praceed to Dr. Kramer.

DR. KRAMER: The object of our study was to determine the mechanism of some

of the phenomenon commonly seen 1n nephrosts, namely, the hyperproteinemia, hyper-
liperma and hypercholesteremia.
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For this purpose we studied the rate of disappearance of iodine 131 albumin from
plasma when 1njected intravenously. We also studied the rate of synthests of protemns
using labeled glycine, and the rate of formation of cholesterol by using tritium labeled
sodium acetate, and the rate of disappearance of cholesterol using cholesterol for
C-14.

What I want to show today are the results using the 10dine 131 labeled albumin.

Figure 105 1s a paper electrophoresis pattern of the normal and nephrotic child's
serum and shows the usual picture but 1n addition it shows that when the 1odine 131
albumin 1s given the activity moves with the albumin and corresponds to the albumin
of the subject, indicating that the alburmin 1s undenatured tn this process.

Similarly, Figure 106 shows the electrophoresis pattern of the urine of the nephrot-
ic patient and again the activity 1s 1n the albumun fraction.

When we studied the accumulative excretion of the isotopse albumin, (Fig. 107),
we found the rate of excretion was very much greater i the nephrotic than 1n the
normal subject.

When we studied the rate of disappearance of the radioactivity 1n the plasma,
(Fig 108) we found that this was much faster in the nephrotic than in the normal. The
half-life 1n the normal was about 12 days, whereas, in the nephrotic 1t was between
2 and 2 1/2 days

Now, we haven't as yet studied the rate of synthesis, but if the concentration of
albumin 1n the serum remains unchanged, we have tentatively assumed that this indi-
cates a rate of synthesis of albumin about 5 or 6 times as fast in the nephrotic as in
the normal subject

We had one case of congemtal hyperlipemia without albuminuria, and this child
showed a rate of disappearance which was twice as fast as the normal subject

We then studied the distribution of proteins and lipids in nephrotic serum and
urine by electrophoresis (Fig. 109). We were unable to find any free lipid 1o the urine,
but found the lipid moving along with the alpha-2 and the beta-lipoproten.

Tentatvely, we had worked on the hypothesis that the rate of synthesis of the
various protr == —os etloeosloibe oeo ' " )
evidence for
since the ki . .
beta-lipoprotemns, there 1s accumulation of these materials 1n the blood which may
account for the hyperlipemia and perhaps the hypercholesterolemia. Actve 1sotopic
cholesterol given intravenously could not be detected in the urine, although larger
amounts were present in the plasma,

CHAIRMAN BARNETT. Thank you, Dr. Kramer. 1 am sure that there are a lot

of people here who would like to discuss this, but because of the time Limications I
think perhaps we should now ask Dr. Janeway to close the meeting.
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DR. JANEWAY: You always have to have a start and finish to these things. I will
be as brief as I can.

On behalf of all of us who have stuck with this conference now for the six years
we have had them, Iwouldlske to say thank you to everybody here who has participated.
1 thuwk you would all agree with me that this has been an extremely interesting, stim-
ulating and exciting meeting. It 1s due tothe fact that people have come here.and talked
very frankly about their work, and because, ina small room, even though our remarks
are being taken down, people have been walling to go far out on a limb speculatively at
times, which really makes this sorr of thing fun.

I think it 1s worth-while also expressing our thanks to the National Nephrosis
Foundarion, which 1s making 1t possible totake down a stenotypic record of this meeting
and to get 1t distributed.

We plan, through Dr. Metcoff, to get the proceedings published promptly.* We
plan likewise to perhaps publish a very brief summary which will be written up by Dr.
Heymaon to be published as a special report 1n Pediatrics, and we hope that perhaps
in another year or two all the expenses of this meeting can be met by the Foundation.
As 1t 1s, they are meeting a good part of them,

I would also like to express gratitude to all of you who cooperated in providing
the figures Dr. Riley gave us and showed that this 1s a cooperative venture. One of the
objectives of this meeting 15 to speed our own research up by meeting here and sharing
what we are doing In regard to treatment particularly 1n a disease like this, where we
do have effective agents but no agreement on how to use them, this kind of cooperation
1s the kind of thing that can go on 1n this country and probably not in many other parts
of the world, and 1t 1s one of the things we are proud of. I think it will be an extremely
useful contribution to medicine and pediatrics that we can share our experiences and
make them available to the people who have to practice and take care of patients.

Finally, I would like to say thank you to Dr. Heymann and the Cleveland group.
1 think he has indicated by the content of the program that this 1s a very exciting place
to be medically. There 1s a lot going on that 1s interesting and sti nulating. He has
planned o wonderful program and certainly we have had the best of haspirality. I want
to thank him for all of us for the great amount of work he did to make this meeting

a success

*Copies available from The National Nephrosis Foundation, at $3.50 per copy.
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