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lti. Se. ABSTRÂCT

by Patrícia Al1en ttill_

COMPARISON OF PROÎETN UTTÍ,TZATTON ]N
DÏAIYZED /TND NON-DTALYZED UIìEMTCS

Foods & Nutrition

ïnvestigations using diets containi:rg controlled proteÍ.n

Levels of high biologíeal value (rGiordano-Giovannettí Diet¡,)

revealed an Ímprovement in bíoehernical status and reduetion in
¡ruyemie¡r s¡rmptomatology ín chronie renal_ failure.

The utílization of llrea for proteÍn s¡mthesis whif.e on

thís Giordano-Giovannetti diet was studied by an N15 tr*cer
teehni-que, rncorporation of the lu15 irrto pLasma proteins was

u-sed as the eríterion for the use of non-protein nitrogen fon
anabol-íc prmposes.

uptake or N15 i::to total pS.asma protein and albr¡nin-pooI

T¡ras seen ín the non-dial¡zed ,*enie subjeets (on 0.3 g pr.otein per

kg body weight') and the dialyzed sr:bjeets (on diets contaíning 0,? g

protei-n per kg body r^reíght to eompensate for amino acíd Losses in
the dialysate). The greatest degree of incorporation was seen i:r
one of the non-díal¡zzed r:remies. Lesser, but stil1 sígnifieant
amounts were incorporated by the dial¡zed uremics. 0nþ a slight
incorTrrati-on of the rabeL r,ras for¡nd in the plasma proteín of
the'normal subjeet,.

Results suggest that díal¡zed as r,rell as non_dial¡zed

u¡erníes would benefit from a restricted nitrogen d.iet eontaining
proteín of high bÍologÍcal value.
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INTRODTTCTTON

the nutritional status of patients w'ith chronic renal faiLure

has assr¡ned inereasing Ímportanee ¡,rithin the past, decade, Thís

has been due to several factors. one of the most important was

the der¡eloprnent of varÍous díalysis proeedr:res which could be used

to proS-ong life in the indívidrral witho¡¡t fi.¡netioning kidneys.

rn addition, Ímpror¡ements in tissue matching teehnfques and ín
j.nunr:nosuppressir¡e agents perrnitted the su:rvival of kídney trans_
plants betneen unrelated individuaLs for months or years. Finally,
iü has become apparent that appnopriate dietary nanlpulation ean

d-efinitely reduee wenic s¡rmptomatology and is a necessary adjunct
to the successofadialysis progråt'ne and. the preparation of the
patient for transplantation.

rt håd long been reeognized that, dietary nitrogen was in
some rray coneerned with the welL-bÉring and suryival 0f the subject
T'ü:i-th chronic renal failure, and a sueeession of dietary regimrå:ns

based largely on the substitution of fat, and/or carbot$rdrate for
protein r,¡'ere used (Schreiner and, Maherf tg6t).

Ín L963, Giordano proposed that qualíty rather than quantiþ
of protein was impontant. He and. subsequent rrorkers found that

of nitrogen waste products ¡rere able to ineorporate uoea nitrogen
ínto the tissue proteins when fed mininrm amounts of n:itrogen

in the forrn of the essential amino aei.ds.

t'
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l{hen nenaL fwrction dininishes to the point .¡,Ehere dietar,¡r

manipullation is no longer adequate, hemodialysi.s must be eonsidered..

This creates additional nutritional- probLens, sueh as the intermit-
tent loss thror:gh the dialysis membrane of essential nutrients

ê.8. r amino aeids (Yor:ng and Parsons, L966) certaín r,qater so}É[g
vitamíns (whitehead É gl. t96B) and mineraLs (Triger and tloekes,

1969).

rn addition, sinee leveLs of non-protein nitrogen are

rapiùLy returned to near normal several times.-a week, it might, be

expeeted that proteín metabolj-sm worrLd be altered in the día1_yzed

patient. Iaeking the stfunulus of a hígh urea Load these individwls
may no longer be capable of utilizing the r¡rea nitrogen for proteín

s¡mthesis.

lhe questíon thus aríses¡ to what extent does the dialyzed
patient dispLay the abÍlity to utiLize the nitrogen of endogenous

urea for protein s¡mthesis and how does thís abiJ-ity eompare

r^Ìith thåt of the non-dial¡zed urenic patient?



RFiWffi\r 0F LI$RATURE

lhe Normal Kidnev

-

lhe kidney produees urine and in so doing naintains the
composítÍ-on of the internaL milieu in a rernarkabLy steady state.
A normaLly funetioning kidney is able to accomplish this er¡en ín
the presence of a several fold increase or deerease in rnost of
the conponents of the aveÌragê North Aneriean diet. The abÍrity
fo maintaín an output eonmensurate with Íntake irnroLr¡es major
adJustments in the exeretion of r¡aste produets, electrolybes and

uater.

ïn addition to its exeretory and regulatory fi¡netÍons, the
kÍdney has other roles sueh as the production of a renal
er"¡rbhropoietÍn factor (Gordon g! al. , Lg6?) neeessary for adeqr:ate

deliveny of red blood eells fron bone marrorìr, and the prod.uction

of renin, ruhich is eoncerned irith the regr:3_ation of blood. prêssuro
and blood voLr¡me.

the anatomic r¡nit Ín r¡hieh the diverse events comprisi.rng

urine forrnation take pÌace is tewred a nçhron (Fig. 1). ït
eonsists of a glomerulus and tubr¡le. Each normal hr¡nan kid.ney

eontains approximately one nillion of these fi:nctioning r:ni_ts.

urine fortnation begins !¡'åüh thê ,production of a protein_free
and eeLL-fÞee *ltrafiltrate of blood fromthe gÈpmerular eapÍ1l¿¡fsg
(Fig. 2). This glome..üar filtrate ís further modified in åts
passage dom the tubr¡lar systen by active¡ i.€., energy dependent,
proeesses of reabsorption and secretion of both eleetrol¡rtes

1.,:..

lr:
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Proximol convoluled fu bule

Efierent orleriols

Afferent
orteriole

t
To renol vein

f'.. r.r'
i:_::.r :!

From renolortery

f*P

FïGURE 1. A schernatic dnawÌng of the nephron show.ing theglomeruJ-us.and t*bular system. ?he b1ood""rrt"*"the glonrerulusrwhere fiJtering o*"u"", via theaffenent arteri-or-e and r-ea'es via the efferentarferioJ.e.,_. (Merckr.shanp and Dohme ,,såri"r*r" yo1" 9eNo. 3r Lgl+T).

Distql convolutad

Glomerulus I
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AFFERTNT ARTERIOLE EFFERENT ARTERIOLE

+75 mm. Hg
(cnoss FTLTRATToN ronce)

OSMOTIC PRESSURE
-5O rnm.Hg

RENAL INTERSTITI.AL
PREssURE

-lO mm.Hg

RENAT INTRATUBULAR
PRE5SURE

-lO mm.Hg

fOTiAL FORGE OPPO5ING
FILTRATION
-5O mnHg

NET FIITRATION
PRES3URE

+25 mm.Hg

net filtration pressìtreo
frSeruinar¡¡r Vol. 9, No. 3, LgLl.?)"

FïGURE 2. Faetor^s affecting the
(Merk Sharp and Dohme
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and non-êleetro1ytes, and by passive diffusion of ¡øater in response

to solute gradients deùeloped aeross the celL menbrane at various

sites within the tr¡bules.

0f the litre or more of bl-ood delivered to the ad.r:lt hrmran

kÍdneys eaeh mÍnute, about 120 ml of filtrate is formed at the

glonen:llus. Most of this fj-r-trate is ultinrately reabsorbed

]-eavÍng a highly nodified flnid, the uriner ín a voLune whieh nray

range from 0.5 to more than 30 rfl per minute.

The net resuLt of the ppocess of fittration, reabsorption

and seeretlon is to return to the circr:lation, via the renal .t¡si¡lr

blood fron r'rhích waste products have been largely remor¡ed an¿ rnrhose

composítion is rrÍdeelrt for the proper functioning of the body celLs

at any girren moment.

Ttre Diseajed Kidney

chronic renaL fai}¡re is the fr¡netional consequenee of
progressive disease. The anatornic and functiona3- ehanges of nost
disease entíties resembl-e those of the experimentaL rnodeL in r¡hich

one kidney is renor¡ed and at Later íntervaLs sLices are taken fþom

the rernaining organ. rn both this experimental mode!, and in
human ren¿L disease, the remaining nephron units eppear to fr¡rrctíon

in a qr:aJ-itåtívely normal fashion and earþ show both anatornieal

and physio3.ogieaJ- evidenee of lr¡4gertropþ, Once fr¡nctionÍng renaL

rnass ís bel-ow 3oÉ, tr:rther h¡rpertropþ does not oceur and loss of
tíssue is associated rith proportionar Loss of funetion (Bricker,

Lg6g).

ir:l-- ,r -i'i-j -, ..j...,-,,,

,': i :'':i :

i.:ì ì. ,,: 
t'i: .
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It is at or about this point tlrat the f\mctiona1- impaírment

beeomes sufficient to resuLt Í.n recognizabre s¡rmptoms and

bÍochenical dístr¡rbanees.

the excretory abÍLity of the kidney is impaired. Tn L9t+?

Addís sho¡¡ed that in nowral individr¡al_s blood urea l-er¡els rose

u'åth l¡creasing Levels of dietary protein. rn renal ciÍsease,

rritrogen retentlon refrects deereases ín gJ-omerular filtration
rate. substances ¡¡here exeretion is depend.ent upon,filtration
w'ithout subsequent modífieation dr:ring passage a]_ong the tubnLar

systen can be expected to show rising plasma eoncentrations as

g]-ornerullar fil-tration rate faI-ls so lorrg as the i¡dividqal- renrai¡rs

ín external- balance i"ê. r intake = output. this is tr.ue for mosü

end pnoduct's of pnotein cataboLism sueh as urea, anl may be

expressed as foll-ows:

Q=KGFRxP
r,¡here Q nepresents quantity of urea forrned. and excreted on a given
protein regimen, GFR is the g]-oneruLar fiJ-tration rate, and p the
p3-asma urea (the coneentration ln the g3.orneruLar filürate). K is
a pnoportionaLity constant (Epsteln, tg56).

sodir¡a is freely filtered at the gJ-omeruLus. rn health
about ggfr of fiJ-tered sodir.m is subsequentJy reabsorbed in the

tubulan systen under the inflr¡ence of the adrenal eortical_

hormones. without alteration in filtrationthenormal- tubular
systern is capable of produeíng urine ín ¡¡hieh the sodiua excreted

ean range from zero to several hundred rnilliequiualents per day i:l

-1.-.-. j t,_"r:-1.j4::f :!ajj-ÈiC::=-: :?:-Ji!:,:i!*!i:f+ jtj j

r.,-t .:.1
f' :. t'



I
response to appropríate ehanges in dietary i-ntake (Black, Lg6?),

The failing kid::ey is ineapable of making these adjustments.

Beeause of some h¡pertrophy each remaining nephron h¿s a somewhat

ínereased fiLtration. Hor,rever, total amount of sodiwa fiLtered
is redueed and of greater ímportance, tuloular capacity to reabsorb

is grossly impaired. îhe net resrrlt is l_oss of flLexibility, and

these kídneys are frequentLy for:nd to excnete relativeLy fixed
amourrts of sodíum rangfng betr¡een z0 and 40 níLliequi,valents per

day. "A.n i::take of more than ltO rni]-liequivalents nay lead to edema

andf ot h¡ryertension, lrhereas less than z0 mill_iequi'alents may

resuLt ín sodÍr¡r depletion.

Plasma potassiurn eoneentration, sinee thi.s Íon speices is
activeþ secreted by tnbular eell-s and. is not entÍrely depend.ent on
gLomerular filtratíon, tends to remaín relattvel-y normal as long as

wine output exceeds 5oo ml per day and aeidosis is not severe.

Reduced renal exeretion of phosphorus, coupled ¡rith enhanced

urir:ary Losses of the aet,ivè metabolites of vitamin D leading to
diminished gastrointestinal absorption of ealeium and secondary

overactivity of the parath¡moid glands are eommon in renaL dísease

of J-ong d,ration and. result in dlminished bony rniner.alization.

Thís may be assoeiated r^r'ith pain and sometimes r,r'th fractures
(s3.atopoLsW, t969).

Iflrperglycemla without gþcoswia maJr oeeur in nenal fai.lure,
Briggs et 4. Qg6?) provide evidence suggestíng norrnal productÍon
end release of insulin antagonized by a dial¡rzable nitrogenous

l'.r:ì .:'l.iÈi-.:,,ri.
ì:::: - :: ... ::: .. . :,a.:.
i t1.. 

ì., rr li . jaij:i , I :. !
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netention substanee.

The terrn tursmia' eoined by piorry and lrHeretier (1g4o)

litera]-ly msans rturine in the blood, and r¡as used to desaribe the
retentÍon of nitrogenous wastes. It is commonly used to designate i

the whore synlptom eomplex ensuing irith fai}¡re of the kidneys

to reguJ-ate conrposÍtion and vorr¡ne of the body fluids (pítts, 1969).

A varieþ of disturbarrees in eellr:Lar and sr¡bcel]ular

function have been described i¡r the uremic state. rn a review of
the pathogørærs of r¡renÍa by Tesehan (tgzo) the evidence of the
sltes of dysfirnction ís discussed. At the suboelluLar leveL several
enzyrnatic systems har¡e been sho¡,rn to be Ínhibíted by the presence of
eLevated eoneenüratÍons of a r¡ar.iety of nítrogenous r,raste products.ì

At ühe cellular LeveL ehanges have been shown to oceur in erSrbhroc¡rbe

homeostasis (welt 
"j "1. , tg6u). Abnonnar-itÍes arso oecur ín

varíous orgen systems in the urenie. rntegrated defects in the
whole body are reflleeted ín defeetive er.¡rbhropoiesis, earboh¡nirate;:

l-ipid and bone mineral metabolísrn. ltrese may be caused. by bio_
ehenicaL or horrnonal- derangements detectabLe at lor,rer LeveLs of
biologieal. organÍzatj.on.

lrlhatever the rel-ative irnportanee of the deseribed d.istrrrbances

nay ber it is now quite cLear that many of them can be retrrrned
tor¡ards normaL by approprfate dietary manipr:lations. By itself
diet may have little bearing on the ultinate outcome but may

apprecíably improve patíent r,relJ--being and both pþsical and mental-

performance o\¡er long ¡æriods.

l: ,:: ..' -i .
, -::'::r-::

i.:.:.'.' j:
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The Artifi-cia1 Kídney

¡r¡lrtifieial kÍdneyst or more conecü-y extracorporeal

díal-ysÍs machines are designed to substitute for some of the

funetions of the intact kídney. These devÍces are capable of
changing bLood eomposítion by r:Ltrafiltration or by simpl-e

diffusion but obviously cannot conp.Letel-y supplant the homeo-

static nol-e of the normal- kid.ney.

the sè&ective reabsorptirre abíJ-Íty of the tr:buLar system

in response to var'¡ring honeostatÍe denands of the body is absentr.

as is the hematopoietie mechanisrn. BLood pressure control:j.s
possibLe to some extent by ühe decreased ftuid voLrme and sodium

removaf-. However, the eontroL of blood pressure through the
p:roduction of renin is absent.

Ðialysís, the term uséd to descríbe this proeedure, basicalþ
consists of exposíng b]-ood to a sol-ution of i-deaL eomposition;

pþsica3-J-y sepanated by a semípermeabLe membrane through which

solutes mey move in response to appropriate h¡nårostatie or
concentration gradients.

One eormmon t¡rpe of di,al¡rzer is the KiiJ-, r,¡híeh consists of
ttrree board-LÍke pol¡4propyrene stnuetr¡res sta-bköd wÍth truo layers
of ce]-loplrane membranes between eaeh board (trig. 3). To allow
blood to pass between these t¡¡o membranês, silastie tubes are

permanentl-y inpllanted into a veín and an arterlr Ín a limb of the
patient (tr'íg. ll, F1g. J). .A,t the time of dialysis ühe LUil tube

connecting the r¡ein and arter¡r is removed al-J_owing the bl_ood to

'.)r:

i:li:."rì::.',.'
i. :,: :.. . ,

:..
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CELLOPHAT{E

DIALYSATE OUTFLOW
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FIcIlRn 3. schematie di-agran of the dialyzer. Blood is pranped through twocellophane membranes (B) eompressed betr¡een two äorrugåt"ã 
- -

boarrJs (À). . The dialysate trar¡els bet¡,reen eorrugated sr:rfacear¡i eellophane membrane.
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Arterío.venous shu:et in the anïL îhe silastic tr:besare eonneeted by a nüiil tube whieh is removed atth9 time of dialysis (Black, Lg6?).

FIGURE 5.
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flo¡¡ to the díaþzer through a series of tubes eornneeted temporarily

for the treatrnent. The blood pesses between the two membranes,

returning to the patient through tubes connected to the er¡d of the

KíJJ..

rn the Kiil, the diaLysate flows bet¡¡een the comugated

surfaee of the rrboardsr and the membrane, thus permittirrg

diffusion of the rnraste products into the dÍa1ysate.

'[dhere no modification of a solute ís desired concentration

on the diaþsate side of the rnembrane is kept the san¿e as the

blood. I'lhen removaL is desired, the eoneentration in the dialysate
is kept less than plasma and this favor:¡able eoneentration gradíent

is rnaintained by a oonti-nuous supplly of fresh dialysate.

ïn the present stage of development, the díalysate fluid. is
kept relatively simplle in eomtrnsition and is 3_acking in many of
the diffusibl-e bl-ood eonstituents r¡híeh may be of considerabl_e

nutrition¿l- importance. Gr-ordano et al-. (ro6sa¡ reporü amino aeid.

Losses (inc]-uding peptides) in the order of 14 1e 20 grarns in
slx hor¡rs of dialysÍ-s.

Due to the Loss of these vital amino acids, efforts rnust be

made to insure an adeqr:ate sr:pply of protein of high biologleaS.

val-ue Ín the dÍet to replace them as these Losses inerease the

state of proteín depLetion in the r¡¡emic. This in tr:rn nay play

a direct role in the i.i¡nited vigor and stamina, as irell es bear a
reLatíonshíp to the decreased resistance to infectfon seen in
these indivÍduals.

l::...'t.i ..
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fhis presents a ehallenge to the nutritionist beeause at
the same üime the diet must be designed to prevent exeessive
accw':lati-on of nitrogenous metabor-ites between dialysis.

Diet Ttreraor¡

Diet therapy is the basís of eonservatlve managernent in
chronlc renel faiLure. rt is desigrnd to prevent toxic rnetabolites
frora rising to lever-s which ínterfere with the welr_belng of the
patient.

These dfur-izable netabolites, of r,shich urea, ereatinfne and
,*íc acÍd are most often measrrred, are the by-products of prrctein
metabolism. There are other dial¡zable metaborites, some ¡ahieh
haræ not been identifÍed. Ilicks et a!. þgeÐ tabr¡lated 9h dfff,erent,
specifie com¡:ounds and Índicated evidenee for near^ly 200. These
substances appear to move:,rin parallel rù"íth urea, and ane posslbþ
more harrnful than those ¡,rhich can be measured..

îhe end products of eanboh¡nrrate and fat metabor-isn
(carbon dioxide and r¿ater) pnesent, few problems in renal disease..
The carbon dioxíde is såmpLy exhaLed via the 3-ungs and the s¡naLl
'anount of ¡reter is er-iminated by lungs, sr¡eat glands and feees.

rhe history of diet therapy in renal disease has pwsued.
a 10ng eourse in whieh there has been no r:nanimity of opinlon.
Earnly in the 19th centurJr a relatÍonship was observed bet¡¡een
nitrogen retention products and symptoms assoeíated lrith kídney
disease (christíson, Lgzg). attentron was thus foeussed on the
protei'n eontent of the dÍet. Mar¡y theories have been ad.vanced. for.
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adjustíng both quantity and qual-ity of díetary protein. Emphasis

at one tlne was placed on the type of protein foods reeo¡mended..

Red meat was thor-rght to contain nephrotoxic extraetives whiLe white
meat arrd fish were considered r-ess harznfirl. r¿ter thÍs ¡ras

dísproven and egg . íneriminated as an injwious form of protein
in patients with renal dj.sease (tríshUerg, IgStÐ.

lhe qrrantity of protein in the diet Ì¡as been s'bJeet to a

wide r¡arlety of opinLons. Kempner (tg+Ð reported that on a ZQ_gram

protein diet eonsisting of rice and fruit, azotenic lq4ger^tensive
patients r,rere abr-e to rnaintaín positive nitrogen balance. peters

and van sLyke (rg4ó) corrld see no advantage in restricting pnotern
and reeommended I gram of protein per kiJ-ogram body weLght.

Bo'st (tgæ) then introduced hÍs high fat, high calori-e d"iet. He

felt t'he disad'antages in a]-lor^ri:rg high levels of protein had been
seriously r:nderestimated and recognized the fmpor.tance of supplyi'g
an adequate car-oric intake to acconpany protein restnietion.

Beeause of the unpalatable natu:re of this high fat diet
míth not infrequent aceompanying nausea, 8u11, Joekes and ïor.¡e
(t9L+9) appllied the same princíplle to a high fat, 2Jo0 caLorie
praotein-fbee diet fed via a stomaeh tube passed through the nosê.
All ¡¡onritus !'ras co[ected and refed insuring aceurate flLuid intake
rrith no loss of fluid or er-ectrolJrbes. rfhen urine output reaehed
a lÍtne trær day, a low protein díet was initiated.

Resr¡r-ts of this method of thenapy were not sueeessfi¡l on a
long terrn basisrlargely because of the res'rting seÌ¡ere nitrogen
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imbalance and endogenous protein eatabolis¡n.

Ín L953t Kolff suggested that a satisfactory method of
disposing of retention products when they eannot be excreted r,¡ould

be through reutilÍzation for protein anabolism. He pointed out
that rr¡ninanüs were know:r to be aapable of utiLízing non protei:a

nitrogen and rats r¡ere able to use the nitrogen of amnoni.urn salts
for grorrbh.

In L956, Rose and Dekker showed eonelusÍvely that r¡¡ea eould
be used as a source of nitrogen in the s¡mthesis of non essential
amino aeids in the rat. previous workers (Kriss and Marey, 1940;
and Bloek, r9M) studyÍng urea in rats had concl_ud.ed tlrat urea

was metaboS-icalþ inert Ín nonogastric animals. Rose and Dekker

shov¡ed that by limiting the totel dietary nitnogen to minimal

amounts of essentíal amino acids, :rats wouldr:¡iltilize the nitnogen
from the labeLLed urea to form the non essential amino acids,
whereas rats fed a norrnal (tffi easein) aiet dld not utiJ_ize the
urea nitrogen for synthetic purposes.

ÏrlaLser and Bodenlos (L95Ð garre labeil-ed uÌea intravenousþ
to normal- srrbjeets. The r-aber-ed anrnonia produced from the
urease splitting of '*ea in the gut was found to be reineorpo¡rated

Í-nto new3-y formed urea.

rn L963t. Giorrrano redireeted the approaeh of dietarxr
t'neatment in chronic renal fai}¡re by showing that azotemic
patients were able to utl-lize urea for protein s¡mthesis if the
appropriate conditions were met. The n:itrogen !¡as supplied by

::ii:-1.;
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mininal amounts of essentÍal anino acids and an adequate calorie
content to prevent utilization of protein for enerry.

rn these studies a nitrogen balance technique was employed.

The most important resr¡lt ¡ras the deerease in blood urea nfürogen
(nW¡, suggestíng the utilization of urea for anabolic purposeso,

As the BUN deereased there was simr¡ltaneous cl-inical improvenent.

Richards .et 4. Qger) studied the ut*Ízation of ammonfe

nitrogen for.protein sylrthesis in nomaland wemic subjeets. The

resuLts of these studies revealed 1) in healthy individuals, the
more sev€re the protein restri-ction, the greater the ineorporation
of isotope into the plasma-albunin pool and 2) trre uremic subjeets
(on restrictèd protein diets) incor¡rorated three and five ti¡nes as

much as the normal Índividuals on protein restricted diets.
More recently Gior.riano and hls co.¡rorkers (r96gb) studÍed

the ineorpo'ation of u15 urea in pLasma proteins and their
constituent arn:ino acids in normal and urenic srrbjects on diets
containÍng var'¡ring levels of nitrogen" The results of these
strrdíes índicated that on the sane nitrogen intake, a greater
amount of n15 '!ües present inl,Ëhe non essentíaL amino acids of the
subjects with eh¡onic renel faiLr¡re than tn the normal subjeets.

Patients ¡rith a higher blood urea sho¡rcd a greater N15

uptake in albunin due to the increased retention of 1abel in
these indÍrriduals. Howerren, degree of Í.neorporation did not
depend solery upon the avair-able laber- as one subjeet ¡,r.ith an

N15 ulooa urea t¡uo to three tirnes higher than the nom¿1 utiJ-ized

I....'
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urea in the synthesís of the non essential amino acids more than

six times as much as the norraal. There appears to be a difference
bet¡reen normal and r¡remie subþets as far as the utilization of
urea for protein s¡mthesis ís eoneerned. this coril_d possibly be

explained on the basis of the protein depletion of the uremic.

Read e! al. (t969) reported resrrlts og Ìù15 armronia and N15

urea studies whíeh demonstnated the;, Sneorporation of n15 into bLood.

ce1ls and pllasna proteins ín malnor¡ríshed children. lhis ïras

not obse'rved in the normal eontroLs. Hlasma aminograms of r.rremic

subjeets reported by Giordano g! g. $e6aa¡ were found to be

simiLar to those for¡nd in d.iseases of protein depletion sueh as

kr¡ashiorker as reported by snydernran È gl,. $966). This state of
protein depletlon míght then provide a sti¡nuLus for the utiJ-izati.on

of nÍtrogen comporrnds for proteÍn s¡mthesis.

The mechanism by ¡¡hieh this oeer¡rs is r¡nrcnown, but two

possibilitíes have been i-nvestigated" The first is arnmonirrr

util-ization after urea has been deeornposed by intestÍnal baeteria,
N15 incorporation was studied Ín a uremic subþet given an anti-
biotic to suppress intestinar flora (Grorrdano 

"i qJ., 1968b).

The r^ate or l{15 utilization r,ras less than srrbjects girrcn the same

diet' uithout the antibiotic. This srrggests the impontance of
bacteria urease in r:rea nitrogen utilization.

The second possibiJ-ity is an alternate pathway i-n urea

s¡mthesis as proposed by Cohen and Ïtrorowihz (tg6g). lhese ¡¡orkers

report,-the íncreased level-s of guanidino suceinate, a substanee

i ..



.:

l

i
i

i
I

il

i
I
f:

Ë

È
r;.

i¡

I
l)

|;
r(
j¡

.K
l!1

li
I'i:
fr.:

II
lilr
J.

fa
ii,
:l':

;lir
;t,

iti
:,:::

ìil
'jl
:1..1

NH3+[Qr+{¡p

cr rorryfpr,osphare

No

u m¿ rate OxaloacetateV

Guan idino-
acetate

J
C re¿ti n e

J
Cre¿tinine

\
F

FïGIIRE'S., îhe r¡rea cycle.

i;.,11r:

li'il i



Gua nidinosuccinate

Aspartate +

FÏGLTRF 7. Altered 
'rea cyele -

j

i
0rnithine

nrgin ine M

' ,',

reutil-iøation of urea as proposed by Cohen arld Horaowitz (Lg6g).

Citrulline i

i

I

I

i
i

.1.
{

I

t)

ii

ii
ii
ii
lír

lii
IìJ

Ii
tii
riï
iü
ril
lir
:iil
¡rii

iiii
iiì
,i -.1

lfrr,ili

,iii
;f.t'i

.]_i5

¡\)
P



22

structuralJ-y analogous to urea, in azotenÍc patients. studies

performed revealed that, the el_er¡ation of plasma urea rnight be the

stimul-us for produetion of guanidj.no suecinate in the f.iver,
either as an altennate pathway frlr r:rea biosynthesis or an inter_
mediate ín the reutilization of urea for s¡mthesis of non

essentíal amino aeids. ReutiLization of urea Ímplies a reversel
of the urea cycle which is thermodynarniealJ.y possÍble.

the u¡ea eyele may be seen in Fig. 6 ¡¡hile an ar-tern¿te

pathway suggested by Cohen is itLustrated in Fig. ?. A subcycl-e

is set up, the net effeet being the reversible breakdom of
arginine whieh alIows reutilization of .¡rea in anabolÍc pathways.

GÍonannetti and l{aggiore ftgaq tested. these tq¡potheses by s'b-
stítuting food so'rces of protein for the synthetie essenti-al

amÍno aeids- They eornpared ühe effeeüs of a basal protein-free
díet suppl-emented in one of tlro rüays: 1) essential amino acids
in reeonmrended daÍIy a¡rounts aeeording to Rose (tg|Ð or Z)

naturally oceuring protein in the form of ¡¡hole egg or egg alburnf-:n.

TheÍr nesr¡llts sho¡¡ed th¿t on the basal proteín_deficient
diet, blood 

'oea val-ues feLL to l-evels inversely proportíonar_ to
resídual renaL fi:¡rction. tr{hen the essentiaL anl_no aeid nixtr:re or
egg protein was added to this protein-deficient diet there T.üas no

signifieant increase in bl_ood trrea Ler¡e1s observed. fhese

investigators also noted the decreese in clinicaL iluremicn

s¡mptoms associated r¡ith the reduction of blood urea levels.
As a result of these in'estigations, the dietary princíprles
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embodying speeific levers of hfgh quality protein have been appllied

fairly extensiveJ.y i,rith the foods adapted to the pal.ate of other

nationalities.

rn Britian, Berl¡me and sha¡¡ (tg5iil studi-ed the use of this
diet in terminally il-1 r¡re¡rrie ¡latients. they eompared the clinieaL
s¡rmptoms associated !'îith this diet and those observed in patients

on the st¿ndard J.ow proteín (¿Ð grams) diet conventiona3_þ used..

Íhe strÍking dífference noted in the patients on the

Gíordano-Giovannetti t¡rpe diet was the disappearance of the

gastro-intesti:eal s¡rmptorns so eonmonly assocíated Ì¡ith uremÍa,

[his cor¡ld be due to associated decnease ín endogenous urea

círeulation nrith faLl Ín interstitiaL l_eveLs of urea and. arnronia.

ïn North America, FrankLin and his co_r¡orkers (tgSZ)

adapted a 'tseLeeüed proteínrr diet to appeal to the Ameriean

paLate. They studied }l patients with ehronÍc renal fallwe of
variabLe etiological origins. l,lany of these patíents hed been

foLLowing e diet containing t+0 grams of protein per day prior to
the seLeeted protein diet.

The diet consisted of t3 üo 14 grams of anlmaL pnotein

to suppry the appropriate qr:antities of the essential anino aeids.
Five to six grams of vegetable protein r,rere added to supplement

the diet. caLories were suppllied by sugar, fat ar¡d wheat starch
produets. The sodir¡m in the diet itself was approxirnateþ &0 nrEq r

per day. with the additíon of sel-t it r,ras i:rcreased to 100 nrEq per

day. The potassiun content varied. bet¡,reen rÐ and 50 mFq ¡ær day.

l

:._.i-.i-_'
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0f these Jlu patients, seven (zzfi) refused to adhere to the
diet because of its unpalatabLe nature. 0f the z? who r¡ere able to
adhere to it, anelioratíon of the conmon qrmptorns assoeiated wíth
terminal renal fai]-'re, sueh as anorexia, nauseâ, wearcness,

fatigue and letherg.y, nas observed in Zj. ELeven .¡¡ere abLe to
return to wonk and th:ree were abre to resune househord respon-
sibilities.

Ðecreases in br-ood r¡rea nÍtrogen ]-eveJ.s by an average of
5}fi oeewred in all patíents. Serr¡n creaüinine ler¡els remained

unchanged.

Thelr crlinieal evaluation Ìras based on the amount of rer.ief
from previous r¡remÍc s¡nnptoms and total dr¡retion of remission.
Irsíng these criterf-a, 13 r¡ere ranked as poor, four far-r and. ten
good to exeellent. The patients ranking in the ,,poor' eategor,¡f:,

tended to have r.o¡rer glorneruLar filtration rates (less than
1 nr/rnLn) or eouLd not adequateJ-y foJ-low the diet. The drr:ratÍon
of response to the d.iet depended Largely upon factors which
detersrine the progress of the disease.

snyder and Memill (Lg66) reported the use of a similar
diet eontaÍnlng 22 gnarns of protein chiefþ of egg and vegetable
or^igin. thirty car-ories per kg of body weight ï,rere provided by fat
and earbolryiårate. within a week of i-¡ritiation of thís diet,
patients experieneed relief of qrmptoms.

The maJor drawback to this diet Ís the dear^th of conmer"ciall¡r
avaiLable produets which may be used. The implernent¿tion of thís
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selected protein diet is a ehallenge to the skiJ-l of any culÍnary
artist.

l{hen renal function dinÍnshes to the poÍnt where dietary
treatnent alone Ís no longer sufficient, other supporti'e nnethods

qf treatnent must be sought' rn reeent J¡eårs, chronie íntermfttent
hemodiaJ-ysis has been made available to an inereasing nr¡mber of
terminal- uremies.

To date there ís no knom rbest diet' for treatnent of the
ptíent on dialysís. pendras (tgøg) feers that, patients fare
better on diets containing a reJ-atively hieh (g0 grams) protein
intake than those takíng diets containg 60 grams of protein"

To al]or¡ fon this inereased protein intake, diaLysis tirne
was inereased from tr"ro to three tines per week. The additio'ral_

dialysis time seemed to be a smal.l price to pay for the irnprovement

in general ¡veLL-being and increased ease in handlÍng the diet while
trar¡ellíng, eating out, etc. as far as the patients .!ùere eoneerned.

GÍnn and his eo-lrorkers (rg6g) studied nítrogen belance i,o
subjects being maintained on intermittent hernodialysis. rhese

studies were designed to define the quantlty and qual-ity of pnotein
required 1) to obtain nitrogen balanee, z) minimize azotemsa,

3) reduee the tfune of dialysis, Studies were ¡rerformed using
\rårying levels of protein of high and. Lo¡u biologieal r¡alue. The

resullts indicated that patients reeeiving 0.25 gnams of good

quality protein (i.e., ,ëigg and neat sourees) per kg body weight
with adequate calorles ¡uere abLe to maintain neutr^aL or slightþ
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posit'ivê nitrogen balanee with norznal senm albumin eoncentratíons

and mínimun inereases in blood l:rea nitrogen between dial.ysi.s.

ifhen egg and nil-k supply the proteÍ-n, 0.63 en./ks is sufficient
to aehieve the same resr¡lts (Koppl-e et aI. , Lg6g).

ïf azotemia and the assoeíated urernie s¡rmptomology

could be rnini¡nized,'then totaL dialysis time eou1d. be redueed. and

the resuLting nutritionar- losses deereased. By redueing díalysis
time per patíent, more patients could be treated beeause the

avail-ability of time, equipment, and teehnicaL person*el are the
chief lirait'irrg faetors of use of the artífieÍal kidney.



27

OBJECTTI/AS OF SÎUDT

The present study was designed to l) eonfi¡m the repozts in
the literature by the use of ¡¡15 r¡rea that endogenous urea ean be

used for protein s¡mthesis in the non dial¡zed wemie and 2)

investigate the extent to whieh the dÌalyzed patient dísplays
this abiJ.ity as his chemistzy retwns to normal i¡ the faee of
the intermittent trnorrnaLizingrr effect of dial_ysis.
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FJfFERIMENT¡IÍ,

Prelirninarv Studv

ïn a preliminary study. ten wemie outpatients rnrere plaeed_ on

modífíed protein diets foIl-owíng the principles of Giord.ano_

Glovannetti. These patíents were instructed to eat, high qual-ity
protein in the form of railk and egg. .A,n add.itional six grams of
protein was suppLíed by vegetabl-es to improve the acceptabiLíty

of the diet (see TabS-e r). Ad-ditional- cal-ories were supplied by

the fat and earboþdrate foods.

'.. , ... :i .l

Blood r:rea nitrogen and creatinine le'eLs r4rere measwed by

methods adapted for d.etermination by the Auto Analy""ol.

s5x stbjects were then ser-ected for the sr:bsequent study,

i:neLud-ing one normal volunteer. 0f the fiv"e sribjeets w.íth chronic

renal failure, three were being treated by intermittent henodíal_ysis

and the remainirrg tnro contror-r-ed by díet aLone. 
"r1, 

sumrnaz'¡r of ,.,,,, _,.,,

cLlnicaL d.ata may be seen in Table ïï. ;.,r,r':1;'i"

': 
' 

, 
:t : 

,

Hemod'ialysis was accomplíshed using a Kiil dialyzer r,¡.ith a ;',r',r,1','
:

si-:ng]-e pass system of uarm dialysis fluid. periods of díalysis
r¡aríed as seen in Table II.

The strbjects rrrere studied as outpatíents carrxring on noïrnaL :.',.' :l',.,i,
duties dtring this period. a1l- of the,:food- to be eaten was

prepared and served by the inrzestigator.

A constant diet using a fow-day e¡ircre menu pattêrn T.ras l

L. Technicon Instrr¡nent Corp., Ardsley, N.l.
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IABT,E I. MODTFMD GIORDANO-GTOVANNET?T DTEÎ

Foods To Be Included Dailv

Milk

Egg

WhíppÍng cream

Vegetables

ztao e

0ne

I20 s

foequal6gprotein l:'::-.'t: :t.-,;

F.go4¡ Ì'lhich May Be Fjaten As Desired

lrlheat, starchl produets - Bread
Pastries

0ornstareh

Tapioca

Iow protein pastasz

Iow protein frults
Jam, jel1y

Sugar, syrup

Ilard candyr gw

Beverages - Carbonated
aleohoLic

Horbs and spices

Butter, vegetable oiLs

1. MaeÐowell Bros., Broekvill-e, Ont.

2. A F.roten, OarJ_o Frba (U.K. ) Ltd., London, England.

l:l

1:

i.
::l
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T/\BI,E TT. ST]IUMA,RT OF CLINTCAI, DAÎA

Sub ject Clinieal
Diagnosis

cc-
r1/rín

ïoB DiaS-ysis Tìme

ï.G.

K.H.

N. S.

Y.ï.

G.N.

c.R.

Normal

Chron. G. Neph.

Chron. G. Neph.

Ch:ron. G. Neph.

Chron,þeJ-oneph.

Chron. þeloneph.

Lgt+g

t935

L95L

L950

t89t

L9I+L

t49

L3

"5

2

8

M

M

F

M

M

M

z/*"; -B hr,

t-lweek - 10 hr.

)fweek - ? W.'

* Hydroureters I clearance measurements not val_id..
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planned for eaeh individr:al. a detajJ-ed diet history was taken

príor to the Ínitiation of the study and food preferences

aseertained to ensure aeeeptability of the diet.

The study'¡¡as conducted for a z!-day ¡æriod, Íncluding

a seven day equÍJ-ibrir¡¿ period. In the ease of the normaL volunteer,
due to his normal hígh dietary proteln íntake, it was felt that, a
longer períod of adaptaüion worrLd be required to reaeh nitrogen

equiLibriun. A 14-day equiJ-ibriram period r,ras thus employed

extending the total experimental period in thls subject to zg d.ays.,.

ltre Diet

The diet for the non-dÍalysed subjects, as designed for the
subjecüs in the prgJ.Írainary study, contained o.3z g egg and frÍ3k

protein per kg body weight. Fíve granas of vegetable pnotein was

added to enhance the palatabilíty of the diet. Dialyzed subjeets

receit¡ed 0.63 g egg and mÍ^rk protein per kg body r,reight p.Ius the

five grams of vegetabr-e protein. A sample of the fo'r day cyeS-e

of patient c. R. may be seen in the appendix. rn addition to the
dietr the patients receir¡ed a m¿ü.tÍvitamin tablet.

.an effort was also made to ârrenge the diet to fit
acceptable meaL patterns as fãr as the ir¡dívídr¡al_ was eoneerned..

Breakfast usually followed a fairly standard pattern of fruit,
eereal, toast and eoffee. Dupllication of this presented few

problems as breadl made w'ith wheat starch flour corrld be

¡:.:': ¡. :*:+:,:.jj.:-j':::-¡i-)-:'ì=ï':ï"!iaü y:2!ì:.arii_:i!:r::-i'iÌì..:!
i': r:!-iii

L, Adapted frorn BaÍley and SuILívan (tg6?).
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substituted for the regular lrheat flLor¡r bre.ad. Iow protein eereal,
s.B. r puffed riee vras used if desired for cereaL.

For lunch' an egg (eooked in a variety of ways) served w.Íth

toast or as a sand¡¡ieh w"ith ¡,Eheat starch bread was aeeeptabr-e when

serr¡ed wÍth fruit or special dessert,

the evening meal, however, presented a greater chaJ.lenge.,

Most North Americans are aecustomed to meat meals $rith unlfuited
amounts of vegetabres. rn designïrrg this meal an effort was mad,e

to take ad'antage of Iow protein pastas and the loruer protein_
containíng vegetable s.

hlheat," starch produets were used to supplenent this diet.
Muffinsr cookies and fruit breads ruere added, both ¡o* rr¡.i]l
va]-uerr and ealoric value. The remaining caloríes ¡¡ere supplied.

by sr:gar, jams and jellies, soft dri¡ks and fats and oí1s.

sodit¡n and potassiwr levels rrere based on requirements of
ühe indívidr¡¿l- as determined by 24-hour uri¡re analysis prior to
initiat'ion of the study. ît¡ese may be seen in Table ïrr.

Following the equir-Íbrirm period, each subjeet was gi'en
Lb ng 515 per kg body weight in the form of N15 'rrr"1" lt was

dissoh¡ed in water and divÍded into three or four portions and

adn¡-inistered ora1Ly on day one.

Bl-ood samples for measwement of N15 inoorporati.on were

dra¡¡n in t'bes containing potassÍ.rm oxarate and frozen untit
anal¡zed. The pllasma ¡ras dial¡zed against running tap water for

¡ |. .'.:.-

::.'..::'.

i

1. .ffice National rndustriel de lrAzote, TorrLouse, Franee,
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TÂ8tS III. NUTRIENT INT¡rrG AND WEIGHT cHÀNcE.

Protoln

""roro ruÌo-; 
^úmffidããte-bË

SubJoct hotoln Sodfu¡n
total s/kg nr,h

Pot¿sslum Calo¡.1os
nFA /lre

r. G.

K. H.

N.S"

Y.Y.

G.N.

c.R"

82.0 g0.o

&+.1 6t+.4

t+8.5 lr€.5

'63.5 6l.z

6l.t 63.t

6tJ+ 62.2

26.o

19.3

14.8

t+o.2

39.7

38.0

5.0

5.0

5.o

5.0

5.o

5.5

.39

.38

.41

.n

.n

.n

140

40

80

tlt-

37

87

5t+

3o

48

50

tß

66

30

4Z

5O

3?

2?

54

, 
..tt:

!.r:
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13 hours to remove non-protein nitrogen and other l_ow moLeeular

weight substanees.

samplles to be analyzed for aLburnin N15 ineorporation r,rere

prepared. by the method described by Ðebro g! .1. (1f/5ù. To 1.0 ii,,,,..,,

mL of plasrna, L9.5 tlr tríchl-oracetie acid r¡as added, the solutíon
mixed and centrifuged for 30 minutes at, 1Jr000 rpm, The super-

netant containing tlre ,albrmín was aspirated, then evaporated dor¡rn t',^.;:,
to approx5matety I nl. fi.'',Ì

.'.,,,:,',Hlasme and albr:mÍn samplles were then sr:bjeeted to the 1,,:,.-,"'

standard nicro Kjeldatrl procedure for dígestion and dÍstjllation j

.l
\nr(4.0.4.c., tg6s). This method was adapted for our use by trappi:rg 

i
lthe an:moniua in o.oj N Hcr. The disti'rl_ate ¡ras evaporated to i,

approximately 10 rnl. All KjeldahJ- pnoeedwes r¡ere done in
duplicate. 

,

Preparation of Nitr.ogen Gas

The conr¡ersion of ammonium to nitrogen gas iuas accoinplíshed.

by treatíng the samp.Le with alkeLine sodium h¡ryobromite in a r,i:;,¡.':::.;.: : .

vaeul¡m system (FÍg. B). rhe gas reeeivi.ng bulb (B) was prepared. i,',..t.-.,,

by sealing securely with high vacuum grease and attaehed on the 
;""''" 

"'
t-o/t8 adaptor (Fig. B ).

To one arm of the Rittenburg r¡essel (A), 3 ml of the sample 
u,,.o_,,,.-,
:,. .j'

was added ånd to the other alnn 2 mL of tr¡rpobrornite solution. Care fii..

was taken to prevent mixing the two solutions at thís point.
fire Ríttenbr¡rg vesseL r,ras then affixed to the apparatus on the 

:

t0/30 adapton and immersed in 
'iquid 

nitrogen. The system wes 
i,:::,.:,,::;:.:;:
:";' :i_: :_:l'1
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Rfttenberg reaction vessel
Gas sample concainer
l0/30-10/1S adapror
VlrEfs _mÍcro-Mci.eoa gauge
T\ao stage mercury dtifuãion pr:mp
Hfgh vacuu stopcocks

8;," Sehemat,ie diagram of the r¡aeurmr line

1ol30 n^ 
1ol18
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f,e
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FÏGURE and reaetion vessels,
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evaeuåted eompletely as indieated by the rnercurSr pressure shor,¡n

on the Mcleod guage (D).

The Rittenburg vessels r¡ere then elosed and the contents

thawed. At thís point the solutions were mixed by rotatírrg the
vesseL, a11ow5.:rg the nitrogen containÍng soluti.on to 11low jnto the
h¡pobromite solutíon. The Ritterrberg r¡essel was agai:a irnmersed

ín t'he llquid ni-trogen Lo fraeze out water vapour and gaseous

b¡rproduets of þpobrorn-ite oxidation. The nitrogen gas was then
coLLected in the gas sample br:lbs, and the N28 N29 abund.anee r,rras

measr:red in the mass speetrometer, pil\T Model GD-150. A sample

of the graph obtaíned may be seen in Apperrdix B.

ïsotopic abundances are expressed in tenns of atom per cent
of the isotope. The measured ratio (n) is that of the ion
cuæents eorrespondíng to mass 2B(N1&N14) and. mass z9(m14¡15¡

(Bremner, j-965).

R = (*1Ít1&l;

The definition of atorn per eent U15 (¿) :_",

A=

å- x 1002(N + 2(N )

ft is not necessary to measure the ion cwrent comespondirrg

to mass 30 (u15¡¡15) to determine N15. The term N15N1j ean be

Nl5N15

eliminated beeause }tr2 is in ec¿uilibrirm riith rega'd. to the
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reaeti_on

Ð - ¡tnr&¡115t2--@=+
By eornbining the equations A and B

Atom per eent N15 = loo
2R+L
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RESUITS

1. Prelj¡n:!,nary Study

Tabl-e rv shor,rs the effect of modifieation of the quality
of díetary protein as proposed by Giordano-Giovaruretti on the

clinical and biochemical features of ehronie renal failure. Nine

of the s'bjeets had been experiencíàg '*=rnierr syrnptomatol_ogy

sueh as nåusear frequent voririti:rg and disturbed. taste sensations.,

0n institution of thís diet these individuals reported. disappearaneê j.

or reduetion of all these s¡rmptoms, pLus an inerease in we3_J__beÍ.:rg

and Smproi¡ement in rnentar ar-ertness. srrbjeet KH was as¡rmpbomatíc

throrrghout.

frleight wes reasonably well maintained in most ÍndíviduaLs.
A drop ín BIIN uas observed in the face of continuing reduction ín
firnetion as evideneed. by the rise ín pLasrna ereatinine ler¡er-s.

Lonergan and r,ange (tg61) reporoted an average d.eerease i.:r BUN

l-er¡eLs of 5ffi on a modified Giordano-Gior¡annetti d.iet. The mean

r¡aLue of decreases in this study was bLfi.

Figwe p roepresents the eourse of disease in patient KH"

rhe onset oeeumed ín I95i (period 1) as a result of aeute gLomer_

uLonephrítís r,¡hich progressed to chronie renal disease, confinaed
by bíopsy' rn Deeember of Lg6?, a period of uneontrolled blood
pressìæe eaused a rather srrdden decline in renal fi:netion. l\t this
tlme (Period 2) he ¡uas p3-aced on a diet eontainÍng J0 grarns of
protein. IIÌs BüN at this time was 50 mg per 100 mtr with a ereatír:ine
elearanee of 35 m1 per mj.nute.
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T/iBi,E IV. E¡TECT OF YODIFICATTON IN QU.I\I,ITT OF DISTARY PROTEIN IN SITBJDCÎS IfITH
CI{RONIC RE¡¡iIL F/TTII,RE

SubJoct Ago Dlagnosls Duratlon of
Modlfted

D[ot
Months

P. Ç¡.oatinine Roliof
¡ngl100 n]. of

Synptoms
BD

Body tft,
kg

BD

BIJN
ne/roo n1

I,.8. IE

J.r,. 40

J.L. 3g

L3 1.5

?. 8

9?

pn

pn

P¡

2

?

2

83.5 83.5 122 ß
(l+.o 6r.0 Lzo Bz

42.5 42.5 130 96

#

#

+l

L5L5r+
79r+
7L3+
66{+
7?+
56

9"5 L0.6

I r'r.H. 47 cn rl 49.0 U5.5 L?o tzo ,.g zo + il

P.P. 34

R.D" 52

G.So 59

F.B. 59

r.r.^. 35

K.H. 36

'5g.o 
6o.o 1oo

5?.0 56.5 104

?o.o rc.s 1zo

51.5 50.0 8p

60.0 jg.o t25

63.3 e*.s 4s

lleens tL2

sn

pn

pn

pn

sn

gn

3

2

t0

t2

It

12

38

53

50

45

69

20

65

T:F1 f:bl", ?*3? g/day and calorfe intake, 2OoO C. ¡emained constant prtor to
!ts) erxr during (D) ingestion of a diet ln whlch the butk of protein lntakå ¡¡asderlvsd flom essentlal a¡nino acLd sowceso pn = p¡¡olonophriiis¡ gn = glornenrlo_
nephrS.tis.

'::::::.:::'

i.:':': r¡..
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FrGUnn g, foogression of disease and effeet of dietarxr protein. modifåeation in Subjeet KH' c. ereat. = ereatinine eLearanee (ercpressed in ïnl_/mfn)- BTA[--= blood urea nitrogen ("*pr"""*ã-iiïãiröö ,äi"*p. creat. = plasma creatinin*'("*pr""""¿ iir-r"e tñó ,r*r
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A further deeline ín renal function oceuryed, dræ to a

super'ímposed infeetíon ín April of !96g. At this time he was

placed- on a Giordano-Giovannettí diet r,rhieh resulted Ín a fall in
BUN to wíthin the Limits of normar- (period J), and creatinine
eLearanee appeared to stabilize betr,,ieen 10 and 13 ml. per minute,,

His pl-asma creatinine shornred a progressive tendency to rise.
The resuLts of this study shoi.¡ed that a reduction ín BüN¡

whieh was associated i,u'Íth merked elinícaL improvement, eorrld be

achie'ed. by modífling the qua3-ity as wel-L as the quantíty of
d-ietary protein es reeonrnended by Giordano (tg6Ð and Giovanretti
(tg6t+).

The naturaL abundanee of 1V15 i'the plasrna of the six
sr.ibjeets yielded. a mean vaLue of 0. ?ó4 t O.0OZ as shornn in Table V,

This was subst'acted from values obt¿ined and expressed as N15 
"tom

$ exeess.

Data for tu15 lau"Lr-ing of the pl-asma protein and albumi¡r

fraetions at time íntervals fo]-low.ing the administration of oral
n15 ræea expressed as percent exeess or¡er natr:rally oecwring
lerzels are shown in Tabre\tt. corresponding time plots for each

índ.ividusl are shor^m in Figs. 10 to 15. The eomposite data are
plotted Í:: Fig, yg anð. Ll.

The peak time of label incorporation into plasna protei:as

r¡ras seên to oeeur earliest in ühe sr:bJect w.ith normal renal
functíon. This peak, hovre'er, ïras at an appreciably lower ler¡el
than thst obser'ed. in the subjects with renal fairr:re,

2.

l:' ;':;r, ;::r: ]'i
:r'::ì:'1. .- '

|. ..
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TABIE V. }4EA[T VAI;I]E DETNRMTN¿,TTON OF NATURAL ABUNDANCE OF N15
ÏN DIAL%ED BLOOD PÍ.AS¡4A OF SUBJECTS

Subject SampJ_e Aton $ ¡115

KIT

0.365

0,36?

0.36?

o,369

0.366

o.36?

0,366

0.366

o,368

0.373

0,370

Mean 4,tom fi xl5 = 0.368.

Standard error of mean = 0.002.

x Insufficient sampJ.e.

A

B

À

B

/r
¿L

B

A

B

A

B

A

B

ÏG

NS

CR

rr

GN
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TABT,E ITT. rM W15 ATOM TERCENT EXCESS IN TOTAT PI,ASTIA PROIEÏJ{
AND AIBÛMIN FRACÎTON

Sr:b jeerb Time+
(uours)

¿18 60 80 Lzo L50 180 ztn 3oo 336

PI"ÀSMA.

I.G. ,007 .018 .OLj .OOB .004 .OOz

N.S. .022 .o2o .o25 .032 .03L ,02t+

K.T[. .0+7 .o?o .ogg .066 .03L .o2B __F

c.R. .034 .03? .oM .Ol+g ,o3g .oU3 .oZ?

G.N. .036 .ot+3 .oLtlt, .ot+? .038 .036 .g3?
Y.Y. .ojo .oj| .053 .o¿tg .olt)t

AIBTMIN

I.G. .oo8 .006 .011 .oog

N.S. .aLþ .0L2 .oLg .02? .03-?

K.H. .0L6 .086 .o5o .o2B .oLs r__

C.R. .046 .Ojs

G.N. .032

Y.ï. .o5t

* 
--- -- - , ;: ....:: :Tlmes (hor:rs) were ror¡nded to nearest convenlent whole ni¡nber.: i,:fi

.032 .o3z

;03L .O32 .O3l+

.0¿10 .ot+z
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FIGURE 10. N l5 in"or¡rorotion into tofol plosmo protein ond olbumin in o
normol subiect ( lG ) on o diei contoining minimol omounts 9f
high guolity protein.
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FIGURE u. N ¡5 in"orporotion into totol plosmo protcin ond olbumin in o
non-dicrlysed chronic uremic subiect ( KH ) on o diet contoining
mínimol omounts of high quolity'protein.
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N l5 in"orporàfion'into totol plor.o protein ond olbumin in o
non-diolysed clrronic uremic_subiect ( NS ) on o diet contoining
minimol omounfs of high quolity protein.
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NlS nlo,r,t
o/o EXCESS
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TOTAL PROTEIN

ALBUMIN

DIALYSIS

00 200

TIME ( HOURS )

FIGURE 73. ¡ 15 incorporotion into totol plosmo profein ond orbumin in o
'chronic uremic subiect ( GN ) on intermiftent hemodiofysis on
diet confoining minimol omounts of high Quolity proteiri.

I
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N 15 incorporotion into totol plosmo protein ond olbumin in o
chronic uremic subiect ( YY ) on intermíttent hemociiolysis on o
diet contoining minimol omounts of high quolity protein.
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FIGURE 15. N 15 .¡n"orporofíon inlo totor plosmo protein ond orbumin in ochronic :r:T¡" subiecr-( CR ) on inrerÅi*ent f,"roJiotyrrc on odief conroining minimor'omounrs .r nigrr qr"rit "öt".
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Excess l_abe1 persisted at high ler¡els thror:ghout the
period of observation of some 3l+0 hours in the for:r subjects ¡oho

had the greatest, impaÍrnrent of exeretory funetion (Ta¡le rï).
Moreover, at the end of the tlro-¡ueek period there T,ras a signifieantly
higher leveL of isotope remaining in these patients than in the
nonnal.

As shor'm i¡ Table .'rr, the pereent of administered dosage

of u15 l-abel appearing in the albrlnin was two to five-foLd
greater 1n the uremie individr:als, the 3-argest oecuming in one

of the non-dial¡zed r¡remíes.



TABIfi YIT. DATA USHD TN CATÆUI/\TTON OF U15 ¡VCONPORATTON

Subject B.'Ìüt.
kg

.. ï.G. 92-.0

N.S. 118 .,5

K.H. &1,,1"

G.N. 63.1

c,R. 6L.t+

T.l. 63.5

l4ax. A1b.
I¿beLLinE
% Exeess-' 

N15

Alb. Cone.
s/too s

.011

.027

.o70

-o?,Lt,

.oM

.05t

N15 Do""g"
mg

t+.8

4.L

l+.2

3.3

3.9

4.j

CaleuLated fron product

Boothby, Berkson & Dunn.

ÏNTO PI,ASMA, AT,EUMTN

Body s.A.+ Alb. pooL* Nsqm o

11þ8

680

8ga

882

860

889

2,20

t.52

L.72

L.n
1.75

L"7r

of body surface area (sq. rn) and factor

Nomogram for clinfcal applieation, Äm.

l¿ax. N15 Ín Max. foAlb. Pool of Dose
ng Incorp.

8L.66

56.42

63.94

6Lþ,ZL

64.96

63.1+?

8.gg

L5.23

A+.68

2L.83

29.88

32.36

0.78

2.24

4.99

2.47

3.47

3.64

of 232 (Ster1íng , LSS:L).

J. PþsioJ-. LL6zh,6B, tgj6.
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The utíl-izatíon of N15 from orally administered isotope
j¡r the normel subject on a protein restricted diet r¡as in
agreement with that found by other irrvestigators.

Richards 4 al. QgaÐ studied N15 rr*onia util-ization in
healtþ sr:bject,s reeeíving r:::restricted and restrieted amor¡rts of
dietary p'oteÍn. These wonkers el-ected to use N15 ammonia in
proeferenee to urea beeause there ís evidence to índicate that the
ar¡raonia is the form in which the nitrogen fron urea is utiLized,
ThÍs amnonia is fortned by the bacteri-al breakdol¡-rr of urea i_:a the
i-ntestine. Theír resurts rer¡ealed that the more serÞre the
protein restrÍctíon, the greater the incorporation into pl_asma

proteins ín these normal-s.

Gíordano et aJ. (19dgb) showed that in the normaL personn

rmea nitrogen is more easily utíLízed for amino acid. s¡mthesis r¡hen

the dietary protei:r is very l-ow. Read et a1. eg6g) couf_d_ see

no evidenee of N15 utilization in the nonnal wer.l nourished
subject on an adequate protein d.j-et.

ït appears then, that the body must have some impetus

to utílfze non-protein nitrogen for protein s¡mthesís.

ft has been suggested that, protein depletion might supply
this irnpetus. The non-díalyzed uremíc srrbjects of th:is study
ineorporated considerabþ mor" N15 into plasma proteins than did.

the normal (ra¡le r¡). Al-though not apparent eliniealþ¡ these
índåviduaLs rorere probably protein depleted. Gi"ordano g! g1. (r96ga)

I

i i r:'i.ì
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felt there eould be many faetors leading to malnutrition in
urenia. 0n examination of plasma aminograms of uremie patients
he found that they resembled those reported by s'yderman et a1.
(1966) in states of protein nalnutriti-on. Read et g!. (tgøg)
showed that chíldren with kr,rashíorkor and maresmì¡s ineorporated
N15 from arnmronia and r:¡ea into bl-ood cells and plasma proteins.,
Thus, it appears that the body is able to use non-protein
nit:roge'as â source of nitrogen for protein s¡mthesis if the
appropriate conditions are net, that is, depletion of protein
stores or minímal anounts of dietary nitrogen supplied by the
essential amino aeids.

A striking dÍfferenee in the incorporation of N15 ,ay
be observed in the two non-dialyzed wemics in this study. on
exanination of figures 1l and !2, a sharp peak is seen in the
leve1 of íneorporation in s'bjeet K.H. at approximabay LZJ hours.
There is a rather sharp decline fóllowing this peak. rn subject
ll.s. a less prono'nced and more delayed response in the plasna
protein uptake of 

'u15 
Ís shol¡ïr. This subjeet may, in fact,

be at¡rpical. unfortr:nately, emergency surgery for appendicítis
Ì¡as neeessary approximately two r,¡eeks prior to the institution
of this study. rn retrosFêetr it is probable that by the time
the study began nÍtrogen equiJ-ibrir:m had not been aehier¡ed

folJ'owing the stress of this episode. Dr:ring the period of
stndy' BI]N levels felr- from rJ mg per 1oo nl Lo 32 ng per 100

ml which eor¡ld not be attributed to an improvement in renal



'.-;1

56

functíon as serun ereatinine l-er¡els (a better i¡dieator of renal
funetion) rose sI!¡ihtly during this period.. rt is possible that
1,115 eould have been dir¡erted for use in wound healing during thís
períod (tti-:rney, t96o). ::i.

,:.:..'.:-'-i: .'

l¡ü'e har¡e thus been able to eonfirrn previous urork wt¡ich shor,,ied

that the non-dial¡zed uremíc is abls to utiJ-iz* l{15 urea for
anabol-ic purposes r,nith simultaneous rdduetÍons ín BûN J-evels, 

i.r,.,,,:,,
relíef from r:remie s¡rmptoms and a general Ímprovement in r^iell- r""'t:',:'

being. itl:r,;t
l: :.ì:. : i:.

lfe strrdied the incorporation of ¡115 into blood. proteins 
l

ín the dialyzed uremic subjects in order to detenni:re to r

to rnihat extent this ability to utilize urea nítrogen for plasma

protein s¡mthesis was retained. rf,the presenee of malnutrítion
in the uremie provid-es the sti¡rulus for utilization of urea

forprotei.nsynthesis,thisabí1itymaybe1ostastheír

nu-tritional- status appears to be improved on the basis of i

their plasma amínograms (Giordano 1,Ç68a). These amÍnogram" 
;.,,.,,,,,,

har¡e been found to be nonnal with the exception of a deerease i,'.,,','', ',

., , 1,.'in þrosíne and- an inerease in 3-metþ1 histidi¡e. This may i'..:,.,,,,,,
have been due to inereases in dietary proteín from 0,3 g per

kg in the non-dialyzed patient,s to 0. Z to t 0 g per kg ín the
dial¡rzed pati-ents. 

; j,:. ,,.,

The d.ialyzed patients in our study reeeir¡ed approximately !¡'r;::o';:¡ìiir';

tr'rice as much protein (of high biologieal value) as the non-

d'ial¡zed patients. This r^ras necessaïTr to compensate for free

:ä.:1:-:'..:: r'.

i _:- _: : :11
L:. : '..... .: .

I
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amíno aeid and peptide losses during clÍal_ysis. Giordano (tg6?)

emphasizes that beeause of these losses 1or,¡ nitrogen diets are

contraindícated in patients who requÍre dialysis.

An exanrlnation of Figures lj to 15 indicates that these
peopJ-e have indèed- utílizod nitrogen from the admi_nistered.

ísotope for protei-n s¡mthesis. The maximum ineorporatlon does

not appear to be as great in these indivÍduals as in the non-

diaLyzed uremícs. This corrld be accounted for by the l_oss of
nitrogenous substanees beari.rrg an u15 r*¡"1 during d.ialysís.
GÍordano (w6ea¡ shor,¡ed that free amíno acids and peptides in
amounts of 1þ t'o 20 g could be r-ost in a six hour period of
hemodialysís.

As a basis of eomparison of the extent of isotopic
enríchment in the two groups of r:remic patients, the respectíve
amounts or m15 Íneorporated in the alburain at peak rever-s r,rere

cal_cr:1ated. Use was made of the formirla of Sterline (fgjl) r,iho

expressed the grams of exchangeable albr¡mi-n pool as a product

of swface area in square metens and the faehor 2JZ. .A.s may

be seen, (ta¡le ülr) ttre marcimr:rn per eent of d.ose taken up

into the arburnin pooL for the dialysis subjects was less than
in the non-diaLyzed subject KH but signifieantly greater than
in the normal.
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A sunnarxr of biochemical data may be seen in Table vrrr.
BUN levels in the norrnal are seen to be somewhat lower r,¡hile

on the diet which is to be expectea (Aaais , tgu?). There .oras no

significant rise follow'Íng administration of the isotope. This

again i-s not surprising in-,.light of Giordanors (196gb) report
that there T,ûas almost complete reeovery of admínistered. isotope
in the urine lnithix tl,g hours.

rn the non-dial¡zed wemics, subject N.s. shor,¡ed a marked.

decLine in BUN J-evels, faLling from ?5 mg per 100 ml to 32 mg

per 100 ml. However, in subjeet K.H. an or¡erall Íncrease in BIli\ï

was noted. This may have been due to the fact that he had been

on this same dietary regirnen for some time (see prelimina4r study)
and had been abt-e to rnaintain a BUN at normal_ levels in spite
of his reduced funetion. when thelabel was administered i¡r the
form of urear he was unable to remove this ínereased r¡rea

J-oad rapidly. BUt[ levels rose foLlowing administratÍon then
gradua]-ly deelined reaching pre-isotope le'els in four to five
lteeks.

ït was more diffieur-t to assess BUN ehanges in dialysis
subjects as urea is removed at eaeh d.ialysis. Changes r,rhich lrere

noted included:

1) Subjeet G.:N., while on the d.iet showed a pre-dialysis
BUN less than the previous post_dÍalysis BIJN. This
rn¡ou3.d suggest that he was d.isposing of i¡rea in some

other fashion. Results of this str:dy r.rould appear to
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TABT.A ]ÆTT. SU¡4I,f]IftY oF BTOcT]E}4cAf, D,A.T/I.*

Subject BÏ]1[
nsltoo s

Plasma protein
eltoo eTotal Albr¡dn

Before ¡lfter Before AfterDiet Diet Diet Diet

P. Crea.tiníne
rns/roo s

Before
Díet

After
Diet Before After

Diet Diet

ï.G.

N. S.

G.N.

c.R.

Y. Y.

K. H.

TT

75

90

t+s

80

L9

I
2)

52

L6

54

26

6.9

6.9

6.7

6.8

6.7

7.L

7.4

6.2

7.6

6.2

7.5

7.t

Lþ.2

?o

3.3

3.t
l+.0

4.j

t+.8

4.L

3.3

?o

4.3

4.2

1.0

B.g

6.8

L!,1+

7.2

6.L

0.9

a2

5.4

11.,6

1)2

6,8

* Tn ease of díalysís patient,s values arne pre-dialysis.
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indicate that tissue s¡mthesis ruas oecurring.

2) Pre-dia1¡rsís BUN levels in s'bject,y.T, r,rere zo ro 30

mg per 100 al lower than before institution of the

dlet,

Ð Prior to the diet, sr:bjeet c¿R. had pre-dialysÍs BUN

levels ranging around bJ Lo 5i rw per 100 mJ"while on

the diet his pre-dialysis levels fer]- markedly -
ranging from L6 to 1g ,ng per 100 nJ- and falljrng on

dialysis to 6 to Z ng per 100 m]-. Since the total-
protein i-ntake had not been appreciably altered ít can

be eonclded that the quality of protein pla¡i"ed a

significant rol_e in these deereased Levels.

Hlasma ereatinine and serwn protein ]-er¡er-s (total and

albu¡rin) did not change remarkably o'er the period of the study.

Ríchards ej gl, (Lg6?) go so far as to envj-sion a di_et for
uremia containing as the only souree of nÍ-trogen rysine and

threoníne. Ketoacids nould repllace all the other essenti.al amino

aeÍds- ThÍs s¡zrthetic diet would contain earbohyd:rate, fat,
vitanins and minerals to meet body requirements.
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SÏI¡&ÍART ÂNÐ CONCIUSTONS

Tlhe use of a diet containing u¡nited. amounts of proteín of
high biological vaLue was stud.ied in normal and. uremie subjects.

Although it has been estabr-Íshed. that such dietary marragement ean

brine about biochemicaL and elinical improvement in the non_

dialyzed uremien it had not been established whether this abiJ-Íty
roras retai:red in the patíent being maíntaÍned on intermittent
hemodíalysís.

The subjeets seJ.eeted for this study ÍneLuded a normal-

volunteer, two non-dialyzed, uremics and three uremi.c surbjects

undergoing ínterrnittent hemodialysis.

ïncorporation of isotopic nitnogen into plasma protein
r+as used as the cniterion of non-protei:: nitrogen utilization for
anabolíc purposes. Follouning a one week stabilization period the
isotope i,ras administered ana N15 Í.neorporation follol,red at tjmed

interval-s for a trn¡o week period. The resuLts indicated:

1) the biochemical status of the non-dial¡øed uremics rnas

Ímproved, wÍth assocíated ameLioration of rruremie'

s¡rmptoms.

2) the non-dialyzed uremies utílized signifieant amounts of
non-protein nitrogen for pl-asma protein synthesis thus

eonfirrning the lrork of earlier investigators.

Ð uremíe patients beÍng treated. by Íntermittent, hemodiaþsis

.demonstrated this abil-ity to utilize non-protein niti^ogen 
i

ri
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but to a lesser extent than the non-dialyzed s'bjects.
ït was, however, signifieantly greater than in the normal

subjeet.

These studies indi-cate that a diet containing 0.f grams of
hígh quality protein per kilogram of body weight r,rould be a useful
adjr::ret in the treatment of patients undergoing inter:nrittent,

hemodialyses.

The chief limiting faetor ín the use of this diet appears to
be the lack of acceptabflity. This ean be attributed to the

dearth of palatable eommereially available 1ow protein foods. ït
is hoped that, the food scientist¡:wÍll combine his skills lrith those

of the medicaL profession by contrÍbuting to the qr:al-ity and

variety of foods avaiLable for use by these patients.

,;ì.,.<::::a!
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APISNDÐ( A. Sanrple of four day dlot cycle. NAMB: Carneron Robertson

DATE: Day #1

WARD:

'- 
.:. 'f :

2l6s.

'i::ì:: 
r:1:::

r:r:.::,tÌil

BRn^kT^ST
AMT. PROT. Na / mgm K/mgm F'AT cHo

GranefYuit sectlons 150 s 0.7 1 202 L5

Bread. toastod 200 e 500 20 l0 110

Butter. S.F. t5E I5

Marrnalade 20E 2 6 ll+

Egg, poaehed ons 6.tt 6T 65 5

l,îllk- whole 180 e 6.J 90 252 6 o

T,lNeHCOl\1

Sa¡dwl ¡lh:

Bread I20 q 300 1.2 6 Aß

Tonato 50e 0.5 L r20 j

Butter. S.F. 10p 1ô

Ipttuce 2oe 35

Eess. ha¡d boil-ed tr¡o L2.8 r22 t29 10

Âpp1e, rat¿ 200 p 1 220 28

Wate¡me1on 200 a 1.0 2 20ô

Ml1k, r¡hole 180 g 6.3 90 252 6 9
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NAME: Caneron Robortson

DATE: D.y #f

WARD:

DI}¡NER AMT. PROT. Na / mgm K/mgm FAT cHo

Mush¡ooms 70ç _8 11 iqo 3

f¡icd ìn buttor 1ôø 10

lonato. baked ?oe 0.8 ) L70 l+

3reen beans. clnd 50e o.? 43 3

Bread 16o e t+a0 L6 8 88

Butter. S.F. 10p 10

Clnnanon aoolosauce 150 s 97 34

Ml1k. whole 180 e 63 90 252 6 9

SNACI(

Bread, toasted LZQ e 300 12 6 66

Butter. S.F. 108 10

Apple. ¡ar¡ 2OO e 1 220 28

DAII,Y TOTAL 41-6 7q71 2?1i 118 500

CAI,oRIES - 3236

216s.

i.r: : i:'r:rt
¡,;ì.:,j,il
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NAME: C.R.

DATE: My ll2

WARD:

BRF,JTI(FÂST AMT. PROT. Na / mgm K/mgm F'AT cHo

Grap€fiuit sectlons 150 p 0.7 1 202 I5

Bread, toasted 20O s 500 20 10 110

Buttor, S.F. 15e L5

I'fa:rnalade 2O¿ 2 6 7l+

Egg' fried ons 6.4 6T 65

in S.F. butter 10E 10

MiLk 180 e 6.3 90 252 6 9

LI'NCIIEON

Egg, omeletto two 12.8 122 r29 10

nLlk 30e T.L L5 42 L 1

Bread, toasted 720 e 300 12 6 66

51. tonato 50s 0.5 1 120 3

Carrot curls 20e 68 2

Butter., S.F. 10s lo
I'Iaterrnolon 200 c 1.0 2 200 11

Äpple, raw 200 e 1 220 ?A

M1lk, whole r50 1-2 ?5 zLO s I

21 6s.

'::: lri
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NAME: C.R.

DATE: DaV lÍ¿

WARD:

f,..:.: :

DINNER AMT. PROT. Na / mgm K/mgm F'AT cHo

Casserole:

Spaghettt 65e 2.1 i9 1lt

lonato, S.F. elnd ?0e 0,7 2 235 1

Musb¡ooms 20ç 0-5 8?

flied in butter, s.F. 5e 5

Bread cr¡bes 20p 50 2

dtppod in butter, S.F. 5e 5

Breed toasted 16o e 40o ú I 88

Butter, S.F. 10p 10

Plneapple L50 p 7 ht¡ 2R

Mi1k, whole 180 s 6.i 90 252 6 q

SNACK

Bread, toasted L20 p 300 12, 6 l.th

Butto¡. S.F. 10n 1t)

Âpple, raw 200 s 1 220 28

DAI],T TOTiiI t+3.6 20L7 2549 r24 q1 (

c^r,oRIES - 3350

2l6s.



T2

NAME: C.R,

DATE: DeV #)

WARD:

216s.

BRE/iKFÂST
AMT. PROT. Na / mgm K/mgm FAT cHo

Grapefruit sectlons I (t) o-7 2^2 aÊ

Bread, toastod 2OO g 500 20 10 110

Butter, S.F. t5e 15

Ma¡rnalade 2oe 2 6 Ltr

Eeg. seranbled on6 6.t+ 6t 65 5

rithibutter. S.F. 10E 10

m1lk 30e 1.1 L5 42 1

M11k, whole lía e 5.2 75 2r0 5 I

LT]NCIIEON

Sandwich:

Bread LZO s 300 t2 6 AA

lornato 50e 0.5 1 I20 3

Butte¡, S.F. 10p 10

CucrmËer, raw 20e i2

Eggs, hard boilod two t2.8 r22 129 10

Canteloupe 150 c 1.0 18 i7s

Mi1k. r¡hole 180 e 6-i 90 252 6 o

Apple, rar 200 g 1 220 28



n
NAME:

DATE:

WARD:

c.R.

Day #3

DTNNER
AMT. PROT, Na I lljgm K/mgm F'AT cHo

Devllled mush¡oons 50e 1.8 7 207 z

frled in buttor' S.F. 10s 10

r¡lth broccoll 50e r.5 ? 110 3

on bread, toasted 160 g 400 L6 ö 8B

Flutte¡- S-F^ 10p 10

Pears I Lso e 1 120 30

Itfl1k. r¡hole 180 e 6^7 90 252 6 I

SNACK

Bread, toasted L20 s 300 L2 6 66

Butter. S.F. 10e 10

Apple. raw 2OO e 2?O 28

DÂTLT TOTAL 43.6 991 >-6?2 L28 tt82

cÂtôRrEs - 3294

2169,



:::ì'-

?+

NAME: C.R.

DATE: Day ;iul

WARD:

BRFÁKFAST
AMT. PROT. Na'/ mgm K/mgm FAT cHo

Gramfnlit scetfons I <fì ^., 2õ2

Bread 200 E 500 20 10 110

Butter- S. F. t5 s, 15

Marrnalade 20e 2 6 14

Ees one 6.3 61, 65 5

fried 1n butter. S.F. 10s 10

180 s 90 252 6 9

LI]NCI{EON

Sendr¡ich:

Bread I2O s 300 T2 6 66

Tornato 50a 0.5 1 r20 3

Butter, S.F. 1oe, 10

Lettuce 20e 35

Eggs, harll boiled tr¡o 1,2.8 L22 L29 10

Canteloupe 150 e 1.0 18 375 11

Mllk, whole 180 g 6.3 90 252 6 9

Apple. raw 200 e 1 220 28

2.1 65,

i.-r,':.,,

i r r'.:.. I
: i.l



?5

NAME: C.R.

DATE: Day #4

WARD:

... 
,|

-. I

DTNN¡]R AMT. PNOT. Na / mgm K/mgm FAT cHo

Asparagus, S.F. clnd 60e 1.5 2 t00 2

on toast t6o s 400 ß I 88

r¡lth cheese see, Patrnesar 5e 1.8 36 7 1

cornstarch 5e lI

Butter, S.F. 1oe 10

Butter. S.F. 10e 'to

Peaches 1-50 e 2 196 30

Mll-k. l¡hole 180 E 6.J 90 252 6 9

SNACK

Bread, toasted LZO e 12 6 66

Butter, S.F. 1oe 10

Apple. rel¡ 2OO p, ?20 2A

DÀTLT TOÎAT 43.5 20I? 249t r29 492

otr,oRrEs - 3703

2l6S.



APMND]X B.

:. ?6

Sample of graptr shoring peaþs 28 anð.29 obtaÍned
from mass speetroneter.

olr..t Peak 28

Peak 29

t.
i::::r'l


