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ABBREVIATIONS

Where applicable, units of measurement used are

hracketted, ’ )

AGN Acute glomerulonephritis.
BV  Total bleod volume (ml.)

B.WE. Body wéight (ke.)

cv. Total red cell mass (ml.)

Delta = chonge of,

BOW - Extracellnlar water volume (Litres).
rew . Intracellular water volume (1itres).
TS Interstitial water volume (litres).
¥, Total exchangoable potassium (meq.) C
Nae Total exchangeable sodium {(meg.)
Na_ Total extracellular sodium. (meq.)
Nay Total interstitial sodium (meq.)
(Na, () Concentration of sodimm in interstitial
: water (meg./1) ”
Na_ Seorum or plasma sodium concentration
v (meg./1.) :
»y Plasma volume (ml.)

PW Plasma wateyr volume (ml.)



1 -

S.D. Standard deviation = —-}-:—L* "‘.JE.Z.,,,

o amman e a®?
B ) Htandard KE¥ ol ¢ 01 meem !\/ n(n iy

‘N,ﬂ. In both of the above the BDesscl
. corroction has been used in all samples

in which n 30.

THY Total body water (litres),



PROLOGUE

On the evening of the 23rd of September 1960
Za ten~year nid.girliwés hréught by her parents to the
Admigsion ﬁ#ii’&£ th¢ ﬁﬁya; ﬂuapitéx-fér S$ick Children,
Glasgow. The history of ﬁ&n'i&inaéﬁ was one of wvery
éhgwt duration, and distinctly unusual. Until two
houﬁﬁ previously she had been in aﬁgarentiy normal
he#&tug She had thén become acutely breathless, in
which atgte-sha had remained until her arrival at
ﬁeﬁp&tal; Sne had not been coughing, and there was
nothing in hexr past history to suggest heart-discaso.

n clinical examination she was seen to be
tachypnﬁei¢, somewhat pale, and h@§>fa¢a was
mintmally puffy. Her heart-rate was 62/minute,
cardinﬁagxly was readily &etectahléghbut‘a\shart Grado
2 murmar at the bmse of hor heart did net suggest the
presence of an_érganit heart lesion. The blood pressure
was normal. &'faw fine eropitations were audible
\tﬁrnaghgnt both Lung-Tields, but no other abnormality
was éxinicaily obvious, and the urinﬂawas chomically
and micréseuﬁigally noxmal.

| The appearances of a chest Yeray (Figuve l.a.)
wore striking: oconsiderable enlargement of the heart

was combined with appearances which the radiologist



FIG. 1.1

(b)

(c)

Patient A .G. See text
for details



conéidﬁrad*tﬁ%ba-thaﬁaﬂaf pulmenary ooedema due to
1eft vcntriaular railu“c.

1 Heve wag an - urgent alinical problem, a
'ﬁensyé@$‘¢1d ch11d prgacnting with apparent heart
fﬁiluiaAaf-obaéﬁre nriginxahd‘ﬁeeﬁnt,‘&cuta,onset.
ﬂhaAVQS'pat.fa‘bed fagfhwithiﬁn@nwithin hal? an hour
aomé‘iﬁprﬁﬁgmant was eiidanﬁ.hafarﬁ,any empirical
tra@tmgﬁt hadjbéan\ﬁdministeredg,; In & further two
haués'éhé w@s né lqngvf bkéuthlvaa. The‘fﬁllﬁwing
marning she &ﬁ&keé well, and Amray of h@r cheet’
(Figure 1. b, ) ghuwed that her heart was raduced
snmewhat in ‘sine, although not yet normal; 'kon the
'ﬁtkar ‘hand, the appearaneﬁa of' acute pu&monary ovedema
visihlu an the yrevinua evening had guite disappesreﬁ.

Thraa d&ys latar a trace of pretainuria '
.tugethur with minimal miarnsnogic ervth"ucyturia waS
nbserved. . These signs parai&tad for a few’daya, thed
gir& being thereafter well. The normal chest H-ray
appearances at this time ave shown in Figuwe l.c.

- The i‘inai clue to the- scluti:imm ni‘ thiﬂ ru nzle
_nég'tha level nf\thﬁ<nntifatre@talygmn T fitre. At
2,500 units/mi., this léft‘na‘ﬁnuht'ﬁﬁat-an>active

streptococcal infection had been recently present.



‘?ﬁia child was therefove retrospectively
ﬁiﬁéﬂaseﬁ as having an unusual variant of acute
: g&amgrulnnephmitiar ﬂnﬁaﬁal, since signs wore
present indicative of considerable abnormality of
body fiﬁiaanin the aﬁaencé df.urinary evidence Qf
fenal dizease. l The demonstration that these |
.abnammalitiésAcﬁwlﬁ;ﬂ§cur-a§ﬂ,raturn towards normal
with su@h-spﬁad‘waﬁ tﬁ_m&»faséinétiﬁg¥ and‘buse& '
‘numernus Qﬂ&&tiﬂnﬁ ) | '

To ﬂhabmaxtent were these cauwaﬁ-ﬂirectiy

hy the kldnﬁys, anﬂ.by what muititude of maahanisms?
,hﬁ the ahsance of the usual eviﬁeuce of

r@nal diﬁﬁﬂﬁ&; could extrarenal mechanisms bo playing

a part? If so, “of what nature? ‘

The rapidity of tﬁe apparcnt changes Qould
suggest fluid shifts to a profound dagrée\within the
‘subjeat, although as a general phenomencn evidence in
the 11te?mturﬂ te support such a concept waﬂ_#canty.

Acute ,gzmeruz._nnepﬁr;ﬁs prescnting in this
way is of course by nq.meaﬁg'unknnwu (37 , 15} 1t
wag ﬁe}l ﬁesﬁribéd, for a&aﬁﬁia»nceﬁrringvin soldiers
of the Austrian army fighting on the Italian frpnt'r
duriﬁg Warid“wér X. Theso m@n"frnguant;y prescented,
acutely 111, with éede@a gnd“initiaily normal nri#m‘

Por a time they were referred to as casas of



“Kriﬁgﬁwadﬁﬁaﬂ until the truly nepbritic nature of
ho éiaeé&a wWas &amnnsfraf@d {85 ); |

The proeblem thus presented was clear-cut;
.'ﬁamﬁlygAthﬁ iﬁvﬁﬁtig&ﬁiﬁn‘ﬂf the gatura‘and caase
of the fluid-disturbances in;aéuﬁeAgiﬁmarulﬁneghritis.
ihafmésﬁ obvious divect approach to such a problem
§§§ i@ undertalie the ﬁe&suwamant ol hddy w&taﬁ in its
throe fuﬁ&amaﬁtaliﬁémgartmﬁntgiséthw intﬁaaallalar
the in?a@stitial'ahﬂ th&iihtfﬁgascular, Tﬁiﬁ‘Thﬁaiﬂ
ds mn\#ﬁtnmgt to follow tﬁé'néﬁnralrand‘iogical trend
ﬂf~iﬁva$tigative.thuught-whiéhfsuch,au”nbjectiy& has
ddetatoed. |



c:xfséﬁvmn 1
PHE ?3033:{ WATER coz»zmn*rmmfra} IN CHILDHOOD:

'1” IR DFFINI’I‘.{QN .&ND M XL&BUR‘I SMENT

‘-w&terwhag;ﬁesseﬁaedvg qd#siderabla fascination

for mag.ﬁhréughdnt ﬁhe ages..vyﬁy itﬁ‘ﬁ&tu?é o
indispensable and irreplacéablé. water has pxgvidaﬁ..‘
mgn.witﬁ\oﬂefdf the essential elixirs ofylgfe, with
'ﬁ-subéﬁanéefviféi)télﬁié‘craﬁs,fwitﬁ amjoﬁject of
: wnrahlp. and witﬁ an bbjeat‘éfﬁféar. Water has
given man a. medium Tor trade and travel. a bulwark
'for hia aafeﬁy, the ﬁvxvimg inrce for hls-machines,

B means ef waging aggrehaiva wav, @nd.has Eegm-thee
subjaet:af sgme of the"gruatost'masterpiecés of his
arti&ﬁi¢ géﬁiué."

| \4In‘éeiahce, and ﬁsﬁaéiaily in the biological
| écienées,‘watef‘mighfswell,ﬁﬂfrégardad-ﬁs the ﬁaramouﬁt

-,auhstanéﬁ ‘IfWia the médium'whiah makos eiectrolytic

'f«disqociatimn pmssible, and in whiah exaymatic reaotianb

tuka place.r> Thia is trua alsn ih the mammalian body
, in which tne pluce af wnter ia certminty uniqup and its
1functions leglon. It ncts as o solvent and as a

1ubriqant;’c.1thprotectszfné'hrain ﬁrQM*injury‘and s



transports snlufas,Aqallé and heat, G#ﬂ§e-ilinﬁﬁg
may be naﬁsad’by its réxativg absence or by ilte
aupﬁrahunﬁmnﬁe, Eungéqﬁéﬁtxy‘a sclentifie study
invglvigg'm@aaur@mﬁnts‘ﬁfkhﬁ&y &atér 5&3Sﬁﬁaéﬁ at
_thﬁ-aﬁté&t h‘fﬁndﬁﬁantaliﬁy wﬁiéh invests this type
of wmﬁk\with a ﬁ?ﬂgiéi'faﬂﬁiﬁéﬁiﬁna |
whilﬁ thﬁ'anéient liﬁﬂrﬁtnye"céﬂtainﬂ~
kﬂﬁnttér&d waferanvms allnding to wator metabolisam,
it i& mnly within th& past century that uetual
wausuremants e} iy tha amnunt of watey proesent in the
boily have been natried put,» The @arliﬁst'invmﬁtigatéré
| in this fiéid used ﬁesiQQQtiwn of cadavers for this
PUTPOBRE , #ndeiﬁ'ié‘netawéyﬁhy that their results bear
’camparishﬁ with those from the most seplhdsticataed
t@qhniﬁn¢s~in.u$e today. ﬁéwévax, to the ahygiciaﬁ :
the maéﬁur&maﬂt~u£'WRtgr‘iﬁ the 1iving‘ﬁaﬂy naturally
pégsgntﬁ ﬁuch grﬁateﬁ Qﬁﬁﬁibiiiﬁ@éag wiﬁhlﬁhm
“dntreduction é@ inﬁié&tax &iiutiﬂﬁ‘substances in the
ﬁraqgnﬁ cﬁntury-ﬁhﬁ §ﬂ§Siﬁiiity‘héé hm¢amw reality,
and it ie no ancidant that tho whaiu acience. of fluild
A weglavoment thmrapy has dﬁvelnpeé cnneurrently. s -
the same time 1t miast beo r@membur@&, and will be made

lglcaw in the aﬁming @h&ptcrﬁ, that the qtudy of uﬁdy
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ﬁater is avan u¢w iﬂlitﬁ Infancy. This ds particularly
trﬁ@ ﬁf pathélﬂgical ﬁtaﬁﬁq; whene concopts hitherto
)re?aréuﬁ as. iuaﬂaumnﬁal B undvvgnin constant
'mﬁdifiaatiﬁﬁ until they have frequently heeome
ﬂﬁ#ﬁﬂﬁgﬂiﬁﬁ@l@: |

| This tﬁﬂ&iﬁs it is ?@1#} féfiﬂctﬁ onn suel

‘ehange.

‘fha ﬂ§dglwgtepfﬁgﬁﬁgrtmgnt@;
| ‘it'ia ﬁéﬂV&ntibhai; aanvenieut, 1&& moyve o
19%5 nccurate tg divide body w¢tew inta namyarﬁment5¢
T&avmain gnbdiv&aian 1s inte the intracellular and
\&xtr&ﬁétiﬁiar phavas,'ﬁﬁ&lﬁhe lﬁtter is f&ﬁthér
'divided into the iutrawasaﬂlar (plaﬁma} and ﬁha
ﬁntnrﬂtitinl Gﬁmpﬂftﬂ&utqm |
| | "i‘&m témy T to tal bod y water - vefers to :a},.‘l the
ﬂ&atar in thﬁvhuaﬁ, inéiuding that in the blodder and
‘ithhg ga%t#awintéﬁtiaal tract, Tissues véry greatly
in théir @ﬁﬂp@wti@ﬁ of‘watew, Frowm VI% im blood giamma
tn less than 109 in bﬂ&y fat.
Intracellu.lczr wa.ter rofups t&'}l all *&mﬁy wator
fgmprguudaﬂ-my the cell-membranc of an individual coll;
it_ﬂqﬁ3 nnﬁ thex&férﬁ(ineludauwat@x situated within

the acini of endoorine glands. Tho vital dis stinguishing



:yaiut Qx thi% ¢ampartmaut is. ﬁhat due tﬂ the

: ramarkahie ﬁrﬁpavtiﬁs af a&llﬁmamﬁranaﬁ it echtrmlytie

>¢umwositiﬁﬂ differs prnfaunﬂly fram that of thc
‘fﬁwtrnaallular ﬁga@ﬁi Fr&a&y ﬁermeablﬁ Ty wat&r.
vtname membran&a ARG 1&k¢wisa pormeable o most
i‘ undiqmagiatﬁﬁ;smalx‘mnlacuims while mainﬁﬁiﬂing‘
’ibﬁriticax ﬁapar&tiﬂn @f aﬁniu @awtielﬁa.

, 'X‘Im iﬂétfiniiziun af tha . extrace].lular space ;{a y
'":cﬁnaiderably mnra~ammpxax.” énatqmieaily, it d@fines
*th@ VQlum& ﬁf fluid-wh&ah &urraundﬁ the Qel&a. As

‘fwaix ‘ag plnama watar and 1nﬁarstitia1 watar (Seges
f,;ymphatie fluié); thia term inuxnaaa bhm ﬁnnneatiVﬁ
f_ftim&ue watar in.bbna and Qartilagai Th&aa thwan

imajar cﬁmpcn&nts aullaetiValy make up ahﬁnt 2045

 the hndy w%ight A0 the maﬂura nnima; {26 ).

) Furthermnre, it inaludas Tiuid dn the gaqtrﬁwintﬁatinal
‘,;tradt, the narebrﬁmapinal fluid, and wator in the aye,
. yﬁriweardiump plﬁura an& dentas Hince extr&aallu&ar
'water must graaa eﬁil mamhxnnﬁa v#har than thﬂaa of
faapixlariaa to voach theﬁa 1&5# numad aveas, the
: teﬁm “trauaﬂalluiar watax“ hﬂﬁ haan ﬁrmgmdad,{ Pé) ﬁn
"@ﬁver theaa ra&hﬁr amall velumﬁa of Piudd.
Tha 1ﬂtravaﬁuuxar ﬁivis&nn u? thoe uxtmanallular

ﬁgaea 1a tha‘ﬁzun& plnama.(; wha read Qﬁllﬁg aurreundaa
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by‘this ﬁadiﬁm;wform part of the intracellular space
| but differ'ffqé~th¢ oreat b@lh*uf'budy cells in
containing watgr‘witﬁ a felati#ély high chlowride
‘content (11@).
in,rqbént VORDS iﬁ\ha& become 1ncfeasingly‘

‘ev;dent that the Qaﬁqept nf’auah,g clear-cut

diviaieﬁ heﬁwgeu;tﬁé intra§,and extracellular
campartmﬁnts‘may wel;needAextehéive revaluation;

As knawledgéfnfltha ﬁ&fﬁré-ﬂf cell membranés progresses,
a atxanﬁar impresaian af dynaniam is pained. 3Thua

not iny wgt@r buL extracellnlarly situated ions ore
Cin continuous éiréulaﬁian (xﬁa), a balinced state

which may be raadxly altered in thu presence of
fdisea&e (GV} A more modern caneept; and one strangly‘
gupyortad hy the revelations of eloctron microscopy

o of @mgrmbus nambars of "membranes“ thraﬁghomt-tha
aeil and not méﬁely at its surface, Those appoar
11n£inife1y raduplicabed and of f 1ntzhtim complexity and
surface area, They=may well he glont wolecules of li?ing
protoplasm exchanging wabor ﬁﬁdAaléékyalytes ﬁhraughnmt
thedr structure. and aﬁaaféiug"féfthéir needs, Tho
nHeOssary sﬁgp@y'éf éne#@y‘iélyrasumably dorived from'
1éé&l.tr&nsfar of el@ctraﬁ@ (136). - Buch o view must

'app@m$,graatlygﬁg those who have>cﬁnstantl§ podnted out



. thet a*aingmalaéxi'membmaﬁ@ bhas to have so many
ﬁt‘{:x‘i‘imtag timt: it shonld be imhm thitek and sl aw:ine'

‘faq £iar¢aly Rﬂ the. iﬂt?ﬁiﬂ% of ﬁ nnﬁimar ronctor {(137).

 lsasurement of he Wnbor Compartmonts.

“ :'ﬁéﬁiéééii@h nf’ﬁa&h&éré ésfdﬁrriﬂd‘mut by
mlasaimal axperimentera such os Vﬁn Hﬂhﬁlﬁ in

'1#%? ﬁ 15} naturnlly gava vesul%a for total body watey
mnxy* ;~@@v¢ra1 ﬁpprﬁachﬁﬁ hava bﬁﬂn mada ta the
-fﬁrdhlnm iu the 1iving aubéqat* thﬁ most genmrmlly

”graaﬂinal inwnlving ﬁhﬂ ase of inﬁicatﬁw ﬂiiutiﬂn

‘,lﬂﬂhstaﬁﬁﬁs. fhe grinﬁipal af~au¢h a mathod is tn

fﬁnjact a kaawn guantity uf a ﬁﬂh%tﬂn¢& whiech iﬁ
;:digtrihmted mnly in the apane ﬁv ‘be maasured. Gnaa

lﬁﬁuilibratinn haa takan ﬂlaﬂe the ¢nu¢entratiﬂn nf
a;th@;&ndigatar»ia.astimaxﬁda | Thﬁ equat&ﬂn gﬂvexning

*ﬁﬁ@ﬁ’i”ééiﬁﬁién@hiﬁ it | - R

yhergy Ay o Amount of dndicator injocted,
T . iﬁ(‘; ¥4 éﬁﬁﬂﬂﬂ'ﬁ 15{}&3% &nﬁxﬁan & uﬁuiilb&‘dtiiﬁ;x Z)ﬁz"iﬂda

¥ = Volume of space to bo measured.

and <$",Jm,'ﬁgn¢éﬂ#vatign‘nf indicator at wguilibrium,



ik

farﬁr an iﬂﬁxeaﬁnr e be of value it musb
f §§§&§és aartain cnaraateriﬁiimq&‘
‘1:fii¢ ﬁamplﬁta sarﬂty ana freadum fram sida
K vrfﬁmt&* ,
P ﬁ Vﬁiﬁmé uf diin&iwn whiah Suss hﬁ aeaurntély
. %&3%&&&&, nﬂd,nﬁ whinh T %a@im limiia ﬁ@
nﬂt altur‘wibh disaﬁsu,
| ?a f’imii GH siia‘i:xihutimi
';T ﬂ*iﬂapid ﬁq&ilib%ﬁﬁiﬁna
qf §§mle ﬁxﬁr&tiﬁu;

“éi'ﬁayable ﬁf Bﬁﬁﬁﬁﬁtﬁ maaﬁuwQMﬁut in ylaamaq

‘i,Lit is vvident that augn an ax&@ting 1£&t of

‘"raauiramcnﬂﬂ w&ll na?ﬁv he @ﬂtiregv ﬁﬁﬁi%?iaﬂ in: practics,

| .”n gen&ral it iﬁ thnsa awailablw for meastring

,vmtr&aa&lnlawvaiuma wh&ch Fadd ahartﬁns oft th&g iﬁaal

fﬁtnndaru. 3 ig ais@ awidﬂnt that wadina¢ﬁiw$ L
‘f>iﬂﬁiﬁgtﬁ?&~ﬁi%& d _mnorz gwa@»as anvtaiﬁ of theso
;éﬁﬁrﬂﬁfﬁﬁgﬂtiéﬁﬁ\ ith&mwdaﬁu ﬁﬁﬁhﬂiwﬁaﬁ tracer doges
hévafnawn wéﬂﬁéé& to a &gv&t whiﬁh»maywwﬁx&;gaxmy ne
ek to thm naediatriﬁ patientf | %inpﬁ fﬂvtual
' @vid$n¢a Qﬂ ‘this pﬁint iﬁ‘laﬁkiﬂr 1t way dsa&dmd ot
-,ﬁhv @uﬁgwt tn chobs atahia inﬁiaat@xaq ?hq only
‘ exaaptinn to this raloe h&ﬁ mévn the vasmﬁamanﬁ of

‘-,tatal ﬁmﬁhangaable qmﬁiun in one g&ﬁigﬁtw‘aﬁiag

i



wamm swall asounss of oy i, (sac Capror ?}

' jmnmax mudy whtar,

ﬁﬁﬁa waa tha f&rat substance ta he usaé an

fﬁflnn indimntﬂm fﬁr tho a&tim&tinn of total bndy watoexr,

’.!;hy ?awﬁhall anﬁ ﬂavia 1n iﬁ&ﬁ {134}. ﬂﬁher indinat@va

5 €umed hava ‘heen: deutﬁwium'ﬂxida (neavy w&taﬁ) €96 ),
»E‘gulphﬁﬁﬁﬂidﬁ (158)3 thiamraa (41 Yy trdtium Qxiﬁﬁ
t&l{vaﬁiaacﬁiv@ wat@v), (15735 ﬂﬂd aﬁ*iPYrinn (9hﬂﬂﬂ“““5)*
:;}€20l)a o

14 whaaa mnat gfneraixy used have~baan‘antipyrina
\“;and tnm iﬁmtpyaa 0P wmtern The lattor ﬂuffwr from
;wfthe &isaﬁv&ntﬂga that an error. is intwmﬂu¢ad e

v tn ﬁtﬁh&nﬁ& ﬁf xabiia hydrﬂg@n atwus Paroun T muild
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| .tmmrst:i i:mmt& Q:ﬁ' tlw hf:&dy, maimﬂy protaeln ('71& }q While

 $&1& rrav xa wglatiVﬁxy %malli am& gass. ba a&lm#aﬁ xnw
“ff(188), 1t hﬂﬁ bﬂan aﬁﬁwn tkau tﬂﬁ ant&pfrinm yolune
y#af ﬁiiutiﬂn vﬁpre&ﬁntﬁ the clﬁsaaﬁ apy%mwimatiﬂn to

; *éim wﬂmw i}htaimﬁﬂ 33}!’ ﬁ@ﬁ&iﬂﬁﬁtian {167;%

Antipvrina wag amlginakly intwauuﬁad ng 8

;}lﬁﬂug wtth.mild antiw@yratiﬁ prernwtiaﬁﬁ it is

.:tﬁﬁnwtbﬁiﬁﬁ th& mniy w&amrdwﬁ aidn offect bolng nn
.vmry~ra?m vﬁcaﬂiﬂﬁﬁ @ miiﬂ, twanai@nt, erythammtmum

"tvnﬂh {80 } ~ Xta mana& exa&wﬁinnmrﬁgﬁ is neglipible
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{‘&.3&3, 64 of the dose in 4 houws), but it is motabolised
Ty tké)livar‘ntﬁa rate of apﬁroximntﬂiy 6% per hbug
'(201};,,,Qiﬁéﬁvﬁguilihwaﬁign takoes abeoit one and a
~hai%ihﬁuﬁﬁ} iﬁ ié nsamgﬁﬁryvtm.abtuiﬁ saveiral Dlood
samplos at speeified tiﬂﬁﬂ"ﬁhﬁr@é?ﬁﬁﬁv The ﬁlﬁémﬁ
-ﬂnnaantwatmanﬁ ara th@n ﬁlﬂttﬁﬁ on semi-logardithmic
paper. when ﬁxtrapalatiﬁn rivaﬁ the theoretical |
pancmntratian at HOYO timw, had miximp baon
1nstantan@ﬁuﬁ; ‘

?ﬂﬂﬁtfﬁtiﬂn g mntiyyviua into vedena tluld
inm aduits is rathev Blow. i the degrer of g@&ama
ia ﬁ@vafe, #him fact renﬂews antipyring unsuitable
a aer th& pnrpa%v (100)

f Tho eatimatiaﬂ of antipyrine in plaama
ériginaxiﬁlgwéﬁﬁntﬁﬁ somo difficnlties 23;42 Y. But
tﬁa; %uvc Doen rQMﬁvaﬂ wiﬁthhﬂ method ﬂﬁ@;q&d by
Mendelaohn and Lovin in 1960 (135).

‘?hia.mﬁthﬁﬁ o b@ﬂﬂ-nﬁeﬁ throughout the
‘ﬂxgﬁénf serdes. Tho tarm'._toﬂﬂ body water thas

pafers to the volume of dilutlion of antipyrino.

Extracellular Uaoter.
Ve ddeal dndicator has yet beon Pound For

the edtimation of extracellulas wator. For a nuibey



1y

.gex w&asmnm iﬁ iu Likﬁiy thﬁt ‘Lﬂh a wuuatanﬁ& nﬂvarf\
Wili-bw di*?@?ﬁr@d. mh@ biggﬁ&f grnniem raﬁidaa
’.iﬁ the diffiﬁulty in dvfinlﬂ& the proeiae vwlume’uf
: aiiutkan af'aﬂy given inﬁiaatar Bomo nenutrata"
:ft@ a %igﬂifin&nt ‘dogroes intﬁ ea&lq$ Q. taﬁd&ney o
Vhiﬂh mav alter in diqmu@a, whil@ cher& faii to
ﬁ&%tribute them bqu% thrﬂughﬁut the entire dnatnﬁiaal
H;omﬁramallalar cumpartmaat -
| A munbmr of ﬂﬂcﬂhﬂfiﬂu n@uwelactralytes
hav& h@vn uﬁad,‘fnr examﬁlﬁ manﬂitgi (148} in&liﬁ
. ‘(113), and Q“ﬁ?ﬂdﬂ (hh ) lt has boen 3&@Wﬂ hmwnvvy
‘chat ﬁhﬁsm 5ub¢taneaﬁ fail %a pnnatr&ta to aﬁy |
.‘jmwtﬁut thu “trﬁnuweailuxar watﬁﬁ“, s ﬁnly tm ﬂ,‘
"1imibed ﬂ%tant tha ewtwaaailular wabey @nntaincd in
\gcnnuaﬁtiv& tiqtu@ and in bhoneo (Bh )*- Thuas. a
:OﬂﬂﬁidGVRblﬂ undmw«eﬁtimatm off the &mtraeelluluﬁ'
.Vﬂlﬂmc may—be @tpactad on ﬁﬁiﬂb thaga indicators.
Eiectrglytag_whiﬁh havpvbaen-ua@d mmgt-ara«\
'.thiécyﬂnﬁte;(BS );‘émlpnath (lié}; brn@iﬁ@‘@£2A}'aad'
thiéﬁﬂf?ﬁﬁtﬁ'(78 Yoo Q&diﬁaﬁtiv@ &1ﬁeﬁru1ytﬁé‘
N ??&guuatiy used have boen am&ium (106}, and ehloride
"(235}*» | R
Tt Wﬁﬁ at OXLG tima ﬁsnsidﬁr&ﬁ { 45) that

*«“ﬁ»kﬁw @f tutal hndy wh&mr&ﬂm wa iﬁtwacﬂllular, and
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»ihét éﬁﬁimﬁﬁﬁé~ﬁf axﬁ?&mmilglar volune based on

the distribution of chlowide or bromide would
lthérﬂﬂéfa ﬁ@ sinchh too hidgh, From thoe results of a
serics of ﬁainﬁtaking studies, Cheek (26 ) concluded -
ﬁhat»na_m§$¢~ﬁhaﬁflﬂﬁ of ohlorido is situated in
eolls. £t f.;'ssig:é%imm.-yvagxiéiaema that the bromide
#ﬁaééhégwraétaﬁ for this @haﬁﬁménun, together with
cnyrééﬁﬁégsﬂﬁﬁr sa#um wator and Ronnan egquilibzium
wagr§éénﬁéﬁth§\mﬁ$t\amduxate theovotieal ostimate of
extracellular watew. The nain ﬁisﬁﬁv&ntage_ef”usingf
ﬁﬁéﬁim;brﬁmiﬁa-iﬂ thﬁﬁ'ﬁﬂ& Qst}mﬁtinn of tke*ian in
yiégﬁé i$-éi£§&cult and*ﬁimekcﬁnauming.

Thicsulphate is very vapldly excroted £rom hoe
body, and for thls a lavge corvection factor is
enaeégsary;

| The ﬁéevaf thiocyanate bas corialin obvious
’adyantagwatii-Xn low nan@éﬁtratina,t%@ ion is ontively
nen-toxic, Tt equilibrates vgry.rapiﬁly,Aaven in
'maéé@atﬁus subjects {116),hand it3 ratae ol excrcotion
 £$ Low, somothing of the cwvder of 1% per hour, it

suffers, however, from cevtain disadvantagoes. Tha"

‘thiﬁayﬁhat@ iaﬁ hﬁ&‘hgﬂﬂ‘$hﬁWﬂ<ﬁﬁ be %@uﬁd,ta plasma
lipids (181), - it is also looscly bound to protoins

' (187)¢‘a_§ra§§éty which is shared to a smaller extent
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uy ﬁther univalant Lons incluﬁing b?Dmlﬁﬁ (186)
Agw&mmnnt haﬁ neverthelesﬁ been Lound hatwgem the
‘thleﬁyanute vuluma o diiuti@n and that of ehlovide
'(235), and it wi&l he qhuwn in Chaptoer 3 that ellaigh
pvrfgat agrwemunt betwaan the thieccyanate space
‘ anﬂ the 'emrrﬁﬁteﬁ* bromide apace can be demonstrated
in ﬂﬁrmal‘ehilﬂren, ince any m&thaﬁ for
thimatinp mhtraméllular wator con only approximuote
tﬂ th@ truth, the impurtamt paaﬁt, as “1y and

sutow {61 )y hava paimtad ﬂut, iq one of
\yrapprtxnnglity, i,ma,whethmritha r@a&ltsiabtaiﬁed
) l#ﬂﬁ'tﬁﬁﬁﬁéi#&S‘tﬁ valid inier¥3ubﬁ@¢t'éﬁﬁpartaén,
- & lurgm volume. Qf litaratura smggpqtg this to be
trwe of tha thiaeyanate ﬂpaeﬁ in the normal

subject (116.235)s | |

o It wa& deman&twat&d many years ago. by &verman ‘

(154) that in mnnkwyﬁ iﬁj&ﬁtﬁﬁ with two tyynn of
~ma1aria paravite tﬂ& thiucvanata ayace conld risc
to &Fﬁ#ﬂaﬂh that of tutal body watar. A similax
diacr@gancy wig found in patimgtg witﬁ;ﬁa@timaumia
and mﬁ@tain'mthmﬁ infﬂmtﬁvg ﬂﬁnﬂiﬁiﬂué, ﬁﬁﬁ it was
tm_gggﬁéééd that this was n general p&mrmxmnan

accompanying Fobrile statesion:.  Ovorman inelined
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tﬂltﬁﬁﬁvi@wlﬁhﬁtﬁﬁﬁér&al-g@@w&mbility‘ﬁf cmilf
'mamﬁrﬁmﬁw wé¥~§aéﬂlting"im ;* .fiva intrannllmlaw
panatvatx@u hy tho thtm¢yquat® ian, Muvgwuith
-i'anﬁ mQAthnad in g6z 133 ﬂuggwﬁﬁﬁd that an
uxtu:nntivm evplauatmén a@u&ﬂ ﬁﬁ that tim ri G of
mxtrm&aliulaw-v&ium@ wa* rsal and duﬂ o @ hift of
Watgr frﬁm thﬂ 1ntragallular ﬁpﬁcc. ﬁam& mﬁideﬂe@
b@axlng on thiﬂ point will he pre sentad in Ghﬁﬁﬁéb-?;‘
Tn hpitﬂ of thﬁﬂ@ shﬂrtﬁaminﬁw tha thimcyanatu
mathud has bpan qglacted ?ﬂr th@ eﬁtimﬁtian i
Gxtwacallular wataw, Uﬁiﬁg a madifi¢atien of Lhm
mﬁthﬁd of EﬂWlbr'(20 } the duterminatian of tho
,eaﬂcentratinn in ninsma te aasy anﬁ can ho done on

mapillary blnna, The only anrrmctmau apptiaﬂ has

been ?mr thn nnncaﬁtratian in plusma wat&r

'ﬁlnﬁd VQLuma

The Garlinat dote#minatimna n£ hleud vuluma
ware cnrviéﬂ sut by gnﬁt morﬁom axeauguinatiun (226)
 The first inéaeatar diluﬁiun aubstanam to be tuanﬁ was
_Swngu Hvd in 191; {(111), hut thia au@stanew pave |
highly inaecur&te wnsuita in‘th¢ pr%sgnpavafwhammalysis.Al
rThe ﬁlﬁg agéadye'T§1$§& (ﬁ&ﬁnafﬁluﬂ):waa inﬁﬁﬁﬂucmd

by Gibson and Bvans in 1937 ( 75) and Lias boon casily
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the most widaly used of the non rodiopnctive indicators,
Gthor ‘aiﬁf&wﬁ}ubsﬁfmé&m uaed ;fr.;:t* measuring bloed volume

have beon: ‘ﬁﬁ o Dengal (193 }, and. fwig;y Mlma {14).

- ﬁnmmnaﬁi@-ﬁlu@»,mucn used iﬂ,ﬁy@#ﬂilutiﬁﬂ'ﬁtﬂdiﬁﬂ of

hﬁaw%?ﬁutyntAéte, 15 quite munsuitaklie Do blood
volune dotormination since a high proportion of the
inﬁ@ctsd doso is eliminated from the inﬁxévaamuléw
cmmpartmtﬁ;t within ten mimutos. ( 160)5.

- Apart from ﬁyéa, @ertnin othaoy nnnmsadinavtivg
indicaﬁﬁws hava ‘baen rauumm@ndada ‘palyvinylpyﬁraliéwnﬁs
{F.V;v,) (L66 ),;a gubatanee of large mﬁléﬁulaf walght
wiﬁh & ﬁi@il§r~VQiume o digtxibgtian,tﬂ plasma
"xl‘i:mmiri.. "l‘h@ cﬁitmr"??ﬁ&@tim& 'uf?ﬂzﬂ in es tmmntim,
thiﬁ c@mpﬁund unfﬁrtunatmly &owﬁ nat obey the ﬁm -
,ﬁaavmhamhﬁwt Law, rondering the meathod mumhnrsama and
rglativﬂly innecurate‘ yﬁﬂijg is_hnwaver of value
for & numborn of purposes whwﬁ“taggad$with 131Iudin¢r
Yamgguchx {237}7&aaﬁ-5ééium,para~amina hippurate
for the éimziﬁ@néfms dgtémﬁinatiﬂn of piasma volume
ind %énai*ﬂlaama‘flaw; uéingfséaéﬁﬁanﬁ'ﬁ‘(195)
mathoé for cstimating total hﬂd? has m&&lﬂhiﬂ, Harlberg
and Linﬁ {107) mmnauwéa blood volume in childron with

a neat apparatus ntilising mesgurenont of carbon
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mﬂnmﬁid@~;bséréfi§ﬁ*ﬂrmﬁ s&mﬁ1@$'ﬁf'&xpirgd.airg
Thiﬁ muthud ha% the gv@at advantarﬂ of rnﬁﬂiv&ng no
i somple mf‘blaad chev ﬁhan ?mr aétimatian Gf
:hﬁamnglﬁbin nannvntratienﬁhf Lntxav@nﬁuw irnnw

\ dﬁxtran ('Imfeynn*} nas also been usod (130),

but thp Gacurwnnee of! nacn%innmi allarg&c reaotinnq N

':.rausnd the mnthwd tn fall iuta diaiavuuw (191)

‘ ﬂ In recent ?Pﬁ?ﬁ radiﬁactive iﬂdinatcra have )

. {bﬁen wiﬂeiy amplnyéd in all save naﬁdiatwic patiaﬂts. 
“Thmﬁﬁ mnst ﬁftﬂn uaeé h&vé been albumin labelled with

‘ 131 {77 ), and red neliq 1ah611@d with nith@r

P (1) ox mﬁ?"" (206).

‘-fT@l ﬁh (lvan% ﬁ&ua)

o The . cenﬁbntratinn of T-182h was nriginally .

wstimataﬁ ﬁy direvt cwi@rimetrg of plasma, but the

%wréﬁﬂncﬂ uf tﬁﬁhidity’in many qamvlus rﬁndﬂwed this

gonewally q&itﬁ ‘unsatis zaatgryg & nunboes mf early‘
«'attempta at’ﬂxtraeting thu dyﬂ“FﬁVO'Vﬁriablﬁ resuits

’ ‘and W%fu ma%tlv timﬁﬂemnsuminm (88 38 , 1&1} A

| nﬁtanla advanaa namv in lgglq whon &110n { 3 ) ﬁht&iﬂ@d

,-aonaistﬁnﬁvws¢gvewima~ay‘aﬂsarbing the dyﬁ o

: ﬂhfgdﬂéd'ﬁiﬁﬁﬁé @épar. - This princi;ln farmed the
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-ﬁﬁﬁiﬁ ﬁf tha mathna,ﬂf ﬁaﬂw&li et al;('13} which is
1\high1y accuratm anﬁ nat uudﬂly 1®ﬂythy“ Home moxe

r@uonﬁ madi?iaati@nﬁ of thes 3 tachumque- hove

"ffailad tﬁ diﬁplay any furthor Signifmrant

F_‘faﬁvantagea ( 97 10&)

A vaat‘lit@ratura @xiétﬁ'mﬁ tha bohéavioux of
T-19 zs in tzw body. This has beon ably summariscd
by &meg@rseu ‘and ﬁawaan (84 ) wha have done o high

gwaynﬁtiun of - tha wﬁrk., Th& dya &s known to bocome

f.attnvhﬁd to- the mysina graupq ﬁ& thﬁ plaqma albumin

_melﬁculc (17&) Minding A ﬂxﬁramely ranid ancd
>awpaar$ to bo aﬁmplete up to a concetitration of I me 5/ & lﬂa ml_
 $£ thib aan&gntxaticn 18 exaeeded mxtwuvaqatmnn into’
the intewstititial space ocours and'tna ?&#i&nt turus
cliﬁically bluﬁ (17h) This is more li%aly to pocur
7whan snrial hlanﬁ velumﬁ ﬁatarminﬂtiena aro carrded
 ¢@$ abaéailygintemgals; as is the rare toxic
'_maﬁﬁﬁéaﬁatiﬁn of éﬁmiﬁing~(178).

Proinkel ot 315‘(‘71) found that the tﬂtai
'"ﬁigtriﬁﬁtiﬁn conpartraent and the blological half.
»Ixia o T»l&xk &n nﬁxmal ﬂﬂultﬁ did not differ

1significant1y fwnm-thoﬁw of Emlahallad alhumin_é

v 131
[The results of “ipf ot al. {240) showed a ﬁli&hti?'

_hi@har Ean plaama voloume when ?«i i2h was uaud, and in
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thois ?{mm},s g %i,mlmmmfd sAbunln ghve \mémm
"w:x:rml*mmﬁt ks mx&ﬁu. - ﬁis?ifm* M :ex;i,,( 105} have showm
;gy;;;sm:?; -ﬂx&g:*ﬂﬂﬁiz‘ian ,‘é:&gaﬁmmn_ o ﬁifr@‘-_ prpthods In the
neonate, . | |
Eods ﬂ'x.{t%imifwm %}2@@%&%&& thwet Low mgiﬁ.iﬁma

t&w u w0l ‘&"ﬁla with o) .ﬁwﬂrt{mn of the dive by
s:gimsmf i pestlicd ’{?i}ﬁmiﬁ% tha nogd &auwﬁaﬁv w{iv,y-* tx
‘%&»ﬁﬁima’i;é} wss,amma..imzmug and has beon noed ﬂxmug}ma;ﬁ
i ?ﬁgmm‘xt WP L , B

| W & ‘zzm**sutu ﬁutmi b:!.mm% vu:{mm &j‘ﬂ;ﬁ plasmn
v&imm an zmcxmwfam mmmumzmm af the hoomitoordt ie
inﬁ&"&éi@%’iﬁiﬁ}iy w.&:ﬁ;‘i;@;&*ﬁﬁ; Uslng Winteoboe tubhos span ot
*;;tg%”}*klﬁ Loy ;’h B &#3:;:‘%‘3@#&,;&; 'ﬁ‘g}ﬁg e g}_,;z’;aﬁi&iﬁz o plasna
' Mﬂgmm% 'im‘tsmﬁm e 3:@%% pokle was x‘wéﬁes&}s&i@w { 25 }a
%ﬁm’%‘w-x@sx. i:s:i@m@ix&mﬁmiﬂmwiﬁ t}zﬁiifi?ﬁ‘iﬁi{”@ﬁ- ﬁi&iﬁﬂﬁ){; ot
4 52000 wepen. E‘mvga mmmm ol thz~ &ii‘:f‘ﬂ For thie {211).
g&?im ratio of tmm 334:;&,}3* a5 vgnam‘s nematoopit ds
m%g;;m:i.y i;ﬁaﬁ?:{zen an Q.0 { 76 }. o :i.n thiv ﬁﬁw‘i}ﬁmi B
Q.87 {140} \ o

Conelusion

The Porogeing ddeonssion hoes givey in outlino
Boye oF #‘Em : *ﬁm«"z}m‘mm m:simm‘wx‘::i.ﬁféi b*%‘ﬁ;iii‘ﬁ%;ﬁiﬁ‘iﬂ,‘} o& Doy
Cwihor ddete L?}umrm tﬁgngﬁtze,m~ wit‘h tﬁm wmxs,mn Fey ehoosing

the socedfic ;Em:i:wm:t e tmm’g i s g.zm;gmgtt ot
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CHAPIER 2
THE SELECTED METHODOLOGY OF

BORY WATER DISTRIBUTION

Tatroeduction,
In tha grﬁviﬁﬁﬁ Chapteor thoe peasons Loy
choosing T-18:54, thicoyaupte and antipyrine t§ estimate
bloed volume, extraecellulnr water and total hmdy wator
fwwve been disonasod. in goneral, all these mothods,
deponding as they do on the concentration gf-thé
indicateor diluatlien substances at cquilibration havo
gevtain Jeatures in comnon, ‘?hns the ébaa;utﬁ
'acﬁuvm@y ef such a method é&ému&é o thie following
factors:
1. Admindstvation of duse.
£, Estimation of the concentration of the
inﬁicatﬁﬁ in plasma,
3.  The characteristic bohliaviour of the
individual indicoter with regard teo its
- vate of olimination and the time taken to
ronch eouilibrlin with its nitimate volume
of dilution.

These headings wlll now be discussod in detail.
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Aduinistration of dose.
| Yhen yadloactive indi&ntnfs ara psod,
tmgasuremant ef thu given doso is a ﬁimplm matter; tﬁm
aﬁtivity af tha aﬁministwring ﬁyring@ is measured bofore
ikl attowr uﬁ&”aud the dose ﬁbt&iﬂ&ﬁz%y sﬁbfr#ctian,-
| With rodic-stable indie&tarq tho @r&blum is
qﬂmwwh&t hawday'ta solve aati%£&cteﬂmiy, The throa
substances uae@wh@re have all Beﬂﬂ glven intravenously .
ﬁh@oﬁghﬁut.:  I? is indagd feasdibile to give sodium
tnimc§aﬂaﬁ¢-abd antipyrine orally, but the additional
variable iﬁqurad by $;éwér ﬁiétvihutian makes this
~Ninaﬂviﬁa§la;  |
{ﬁn$ﬁ8'giVan from 8 sywvinge may be maaauf@d by
L. Weilghing.
2 é&lm%imétry.
Lo umipﬁ a syringe befove and aftaw'usa bas
-thaﬁ?ﬂtieal advﬂntaga%.: In praatiﬂa thiw mathad iq
fmsfactcry when iujantign is mad@ directly thvau&h a
rigiﬁ-naaﬂla,.aw wh@nrwﬁrkiug“with«adult subjects. ﬂith
ahildrvn, the inevitability ﬁf'y@mny subjects mnving
during the procedurs makes 1t iMﬁQrativm to employ a
flexible system such as a ﬁﬂl&thﬁnﬁ scalp-vein necdle
attaciuront, |
The method evolved in ﬁhé<pr@$@nt 1nva$tig#tian

s been as Tollowsd
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@ sot of all-glass Luer-Lock syringes of
various sirzes were Individually selected for tightness
ete., and suitably marked Cor identification purposes.
Pine scrateh-marks were made on both piston and
eylimder‘tﬂ allow accurate aligmment. This ds
porticularly asﬁenﬁial in the case of T-183k, the doep
colouy &f-wzich4obacure$ the end of the piston, Those
scratch-marks werd plagaﬂ to allow giving a close
approximation of the required daé@. Gther apparatus
reyudred consisted of a pulythene ﬁcalpmveinvﬁat with
RI-Gunuge needle, a cafmfmliy selacted Laer<Lock two-

way tap, and a "Braunaule? polythone conmnula, size 0.

Procedure.

tndor local anaesthesia, the *Brannule? caunula
was placed in any suiltable veiln, ’&11 bBlood somples
were obtained through this, avelding stasis and
furth@y yonopuncetimre, After removal of cach sampleo
a &ra§~9§ %ﬁﬁariniﬁﬁd saliné'WQﬁ put inte the cannula
hefore sealing with the stopper provided. The scalp-
vein set wos attached to the two-way tap and the system
filled with storile isctonic soline frem o 20 ml.
syFinge on ﬁhe direct avi of the tap. This necedle was

intreduced into any sultable voeln other than in the

1imb with the cannula. Thuas. Foir each set of determinations



the c¢hild was subjected to o tétai of bwoe needlio=
puncitures, both of WﬁiGhVW@?ﬁ frag &Ktwcmaly.@mﬁll
ne&ﬁlﬁs, ' ﬁﬁ'ﬁhm u@gmyiiy a Qﬂﬁaﬁiﬂﬁﬁg the

nves Li?&t&ﬁﬂ WS carvigﬂ eutb when, tﬁv reutin&
{z‘fmmggmmw m’i‘ the ci‘xil,ﬁ, dgmmm:}'aﬁ_v o Wa'sm-“gmnc t‘a.};ra. |

bn nunane byaunﬁ@, it‘th@rafargiﬁppénfsﬁtm’tﬁ&5au§ﬁﬂr

_that'tha'taéhnigua fﬁr-ha&y wat&r deterpination carried

)

‘a§t:infthiﬁ?ﬁay is unm {10 ptimnaﬁlu.

‘iw' uyriug crmtmnix;g m:x.t;‘izsymmé_, 'sg‘aéii;iﬁa
_t’k&imay._,rmtg xﬁ,ﬂ\ﬁ \»1. gl Wf*l"(‘.‘ ‘bhen sueceas :Lvoli.y*
'ﬁiﬁﬂﬁﬂfgb&xi#uﬁﬁﬁt Qr&@r“thfgmgh the side-arm &fgfﬁ@
tﬁawﬁ&y‘faﬁ;‘ ‘?ﬁé‘déﬁ& of dndicator wos inj&ﬂt@ﬁ;“

1wayr gusbinp the piuﬂ cr r;ght Bome. ?ha’inaic&tar
wamniniﬂg mn tn@‘wide+arm was:theh Washﬁd\back“iﬁtﬁ
tno ﬁyrxuga ﬁltn ?rnklmdtaly k. saline from. the
:TﬁﬁﬁrVQiV'ﬁ?fiﬁgﬁjﬂnﬁ“ﬁhﬁ lﬁﬁiﬁ&tﬁ?wﬁy?iﬁgé’ﬂéﬁﬁ?ﬂﬂgf
ﬁith the tﬁ§‘61ﬁ$&ﬁ, the ﬁext,inﬂicﬂﬁﬁr'ayxinQQ was
'thﬁm-éftﬁéh@ﬂ.aua“thﬁ‘yfﬁcaﬁa'ﬁﬁgﬁataﬂ.r '@inaily aftor
’fthéJTalﬁxk had bn@n ﬁ;ﬁnhargeﬂ the pnlythpnp tu&a and
ﬁééﬁxeAwgrgg&lu shod with s&lmna until no Blue calﬁuv
waéjvivibieé agg*aximatﬂly 2 ml. of saline were -
ﬁcqamre& Low thi& cmnﬂitig% tu hv fﬁliill =5 8

-?@r tho sake Qf»rﬁgraducihilmtyﬁig WAS

emﬂa%d¢red an ﬁﬁgantiwi part of this techniguo to use



thﬁ spme syringes throughout.  Sewveral doses of ihe
inéiaatﬁrs wory selected to give, in children of
widoly ﬂi??uwlng W9i¢nt, tho §ellwwimy aﬁprﬂaimatp

gl&mma caneuntratiﬂnaz

TADLE 2,1,

: Reqgulred , ' . ;
e -y Dose : Solution
indicator plasma ' . g
R ne /. avallable
cOnen., mg/leg. oW %1 bl
mg/100ml.
1l N N 0.2 Agueous 0.1%(a.7.Gurr)
Thiocevanate 7 15 Agucous 6% (T & U Smith)
“ 25 Agueous. 200 {B.D.H.)

Antipyrine 5

Qtaﬂﬁardl’&tlﬂﬁ of dosos
The indiviﬁnal duaos S0 dprived‘wer@

tanaayﬁmmed h} repoating px ecxﬁgly the name ﬁHGPESﬁ
of ;njﬁction 1nta volumetrio f&a sRa.  The actaal
Aguanﬁity ingagtmd was;tﬁQn detormined culﬂrimatxiealiy
‘Witﬁ its standard ééviatiﬁﬁvaflthﬁ &rraé"imvaiv&ﬂg the
Tigure haiﬁg*éalnulataﬁ from ton such inieetianﬁ‘intﬁ
the same velumetric flask. 1824 was used throughout
to stﬁnﬂarﬂia&‘ﬁll thﬁlﬁﬁ$®$, it~being asﬁuméd that thea
volume of fluid injected would not vary with the

iadicatoy. ;ﬁaing the dyo naturally moant that the
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onlLy igﬁrgﬁsig”arfa@»mf.ﬁhia!ﬁamtlaf the gtandafaigaﬁicﬁ
??ﬁﬂﬁﬁﬁwﬁiiﬂy“With‘ﬁhﬁ‘ﬁﬁi@fﬁﬁﬁt&r\€ﬁil§@T"’HViS@&k')E
‘it ux quaohlv werified that na'si<mificant
Avariatiémfaam@ oo ¥h s'scﬁrCﬂp

fThﬁ-@Vﬂragé‘S;§1fﬁ4 thoso aﬁnlnxqtmrsd dﬁﬁﬁa

was[i.l% giVinggaﬂ»@rrar;im\wraatice of 2 ad. “The
c*ref @ dn wunrﬁl less for tha g?&dtﬁr volumes. and
wligntlv ra&tar viﬁh'tha wmallar valumg P Ingiviﬁualv

‘G@rvﬂctzﬁm factnrq camld thn ‘me calnuiatgd fqrheachp
“dose, aﬁd-fﬁﬂwfﬁﬁﬂita r%cheuhed at thn ﬁnﬂ of“tﬁe'
nﬁri&s‘ﬁﬁ@ﬁ na signif&tﬁﬁt ﬂiffny@ﬂa<$‘frﬁmjthéfériwinal
ifnctnya va;\found, {fﬂn-&xamgiﬁ u$3mﬂafsuéh salt of
rn*ultb ﬁﬂﬁ thég nlcu1qtiun &P‘tha dexi#aﬁ'egrwﬁatian~

‘fantav ;gﬁgétzﬁutlﬁal&w;

33&:}3@3&:%@5@1}%: \ Zt .
iﬁéicﬁiﬁy:' peiank,
ﬁp@wumim¢tﬁ éﬁmﬂ aﬁmiuiata"@ﬁb & mg (@ni¢ of
Q;l%isg$mﬁgaﬁ}; .Th;$V§ggntmty iﬂﬁ&ﬁﬁﬂd\iﬂﬁgf
'fﬁﬂé mi;‘kaiumatrié'fkaégiaﬁ&'madﬁrﬁp to mmr&~ 
with d;btmllad watur._ .
1ﬁﬁan‘ﬁf338 vclermmetar veadings (3 %.ﬁ.): G, 200
{i~@;§§3} 'Stﬁnd&pﬁ (trigliﬁ&tﬁﬁ)a:é mi.
@i@gtegaﬂiﬁta'ﬁam@'fiﬁske 9}3@1

Actuak dose adminlstered =6x mg, = 5~f9 B
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The full toble of corrcdted doses used in the sories

is saot out holow:

CRARLE 2.2

Syringe ealibrations (all guintities in nig.)

TRl B2 .

syringe dese G k B |
Corveotod 579 . 3.95 2,86 1.97°  0.98

Sodium thieceyanate

syringe dose 720 . B8O 360 o 120
Corveotod 720 hB2 - 888 kb 122

Antdpyvrine

syringe dose 1200 800 600 hoo 200
Corrocted 1190 798 6r1 hos 197

The above procodure may égund suﬁwvhﬁt ¢u§ﬁ¢rsama;
once these calibrations wors availablﬁg.herQQx ne
Further c&eegg were nacesﬁayy.untii the completion of the
experinentd. Closoe vreproduaibility has bﬁ&n‘thfbughauﬁ

‘the pavemount object: thus whon gerial observations were



132

Cmade on the same child, the same doso {and thevefere

the dame sysinge) was utllLaOﬁ.

E&timﬂﬁién;éf’iﬁdiﬁﬂfﬁvs in plasmo.

| ﬁlﬁﬁd 9am919$ wWEIG withdrawn thiough the-
‘polythﬂnﬂ canmulo at thﬂ *nlinwiny timos s
" e Prm«injveti&n* 2 oml., a8 controls ﬁar

thimcyannta and antipyrine asﬁimatimns,

pox]
™

Pos twinjeetiuﬂ, 10 minﬁ.: B oml., fﬂr
éwst:imation of T-1825, o
Aﬁ.w 'Fnstminj@cﬁaﬁn,.@ hﬂufsz 2 ml., ﬁéﬁj
' estimation of ﬁﬁiﬁ&yanatﬂ and aﬁﬁipyrinﬁ.
‘ 3, ¢§6 - ﬂPeatainﬁﬁéﬁian, 3 and 5 h@uvag

e&ah l ml . fﬁr antimﬁyrin@ est;aatinn onlyg

In a @@w aubjpcta 1&?@@?~V01ummﬁ worae withdrawn
at 6 heuva pnatuinjactiﬁn for Twlﬁﬁh and thioccyanato
elimination 8tudieag;’

Ail ﬁﬁMﬁl@ mvn withdrawn inte tuhcﬂ centainingi;
drd ed hmgarin and ﬁgalad.wmth ﬁafaffxn papvr 1?$aﬁmﬁ
was immmdiatﬁly soparated hy c&ﬁtﬁifﬂg&timn.  if\it was
not di*uctly nvaaticahla to Qarry out tho aqtlmatians,“
_tha samplos weﬂﬂ atored at 4% o, This ds papticmlarly
impﬁvtant in the case of T-18 ”&s if pluasnma aiﬁﬁﬁin,'tﬂ

which the dye_ia attaehmﬁ, undgrgwes sdpmifdcant



33

‘ aut&iyaia ﬁﬂlumnmaxtraetiﬁn ef the dyo bocomes

‘ inuﬁmplﬁtat

Elbﬂﬂ v&lumea

. Tho Qstimatiﬁn ol wniﬁﬁﬁ in glasma.
“ Twiﬁ?& haf Haoen egt;mnt@d thrﬁughnut<uﬂinu
. éii:har the. method of »nmwea;l ot 8l (13 ) or a somi-
Lmiﬂra mn&lficatiﬂn of the samo method. | ~}~ Tho
.fﬁrﬁew wags designed to utiiia% Ly mls of plasma
Ia}thaugh hal£ thia dnaunh may be used without
| ;sagnifiaunt 1nwa of accurncya The modiflied method
‘usaa ﬁ¢5 ml. ﬁf 91aﬂma. Thm furthar minor madlﬁicatiunﬁ
'ﬁnmga&tvd by Nﬁiﬂﬁﬂﬂey {1&5) were incerporated inte both
mnthﬁds.~  Thea principl& of hoth ia thﬂ a%tracticn of
'dya in 54 ealumn of specinlly ﬂruparud aollulﬂ&ﬁ, and
'thgn'tg.alﬁta.with 35% amétﬁng} The whole ﬂp@ratian is

~carvied out at 50°C.

Mpevesnethod

.b \-&ﬁparﬁﬁﬁs." The @gtraaﬁianAaﬁiﬁmu ig made from
.ﬁwé“gzéagfﬁmﬁéﬁVfuaad-tngﬁthew,'thé intérnal diamoters
%eingslﬁrﬁm.fanﬁ'&'mm}» This 3 aurrgundp& by a plaas
watvrﬂgaﬁkut thwaugh whien watgr iz syphoned from a
"waﬁ@rgbata_at ﬂaﬁﬁi Vh@n three such cnlumna are usod

simultancously, as dn J iguv@‘u, . the temperature of the



FIG. 2.1.

Columns for extracting T-1824 from
plasma. The small-bore column for
semi-micro quantities is on the
right. Water at 5070 syphons from
the water-bath (left) through the
jackets surrounding each column

34
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- thi rd dackat is awaund &u %G This gwaﬁi@nﬁ dovs not

‘w)a@pgav t¢>b§=mataviall

. Leagents.
o - ,1;1 B0O% Tmﬁpmlmwatvr |

T -lf“ﬂﬁ Taﬁpﬁlwsalinﬁ. h § ml;,mf:Teﬁpﬁl diiutéd ,
tﬁ-&$§ m1; ﬁith i&ﬂﬁﬂﬂiﬂ»ﬁnlin@.‘ |

3, '3‘4 nc@tﬂnamwatax.
.Q; \%J@ Galieyl suiphenic acdd, J‘Gm. of
'qali¢y1 aulphﬁﬁlc acid diiutad to 100 mi..with water,

! ﬁu Cvllu@aggi 1 Gm. nf degradad amarphmua
eax1u1nse (Gradn PML38) ia ﬁisﬁGIVQd in 200. mi. of 957
 =anﬁtuna*- It ia.thnn pwuﬁivitgtwé witﬁ'lﬂ‘ml, nf G.5
\'Mnﬂﬂ, and aiﬁﬁw&ﬁ'tu aiﬁnﬁ %ﬂr‘ﬁ mins. Thi%‘iq
“ﬂﬁntrifuged in Gox R tast tubwa for 2 - 3 mlna. at
‘[lﬁﬂﬂ r,@.m. It is washed thrva tim@s wiﬁh;isntﬁnic
saliua luﬁsanina frﬂm the battﬂm off the te&t«tuﬁeﬁ
cach tima tﬂ maka s th@ Gﬁllulﬁsﬁ ﬁﬁus not botomo
Aﬁt&ﬁh tsgethsr, since Wml%éh toends tm ﬂtiek to lumps,
| It is “then ﬁﬁcantad 1ﬂtﬂ a 100 ml. valumﬁtric flask with
saline anﬁ mad& up to tho markﬁ' This reagant nannot
be usﬁd if meve- than a weok old,
| Gi‘ leite Qﬁlit@ ﬁ&ﬁg 9Qwﬂmrad filter medium.

S

Ve thmma:i. evmtmm Ty;m 13,



36

Procedure. - The following tubes ave placed in a

- w&tmrwbath at 5363,:

1. A tube containing about 1¥ of Colite and
ha1§ Filled with lfﬁﬂQ-Tﬁﬁpﬁlwﬁaliﬁay

Re .fhwaé'tuﬁﬁﬁ ﬁ#ﬁh)emntaining Celite sufficient
tﬁ'qévér-ﬁhg bottom of the tube and 8 ml.-éf‘n%iluléaﬁ
waaga#t. |

3;5 ?a@*%aah»giaﬁma sample o tube ﬁunta;niﬁg
I wl, of plw&m% with 2 ml, of 350% Teepol. |

by A bube centain&um 1{ ﬁﬂqmﬁﬁﬁﬁlwﬂhliﬂﬂ~ﬂﬁ1?y

5 A tuhe cantainmng ﬁﬁ&-acmtuna only.
Noss & and 5 ave mefiliwd‘aa xaﬁuiradf The  above
quantitiéa'aré ﬁuffieiéni.ta carry out threavaétractiuns.

The column is now plugged at the narrow neek
with éhamiﬁallcgttmn.tﬂ allow 30 drops por minute.
Throe "Pagteur plpettefulls? from tube No 1 are added
ot allowed to séttl@ and thon, wvery carefally, the
contents ol tuboe Nos 2 are added, using a Pasteuy
“pipatte round the sides @f the filt&rwﬁﬁlﬁmﬁ1

Thie 1ayar»ls allnuwﬁ to settle and tho sides
of the column avo waQRbﬂ down with the contents of
Tubo No.l to remave all traéas of ‘cellulose. Vhen the

 polutiens in the column have gotiled end the level of
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the lfiﬁ& Téﬁﬁél do aﬁqut %ﬂtﬁbuva the surﬁac@ of the
ufilﬁgﬁiﬁgfmeéi&m th@ contents. of tube Ho., 3 are
\”ﬁnra£@$1y add§ﬁ‘and th@ztuhma’ﬁaﬂhﬁﬁ éut to give
auﬁﬁtiﬁﬁti?é ﬁ&diti&n. ha column dg wﬁsh@d several
;timas w&tﬂ thu Tﬁeﬁol ﬂﬂiutinn until. the Glﬂ&t@ is
fr@@gﬂrﬁm_ﬁﬁﬁtmin,ﬂﬁ t@ﬁtﬁﬁ with ﬁalmayi wulxhaniﬁ
‘méiﬁ,  - ) - M

) Nhﬁn thm amlumn haﬁ vawy naa“ly drided N5%
baoﬁtﬁna im adﬂﬁd; i_Thiﬁ ﬁﬁrriwsatha dye before it, to

_bm;gulxeﬁt&ﬁ-iﬂ a 10 mlp mﬂaﬁuring'ﬁylihﬂext

; %tandérd$f, X ﬂl iﬂ takwﬂ From the dyv remaining iﬂ

~;thb ampﬁulu ﬂﬁﬂd fﬂ? thﬁ tast and ﬁilut@d to §6 ml. with

(distilied watew; 145 mle ﬁf thiﬂ is made up too 1@ mlg o
w%th ﬂfﬁ aﬁatana~~

%inrv all tracan of piﬁamn arve washed aut
.dﬁriﬁguﬂwtwarﬁiﬁﬁ; na'ﬁlﬂama«bmunkudmbﬁrminntian is
‘Qatuived uniaas blood vmiuma haa umﬂn mna&urmd w&thin

the prnviaua tw& waakaq

%amiwmicrm mndificatiﬁn

Tha mwth@d dappmdu o tha xaat that ﬁimé& &
jrmduetiﬁn mf‘thédeiumaAﬁf-fluid,im thﬁ m@lumﬂ~wi11
Hwot pusy through spontanceusly, pressure is applied to

tho columm,  This is covried out edither as gentle



-sﬁntien~fkoQ b§i¢?AQr by applying c&utiéusiy pressure
fréﬁ-aﬂ’air¥f11ie&isyviﬁg@'tﬂ tha tﬁgAéf the  columnn.
'1Tha ratﬁ nt ‘flow can thus be vcryauaﬁily rgéul&teﬁ.
,“Thh iutevaal diamﬂtera nf the twe tﬁ@aﬁ.fﬁvmimg:the
"'cmlmm'x_ are b omm, amci wn |
| &11 reaggnt$ are thﬁ samﬁ é# u ud in tho
‘A“maéﬁﬁmméﬁhsa;\z 0.5 ml, Qf plaama‘with Q‘ 4] ml, of
-ﬁﬂﬁiTaépél“aéa\put thrgnggramﬁ the eluate made up to
‘; 3 mlg“< The aama qta&dﬁrd;ig'uﬁad;
| LALYL reaﬁiugﬁ hwvc been made on a @ilﬁer'
| ‘Uviaym §hﬂtuwélﬁetxic nolﬁrimﬁt@ﬁ at Sﬁ,gfﬁ.
ﬁaématﬁcrxt intarminatlﬁns Wﬁ?@ mnde witﬁ aﬁ
Mmcrenhuamatocrit cantriiu ) (ﬁawkﬁlay), sginﬂiny at ;[
13,000 r??,m. fer 5 minutmsy Wi thia.magﬁinb.is
wﬁ,)tt'iS'géﬂéwaIIy aarecd that p&éking'éf &éd'céiis
iq ﬁemptotg and th&t 10 cmrr&ctian fﬂr tﬁ&pyud pldﬁmn_%
k_is Wﬂqairad (all) Total bmﬁy haewatocrit ha& boon
| calculated usinﬁ the factor 0.91 {763). |
Thﬁ cemputntian of blaad volume is a$ f@llnws*
( ‘ﬁﬁqﬂ Qt Tulé*ﬁ admiﬂi&twrcd = D omg.
;Valume mf plaﬁmﬂ aatraetea;‘v YV oml.

-Flaamﬁ raaﬁim? (calﬂrimet@w)u 0

.

) ' }3
PR 1 ﬁ!&.y Plasmn = Er can T



3ﬂ_ugm.,mtaﬂdﬁ i (cﬂlay&mﬁtav)‘w I

,_q_cqneﬁntrétiunhiﬁ 1 ml. Fiaéma %:& 0 = O

N ?laéma:ﬁéluﬁ@ ﬁ.“ﬁl'@gﬁ‘fmﬁy il .

Total body hacmatocrit=(0bserved het.)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>