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- - ABSTRACT -~ - -

The following revort deals with those methods and vreliminary
resalts which have been obtained in a study of cell nutrition in surgical
patients, Technical vroblems have related to the use of radioactive
potassium(K42) in the study of notassium metadolism, the correlation of
experimental methods to de emnlored, the use of the falling drov apparatus
for deuterium determinations, and the calculation of the total exchangeable
body K.

Our initial findings may be summarized dy stating that the patients,
both well and 111, exhidit a remarkable constancy in their metabdolism of
a single tracer dose of 842 The total body exchangeedle potassium
measured br dilution of ¥%2 varies over a wide range and is as yet diffi-
cult to interpret relative to body weisht. Other references for calcula-
tion are being studied, We find no striking "diuresis" of motassium after
trauma, apart from that exvected to follow the loss of nitrogen incident
.thereto. With rare excevtions we have not observed mass shifts of vpotassium
indevendent of nitrogen, which might be intervreted as alteration of intra-
cellular chemistry without lngs of protoplasm. Studies on cell equilibrium
with K42 indicate that there is a non-erchangeable fraction of votassium.in
red cells and that therefore this cell cannot be used for the calculation of
total body potassium, but that after 40 hours the motasesium in urine, muscle
and vlasma has reached eocuilibrium, Anr of these activity ratios may there-
fore be used for the calculation of K%; at eouilidrium and hence of the tdal
exchangeable X. K

A gimple bedside method of estimating urinary votassium b precivitation
as the verchlorate hars been develoved and i= being further studied.
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I. MATERIAL STUDIED

a. Ezgn&x:Ihggg_paﬁigngg have been studied b injections of K42,
vith subsecuent measurement of the renal excretion of X39 and K42, This
simnlest tynme of study has bebn termed the "Potassium Tolerance Test" and
orovides a measure of the state of votassium metabolism at the time of
the injection, '

. Five patients have had studies of nitrogen, votassium, sodium and
caloric balance carried out without isotome injection. This simple type
of belance exveriment wrs carried out wholly for the nmurwose of contrel
;nd develomment of collection technic.

c. Injections of K42 coincident with balance studles have been
carried out in gixteen vatients. These matients have been bdoth "nqrmal
controls®” and seriouslr 111 naéieﬁt;, including some who'wef; o 111 that
they died during the veriod of observation. The combination of balance

i

studies an® isotope injections mermit a more nearly commlete deniction of

e

" potassium metabolism than either one alone.

d, In_twentw-opne patiente, includfing sone of those mentioned ahove,

not pnly have comnlete balances been carried out with studv of the metabolism
of tracer doses of K42, but in addition the smecific activity (ggg) ratios
have been determined in tissnes and bodr fluids., The tissues have been
obtained at overation and have consisted of muscle, both smooth muscle and
striated muscle, liver, nancreas, bowel wall, stomach wall, and cancer tissue.
Tre bdod:- fluids studied have been urine and vlasma. Red cells have been

extensively studied relative to evchange of K42,
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1. LETHODS

1. Radloactivwitv Technics ' ‘ SRS
a, Emplo-ment of X%2 in human matients. Our work with K42 dates back

to the earlr goring of 1946 at which time K42 was obtalned from the cyclotron
at Massachusetts Institute of Mechnologr. This material was of relatively
low specific‘activity due to the unfavoradble "capture cross—sectién” of X as
compared with Na, Commencing in October 1946 we have obtained K42 from the
uranium pile at Oak Ridge, Tennessee,
The shioment and handling of this short-lived isotone have vrovided
.some interesting problems., The K42 is shinped to Boston by Air Express.u
Other workers who are emmloing short-lived isotoves(X42 has a half-life’ of
12.4 hours) should be aware of the fact that the Air Exvress service is not
aslyet wholl;ﬁreliéble for isotove transmort, The shinme#ts are occasion;ily'
lost in transit énd occasionally removed from vlanes without any giveﬂ rggson.'
Unon arrival in BostonAthis material is vrocessed by an isotovne pro-
ﬁké@ssing 1adorator: omerating commercially, The target is obtalned as a dry
vowder of FoCCz and for this reason self-absorntion is minimsl. For that
reason the isotome i1s at its most Fangerons state when it is first odbtained
in the drv confition., At this time it contains a total activitv of
avnroximatelr 30 me, 24 hours after removal from the mile. It should be
handled only b~ svecial mersonnel using swecial instruments and observing
snecial precautions. We have avoided unnecessary exvense bdy¥ haV1£g this
done in a laborator™ which was esnmeciallv constructed for such purposes.™*

According to methods developed there under our direction, the K 007 is

diluted in distil’ed water and brought to a »F of 7.0 b~ the addition of EC1.

*The total weight of the shivment nlus container is avwro-imately 140 pounds.

*¥7racerlab, 55 Oliver Street, Roston, Willisam 3arbour, Director.
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The so}ution ia then a mi~ture of ¥CY and ¥HCOz. The material is then
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diluted so that the oéfgééiﬁm‘ion.éOncentration is 120 mE]i and 1ai£ﬁiif'

condition it 13 drought to our ladoratories at the Massachusetts General
Hospital, Here it is further ¢iluted to a concentration of 60 mE/L, the ~
o is agaln checked and the material 1is auntoclaved. It is then injected
into adult human patients at a concentration of 60 mE/L, the total amount
injected never exceeding 7?5 cc. The total activity injected varies between
0.05 and 0.5 mc. Safety precautions taken in our 1abor§tory include the use
of rudbdber and lead linedﬁgloveé, the wearing of badges by all nﬁfsonnei;

storage of the concentrated 3sotone behind lead and the avoldance of versonnel

.eyvosure to any of the high activity solutions,*

b. Detection and measurement. After injection of the radicactive

material into the matient, s-mnles of »lood, urine, and tissue are taken at

—

anoronriate times, Thg evperiments have been planned with re}ation to
onerative vrocecures so that tissue is obtained at veriocds which will be of
simificance. . Urine 1s nrevared for activity measurement by simmle avapo=

ration in a small ashing caveule, The beta radiation of K4? is of 3

sufficient mean energy so that self-adsorntion effects are minimal if

. —_— [P S o b e gy m —

ordinary orecautions are taken with dbodr fluids. Plasmé is &ifficulgité
measure accurately after several half-liveg have elansed decause of the
low potassium content of nlasma, We have therefore seen fit to obtain
fairlr large amounts of nlasma(5 to 15 cec, at each samole), vrecivitate
the vrotein, and read the K42 on the vroteln-free filtrate. Red cell
activities are measured by lakine the cells with distilled water, vrecioi-

tating the protein, and meesuring the K42 on the vrotein-free filtrate.

* Early work with this Oak Ridge X42 ghowed that though mure Baker's Analrzed
K2COq 13 used es the starting material, there was a relatively long-lived
radio-contaminant oresent, Further investigation showed this to be ore-
civitatable with K as the verchlorate, and to have a half-life of amorovimately
21 dars. It is surmised that this is rubidium8€, half-1ife 19.5 dars. The
removal of all traces of rudbidium hefore exmosure of target X203 to neutrons
is stronaly urged,
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Ti2sues are measured by dry ‘ashing in a crucibla over an oven flamewat a

temnerature o£ 9nurqr}mately 6000C, The ashed sample is then distriduted
evenly in a porcelain aahing capsule dy the addit‘on of a small amount of
HC1l, Control expegiments have indicated the acéufacy and Henroducibility
of these methods. | -

The physical eauinment consists of a side wall deta ray counter
attached to a scaling circuit,® The background of this apnmaratus ranges
from 70 to 80 com. All of our samnleg are at least two to three times
background and the great majority of them are aﬂb;orimately tventy tinmes
background.

2. Correlative Plectrolvte Measurements. ‘ :

a. Kgg_ggglzggg. Vhenev;r a K42 determination has been carried out
a concomiténﬁrdetermination’6f K% 1n the same tissue or body fluid has
also been obtained. Without this data it is lmmossidle to commute the
svecific activity( é) ratios and for that reason the determinations of

~~v~a}§9 are fully. as 1ugprtant as the isotone data to the interpretation °£&
‘ results. The K39 determinations have been made by the cobaltinitrite
vrecivitation method of Fiske and Lilarczek,

b. 3alances. ZRalance studies have been carried out bv the customary
technics involving cuantitative coll-rtions of natients' urine and feces as
well as ouantitatlva measvrements of all intake of food, vparenteral fluid,
ete. In addition, drainage from omen wounds, or from gastrointestinal
fistulae or tubes has been measurerd and analvzed, Overative blood loss is
measuref., Sodium determinations have been carried out br the uranyl zine

acetate method of Butler and Tuthill, and nitroeen b+ Fjddahl determination.

* "Autoscaler"

N



3. tadble Isotone Tec . .
a, Dgg&ggigg_ﬁgagg_‘g_g& The detprmination of total bodyr water is an

3 'A‘

integral part of this program though 5til) in technological develorment
until recent weeks, The rationale for this technic has deen nrreviously
descrided.® At the time our initial work was darried out/ deuterium con=
centratioﬁ was determined by means of the gra#ient tube; This method,
however, was found to be variable and unreliable'uniess time-consuming
precautions were taken, TFor this reason a shift to the falling droo method
has been carried ocut.

The deuterium studies carried out to date under this contract have
consisted largely of designing and erecting this new apparatus, and for .
that reason onlr a few measurements ﬁave been carried out in vatlents.

A constant-temperature bath was constructed which emvnloyed a mercury
thermoregulator, electric heating, water cooling and high-vower stirring.
Initial expeiiﬁénts with this dath showed it to suffer from several faults,
chiefly lack of sufficlent depth, and Y;bratigggl The bathrgggwgygrgsgt%ﬁwr
douhled in denéh and the stirring motor attached to se-arate fivtures »
resulting in much more satisfactory omeration of the bath. The overall
temmerature variation however still amounted to aonroximately .01°C. This
was too larrse to mermit reorofucidle cdensitv readinzs and for that reason
methods were sought to limit this temverature variation. The final me thod
gselected was the simnlest, namely to build another small water bath within
the outer bath., This amounts in essence to an inner water jacket for the

falling drom tube, with a sevarate stirrine motor all nlaced inside the

larze(40 gallon) bath. ™his installatlion nroduces a "buffering effect” on

*SCIENCE, Vol. 104, 157, 1°46
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the temperature variation of the outer Yath and has bdeen found to e
extremely sggisfactory. Using the "bath within a dath" method the
o-fluorotglﬁb;; arongiug tudbe ;ai bs held tq temperature’variétions of
leas than .0019C for many hours at a time.

By these methods we have been adle to obtain linear results with
dilutions of deuterium in the range of .01 to 0,1 atom percent deuterium,
Tyis degree of accuracy will enable us'to determine total body water of

normal size adult patients byr the use of avnroximately 250 ce. of 50 wercent

Dg0. Two experiments in vatients have been carried ‘out and yielded

‘excellent checks, indicating that the method is now satisfactory for clinical

use. .
‘Expected release of deuterium from the Atomic Energv Commission may
make this method even more practical. .¥ith larger améuq;? of D0 availadble
it may be possidle to determine total body water with amounts of deuterium
which will give final dilutions of apnroximately 1.0 atom percent. This
welght of Dap will permit accg{gte‘anal"ses wit@(;grv simnlebﬂpggratupxgg§
is a method vhich can bealanted to almost any laboratorv, With the preaént

lack of availability of D20, however, ammaratus must be set un which is

canable of fine discrimination in order to determine total body water.

III, RSSULTS

a. Red cell potagsium content. As a first annrovimation it was

considered that the votassium content of the red cel) might vrovide a rough
barometer of intracellular votassium reserves in other bodw cells. Analyscs
of red cell notassium carried out on manr matients in various states of
realth or illness have indicated however that there is remarkabl- little

variation ir votassium content. Potassium tends to move with the hemoglobin
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rather than indenpndentll d we have obtained very little evidence that
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alteration° in red cell notassium reflect in any way the intracellular e
chemistry of other bYodv cells which differ from the red cells chiefly in
the presence of the nucleus and a mora heterogeneous nrotel# srstem.
Additlonal evidence relative to the rather meculiar state of votassium and
vrotein in the red cell is descrided below,

®. Zxchange dsta. After the injection of K42 studies of body flulds
and tissues have permitted the construction of evchange curves showing the
falling svecific activi;r of K42 in the extracellular fluid - plasma, &rine -
and the ris'ng specific activity of motassium in cells - red cell, muscle,
" liver, At anvroximately 40 hou}s a condition of ecuillidbrium has been obtained.
However it 1s of interest that the svecific activity of the potassium iq_the
red cells under these eouilidrium conditions is not eoual to that in u;i;e.
vlasma or muscle. We find, in other words, that approximately one-fifph of
the votassium in the red cell is not exchangeable with vlasma potassium.
One must conclude from this that a moiety of intracellular K in the red cell
is "bound" or non-polar and not erchangeabdle,

.)“

The ¥42 ratios(smecific activityr) of urine, vlasma, muscle and ‘other
v39
tissues showv consistant eouilidrium conditions at 40 hours. Prior to that
time there are variations in the curves which are of some theoretical interest

but which we are not as ret nremared to internret in detail. It therefore

Nfollovs tr~t if one is measuring the total bod:- evcbnngeable votassium by

dilution of x42' thp red ¢ell is not a satisfactor" cell in which to measure
the final %;s ratio. This is in contradiction to our oreviouslyr reported
findings. The total body votassium figures which result from muscle or

urine svecific activitw calculations are consideradbly lower than those
obtained when the red cell is used., Zxchange curves and total body potassium

figures are amnended to thls revort.

N - ———
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C. églggég;ggié;Aiﬁggq;;vé:ni;roggp;apd votassium balanceamaitgfﬁ§g{€i%él.,
onerations have nrevionslr heen revorted, Our nurnose relative to these
balance data may be described as falling under several heesdings, in addition
to the lmmnortant fact that theyr nrovide a dbackground sssential to the inter-
oretation of the isotove datat

1.) Studr of relation of N to X balance.

2.) Study of rel-tion of ¥a to K balance.

3.) Study of reversal of the I'-K negativity by theraoy.

4.) Study of evidence of disvrovortionate K loss,

The findings under these various categories may be driefly
summar ized. _ ,

l. We find there is a constant relation between nitrogen- and
votassium loss in most of the patients observed, This is in contrast to
data previously obtained in burned vatients, and to be revorted in the near
future.

2. While votassium balance 1s negetive, sodium balance is
nearly always wositive, This may be artefact resulting from the nature of
vresent-day surgical therany, While the vatient is taking nothing by mouth
he is frecuentlr being given intravenous injections containing sodium. VWere
he in normal health and confined to bed on this regime the result would be
a negative votassium and vositive sodium belance., Therefore one cannot draw

conclusions relative to ¥a-K shift across the cel) membrane from these data

-
-~ R _—

alone, Further studé in this‘area is nPces;éry bvefore drawing any concluslons.
3. Reversal of trese changes by theraov is in its earliest

stages in this stucr, We have vreferred to observe matients as treated at

present in this hosmital befere beeinning therapr with vpotassium or other

gsuhstances directed at cell nutrition.
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;s eTo . 417 A dieprovortionate loss of votassium in the early stages -

of 11llness following intestinal obstruction, neritonitis, “urns, etc. has
not been odserved, By "disvropvortionate' i3 meant a loss of potassium over
and above that to dbe 9red1cted on the dasis of the nitrogen logs. Arailn
further study is necessary before final conclusions can be drawn.

4, Potassium tolerange tegt. These simnle tests of the renal handling
of a single tracer dose of K42 have been carried out in enocugh pa&ients to
indicate several trends., When the excretion of K42 1s corrected for the

excretion of K39 a Temarkabdble constancy is obtained. This ratio ranges

in the general vicinity of 0.5 to 1.0 vercent of the administered dose of

¥42 per millieauivalent of ~otassium, This obtains over a wide range of
activities and votassium dosages, It 18 found in vetlients who are extreiely
111 as well as in vatients who are healthw, There are some minor devartures
from this trend in urinary excretion bdut in general ther are small.

The total excretion of the isotove as evoressed in percent of dose
excreted per hour varies widely. A patient suffering from Cushing's disecase
excreted 12 percent of the injected dose in the first twelve hours, aﬁ&
showed a remarkably lov total body votassium., Cther vatients who have been
chronically 111 and who might be thought of as demonstrating cellular
starvation have tended to excrete verv small amounts of the K%2(1 to 4
vercent of the injectdd dose) in their first twelve hours. As noted above
these isotome evcretiong are largelr conditioned by tnf total excretion of = ° -
potassium in the urine., UWe have therefore not found any indices of value
from the renal handling of single tracer doses of K42, that canrot equnally
well be determined by studying the X excretion in terms of milliecuivalents
per hour, Fowever we have established "norms" by the combined study of 42

and K39 which will nrovide a reference mnoint for future work, The normal
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- rate ‘of X excretion is 1-3 milliecuivalents ner hopr._AF;gureg“g;gateg £Sénn?;

this indicate excessive endogzenous or exogenous X in bYody fluilds. Figures
less than this indicate sn intake which 1s low in relation to the needs of the
organism.

e. Sualitative urinary vmotass determination. The rate of K excretion
in the urine becomes of significance when considered together with the intake.
A patient on a low-K(or nc-K) diet(as with present intravenous régimes)
ordinarily excretes small amounts of X in the urine. If a large K excretion
is present, a tissue-~destroying progess is taking place; contrariwlse a
patiené on normal X intalke who excretes little or no X is building tissue,

Present K methods are so cumbersome that a simple bedside K analysis
would be useful and we have found that wrecivitation of K as KC104 in ah
80 vercent alcoholic solution of urine provides a rough qualitative test
which may be useful. If no nrecinitate is grossly visidle Qhé'test indicgtes
a K content lower than 15 mE/L, A heavy wrecivitate indicates that X is
present in excess of 90 mf/L. Intermediate gradations may be read with

rough oualitative significance.

IV. SUMMARY

a. Th's is a broad vrogram which is still in nrogress; any extensive
sumaary is impossidble,

b. Studies on K¥2 ratios indicate that there is a non-exchangeable
fraction of potassium in the red cell; for this reason red cell svecifle
activity cannot be used as "indiecator" for calculation of total body
erchangeable K.

¢. Forty hours after the injection of K42 equilibrium has been obtained

Yetween muscle, plasma and urine.

(NS
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"4, “Patlents who are both well aid 111 dsmonstrate a remarkable™ ~— == -5~
constancy in the renal handling of K42,
" e. The rate of X33 excretion conditions the rate of K42 excretlon to
such an extent that the latter nrovides an imvortant index of the state of
K metabolism,
f. Cverall studies of nitrogen, votassium and sodium talance aras
essential to an adecuate intermretation of data resulting from thé us3 of XK%2,
-3 Ldborato}y technics for the measurement of deuterium concentration

br the fa2lling drop have been modified to suit the needs of our ladoratory.

A
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Zxvlanation of Table

Jrlumne 1 & 2t Identity and disease of vatient is descrided.

Golamn

¢olumn

31

41

The state of the patient at the time of measurement is descrided.
Many patients were systemically ia normal health and are indicated
ag Myell",

The tissue or dody fluild from which "Zauilidrium Specific Activity
X428 15 calculated,

39

Hours after injection at which these activitles were chserved,
Date of injection of 242,

Total exchangeabdle potassium in milliequivalents

(tetal K42 injected minus urine k42), :

equilidrium x423
¥X39

Body weight kilograms.

Total exchangeable K, milliequivalents per Kg
Plasma vblume by dye method.

Blood volume by dye method.

Jate dlood vglumes were measured,

Total exchangeabdle X, milliequivalents per cc of plasma volume,

Total exchangeable K, millieauivalents per cc of blood volume.
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- 8.0 SPECIFIC Agnvmr
K42 /K39
i RED GELLS
: AND
‘ 7.0} URINE
:! 16 PATIENTS
‘ o '
{ o 60
n [,2)
¢ x
~
N
3 <+ 5.0
i Xx
§ §4-° 64 URINE VALUES
) ; 5
- a 3.0
y [72]
H [t
4 4 s
i 520}
i 1.0 N * ] ¥
| ’ 38 RBG VALUES
1 A 1 [ L
20 40 60 8o 100
HOURS AFTER K42 INJEGTION
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Svecific activity of red cells and urine O to 80 hours after injection
of %42, In this figure and the two subseauent figures the svecific activity
of the red cell potassium is used as a reference against which the specific
activities of other fluids and tissues may be comvared. The absolute activi-
ties per unit potassium varr over a wide range devwending unon the original
activity of the K%2 and other factors. It is therefore esséntial to dse a
"reference value" so that the various experiments may be comvared with each
other. To do this the 40 hour specific activity of the red cell potassium
has been arbitrarily designated as 1.0 "unit" of radiocactivity per milli-
eouivalent of rotassium. All other values have then been adjusted accordingly.

In this chart 64 urine svecific activities are contrasted with 38 red
cell values on the same patients. The shaded area encloses BO% of the points
for urine specific activity,
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Snecific activity of red cell and plasma notassium, ‘This'c:harf: has

been drawn un as described in Figure 1,
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The svecific activity of plasma

apnears to reach and maintain a higher value than does the specific activity
of potassium within the red cell, in a fashion similar to that portrayed for

uarine in Figure 1,

Early plasma determinations between O and 20 hours are

necessary before it is vossidle to interpret the early portion of this curve.
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Figure 3 -

Specific activity of red cell and tissue potassium, This chart is
prevared as Figures 1 and 2. Again the votassium in tissues apnears :g
excﬁange with 42 ¢o a greater extent than does the votassium wi?hin e
red cell. The tissues shown in this chart are striated muscle with the
exceotion of two points around 40 hours which are cancer tiss9e, and which
do not show any striking deviation from the muscle determinations.
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X> - orf - Tt Tesk Order XIII
FIRST QUARTER wmm,mawl TABLE I - -

i

Diagnrsis Clir ~ 1 State Tissue  Hrygre Drte Total  Exch K ;Body Wt Total Ex¢h K ~qPlas Vnl Bloc: -1 te Total Zxcn r.geable-X
«Are Sex or after mEq Kg n2q/Xg i cc ce (Vols) m¥Eg/ce mEq/cc
YGH No, - Fluid Ingec ' N Pl.s Vol Bld Vol
1 2 — 3 Y Y 6 7 8 9 10 11 1o 13 14
AD 21 ¥  Cushing's £ d oost-op Urine a4 Wjou/ug ¥863 59.65 314 ;
493922 Disease Pre-op 2nd op Urine  18-35 6/1%/46 2575 65.18 39.5 i
. 15 4 post—op Urine - 3o 6/27/ub 1920 62,70 30.7 i
‘CDeB 31 M Cushing's  Pre-op Urine 24 4j2a/u6 1030 &.30 12.4
. 526033 Hyprtnsn
E? 50 7 Chr Ule "Very 111" Urine ~ 2% 5/ ¢f46 Tl 56,30 12.8 .
-~ 527743 Colitis - w
' “¥S56M  Chr Ul Fre—cp "Well" Urine ~ 24 5/ 2/u6 1770 65.30 27.1 £
297,62 Colitis 12 d poat-op Urine 25 5/16/46 4580 55.30 70.3 L
1B 26 U Infected "Well" Urins 2 5/ 2/u6 1580 i
528422 Hand
1
S5 5T M Fibro- Pre-op "Well" Urine 2u-35 5/ 7/46 3590 68.20 52.6 B
525565 Sarcoma .
¥B kg F Subphrenic 30 d post-op Urine 24 5/16/46 1560 64. 09 24 W.
21315 Abscess PVery 111"
i BE¥ 47 M  Gestric Ulc 10 d post-op Urine 22524 6/ 8/ub 3850 66. 00 58.3
Mmmmmu "ell® b
AV 23 M Apoendi- 6 4 post-op Urine 24 B/ &/ub 4230
$334C7 citis "Woll" ,
1B 32 F  Cushing's  Pre-op Urine 3042  6/14/46 1800 53.40 33.9 '
527071 Disease
JB 63}  Duod Ule 8 d pont-op Urine LI A PRI 1730 59.80 30.0
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‘Patient  Diagnosis . Clinical State Tissue Hours  Dete Totsl Bxch K Body Wt  Total ¥xch Plas Vel  Blood Vol  Date  Total ¥xcnangeavlelX
Age Sex - or aftar oEj Xg a¥q/Ke Jec ce (Vols) mEqfce mBy/ce
1.GH He, _Fluid Injec e . N = Flas Vol Bld Yol
1 Z 3 5 3 € 7 g q 10 11 12 13 JUN
SG 28 L Jejunal Pre—on "Yell¥ Kuscle b1 12/ 2050 54,00 56.8 . ;-
551209 Ulcer z i RS .
JE 17 1 Heisngiomu Pre-op THell® Luscle ko /e 1160 ! 75020 H.u.c 3
554157 Leg N
JG 46 ¥ Hyprtnsn "Yoll® Muscle o 12/ /"t n3n .
552535 ~
TB 65X  Chromic ?111° Urine ww M ANTAR 2040 62,00 -33.0 5
554960  'Cirrhosis - - Muscle . 4 “ i e
EG 38 M Trigem "Well" Urine 33 i/12fu7 20ko 56.05 36.4 *
316993 Yeuralgia Huscle 33 N B %
AR 63 F  Cancer 30 4 post-op Plasma E..._.mw 1/e4 /4 1430 muMuo ‘.._m 20.7 W '
555058 Breast "Yell" Urine  L4O&h1 o B
Y 26 ¥ Chronic Pre—op "WellX Urine 33460 Jjaujuy o L § 1 |
196155 PI Diseace Muscle 18 i '
Plasma 15859 kY] H,,w
25 s,
LS 45 F  Cholelith  Pre-op "mellw Urioe 36 yfanwy 1650 = 3 )
560038 Cholecyst tuscle ' 37 PN £
Plaspa Gmmm o ..\w oo W
¥6 76 ¥ Cancer  Intest Gbstr Muscle  £37  1/24/M7 ¢ 2GB0T1 . 6T
561043 Fectum 4 Pre~op "Il1M Plasma %37 - BRI 7 EH IS -
Proptate  Z Urine 358650 1/2kfby 2150~ 6
. . 5 nm.w..u. s ) N 5.
D351 Dued Ule  Pre-ep "L  Urine 17833 2/ 7/47 , 2540% 7080 610 2/ 5/47  1.18 0-637
55954y . Plasma + 18 AT .%N
Muscle 19 PR ;
£5 55 F Acute Hem fYery 111" Urine um.wu o/ \\#«Mw‘.‘r %@WM» m 3830 ef s/w1 0.454 0.273
561643 Pancreati.ta * RSERSLY- U F
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LGH .ioe Flud _ Jogee- . o
T 2 3 n & B L 8 9 10 il
1 43 F Cancer Intest Qbstr Urire 29 o) Tiwy 1548 5b.30 27.4
51846 Siegmotd Pre-cp "111"
Gz 71 4 Cancer Intest Obstr _ Urine 35 ) rug 16u 52.00 24.2
249763 Hepat Flex Pre-op "I1i7 ° i.scle M a, !
J270 Y Cancer Maloourished  Urine  %2a80 3 drup - b 47,70 35.7 2430 0 3/
564131 Pancreas £ N
Stomach S T i
oh e
ESEP 36 M Chr Lung "Yery 111" Uiine 2780 3 747 can 29.80 31.9 1560 3400
564836 Sepsia T e T ;
- L4 . X
EC 77T F  Cancer Intest QObstr Kascle L 3f13/%r 1510 52.00 20,5 & 2040 3740 3184748
56k4g6h Rectum Pre-op Urine EI3 v Gyt Wl
Sigmoid i ! o &
Plasma #2855 , . : o
10 4 post-op Urine  32-79 W) ¢/47 un 55.%0 S 21,3, 2k 4020
Plusma 166" : ’ ,m. *
24 4 post-op Urine 2455 Lf1e/ky 121 59.80 23.3 2130 4230
Plasma 17
ABTJOF  Cancer 14 @ post-op Muscle 2L 3feorly sL7e 53.30 28,8 - 1770 3360
56bg13 Rectum ~¥irst Stage , Uterus 21 #
. Plasma  13-65 : 3
: Urine 30-65 , B
MB 77 ¥  Gellstone  JYmmediate Plaama  W2sE4 4/ 2/47 996 12,70 13.6 & .
F3191 Ileus Poat-op Urine  31-74 - :
Perf lleum 't a
< - : e .
PK 16 F  Scalene Pre—op "Well®  Plasma U43ab5 U4/ 3/N7 1750 65.00 210 ¥ e
05812 Anticus ’ Gy % SeIng
’ N
SG 39 M Duod Wle¢ . Pre-op "Well” Urine 2fF 3/ K oV 58450 308
508872 e g . . o - ! u3k0
.S ¥y § Cusnihg's %Wuaav, aeatop rr bo M uokink 1295 180 19.6 210 k
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