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#¥ork performed under iEC Contract No. AT-(40-1)-288 - Title I.
The Bowman CGray School of Medicine cf %ske Forest lollege.

Cistribution and turnuver of sodium and pote-sium in acute infections.

Er. Ceorge 7. Harrell, Jr., iroject leader July 1, 1950 to Hareh 15, 1951

Eacilitien: The laborstpry as previously corstructed has proved 1in use
to be very satisfactory. No changes heve been made in the design or construc-
tion of the laborstory. The mejer ftems of equipment previcusly purchased
have proved quite satisfasctory. No different types of equipment have been
needed this year. Aidditional counters, shields, and other items for sxpension
cf the existinc equipment have been purchenmed,

Farsonnel: Lr. Jerry L. Rikawa completed his :i.C Fellowship. “e have
been sble tc obtain for him a fellowship from the /merican Heart Assoclation
which will enable him to continue work with us for at least snother year.
Finenctal support for him msy be raquired by 1952,

Miss i.loise Khoades, technieian, hes now been compietely trained in our
techniques and 1s proving quite setisfectory.

Clsude Taylor, the negro technlocisn, ie proving satisfsctory with the
animel sxperiments,

Dr. Ernest Yount continues to assist in the design of experiments
affecting human belngs. He elso 1s directing the experiments with use of
lodine-131 which ere not directly related to the primery research projest.

Farly in the year we were uble tc utilize house officers in the per-
formence of cartain groups of experimants. The majority of our house staff
hes now bean called to military service &nd the shortage of personnel st this
level is critical. Jur human work maey suffer during the mext few years
unless personnal not eligible for military service can be found,

lsotapag: Ccnsiderable time is still loss due to the vagaries of air
transport. ¥e heve attempted to re-design experiments so that sodium-24 ean
be used aven if it is late in arriving. In the case of potassium-42, hoxever,
it has proved impossible to design experiments which would give valid results
should the isotope be late in erriving. The specific activity of the material
received from Oak Ridge 1s such that if the shipment is ae little as 12 hours
late it would require the administration of a chemicelly toxlic dose in order
to schleve a setisfuctory counting rate., This difficulty hss made it imposslble
to use three of the first four shipments of potsssium which started Februsry S.
e have tried surfrce transportation by truck and air transportation by several
different routes with about equal lasck of success.

Apimwals: The animal breeding program menticned in the previocus progress
report has been started. Very few snimels wers raised during the winter, but
& few sanimals are now hecoming evallable, it is not yet possible to estimete
whether we cen raize all the enimels we need or not,
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A discussion of the concept of slterstions in membrane permeablility
with vartous infeotious end immune processes was presented at the June, 1550,
meeting of the hmericen dedical ~ssocistion in the Section on Experiwental
dedicine and Tnerepeutics. This report is to be published in the JGURNAL OF
TeE AMURICAN MELICKL w50 WIATIUN, In 1t selected examples of our data on
fluid volume changes in focky ountsin gpotted faver, trichinosis, serum
slckness and drug reactions in humen beings sre presented. The effect on
intrecellular fluid of heavy metsl poiscning of enazyme systems by arsenie
snd the roversal after administration of Bil gives & clue as to pcssible
machaniams in infection.

km an extension of the original work on induced hyrersensitivity in
animals, the conditions of the experiments were slightly modifled in corcer
to decrease random veriaticns. The physiologic effeets of the injeetion of
humen plasms into rabbits were correlated with immunologic changes. :vidence
for alterations in capillery and cell membrane permeability were found,
which wers thought to be releted to the humoral antibody response. This
work entitlied, "The Immunophysiology of Serum Sickness: /lterations in the
Blood Volume end Thiocyanate Space in flelation to the levelopment of Humoral
intibodies in the Rabbit,” J. K. Aikaws and 0.T. Harrell, has been accepted
for publication in the Journsl of Clinical Investigation and is scheduled
for the Lpril, 1951, issue,

A similar study was performed with purified human plasma fractioms,
specifically, slbumin and globulin. Ailthough the resulis varied quantitetively,
the changes were qualitetively similar to those ohserved in the studies with
humen plasmsa. lere agsin, It wes trought possible to attribute changes in
®lood volume, ithiccyanate space and hemstoerit as due to defeets in memdrens
permeablility as a result of immunologic phenomena. This work has been sum-
marized and has been submitted for publication,

The current opinion is that jin vixp.sntigen-antibody reections cre
mediated by certain substances residsat: in the body in an inactive state,
and whioh are released during the sntigen-sntibody reaction and thus cauee
the systemic effects. Histamine has often been implicated. It also {s not
esteblisred whether the increesse in capillery permeadility which is known
to occur with various hypereensitive states, is due to demapge to the sndo-
thelisl cells or to an alteration in the intercellular cement substsnce.
dysluronie acid is & constituent of the intercellular cement substence &nd
is depolymeriged by the enzyme hysluronidase., In an sttempt to determine
whether these two substances contribute to the blochemical defect in hyper-
serneitivity resctions, normsl rebbits were injected with lergas doses of
histamine end hyaluronidase. It was found thet neither the plasme volume
nor the thiocyanste spece was sltered in either grcup of snimels, It there-
fcre was concluded thet neither of these substances wes solely responsible
for the changes previously observed in in vivg entigen-ant!body reactions,
This study 1s in the finel manuscript stage.

10905172



:rogress Report - rhC ~3- Contract No, AT-(40-1)-288

Preliminary studies with the passivs trensfer method are still in
progress in order to determine the optimum dose of entigen and antibody
required consistently to reproduce serum sickness and certain physiologie
changes in rabbite. The difficulty to dete has been in obtsining sufficiently
high-titered sers for injecticn. ifter repested sensitisation of several
animals, it now appesrs that such sers can be produced.,

c 3 A

In the previous progress report, it wes mentiocned briefly that a
comparative study of the thiocysnate and rediosedium methods es indices of
the volume of the extracellular space was in progress, These determinatione
were mede in individuals with various pethologic rhysioclogiec states. To daste,
no date are avallable in the literature on the relisbility of these two
methods under abmormsl aeonditions, slthough & report of a limited study in
normel individuels is available. To date, we heve performed studles with
radiosodium=-24 in more than 50 individusls and compared them vith values for
thiocyanate done simultaneously. In the group as a whole the two spaces
checked 88 closely as in normsl individusle. In gpecific diseases, however,
+lde divergonce between the two methods was encountered which was thought
to reflect differsnces ia the psthologic-physiologie responses hetween
different diseanes. Huch more work needs to be done baefore any definitive
ccnclusions osn be drawn.

A brief preliminary report of this work was preasented at the Novemdber,
1650, meeting of the Southern Medical Agsociation, In the ‘ection on Medicine.
This report is to be published soon in the SUUTHERN MiDIC»L JOURMNAL,

i discussion of the applicebility of such methods in madicsl resecsrch
- and 8 demonstration of the sctual methods used in this leboratory for such
studies was given &t the Tek [idge Institute of Nuclear Studiea st ths
Advanced Training Course in February, 1651.

A comprehensive analysis of the results is planned in the near future,
after more cdate have been collected in individusis with vearlous disessed states.
£¢ the present time, insufficlent data sare avallable for any single disease
to warrsant conslusions,

Sludies with Radiopotassium-42

Until recently, there was not aveilable a single valid method for
measuring quentitatively sny eonstituent of the intracellulsr compartment.
The introducticn of radicsctive potassium-42 suggested that & tool was finally
aveilable for such a study. There is aveailsble in the literature s study of
findings o“ the “exchangeable potsssiuvm” content in & series of normal young
individuale. Suech a gstudy has not been reported in individusls with vearious
psthologle physicloglc states. For tha past two months, study has bven in
progress on the cetermination of the totsl potassium content of hospltelized
subjects with various abnormal gtratee. + totel of 35 individusls hsve been
studied to date. In most of these individuels, e slgnificantly lower potassiun
content hes been obtsined than hus been previously suspected in these dimesases.
dore dstea will be accumuleted in normsl and abnormal ststes before sny publics-
tion 18 prepared.
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Studias in dormal fabults

Sinoe the previous annuesl report was submitted, the dats on fluld
volumes and eslectrolyte concentrations in 45 normel rabbits have been
summarized and published In the AMIRICAN JOURNAL JF FHYSICLIGY, 168:699,
Sept., 1950. In this study, the results of the snelyses of tissues and
organs for thelr sodlum-24 snd wster content, ss well as & comparison of
the thiocyanate and radioscdium speces are given. This represents the first
comprehensive study of this neture in normal rabbits, using artificisl
isotopes. It serves as & baseline for evalustion of the studies on pethologle
states and establishes the velidity of the methods.

Studies with Digitalss

It has not zenerally been apprecisted that the digitelis glycosides
which have been used for decades in the therapy of congestive heart fallure are
steriod compounds,, structually related to the asdrenal cortical hormone and
the sex hormones. The letter substances sre known to sffoct melt end water
metabolism. it is generslly stated that digitalis has a apecific cardlotonic
effect; there has been some speculation as to the existence of an extrecsrdiac
or peripheral mechanism of action as well. In the treatment of circulatory
failure in the ocourse of acute infections, digltalis is sometimes used,

The use in such dissases ss pneumonie and iocky Mourtain spotted faver would
be ;lasced on 8 firmer basis If & peripheral action of its mschanism could be
sstablished.

In order to study this problem, hospitelized subjects without cardio-
vascular disease were given & therapeutic dose of digitoxin intravenously.
“erial determinations were then mede of fluid volumes. The dats indicated
thet there wes sn increass in the water sand protein content of the vascular
compertment within 24 hours after the zdministration of 1.2 mg. of digitoxin,
“his slteration 1a difficult te expiein solely on the bssis of a direct
myocardial effect. 4+ summary of the findings has been sccepted for publica-
tion in the PHUCKELDINGS OF THE SCCIETY FOR KXPERIMENTAL BIOLOGY aND MEDICINE.

In & more detalled atudy of the same problem, & group of 7 normal
mala medical students were next given the same dose of digitoxin intra-
venously. In this series, urinary exerstion of sodium and potassium and
the alterations in the body electirolyte soncentrations and sontents wers
elso followed; sodium-24 was used as 8 check on thioscyanste space. This
experiment has bsen completed and the deta nre being analysxed.

Since tyere is some experimental evidence that toxic doses of digitelis
cause & revarsal of the sffects of the usuel therapeutic dose, rabdbits vere
given & sublethal toxle dose of digitoxin and the changes in fluid distribution
snd electrolyte concentration and content, including sodium-24, were followed.
The changes found could not be explained solely on the basis of a direct
myocsrdial effect of digitoxin. It was concluded that large doses of
¢tgitoxin had caused cell damage and alterations In cell membrane permesbility
tc sodium lon and weter. The sffects resembled those produced in enimels by
sdrenalectomy or the edministration of large doses of desoxycortisosterons.
ihis work hss been submitted for publication.
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In previous studies on chanpes in capillary membrene permeebility,
the T-1824 (Fvans Slue) dye method wes used sxclusively. iecently the
jodinsted serum fraction method has been introduced. From theoretic
considerations, 1t would sppesr that this would be the idesl methcc for
the elinical determination of the plesms volume or to detact altersaticns
in capillary membrane permesbility. Arrsngements hive besn completsd with
ir. 0. L. Tabearn of ibbott Laboratories to secure the lodinated plasme
fracticns from him., rrelininary compsrative studies heve been made in
rabbite. ‘’ermission is swaited from AiC to use the materisl for clinlcal

invegtigations in human beings.
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