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PROCREYS REPORY

This progress repori coverz a period of 10 years of work supported
by the Oifies of the Surgeon Penmarnl, Tha United States Army. Because of the broad
nwope of thw research, the report will cimmarize progress mede in a weritive fashion
rathor than to detall specific achiecexenta., Tha project has concerned itself with
"Metabolic Disorders and Therspeutic Approsches in Renal Failure". ‘The report will
bo divided into three phases,

1) Metabolic Disorders, 2) Tractmynt of Renal Failure, and 3)
Homutraasplantation of Tisaue with particular reference to the kidney.

1) Metabolic Disorders: Both in the uresic patients and in uremic
anjualp wa have swieavored to elaborate the metsbolic dafect which results 17 kidpey
failure, 2Zarly Lo our course we noted that pationts with renzl failure improved
significantly 1f they were dialyszed sgainst a bath fluid contzining wrea, suggesting
that wes Rone wws Lot thw only causa for the sorbid atate, Purthermore, wo demon-
stratod that liver alices incubatsd in 100 milliwoles per liter of urea shomed 0
inhibition of pyruvate uptaie or glucodse production. Although several years werw
spont ia attaapts to utilize tissus slioevs for this, the tissus sll;:ev itself was
unsntisfactory as a purely in vitro sputem. Ve were, homever, able to show that in-
ciwazing conventrations of ures heginning at ,05 molar did inhidit monamine oxidase
activity of rabbit kidowy slices asting on a pyramine substrate. Ihis work was of
interest since the inhibition wes a diphosic one, decreasing with lonoruasing con-
contyations and suggesting oseible polymerixstion of urea at higher concentrations.
The significance of this tntarpretation relates to one cf the carlisst observations
nade in our work when we wore ablo to abow that morw wrea could bé removed from
chronic wremic patients than could be accounted for by the decreass in blood ures
aitrogen conceatration, suggesting that urea was perhaps polymerized, or at leest
was not equally distributed throughout the total body water. This very early obser-

vation has bosan confirmed in a number of ways in recont years, We wérec able to show



in ?ntu mtde acutely uresic, there was no demonstrable defect in the formation of
livoer glysogen nor the absorption of glucose in the intestine, In rats with chronic
urcuia we could demonstrate a marked decresse in glucose uptake from intestine and a
narked deorease in liver glycogen as well ae impaivment of glucose utilisation
following & glucose load, This 1is of interest in view of recent evidence iam patients
that a sinilar effect may occcur in uremia,

Patients with eccute urwaia showed decressed survival of rod blood
cells which wore infused and whoso half-iife was followed by the use of isotope
tagging. This decreased survival was improved fellowing dialysis with the artificial
kidosy and disappeared within five days aftor the implantation of a noryal kidney.
Since the defoct in soms way resembles the so-called ‘storage defeot’ and since this
could be improved in vitro by Inosine, we attempted to infuse Inceine into patients
with chronie renal failure and otudy the red blood cell defect particularly as
manifested by abaorwmlities in the intyacellulay comcentration of red cell sodium
potassium, The infusion ol Inceins Anto ureaic patients did indeed rewverse this
defoat but the hyperuricenia which resultod from metabolism of the purine moiety of
Inosire to uric asid, requived homedialysis. Other Antraceilular defects in chronic
uremia kave alzo besn ptudiad, We showed soms time ago that in chronic renal failure
rapid dialysis with the artifieial ltidosy might return serum hicavbonate wapidly to
noreal but that since bicarbonate did not oross the coll mewbrane rapidly, Ryperven-
tilation continued and a regspiratory alknlosis wes pubstituted for the motabolic
acidosis,

Current work is concerned with the correct mwasureasnt of this
phonomsnon by the use of the meaourement of ths volume distribution of DNO.

With the Neurologic Service we studied intansively the neurclogic
abnormnlities 1Q both acute and chronie uremia. It was cbasrved that most of the
neurologic abnormalities in chronic uremis were appsvently due to a metabolic defect
sleilar to that eecen in liver discase. In this coannsction, a mo-called liver flap

{8 not uncomwon in urimic patients, Electroercephalographic ahnormaliities were



coumon and tiwee could be roughly quantitated by the responss of the electrosncephalo-
grem to photic stimuli, Mos? fmzoriant was tho fact that foual nesurologic abnormalities

vere trancient axd appeared to bt mit the result of foeal orgenir ventral nervous sys-

ten legions, Yu'thermorw, hypocslcimin was ravely the cause of any of the neurologic
nanifescintions o garved,

Extenrive uork on cardisc ar: hythmias occurring {n renal failure have been
done, Cavdiaic sarrhythaiss can be 1roduced by rapid changes of extymcellular pH, by
raising the sorw sodium, or by rircpping the serum potaseium. Isotope dilution
studies bawe si.onn that there is 1c correlat:on btetvesn these arrhythaias or the
changes in the elsctrocardiogram £xi the totil body potassium or the extrmcellular
level, It appaars that the elsctricardiograr and the sensitivity to cardisc arrhy-
thriag way by s function of the relative concen: :ratfiong of godium and potassium
acrosa the cell mombrane,

During tivy cours® of ths abo © studies wi'h isotope dilutions we were able to
elicit the fact that t plcally im cute wrenal f£(ilure, extracellular fluid voluwe ie
expanded, probzily by ‘he productica of motaboliz watar froem tho catzbolism of fat.
In rddition, in both acute and chrenic renal failure serum citrete levels may be
markedly olevat:d, porsibly contrituting to the so-called unidentificd acid fraction
about whick the:a has been muck spe *ulation.

A fortuitcus ( onsequence of tils work on bidy fluid volume were the observa-
tions thst in ma3, renoprival hyper.ension does ot oxiat, Our sbility to maintain
peopls with no rmi 1l function whate 'or in relativoly good states of hoslth enzbled
us to obsorve that in four patients in whow a single kidaey had been removed eoci-
dentally, hyjertention did not occui: unlegs tiw volume of extracellular fluid was
increased, 631t and water deprivation in theie individuals returnsd blood pressure
levels to norml. The importance of this oba rvation in man when considered in the
light of the numrous olaims from animal enperiments that the kidney hae an important

depresgor function, is obvious,



2) Treatmont of Rensi Failure:

A major funetion of our work in the trentment of scute renal failure has been
concerned with the ariificial kidney, The rotating artificial kidney, first des-
oribed by Kolff, was modified to becows a prattical clinteal toovl in tiala laboratory.
During the coures of it3 development and use we had occasion to train a numbar q!
Arxy porsonnel in its use, Work with this spparatis in the Korean War contributed
inportantly to knowledge both of hewodialydis and the treatmant of acuta ronal
failure, The lmportance of the use of the artificial kidney in the prophylrctice
treatront of acute renal failure 48 too well knoim to require emphasis. However, fit
is of scao interest that one weok ago, dialysis nuwabor one thousand was done in thie
hospital. It would not be fnoorrect to say that the vast majority of these dialyses
were made poogible by support from the office of the Surgewon General and knowledge
derived from this has contributed importantly to the treatment of both scute and
chronia renal failure in this country amd elsewbhere,

In 1933 the investigator and Dr, Mareel Legrain p;zblnhed our experience with 2
new technique with peritonsal dialysis using a plastic tube inserted into the peri-
tonsun through & simple parauantesis tochnique. Thig simplified technique in a
somevhat modified form is now in wide-epresd use, Moro ¢xtonsive application noces-
sitated the produstion of comnercial rinsing fluid, In 1837 we rsported tho removal
of potassium by passing blos:i fyom the uvemic patient over an ion ewchange coliwem,
Bocause of plateles and vhitn cvll destruction, howswer, this tachniquo was not uni-
varsalily applicable. Howevor our work at a later date with the fine mesh ton spchange
vesin, (Kay-exalats) particularly fecilitated by the imgeation of sorbitol, proved to
ba an axtremely practical measure for the removal of potassium from gustro-intastinal
secretions and is now widely utilized. Work with Dr. Willism Loorey in this period
demongtrated that both the artificial kidney and fon ewchange resins werc effective

noans of ridding the body of radiosctive caloium and stromtivm 30,
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Ezperience with the use of imlying vascular cannulae for chronic hemodialysis
hey b;een obtained. As demonstrated by Bcribner and Ml.collml, this is now an
v{feative means for maintaining useful 1life in patients with severe chroanic reaal
failue. Of particular interest in our expsrience is a patient, both of whose kidneys
were removed 7 months ago, and who has been mointained sinoe that time Ly chronic
honodialysis, Observations on the response of his mslignant hypertension to bila-
torel nephrectomy and dehwyiration have confirwed owr earlier obssrvations about the
rogponse of hypertonsiou to salt and water restriction in the absence of existing
repal tlasus, We have mmintained a number of patients on chronic peritouea) dialyeis,
four of these have been maintained at home through the use of dialysis throwgh an
inlying, surgically placed, plastic conduit. Receatly a device has been given pro-
lininary trial which will automatieally cycle dialysing fluid and should enable the
pationts to be dialyzad at homs while they sleep, Problems of infectiou and fibro-
gig, Lowgver, rexain to be overcoms,

3) Homotrongplantation of Tissum:

The cmphasis in our study of tissus transplantation has boen on the transplan-
tation of the kidney as an approach to the therapy of chronic renal failure, Success-
ful transplantation of the kiduey depends upon the lmnovledge of immunity in tissue
transplantation, gensrally, and consequently, both laboratory work and clinieal in-
vustigution have bsen coucerned with problems both of basic immunologic concept ao woll
es the transplantation of skin, Our achievewents in the field of clinical trans-
plantation have been as followe: 1934, the first successful trangplantation of &
kidrey botween fdontieal twins, In 1039, the first suocessful tramsplantation of
kidnoy between nonidentical twirs, In 1962, the first succedsful transplantatioa of
a totully unrelated cadaver kidmsy that has survived at ths present time for 15
sonths, Hore then 60 human renal homografts have boen perforeed to date. Our first
succossful transplantation hetween nonidentical twins was sccomplished with the aid of
subtotal body irradietion, In this cass it was domongtrated for the {irst time that
partial toleranco for a kidooy might be obtained and that whken the rejection process

appeared in the kideey it might be aboried or rovversed by the use of cnrtico-ateroids



anl furthor x-irradiation, This concept of partial tolerance and the ability to
"sbort" a rejection response has been of parsmownt importance, both in our sugsequent
swe'k and in the work of others. In the patient in whon a cadaver kidney was trans-
plented, 7 gepsrate and distinot episodes of abortive rejection cccurred which were
reversed with the uss of corticosteroids end imauno-gsuppressive therapy. Our fecent
work bosed largely on the studies of Doctors Murray, Calnme and others in our labora-
tory hag utilizsd the use of immuno-suppressivs therapy 1n the foers of drugs., At
the presont time 3 patients are alive and in good health with kidneys tvangplanted
from other than twing, The survival time varies from 1 month to 7 montha.

In a2d4ition, we have boon interested in skin transplantation. We have demon-
strated a gharing of transpleantation antigens in husans, We have demonstrated also
that following the rejeotion of a skin graft the patient becomes immune to the
loukocytes of the donor and exhibits a delayed hypersensitivity to thes interdermal
lnjeciion o2 thase leukocytes. Am interesting offshoot of this work has been tho
fact that patients with disseminated lupus arythsuatosus showed the same type of
skin hypersensitivity to their own letkocytes. In conjunction with the Depaétnonto of
Surgery and Prthology, we have carried out a dotailod'nlulyna of the biastology of the
refoction of a buman skin homograft by the use of dally biopaies, We have shown that
kunans may devwlop an accelerated rejection to skin homografts by prior intradermal
injaction of domor leukooytes,

Doctor Edward B. Hager in our laboratory has shown that dogs may be isaunized
to aanine homografts by the prior injection of isolatad pintelaets from the donor,

In nddition to this, Dontor Nager hos been sbles to eluts antibody from s rejecting
kidogy to react this with goluble antigen fyom donor platelets in an in vitro systes,
Hig work shows & greater specificity of the antibody for pure donor antiges than it
doos to othor canine antigens similarly eluted, pointing thoe way to a possiblo system
in which an individuzl spocific test sypiem for aniigen and aniibody in assssliss
homografts aay be gevelopado

Doctor James Nowbray in our laboratory has ashown that an alpha-l glyeo-protein

found ir sarum end concentrated in the thymus gland, may merkedly prolong the 1ife
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of 30% of skin grafts between rabbits, when tnjected into the recipient prior - and
allortly after - ths application of the homograft.

Yo have algo boon able to demonstrate a specific cytotoxie offect detween
colls harvested fram donor snd recipient rabbits following the immunization of ose ot
the pair by two skin homogratts from & second. We have developed an in vitro systes
for the evaluation of circulating antidody, based mot on histologic assay, but oa a
dynanic agsay, This involves the principle of meaguring the short-cireuit current
genarated by sodium transport, first in frog skia and later in the rabbit colon, and
assaying the offect upon this current by injeotion iato blood vessels swpplying those
tissusa of antibody-containing sera and sensitised leukoeytes.

The abuve review of ton years of work impresses the respobsible investigator
with the fact that much progress has been made. A good bit of this has been a by~
produst of work stemming from a protocol which was an offshoot of that for vhich the
yusearch application was made, This fuct, it seems, attests to the merit of the
regenrch grant as o tool lent by an emlightensd granting agenocy t'o the investigator
in m:nhbu fashion that the latter is free to develop his ressarch in the direction

which scons moat profitable a3 the work progressss.



