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There is much .about tfie metaþolism of v¡ater and,

$alt that is still a ma.tter of' speculåt:Lon" I¡r recent ye.arri

Ínvestigation has suggested th¿¿t the ,adrenål gl.anits ha.ve a

profound effect on th.e retentíon of sodÍum chloride. The

n''ork of .Loeb and Uutler in particular, suggeststhat adrenal

furnction ¡rright possibly be measured. 'by cnanges in sal-'b meta-

bolism. They state tenùatÍvely, thrat in a norrnal- person orr a

salt free cliet tire urine chlorfdes should f,a].]- to a concentro.-

tion of Less than 125 milligrams per 100 c,co in t"ne course

oT .a t"ew claysr.and that in deflnite ¿daisonls disease tire

chlorides remaj-n higner than ÊÍ15 milligrams per 1ûO c.c,

They feel that figures þetr¡¡een 125 and å?'5 are of doubtful

signific,ance" Cutler, et aI, have set up a routine procedu::e,

which wil-l þe descrlþed fater, by v¡hich it ís hoped tha.t

e¿ìses of adrenal lnsufficiency can 'be iclentlf"ied.

The investigation presented here was undertalcen to

determine the value of the Cutl-er pt'ocedure.

The es'bablÍshinent of sucft a test would. þe ot' great

value sin'ce tire d.iagnosis of ¡,ddisonts disease on present

críteria is i.rnpossible excepb when it is fa.r advanced " There

.åre ïto speclf ic ,signs or symptoms o ¿r.sthgni.a Ís coinmon in .a

great number of other cond-itions especially in functional-

d.iseases i even ergographÍc record.s help very J.ittle to de-

termine its origin. Fyp_ote.Êg:þn is for¡nd ln normal people

''l+5+
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and is .also associ,ated with many organic ciisorcLers unrel-atecl

Ëo the ¿rdrenal.s, PigmCrrlg!¿s& when vrell-marlred is the only

convincing objective findiilg an.d in its early stages there

is alvrays room f"or d-ouþt" ffiinor grades of loealised pignrenta-

tion especially ,apout the forehead ,are coinmon ln healthy

people " Pignrentation of mueous memþranes has been so-ici to be

pathognomonic. This is pro"balrly true in people whose írone-

diate ancestors were all vrhite; in üho.so ivith any ad.mixture

of Indian, IVegro or 1V{ongo1j,an blood it is no'b true" Patients

with part Incilan blood very freguently show definite pig*

mented- spots ahout the lips and. mouth lvlrich ,are identical" to

those founci. in ¿.ddisonrs d.ise¡ase. Jls a result of these

cl-inic.al difficulti"es adrenal f.ailure carÌ never be d.i-agnosed

cl-inic:ally r.rntil it is far advancedn In addition to all thts,
gross d-estruction of .adrenal tlssue has been fou¡rc1 on autopsy

Ín patíents who had no suggestive signs or symptoms during

l-ife. From the foregoing it is evident that a dependaþle

she¡nical test woulcl be of great pr'actical value.

HIÞ.I0RIüAI

nsome of the main cliscoveries leading to the present

problem 'are fndicated below:

1" In 1849 the adrenal glands first asswned clJ-nical
1

and pathological significance. fn that yeårr lLddison 1n .an .

adctress to the Lonclon }¡leclical society said:
¡rIt s,¡i.11 hardly be d-isputed th¿t 'at the

present moment the functions of the supr'a-rerial
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ûap,sufss, and the lnfluence they exercise in the
gener,al econony, are almost or altogebher unlcnowrl.

The Large supply of blood, which they receive fron
three separafe sourcesi thelr numerous neryes, de-

rÍved fuunediately from the sernl-lrxrar ganglla and.

solar plexus; theÍ.r early developnent in tile foetus;
thelr r:nimpaired integrity to the }atest period of

l-ife; "a.nd their peculiar gtrand-lfke structure - all
points to the performance of some important office:
nevertheless, beyond a.n 1ll-defined ímpression,

founded on .a consLder.ation of their ultimate oîgan-

iz,ation, that, in conmon r¡iith the spleen, thymus

.and thyroid body, they in some wû.y or other mj.nister

to the elabor,ation of the blood, ï am noU ay,,are that
.any mociern authority has ventured. to asslgn to them

.any specÍa.l function or lnfluence whatevere rt

3 " Nothing of cllnicaf importance lr.as added to the
k

lenowled-ge of the d.isease until Ðr" /!. L" lvluirhead puþ-

J-1shed tire result of tire treatment of hls orrn c¿lse 1n 1g?1,

with epinephrine hy va.rious routes a.nd clessic.ated cortex by

¡ttouth. This itethod prod-uced. iiaprovement 1n some ease.s but

Ìuas too expensive and. elabor.ate to be of generral useo

8" The subject of aclrenocortical lnsufficiency vras

greatry elucidated bJr,the crassical contribution of Robert
rJ

Loeþ, et al., in 1955. Thrydescribed clearly the changes
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in þalance of electrolytes 1n the blood of pa'bients ttith
tiddissn¡s disease and in the blood and urine of .a.d-ren¿¿l-

ectomiøed d.ogs. The major disturbance of the m1.neral meta-

bo}1sm, in patients vrith severe adrenal insufficlency, was

shorun to be ln the balance of sod.lu.m 'and chlorid.e ions. An

lncreasecl excretion of these ions occurred in the urÍne to*

gether vrith .a decreased concentration in the blood" The

loss of sodium ion usually exceed.ed t'Ïrat of chlorj.d.e"
4

In 19õ5 he reported 'bhat the sodii::n concentration

ín the bLood l",s not an infalfiþle criterlon of the presence

of adrenal- lnsr-fficíency¡ ås low v.alues have been found in
a few crítically ill patients rvithout struetur.al changes in
the adrenill gland s.

5
4n In 19õ8, H" ÍI" Cutlero et al-, undertook to de-

termine -whether the r-ate of excretion of sod.iulr ,and chloride

on ;a salt free cliet uright serve ,as .a d.iagno;stic lndex of

ad.renal lnsufficiency, They conclucled^ tÌrat the chloride

eoncentr.ation in the urine on the morning of the thÍ.rd day

was d,l,agnostically more slgnlffcant than the volwre of

uriner or changes in çoncentration of sod.lumo chloride or

potasslrrm in the blood or changes in concentr,ation of sodiu¡t

or potas.sL¡"n 1n the urine.
lrlf the corrcentr.ation of chloride in this

specimen of urLne exceeds 285 mgo pêr cent.,

,lLddisonts dÍsea;se or .adrenal insufficlency is
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strongly suggested., if it is less than 1Ê5 mg" per

cent., adrenal insufficiency is made ur:líkely,rr
cutLer suggest,s that these limits may not be accur.ate ancL

that rnere prolonged periocis of observation on salt free diet
ntay alter the,se standard.s of normal-, The present investiga-
tion was u¡.dertalren to test tÌre reliability of the urine
<¡hlorid.es as .a rneasure of the efficiency of the ad.rerral

gl.and"

}/IATERI4,Lt

ït lua,s considered. that the most promising fiel-d
for investigation vre,s .afirong tuberculous patients, becteuse

it rvas tnought ttxat possibly some borderl-1ne or subclinical
c,ases of Ad.cllsonls disease and also :sÕme established c¿lses

ruight þe found; it was hoped that clinic.al signs end synrptoms

and. possibly pathologicar findings could. be correrated vrith

the cl:loride output" Accorclingly, two hund.r"å ,oburculous

patients und-er treatment in ,sanatorium have been studied"

For rrarious reasons (mostly because of fallure to .ad.here to

instructions) rnany test,s nrere dlscarded" The fÍnal group

conslsted of one hund.red ,and. thirty-six individuals, some

of i¡¡hoiu were te,gted more than once o

,A.s controls, nine €.pparently norrnal lndividuals
were used, The.se lncluded four lnternes .and. five nurses,

They were selected as lilcely being perfectly healthy 1n a.11

respects. and with no symptoms or signs suggesting tubercul-

ous or ,adrenaL dise.ase,
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rFCr{ulaJæ

The detalls of the test were .as proBosed by cutler,
descri-bed bel-ow* The only mod.Ífic,ation was that much less
potassium citr.ate w,as given" In the maJorfty of c,ases the
perioci. of examination vras f ifty-two hours " on the d.ay pre-
ced.lng the first de.y of the examination ,any d.rugs con-bafning
.salt were dÍscontinued.

I,J-R$T-.DAY" Fatients were pìrt on"a diet rvhich i-s

estiroated. to conl,ain 0"g5 gm" of chloride lonr 0"5g gm. of
sodiun,and 4,1 gm" of potassium. The flr¿id inbake of the
fir'st day rr,r'as not restricted .and free d,rinking of y¿ater çi,a.s

encorr'aged ' Tn the afternoon extra .ootassii;n rrras given, a.s

potassiurn citr,ate, (0"0õõ gm. of po'i;assj-um citr,ate for each

kllogr,am of body weight) " .All urine passed d.uring the day

was collected and measured .and. the tnenty*four hour specimen

examined 
"

ËECOlilU_Ð,AY" The diet was the same, 'but 40 coc, of
fluld for ee.ch kílogr.am of bocly çueJ"ght was given, The sarne

dose of potassÍr¡n cltnate was gÍven in th.e morning o Two

twel-ve-hollr specimens of urine ri¡ere collected., (e,oo â"nJ.. to
8"00 F.IB.r,and 8"00 pcil., to 8"00,&"rnor of the thlrd morning)"

T}ITRD DITY . The dfet u'as the .så.me but p0 Çoc, of
fluid per kilogr,anr of body weight were ,ad.ministered. before
11"00 'â'iî." urine i¡¡,as collected frc¡rn 8"00 ,å.ïrlo to 12"00 noon.
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ïn soi-ne cåses the perlod of exa.mination v¡as ex-

tended to one hundred and twenty-four hours in order to as*

certaÍn whether longer periods of salt deprivation wc¡ul-d.

give add-itional- or more valu¿rble evide¡ice" A close of potass-

iunr citrate (O,Off gms. per kilogram) w¿r.s given every day

except the rast fn .a11 cases " Fl-uid. intake vr¿rs not con-

trslled untll the l-ast two days ivhen it u¡as glven as d.e*

scri-bed und.er rrgsçsnf,rl ,and. tthlrd.rr day aÞove, Tvrenty-four

hour specimens of urine nere collectecl on ttie first, ,$ecorld¡

tirird ,and f ourth day of the te.st " 0n ttre fifth day two

tr,relve-holrr speclmens vr/ere collected. and. on the sixth day

urine ir¡as collected. for four hours from B,O0 åntTt. to ].?"00

,à.K!,

Each sa.mpJ-e of urine in all cases iras examined.

quantltatlvely for sodium chloride by the method of Volhard-

,and ttarvey. Thi-s has been expressed in the graphs ¿nc1 taþ}es
.as chlorldes per 100 c.c. of urine"

IIESUr{U3

The controls .and the patients tvere divid.ed into
the following groups;

1o Four normal controls were subjected to a fifty-
two hour i;est. (Group A.)

2" Flve normal conÈrols were glven a oT.te hundred arid.

tvrenty-four hor-tr test. (Group B.)

3, 1111 patients had a preliminary f if ty-two hour 't:est.

One hur,:.clred. and thirty-síx ín alJ.. (Group C,)
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4o *- grou.p of six patients -rÍho ureire ,among the highest
in the tuberculous grol-lp lrere re-testerl for ,a ¡rerfod. of one

hr.mdred and twen'by-four hours, (Group D,)

NoP,Iil/rt c0NTRgi,s_- GROUP- 4s

The compl_ebe re.sults are siromr Ín frppendix A;

the ,average is ind.icated. in Gr.aph No. 1,

ït will- be seen that the aver.age figure fal_ls
weLl beloi¡¡ 100 mlll-igrans v¡ithln thirty-six hours i at
forty-eight hours three indivlduals and tl:e aver,age are

below 10û and after flfty-two hours ,all inclividuals ,are

below 55, the .average ^being 5g mllligrams Ber lO0 c.c,
The rather r,apid feil-l i:r ttre fina]. fq:ur hours is no cj.ou'bt

d.ue to dilution resulting froia the l,arge fluicl int¿ke pre-
.scribed in the standard testo

NOrrLLrL c0JrIBOå$, -- g_BOuP B"_

Graph No, 2 shows the urine chlorid.e concentratlons

and the mea.n of five nurses (norma.l controls) on .a hundred.

.and. twenty-four hour diet. (Complete flgures €.ppear in
.,+.ppendix A. ) Thi.s s]'rows that the :aver.å.ge concentration at
the end of the test (when fluid is forced) I,s comparable to
tll¿t found in Group.a., rw'ho were on the sbandard test. (nirty-
tv,to hours") This suggests that prolongation of the test þe-

yond fifty-two hours h¿¿s mad-e very fittle c1ífference 1n the

final result 1n these norr,rals" rt will be shou¡n l.ater that

bhis d.oes not apply to borderline raseso These fÍgures sholv
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that by Cutlerts stand.ard testr or a more prolongecl test,
the clr.l-orÍd.e conçen.br,ation ln these nornal peopJ-e 'becomes

less tlran 100 mílligr.ams per l-00 c oc 
"

Erl[pltrqËlu B&T,I$Nrs*

Tuberculous Patienüs. (Group C.) Graph }lo" 5

sirows the average for one hundred .ænd twenty-sfur patients

vuho were examÍned" f or f ifty-two hours, The shacled area indi-
eates the ¡naxialrlm spread. betlrreen high .and low figures at

each period, It will be seen that the .average comes dov.rn

to 4?- milligrams per 100 c,c. .at the end of the test, and

that the gener.al. form of the curve is the sanre as found- in
normal c¿:Lses (Graph No. 1.) Even tlre outside figures do

not suggest an impairment of ad.renal function according to

Cutlerrs stand,ard.s" (Oetatls for each cåise are given ln
J\ppendJ.rc B. i

Cfinical examination of .a]-I these càses sllolred

only one c.åse in ivhich A.ddisonls disea.se might be seriously

consi<i.ered.. This man, Non 3066, (lvho had no native "Þlood)

showed. definite abnormal pigrnenfation even on mucous mem*

þr.anes of the lips ,and. cheeks ¡ and marlced weakness; his
'blood pressure, ho'l,rever, ran between 125rl85 and JAA/BA, .anð'

tlre urine chloride values were 160r '15, 41 and ?9 m1ll1gra-ms

per 100 c"c, This tnants genera.l ,appear,ance anci. d.eportmen'b

clid not sqggest the ,asthenia of ./.tddisonls disease; his u'eak-

ness might be accounted for by the fact that þesides pul-

monary tuþerculosis he had. active rheumatoid .arthrltÍs and.

pulmonary eruphysema ,and. shou¡ed definite senÍLe changes

1.
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(aged 64). He had not noticecl any recent change 1n the color
of 'lris skin having always been Lncfined to be d-ark with
pigmented spots here ,and there, The pignrer:tation of the

ÌBL[coLr,s memþrane m&y possibly lt,ave 'þeen due .bo admíxture of
eastern 'þlood, since he was a Roumanian Jev,¡. rt is likely
that ín tiris case the urine chlorld.es are to l¡e clepended

upon in elimlnating the possibility of adrenal disease"

Ulany other Cases in thls group, ils iril.l- þe seen

in rc.tppendix B, had .some pigrnentation, hypo'bension and weak-

ness" very few had tlrese signs so well marked as to give

a strorrg clinical- suggestion of true J\ddisonrs d,isease.

The cLloride findings 1n all Gases ruere ¡ulthin normal llmits
and no co-relatlon couli. þe seen betrveen these minor signs

and urinary chlorid.e,s,

Though no patlent 1n thls group showed figures
outside of ç¡h¿rt is arþitrarlly regarded. as normal, it was

considered of value to checlc six of the higher c,a,ses (Group

D) with the more prolonged. test. GraBh No. 4 shor^¡s a

comparison of the ].ong a.nd the short test in these ca.ses,

Tt is seerr that prolongation of the test makes ,a very

d.efinite d.ifference ln the final figure and 'brings it
vr¡lthin normal límlts (average 5g.16).

Graph No" b ,shows ttits same group compared vrith

five nornal controls on,â long test, Both groups converge

to the same low level .at the end of one hur¡dred and tv,renty*

four hours, But throughout the earller part of the test
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the tuþerculous Gä.ses remerin hlgher tiran tne norruals, This

trag is not any greater than what is sometirnes found in
app-arently norma-L case,s, In or.lr present state of trcnorvledge

it utust be regard.ed .as nor¡naL though there is a possi'bility
that it utay represent some .adrenal deficiency. l'urther

tests and. the ultiniate cLinical outcome 1n this group may

serve to clarify the mattere

Up to date three cases have come to autopsy"

They had. ,all sholrn normal- urlnary concentratj-on of chlorlde
.and the ,adrenal glands were normal on gross ¿¿nd. ¡-nicroscopic

examinationn

2" Flguris;f-¡¡j¡bh E€flls":toriå Early in tire investÍga*

tÍon, it ¡vas foun<l that patfents who had. pleurisy v'¡ith

effusion as lihe primary dÍsease or as a compli-*ation shov¡eci.

results which were íncJ.lned to be high, For this reason

,a separ,ate grotlp r?as made of those cases ln vrhich pleurisy

with effusion vras corlsi-d.ered to 'be activen These case$

are not inctud.ed in the tubercul-ous grorlp, (Group C), The

individ.r:aL f,indings in these eight cases .are shoiqrn in
Table ].
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TSJ3LE 1"

l{o -
Onset of
Pleurlsv

Date of
Test

Urine Chlorides in
Mgms" per 100 c,c,

24 Ïlrs ^ 36 l{rs . 48 llr,s . 5?, }Irs -

?,O'12 Dec. 19õ9

1962 June 1959

*S "B o H.,Sept 
" 
19õ9

1954 June 19ã9

2068 Dec " 19õ9

e01? July i"9õ9

1919 n{arch,1959

åOõ1 July ]9ö9

Dec. 19õ9

Sept "19õ9
Oct" 19õ9

Jan, 1940

Jarr" 1940

Nov, 19õ9

Jan. L940

Nov. 19õ9

P18

199

a50

l.2'6

266

¿b7

rzñn
cJf¿ I

108

1A1

1õB

l-ã1

65

86

97

L4:3

-ð9

10a

1å1

48

109

B1

ô6)

102

8.7
aJ 

")

Ll¿4

10?

TL4

DO

156

61

'-'.3

Graph ltlo, 6 sholr¡s a. oomparison of the pleurisy eases

with ihe tuberçulous c.ases. The strilcing contr,ast i.s 1n the

lr¡"st figure; vslth the j.ncrea"se in fluid intalce during the

fast four hours tire concentr.atlon of chlorides in the urine

unexpectedly goes up in the pleunal c,ases; this is in strik-
ing contrast to the norrnal and to the pulmonary cases. The

final concentr,ation in the tuberculous group is 4t milligräns

per 100 c,c" ancl tha"t in the;:l,-eurisy grÕup is lOB m1ll-igrams"

This final- rise ln concentra-tj-on taices pJ-ace fn five of tile
'eight pleurisy c"?ses, A siinllar rise is for¡^ncl fn only eigh'b

of the 186 pulmonary tå¿s€,s, In going into the history a,nd

find.ings of these eight pulmonary cases, it is founo that

seven of them ,are having pneurnothor.ax treatiuent and that

six of these had- pleural- fluid at tkre time of the test,

ancl the other one irad gross pleur.al ,adhesions. The eighth
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case håls had .a recent pleural effusion cornplicating pul-
inrnary tu'þerculosis 

"

Ttri"s f,ailure to dÍlute chlorides ,seems tr: be

peculiar to pleirral c¿rses, There is no goocl reason to
'a,ssociate i'b with 'adrenal- insuffieieniy on clinical ground.s,

It is nore likeJ-y ,associated. lvith distort,ion of lyater

metaþolisrs wnich may be central Ín origin. (FossibJ-y

pituitary). lt is wel.l knorvn to cl-inicians that pl-eurisy
.at some stage is frequenily associated ro¡ith polyuria ancl

sometime.s evei? with diabetes insipidurs " No satisfactory
explanation for this h.as been encorxrtered 1n the ]Íteratüre ,

ït is posslþl-e that when the bLood chl.orj-des tend to þecome

low the organism may be able 1"o draw on the salt in tÌre

p1eur,a1 effusion" No inf'orma'bion a.s to the clrloride cCIrr-

tent of these effusions can þe for:nd " Research in con"-

nection with this plr.ase of the pro"blem vrrill be continued,

3. C,as,es___iuith 1¡]þ11 ,A.glvang_e_{ ,Ad.dl"Þqnt,L Diseass 
"

Two cases of classlc,al .Adai,sonts disease have

been under oþservation in the past year, Boiir c.affie in a

condibion of crisis ,arrd h¿ve never been lsell enough to

tolenate tlre standard test. Flach of tlrese exereted. very

nigh concentrations of chloride. Qne was put on å salt
free diet, but in the cÐurse of .a few hours his conclltion

bec,ame so .serious that intr.avenous salt and cortin had to

0e administered. The o'bkrer v¡as put on a modif ied" diet.
The result of which vrill- be d-escribeci L¿rter.
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4. Ctlticlsnr o{_Test."

The great pr.actical difficulty .about the test ts
that l-t i,s too severe tc, be,app].ied to very.siclc pa-tients.
rt is unpleasant, oven for a healthy person, to subsist orx

a ,sal-t free diet and for those who have .anorexi"Ð. or ne,useå

it ís qulte impr.acticaL" Tn cåì.ses of +rddisonrs d.Ísease Ít
i's ¡nos'ù devasüating.ancl haz.ard"ous, .,A.lso the nrethocl is un-
neces'saril¡r sr*tl-ex and confusing, Besides salt cleprÍvatir:n.
the patient is given abnornal quantities of potassiun and

also a very trarge qua.ntity of lyater in the final f c_rur ho$rs 
"

Either or both of these may confuse the issue. rn ord.er to
confine the investigation to sodirxs chroride alone, and to
mal¡e J.t more generally ,apBlicabl-e by reciucing its ri-gor,s

'and dangers the follolvi.ng test I:¿s been lnstituted,
The patient is pllt oït àÌ sa.lt free cliet but in a.clclition

is given two graris of socliurn chlorLde to be used e,ach day

a.s d.esired, This quantity of ,salt n¡as cirosen þecause it
'ä.Bpears to approximate the basal reç¡uírement, as was sirov¿n

b
by Falconer ,and Lyall. fn noriäal controls on a salt free
diet tire daily output of sod.ium chloride f,alls to.aþout this
level in t;re cou.Tse of the test å.írdr. can þe ma_i-ntained. at
ttrat level- by f,eeding ,an aver,age at z gr:ams. Tfie .adrtition

of even thLs sruall quantity of salt renders the diet mu.ch

more 'accepta.ble to patients,
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lso adcliti.onal potassium is given because it is not

elear that ft is neceÍisary to the efffci.ency of the test, but
it ls certatn that it íncre,ases the hazard. for those who may

be on the verge of an adrenal crisis"
5. Fluid is allolved rrad. liþid"u¡nw, TT¡r"s reruoves the

confusion created by abnormal clilutiofi, " Fluici inbake ,and out-
put is carefully mea.sured"

4o chloride output is measured in mgm. per 100 c"c.
of the urine ,and also in ngm. of socj.iu.rn chrorid.e in each

turenty*four hours.

ïable I below shov¿s th.e resulb of a test in the
case of well .adv,aneed "Addisonls dlsease compared. to a normal

per'sol'Lo The patient had been taking an ord-ínary diet with no

extra salt.ancl w,as showing some evid.ence of .an lmpendíng cri.sis,
Each of these subJects was all-owed fluid.s as d.esired.

There is .a very striking contrast in the .amount talcen. The

patient took J-ess than a third. of the quantity taken by the

control" The concen'cr.ation of sodium chLoride in the urine
was from th.ree to four times as great in the patient; þut be-

c.ause of the disparity in output the 'botal. quantity of soeliu¡n

ch].oride excreted lvas actually less in the pa.tÍent. It appe,ars

thåt the patient conserved her chlorides by refraining from

f l-uÍds 
"

By frerther experience with this test it is hoped

that ,a simple ;arid clependable te,st may be evolvecl"
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TJiFtE_ â..

cl. Natl.
Orrt t l,fsml1nC) ß -c - lÍlqm /9.4 Hrs - Ðiet

0 300 cucn

I 540 c,c n pgO e "c,

2, 600 c*c" 600 cocn 33A

õ 500 cnc, 360 c.ç. í"46

4 l5lìÔ n r¡ QAf-ì n ^ Ðál.r)v v€e9 uvv vov, tuvl

1 2õP0 GnG. 2g4O c"cn

P 1840 c"cn Ð100 G"Gn

õ 1"840 ÇnG" 4800 c"c"

4'¿?,8O coco Ê?00 c,cn

Ordi¡¡¿¡y diet,
Salt free plus
2 grarus NaCl.

Salt free plus
* gr,ams NaCl-.

Salt free plus
P grams ïtlaCJ."

^-l 
¡ J !

\.iJ'. rrJ.rl¿rJy ClJ-eï
pJ-us 900 c,c, of
5% glucose in
normal sa].ine"

560

2 É. f-,
ù.J I

l-764

a694

3''40

t447

4L86

COI\TTRO],.

115

T3

56

?6

5452 ,Salt free Blus
A grams l{aCl"

35P0 Salt free plus
2 grams l'traCl-.

20P,4 S ,alt free plus
2 graus NaCl"

6348 Ordinary diet.
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sUlii&rRX

l-" llsbiin¿-rtion 'of urine chlorides accorcling to tire
cutler plan, in ni"ne rior.rr.rl people sho¡¡¡s that they al]
fall lvi'Lnin his starrdards of normal,

2. The test on oïle hunclrecl and tvrenty_,six tuberculou-s
paiients ilisclosed. no eviclence of adrena.l insu^fficÍency;
tnis corresponded v¿ith cr-j-nical findings in tirese c.?.se€iô

6" some üases of pleurisy r,uith effusion and some

cåses wi'bh hydro-pnerrmothor,ax shov¿ed an unexplained. con-
centration of urÍnary chlorfcie ln the Last four Ìrours of ure
tes'b, which is llkely not due to adrena-l- disorci.er"

4. The s'uandard test 1s too rigorous for applicatíon.
to those who .are seriously ill.

5. ¿.t modified test i,s suggested and li¡ill_ be furtìrer"
i.nves'bigated.,
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ITC KNO],¡í I,E D G ii[þJ I{ T S

The work r¡¡as clone lvhile f was employecl a,s å

beaching fell-ow in tne De+partruent of ll[edieine of the

tJniversity of l,Íanitoba u

I wish to tÌran-lc Frofessor Jo D, .Adaruson, under

whose supervisj-on tile lnvestig.ation l,,ras condLlcted, for
for much advj-ce a,nd help 'bhroughout"

I i,vÍsÌr also to aeiitlowleclge my inri-eþteclness 'bo

the Sisters of Ch.arity of St" i:loniface t;anatoriunr ¿.ncl

St. l3onifaee Ëiospi'bal for Ìraving provtded tire rnaterial

a¡rd labor.atory facil-ities for ttris worko

It has been a niatter of conslrler.aþle labour

forbh.e staff iir ti.Le diet ki"tchen and the nursing sta.ff;

their co-oper€Ltion j-s muufr appreciated.

The interest shovn 'by tÌte ¡neinbers of the

rned-ical staff at St. BonÍface Sana.torium ;ind St. Bonlface
j;los;oltal wås e soLirce of great encollr,agement to me, and

ï rsish to thanlc especially, iriliss Vi.etoria ClrarnecKi for
teehnj-c,al as sis talfc e o
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l-. A coll-ection of t.ire publislied vrritÍng of the

trate Tiromas ,Ét<i.dison, Londorr, The i'iew flyclenh¿rm $ocietyt

l-868, ,239 PP.

2" jlilulrhe'acl, JL" L": -An autograph history of a cð"se

of .l\dci.isonls disease o I

J" ,/!m. li{. .ass* t L93,L, ?6¡ 652'

õ. T,oeb, R" F., lltchiey, D, 'uïe ¡ Benerlictr E. iU" and'

Leland., Jessic,a

Electrolyte balance stuclies in ad-renalectoruiøed dogs with

particulalr rei'erence tq: the excretion of sooir.¡n. Jotlr.

filxper, Ii,'ï.ecl. t9õ5, 5? i ??5 
"

4. Loeb, R. Ir., .lì'tchley¡ Þ. W", and Stahl, Ju-les:

J. ¡*m. iú" iL,ss", 1955, lO4 I "¿L4g.

5. Uutler, Fi, iLn, Porn¡er, M' -hI. anct lTil-der, R" M.:

Concentr¿rtions of chlorid.e, soclium ¿ìnd potåssium in

urj-ne and 'þloocl; J, .$r¡n" l¡il" Ass', 19ö81 li-tl 1l?"

6n Falcor.lerr Ïu{o A.,r ancl Lyal1-, A.:

The requireaen-ts of soclirun ehloride"

British lvleclica-l- Journal Lgb'l , L2! 116 
"
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,apPENDïILJi"-

Group A.

No- Sex ,Ase :¿4 \1v. i¿'? T-Ir - 48 Hr. 5e i{r.

i..

13.

c.

E

M,

F.

lji,

a)Ìz
ta,\)

Ç1.2tl a)

ñE
É.¿.)

t) î¿
(¿e)D.

õ89. Ð6

't394.Lç)

384.37

369.S0

83,1J+

g5 
"69

95,0õ

fPg.?5

85.69

g4 
"46

55.86

:ó6.',lz

51"Bõ

'ô4.'È?

Group B"

24 I-Ir . 48 Hr, ?2 Hr. 96 Hr,

E.

l-.

G"

H.

I.

Fn

-ö'.

F.

F.

Er

19

"(,ë

19

clÆ
Érv

e0

i-L}.5+
a r a E^IT.L . Öì'

440.68

(lEO ÕQ
ãs¿\) t fs\)

7-9{},78

L5+.7J4

t21 (r^
UJ. sßlU

¿151.35

lI? .51

l49,7u4

68.55
tzr: ryf)
c,¡\J e I {i

I?7 .'óL

()Õ A1(J& c W-L

100.õB

9',1 "93
'/--l çà'7^V&.VU

1l-8. ?4

A O Õr:
ALL) ¡ ìf L.)

'7ä "45

Key to abbreviaiions
on page õ6.
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108 Ïir, 130 Hr. 1Íì4 Hr "

90 .58
6) a\ rz t)
Éì7 o tJ(J

65.65

4L.62

55.86

"¿4 "48

44 "07

4¿.8[r

?9,38

õ6,73

5õ,86

'¿,4.48

4,4"Q"1

?6 
" 

9:5

95.48



6)l_)

.IAPPEN_DÏX B.

Chlorilåe¡ã- j.n- tr;IÊms. per 100 g-_c,
GRSUB_g,_
N-Umþer $ex -Aee- * Dlaenosis _ 2É_Hrs. 46 $TS

2066 II/I 64 ¡l.J{ ,oA,ct " 160 .1õ ?5 . Pl

3046 F 40 F,Ä.,Act " ?,F,8 ,2L 6õ.08

1892 M 47 F..lr./[ct" 1"14"84 66,96

1099r\ M 53 G.U, Tbe. l?l-.18 48,'ó6

1897 M ?? Tþc . Hlp 114.08 'ô8.+4
Àct. l!{in"
I{ealed.

11848 M '62 ilI.J{. Q . 150 "4e

1685.4 M 4L Ï'"S^ 
" Q. 8LB .36 84 ,92

1814 M 61 F.A".Act . 49."14 185.60

1865 F te5 M,,A.,Act. 5?0.16 308,2?

1996 F F,2, Min. Act. 155.e8 87.34

i?õ9 F L4 i{.Á."Q" iû9.i2 57.Û4

19BB M nB F.3,"Act, 366.93 LL4.0'á

1981 M 2A M,A,/lct, 169.8õ 58,?5

L?45jA, M 51 l["¿l.,Act . P9]- " 
14 '1F- .'19

l8'¿4 F +2 ill"A.Q. l8t,96 fal"õl
LSgL F L6 F "A. q . 21 8 .-36 11 .5 .?.4

1620 F ?1 F,ll,Act" 164.98 146.16

168g F 32 F.ß.""Act " 140.'12 õ8.84

1ô?1 F õ0 F ".A.Á.ct. f06 .75

l.5?2 F 34 F ",A..Act " 97 
" 
05 181 ' 51

1951 M 51 M-A,Q, A8õ,86 87 "77

3,36C M 3n P..¿\n,Á.et. 164.98 7t-.?9

SBED M 58 ¡'.A 
" Q . L4]-.93 +8 .5?,
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G. Ï,
48 ïlrs, 5å lfrs" 13. P, Pignrent tr{leakness Symptoms

A1 eL

99 "4?
81,84

60. ?6

38,80

76 "4?

88.56

111, ô0

i¿08.65

104.3õ

65 "72

48.5A

50"95

42'.46

155 "98
88.56

104.õ5

46,10

L18.88

58"*5

14?.10

29,11

P?.90

21.08

L7 ,56

1Ë.40

48,52

T6.98
z () c)ñq.l(J o QÉJ

É.O r)zU(J o rJt¡

70.36

65 "?3

45 "6'l
?5.4?

i31.54

50.95

?-5 "4?

ô?.95

L4,56

"ó1.b4

Z)8 "8Ð

43,6?

48"5A

58,8i5

1õ5l80

105/68

LO6/84

110/85

r25 /so

lzn/82

r25/e2

Lral?5

rr9/?4

Lr6/84

113/88

r.10l80

10o/?5

Lr,O/',l5

14O/e4

115-65

88/70

LOL/?8

84/70

r18lB¿

150/85

lt¿0.80

1õ0-80

t/t
0

0

0

0

0

u

J.
7'

, tt

0

N.J3" I I
0

I
0

0

N.B, O

Il.B. 0

0

0

U

N.B.

0

0

J¿J

0

I
0

0

0

0

0

0

0

0

0

0

0

U

lt

t/l .0

0

0

U

o

0

/

0

0

o

0

0

0

0

0

0

0

I
o

0

I
0

0

o

/

/

0

0
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ChLorldes in lVÏems.Ðêr 100 c.c.

].4â,5Ã

674.r1

1?5r

11OB

r"987

206P"

L434

5'õ7

161"0

L955

19Ê6

9el

].6P-7

18158

869B

L96+

1e?6

L974

L646

1915

1"859

r-?68

L??5

F.A..A"ct -

F.A. g 
"

M../l.Act.

F.Jl. Q "

Tbc.$kin

M".A' Q '
F..Á.. Q.

F "A' Q.

F,.,A.,Aet "

M,A"Act.

F.A.Act,

M,J-{, Q "

F.J[. .Q.

M"A ' Q.

F.Á.,Âct ,

M"Jå.,,itct .

ili,A.Ae t.
P]..U. (Q)

F.A.Á.ct.

F ..,4.,Á,c1" "

Fl" He.aled
Bones

F.J.\,Act 
"

F.A "$.ct n

23A.49

45',1 .34

L45.57

194 
" 
10

?,a2,59

15?. ?0

L6"5.44

194"10

e01.5?

111 
" 
60

LöL.44

L33 "44
å95,5?

Êõ9.91

aõ6 "55

160.1õ

169.8ó

õ61,50

?"4.õ.83

186 
" 
00

?,9rÐ.5',1

5+"59

"12 "79

101 
" 
90

?7,64

gg 
",77

60.65

'1?-..'19

72',',l9

60"65

3?5 "+B
'l!,. óo

g4,ga

g?.05

58"3õ

24P-.6?

104,5õ
nt E ô'1
IÐtáJ.

Ðu .lkj

Lõl " 
ûl

82 "49

80"06

29

36

F

i\ll

F

F

UI

M

F

F

F

1/f

F

IÍ

F

F

n/I

M

M

M

F

F

F

NT

t/Í

z5

56

ör')6¿l

?.7

27

44

2B

24

20

27

26

r)F(

L4

28

49

52

61

z4
-2.1q.rI

16

20

L5B.'73

la8.59
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48 s" 5A Hr t)_D^ P PiEment
G. Iu

ea.kness SYmptoms

?',i.64

128,59

58.3õ

97 ,05

48"5P

f45.5?

'12,79

6õ,08

45.88

50 .84

69,15

Ig0.L0

'1''.79

24',/ .4'.1

õ5 "18

4L.?4

81"38

65,51

?0.56

106 "?5

59"5A

5õ.õB

29.1r

o.ub

4L "24

ã1.54

26,69

õ6.39

48,52

48,5A

P6,69

2'ô "56
'22- 

"i51¿

90"98

60.65

43.8"1

87 "90
59 "44

29 "l-1
64"29

48,5P

29.11

46 "]0

68 "80

14.56

LO6*74

118-94

150-88

110-86

100-65

1ts6 "94

9B-?8

145Y90

l]P-86

L00-Bil

]Ê0-80

1t'õ-80

L00-?0

r-10-?0

150-80

1?5-8?

0

0

0

N"B, I I
0

0

I

ïü *8.

NrB"

N"B"

N,B.

O

0

0

0

0

0

0

0

I
0

0

0

0

/

0

0

0

//

I
0

U

0

0

0

0

0

0

I
0

0

I
0

0

0

0

0

0

0

0

0

I
0

0

0

0

*
LN

+r
0

I
/

0

0

0

130*84 II"B"

108-70

r.00-?4

110-84

0

0

0

0

0

0

/

\l

.,i.:; lijil!. i ltll,{fì
'ì., ,'r -'.,:i lj:;1,:j!:nÌ '' ,;
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Chlorldes in Mgms * *ge.r 1.00 e 
"_c.

Number* ,_S,gx-_.Aee Dj.Agllos_fS -€4 I{rs. - 36 I'lrs*

L990 I'l õL F.A.,Á.ct n i-72.95 105.1Ï

1490J[ F ?-3 F.Á. Q. 109.]8

?04L F 19 M"/t"Âct. 300.85 55 "80

L4€8 M Eg F"A"JIct. P.69.õL 7P-.'79

1796 F 16 }'..Án-J\ct. 159,96 40.92

Ê020 M 29 M"A.Act " l?8" 96 õ9 "68

s10 l,t 56 F .,A,,¿!ct n â15 .50 84.9i¿

?0?B M 27 F..A,Á.ct. 185.60 '1[ .?g

ÊOO4 F 19 I'.lt.Act. 104.L6 45.i)B

1985 F L4 lv1..A..ltrct . "¿'à9,4O 88.04

I047'A M 26 F..Â"*Act" 110'õ6 68"00

198õ F 6'l F".A.,Act. Eõ5.60 5?"04

T'lB7 M 23 F 
".4 "Act . 158 .2,4 5P.08

1586 Iîí g6 F.-A"S.ct. 16+.98 65.51

1909 llt 2I F.Jt"Act n 4õ9"16 10?.96

1õS0 M 24 F,.A, Q , ?$n .9L 7¿.79

1365¿l M B0 F,Â" Q n PlB "õ6 111-.60

1058 I{ 23 F.A. Q n 191.67 ',12.'19

2064 ifr 25 M..4. Q " t 32 "4',1 111.60

10418 M 44 F...A*.Act. Ê?4,L6 81.Ê8

L457,Ã F Ê5 M,,A.Q. lõ8"29 4J-.24

15144 M 5L F".lÀ.",Act. 215.9õ ]-.3,ó.4+

1?10 F 39 F.A".Act. 55.80
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48 l:frs " 52 Hrs- 13- P- Plement lifea
@. T"

*Sv¡nntoms

?6.4A

g?,05

õ6 "õg
Ê.a -,1 ôrJd o ú(J

PB.5?

p-9.'.16

101.90

a9 .11

50"84

55.90

53 "32
66.96

?5,31

4]-,34

46 "10

I45 "5',1

65.51

44"86

7q ¡y Di

gg 
"4'l

84,gg

rrE rì1
I ¿ clJ!

55.90

46 "LO

48,5P-

14,88

Li5,64

'16 "42

16 .98

Õa9

33 ,24

26 ,O4

1?.56

50. õ5

"¿4."¿6

43 
"6"1

48,5e

õ?.61

55,38

Pl "Bõ
g?"90

50"95

14,.58

110-?4

110-82

1Ê0-8s

1õ0-1r0

140-88

188-?6

100-?0

1A0-?5

124-90

r-16-64

].5ü*90

l-18-98

115-90

l-a5-90

l-10-60

1?0-Be

110-?4

140-85

156-100

118-?0

L3?,-84

184-LL0

P

0

0

I
N.BUO

0

0

N.8.0

t{"8"1 f
N,8.0

0

N,B"l

0

0

N.B,

0

f
NoB"

0

0

1{,8 
"

0

o

0

0

U

o

0

0

I
0

0

0

I
0

0

CI

I
0

0

0

0

0

0

0

0

0

{

0

{

{t
0

0

0

0

0

0

o

0

0

U

0

0

I
0
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Çhlorid.e. s j.n-i!f.qm$_. per ,100*c_. c.

1956

L9-69

19Aõ

1568

1908

1959

1800

Ðr'\qR

19?B

1559

?,oP,6

'a,o42

749Ã

l464

1"910

1818

aJ+))

1966

186?

l_?04

4093.

1589å.

150?

1891

F

F

F

F

F

F

Iî

M

F

M

rì/l

M

l,[

l'[

toI

F

iì/i

F

F

i\r

i\ll

M

F

F

2L

T4

26
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