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Matabolic studics of '"hepatorenal syrdrome" indicate that limitation of urine
rate in cirrhotics corxclates vith roduced GFR and resultant decrecsed urinary
lute excreticn. The decreased GFR 15 not due to co-existing renal discass or de-
ease in cardiac output. Preliminary studles on rcoal blood flow, PAH extraction
tubular functions suggest that a primery renal herodynamic ebnormality may be
lved. This poasibility is beiny ccusidered. An cvaluatfon of the clinical and
logical characteristics of remal failure in 117 cirrhotics is also in progress.
temia is a common accoupeniment of hepatic coma, but thege patients often are not
rkalenic. Laboratory tests permit Jdiffercntiationm of "hepatorensl syndrome" from
other causes of renal inasufficiency. Dccreases in GFR may occur suddenly without
tion to kaown cacuses, and sre often preceded by on episode of hepatic coma.
;-_hacment of the coms with neouycin, Jaxatives, cnemas and dietary protein restriction
&fe not causally implicated.

The relation of potassium deficiency to wetabolism of armonia and amino acids
is the subject of the following current resesrch. A dog preparation iavolving in-
duction of potassium deficiency by dialysis is row being used to extend our clinical
studies on the relation of potsssium end am=onium wetabolism in kidney (J. Clin. Inves!
42: 696, 1963) . The rolation of potessium deficiency to alterations in amino acid
composition of tissues is being studied in groups of rats. Significant incresses of
threonine, serine, glycine, alcnine, lysine and arginine occur in muscle of electrolyt
depletod animals. The significance and mechenisme of this chenge in amino acid patter:
are being investigated.

A study on the effects of urea and camorium chlozride infusions ca gastric ammoniw
concentrétion and on secretory xesponses to histalog has been completed. The results
indicate that blood ammonium is a significant zource of gastric smwonium, possibly
moxe so than blood urea. Results were eimiler ian neomycin treated and in non-
antibiotic treated paticnts. Gastric secretory responses were not altered by eleva-
tions of blood or gastric juice urea or amxonium levels, or ty pre-treatment with
neomycin. Anzonium had no evident neutralizing action or normal human gastric juice.

Copies of this report are filed with the Armed Services Technical Information Agency,
Arlington Hall Station, Arlington 12, Virginia, aod may be obtained from that agency
by qualified investigators working under Government Contract.
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Studies supported by this contract are presented under threc mnjor
headings: 1) Metabolism of /emonfium, 2) Renal Failure Associated with
Bepatic Diseass, 3) Matabolic Aspects of Potassium Deficiency. For each
ressarch endeavor recent progress is cited, work to date s swmarized brisfly,
then current stetus is indicated.

I. Ustabolisn of Aomoniun

The origin, source and significance of ammonium in gostric julcc has
been investigated in these laboratories during the past tuo ycars. Thesc
studies were designed to determiue the influence of urea and ammoniua chloride
i{nfusions on gastric ammonium concentration and on gastric secretozy ze-
sponses to histelog. The responses of saven patients given emronium chloride
infusions and eight patients given urca infusions had been determined pre-
viously. During the past year four additiomal patients were studind with
sanonium chloride and six with urca given intiravenously efter pra-trestient
with the nonabgorbable antidiotiz, neomycin. The neomycin wes uvaed to
evaluate the role of gastrointestingl bacteria on amconiuvm content of gestric
juicn and pexait an evaluation of whether or not bacteriel ureesc ws cigni-
ficantly involved. Compartison of data obtained during iritial con:rol periods
from subjects prerirestad with neomycin with those obtained from sujects not
given antidiotic demvuscrates the following: The gastric julce vaives for pH,
volums of secretion, ammonium and urea nitrogen levels did not dif Zer signi-
ficantly. Comparxisons of each of these values for the nconycin grovp with
those obtained for ths nonentiblotic group ylelded P<0.1. However, blood
scoonive nitrogen concentraiion wag decreased and blocd urea nitro:en level
increased significantly 4in the neomycin-treated group &s compared to the group
not given entibiotics (P = <€0.05). These findings may reflect the cffact of
neonyycin on ureagse containing organisms in the lower gastrointestiaal tract.
the gastric secretory responses to botazole hydrochloride (histalo:) were not
influenced by necmycin pra-treatment. The increases in blood anmd jastric
Juice ammoniua nitrogen concentrationg that resulted from armoniux chloride
given intravenously were similar fin the patients pre-treated with ueomycin
and in those not given antibiotic. Similarly, the results of urea infusions
in the patients who 4id not receive antibiotic were similar to the findings
in tiwee who were treatsd with naomyein. ‘

As en additinnal comtrol experinents, tha result of ammonium chloride
infusions were studied in two patients with pernicious avemie. These paticnts
bhad histslog-fast gsstric anacidity. They were infused with amronlum chloride
according to & protocol similar to that used for the other subjects. The
infusion produced sustained elevations of arterial blood ammoniuvm nitrogen
levels, but urea nitrogen levels were unchanged. Gastric ammonium nitrogen
levels incressed. These patients damonstrated the expected poor gastric
secrstory responses to histalog. The increases in gastric julce crxonfum
aitrogen concentration and content produced by the smmonfium chloride infusions
were unchanged following histalog, &n effect different from the changes noted
in the other subjects studied who hod normal gestric secretory wechaniswos,
This latter study indicates that the influence of histalog on increasing
gastric juice smmonium nitrogen concentration is related to the geatric
secratory response and mot to histalog pex ga.



The studies to date msy be summarised as follown: The effect of
ssmouius chloride and ures infusions on gastric juice asmonium and ures
lsvels were compared. Ammonium chloride infusions raised blood amci gastric
Juice ammonium levels without effecting blood or gastric juice ures levels.
The transfer of samonis from blood to gastric juice was accclerated by
stimulation of gastric secretory activity by detazole hydrochloride. The
hypotbhesis is advenced that gastric juice ammonium is derived in p:rt from
blood amonium and that ammonia diffuses ioto and {s trapped in the ocid
gastric juice. Ammonium chloride infusions produced larger increaces in
gastrie juice smmonium than d4d ures infusions even though the nitiogen con-
tent of the infused ures wes 13 times greater. Uree infusions procuced
increases in gastric juice ammoniua without changing blood ammoniuwc levels.
Betasole hydrochloride did not accelerate the rise in gastric juicc aomonivm
vith ures iafuaion. Fre-treatment with neomycin did not alter the action of
either infusion in producing gastric juice emmonium. It was concliided that
gastric juice ammonium is also derived from blood urea, hydrolyzed by a
tissue rather than & bacterial urease. The relative contribution cf blood
ures end ammonium to gastric ammonium content in the normal is unkrowm. The
gastric secretory respouss to betasole hydrochloride was not significantly
inhibited by either elevation of blood or gastric juice urea or of dlood
gastric juice ammonium, or by pre-treatment with neocyycin. Gastric juice
aesmonive had 0o evident neutralizing action on normsl human gastric juice.

A completed manuscript describing thess findings has been subnitted for
”mo

1. "Denal Falluxe Associated with liver Digesse

T™wo types of investigations are involved in the studies on th2 renal
fatlure associated vith liver disesse. The first concerns detailed metabolic
studies of the factoxrs influencing meximal urine flow rates in pati:mnts with
cirzhosis. PMreliminary findings were given in last year's xeport o7 progress.
During the past year & second study dealing with the clinical and piathological
eharecteristics of this typs of renal failure was initicted.

A. Maxissl Txioe Flow

- The studies of factors limiting flow rate in cirrhotics sere
sccomplished under conditions of coutrolled sodium, protein and flu.d intokes
ia the Metabolic Unit. Thirty-four patients were observed, includi g eight
with pretermisal oliguris end axotemia. As indicated previously, a correla-
tion betwesn ability to emcrete a water load and ultimate prognosis was
confirmed, Inability to increase urine flow rate above 3 cc per minute is a
gtave progaostic sign. RMatients with lov urine flow rates had reduced osmolar
and free weter clearances and decreased glomerular filtration rates (GFR). A
finsl eveluation of these data justifiss the following comments: Thiere were
significant correlations between rates of urine flow and solute excretion,
urive flow and GFR, and GFR and solute emcration. Application of the
statistical ssthod of pertial correlstion showed that reduced GFR by reducing
urinary soluts excretion accoumted for oliguris in most cirrhotics. Data from



8 separate study on the effects cf solute loading supported thie conclusion.,
Fatients vith low GFR had reduced Cpyy 3nd Tm PAH without increasecs in
filtration fractions. Their urine was nsually hypertonic to serum and con-
tained less than 10 mBq of sodium per liter. Renal lesions were not dstected
by light microscopy in this group. This renal functional pattern suggested
that reduced GFR and oliguria in cirrhotics arc due to either afferent
arteriolar constriction or shunting of blood a:ay from the kidney. Since
cardiac index 1s normal or increased in these petients, reduced cerdizc out-
put cannot ba invoksd to explain the decreased CFR. A desonstration by
others of a roeduced total rensl blood flow by the nitrovs oxide technigue
suggests that diversion of a significant portion of cardiec output away from
the kidneys way occur. However, reduced ranal blood flow occurring with
peripheral arteriovenous shunting or abnormsl pooling of blood is ususlly
associated with increased efferent arteriolar rosistance amd incressed filtra-
tion fractions. These parameters were measuvred in three patfients in our
series and were normal or reduced. Incresged affercnt arterfolar resistance
cannot be excluded as & mechanisn for diverting blood from the kidncy. PAH
extractions were studied in three of the patients and these were rcduced.
This suggests an abnormal distribution of blood within the kidncy as a cause
for the decressed GFR. None of these had sufficient histologic evidence of
chronic renal disease to explain the reduced PAH extroctions. Tubuler
function was also groasly intact as cstimated by ability to clear the urine
of sodium and by high creatinine U/P ratios. The possibility that in the
sensl failurs associated with liver disease blood is being shunted within
the kidney but avey from functioning renal mass is being considercd.

Work in this particular srea has been temporarily disyupted
because of Dr. Leroy Shear's call to active duty at WRAIR. We hop2 to resume
this type investigation in July when new Rescarch Fellows will bo joining
us. A msnuscript on ths data obtafined to date has been subnitted for
publication.

Be. ica aracteristics of Renal Pailtvrye in
Sixzivets.

This study involved material obtained from two sources. Clinical
records of 117 patients who died in Vetropoliten General Hospital between
January, 1958 and October, 1962 with clinical diagnoses of hepatic cirrhosis
ware reviewed. Deta from this retrxospective analysis vere supplezanted by
planned mstabolic studies in 15 patients with diffuse hepatic disease
complicated by asotemia. Eight of these patients were maintained in the
Matabolic Unit where quantitative diet control and collections could be
insured, within the liatts of providing adequate treatwent. These patients
were carefully observed from time of aduiassion to timc of death. Seventy-
three patisats dying with cirrhosis demonstrated hepatic coma, Eighty-four
per cent of the patients with hepatic coma had elevated BUN. Severe
azotemia (BUW >30 wmgZ) was noted in 32 patients with cirrhosis without co-
existing cardiac or rensl disease. All but one of these hed hepatic coma.
Serum sodium concentration was messured shortly before death in 73 patients
with cirrhosis and azotemis in vhom the presence or absence of hepatic coma
could be estadlished. Mout died with serum sodium concentrations vhich were
aormal or only slightly reduced. REvaluatios of the 14 patients with severs
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hyponatremia (sodium less than 125 mEq/litor) indicated thet eigniiicant
hypotonicity usually was due to ovschydration. By contrast to patients
vithout eirrhosis dying from renal failure, the patients with cirriosis and
asotemia in the present report generally wers hypo or normokslemic. When
hyperkalemia developed it was usually mild and in 3 of B patients was
clearly related to excessive potassium administratfon. Thus hyperlclemia
usually is not a serious problem in patients with cirrhosis and rounl failure
unless potassium {0 administered.

The prospective study of 15 pationts has provided uscful informa-
tion. This study shows that renal failure daveloping in patieats uith cix~
rhosis may be related to pre-existing renal disease, scute tubular ne-~rosis
(secondary to hypotension, blood loss, etc.,) or to renal feiflure :iat is
oot identified with any knowm cause and in which acute tubular nec:csls as
& pathogenetic explanation i{s moat unlikely. Study of 5 petlents “n the
last category demonstratc the following: GFR was reduced before a:ctenia
was apparent inm all 5 petients, Further roductions in GFR, often sccurring
suddenly, were followed by incrcsses in BUN and scrum creatinine c-meentra-
tions. These were not associated with decreases in body weight or changes
in hemstocrit, hemoglobin, or scrum electrolyte conceutrations. After G¥R
was alrveady dacreased, crestinine U/P retios wore high, urinary sodium
concentrations were low and osmolar U/P ratios exceccded 1. All of these
functions tended to deteriorate terminglly. Changes in tubular function
were associatad with preterminal hypotension in all 5 patients, but sgain
GFR had clearly decreased prior to the development of tae change in blood
pressure. Thus the post mortem finding of tubular lesions has litile
bearing upon the pathogenesis of the remsl failure 1f tubular discrse is
not borne out by preterminal functional tecsts. The data from the 15 paticats
who developed renal failure whila under observations permit certain specula-
tions. Some patiente have tubular necrosis, others demonstrate ciirareanl
abnormalities vhich may comtribute to renel failure. These abrormelities
in general are mot extreme ancush to produce frank rensl failuze in paticenis
vith normal kidoeya. Petients with cirrhesis, hovever, frequently dewon-
strate reducad GFR's and renal plasma flows before renal failure cevelops.
They therefore may zespond like patients with chronic ranal diseasc who are
very susceptible to amall verfations in cexrdiec outzut, hydration, rorfusion
pressure, etc. Thus patients with cirrhccis msy have an increased suscepti-
bility tothh development of renal fallure. Five patients died wit': scute
renal failure even though the ugsuallr reco;nizcd causes were excluiod,
1light microscopy did not reveal avidence of chronic renal disease or glemeru~
litis. These patfieants also did not have proteinurie. Interestingly,
histclogic evidence of some tubular damage was found at post wortem evorina-
tion in woat instancas. Previous studies indicate that impaired rcnal function
in patients with liver disoase may be due to a primary vascular sbrormelity
charicterized either by diversion of bloocd avay from the kidneys o by
intraxenal shunting. The findings in this prospective study of suddenly
decreasing GFR, tend to gupport these impregsions, end point to tho need for
additional study of the renal hemodynsmics in patierts with cirrhosis. A
high degree of association batween the presence of hepatic coma end the
davelopomnt of renal failure has been confirmed. A high incidonce of renel
failure occurred in patients dying with heapatic coma. Moreover, in & of the



S patients reductions in GFR occurred in direct relation to episodes of
hepatic cona. Thus interpretatica of the relationship between hepatic coms
and renal failure must remain speculative. The 5 patients cited developed
coms prior to the dovelopusnt of renal failure. Therefore, precipitaiiocn of
coma by increased concertratlons of ures, etc. in the blood may not be the
only expianction for this association. There is no indication from these
studies tha: treatment of coma with orelly administered neomycin, lamstives,
enemas and dietary protain restriction could be implicated ag being causative.

The data obtained from this clinical and psthological study are
being evaluated further and & manuscript is in prepsration.

III. Potegoiup Metaboligy

The results of clinical gstudies (to be publighed in May, 1963, .
Journal of Clinical Investigution) demonstrate that acute potassium depletion
influences nmetobolisn of ammonium by kidney. This study demonstrates that
with potassium deficiency éither rxenal production of ammonium or availadility
of this ion to tubular fluid and renal venous outflow is incressed. Currest
studies are directed to determining the exact source of the ssmonium and the
rola of potassium in its regulations. Two possidilities ave being considered:
1) That renal ammonium production is increased as a result of increased
glutaminase activity, and 2) that renal ammonium production is unaltered by
potassiua deficiency, but availability of ammonium produced in tubular oells
is affected by the presence or absence of potassium through soms influemoce
the latter 2 on permsability of tubular cell mssbranes. Recently labozatoxy
{mwestigations utilizing a dog prepsration have been initiated to elsborats
these. The preparation involves the induction of potassium deficiemcy by
dialysis on an artificial kidusy, continuous monitoring of blood pressure and
renal blood flow, and scrial detorminations of blood pH, potassium and other
electrolytes, serial collections of urine for similar determinations and
frequent scrpling of blood for ammoniux levels from artexy, peripberal wein
and renal voin. Several preliminary experiments have beem done. Coutrel
obsezvations indicate that ammonia metabolism by kidney is not altezed by
severe raspiratory acidosis, or by dialysis without inducing potassium
deficiency, and that induction of potassium deficiency by dialysis will
induce changes i{n amconium mstabolism similar to those described for patients.
Accordingly, this should provids s good exporimental model for further work.
If & relation between potussium and ammonium msstsbolisa by kidney cam be
established with this preparation, it is plamned slso to obtain kidasy tissue
for various appropriate in yitro studise.

Pugt roports of progress have outlined matabolic studies inm
patients with and without liver disease that indicate an effect of basic
eanino scids (argining, lysine) on the matabolism of potassium and hydroges
fon. More recently these cbeervations heve been extended utilizing rats as
the exporimontal animsls. The effects of distary sodium and potassium re-
striction, ard of L-lysine loading on blood, urine and tissue electrolytes
wore datorcinad. MHMuoscle sualyscs for amino scid changss were also done. The
preliminary results are as follows: Animals fod electrolyte fres dists as
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to electrolyts fed cnimals showed incresse in urine pH, decreases
sodium end potassium, and incresses in sumonium excretion. Net
excretion was twice the acid excretion for the control group. Ac-

o+ blood pH increased and bicarbonate valves increased in the electro-
te~deficient animals. Ylesoe sodium, potassium, and chloride concontrations
also decreased. then the slectivlyte fed animals were given L-lysime in
addition to the diet, urine pR and electrolytes did not change excopt for
potassium excretion which increased significantly, a finding simi’er to that
noted {n the humen subjects proviously studied. Blood electrolyt:s were

oot changad. When the aniuals depleted of sodium and potassium w:re loaded
vith L-lysine there were no significant chsnges in tha blood or u:ine
electrolytes. Initisl complete analyses of muscle obtainod from ::nimals
given diets containing sodium and potassium and L-lysine loaded ixlicate
decroases in intramuscular pH, sodium and potossium contents. Th: amino acid
patterns of muscle using the method of Stain and Moors wevre compl:ted for a
fov of the animals. Significant increases in intramvscular conco :zrations
of threonine, serine, glycine, alanine, lysine and arginine occur-ed in
suscle of ths slectrolyts depleted rats &s compared to muscle of :ontrol
animals. PFiftesn other amino acids studied were unchanged as a r .gult of
electrolyte depletion. When the control enimels were compared wi:h cnimals
given lysine, the latter demonstrated increased muscle concentrat .ons of
glycinme, alanine, lysine and arginine. The potassium and sodium lcpleted
zats were given lysine and compared with potassium and sodium dep .cted con-
trols. There vere significant decreases in asparagine and glycin: but no
apparent changes in intrasuscular lysine or axginine concentratiocns.

il

ii
£

Another experiment ‘mwolving animals hes been comple :od
utilizing & similar pair feeding protocol, but on this occasion i rvolving

and of glutamic acid. As of this writing, the tissue snalyses fo: electro-
lytes and for amino acids which ere the moet critical parareters »ave not
adeguately completed and accordingly results are not present:d. The
of changes in muscle amino acid patterns with electrolyt. depletion
and with amino acid feeding encourage additional studies of this :ype,
tedious as they ave.
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