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This the 1s 1 compo d oft o rts, ch relat d 

to the proble of the od or r gu tion at th r.nal 

xcr tion of 1nol' ganic .os:t:b t • 

rt O e pr s nts n w d t concerning hy othesis 

of er tion o! inorganic phosphot io th dog kidney, and 

'"uch 1s c arly r levant to th ro l - cited bov. 

rt ·wo ros fro earlier ob~ stive 

of"{! ss1v trans ort process in th r n 1 tubul r r a sorptioo 

of inor n1c ho~ hat , a ypothes1s eon is ent with a 

pby 1co-che ic~l ode o! ac ion or ar th roio orm ne upon 

ither th lo a ul r f11 r or th_ roxl l r n l tubular 

ep1th llum {19,2C). t bout be 1 e of roroul t1on of 

this by otb sis, vestig tions nto th t iolog) of r nal 

to fo tion r COfll ne din t.1s labor tory (27), so 

er ting o o por unity for the s udy ot th r ysico-ch J:Jical 

~ rue ur of urlo·. s uch st cy was so a cle ... rly 

d sir bl reli inary to 

p y•ico-cb ical nal ff etc· of r thyroid bor on , it as 

al' ·ed upon tro this point of vi w. 

h la er inv .sti 3t1on b s yi ld d r sult~ o! g n rel 

int rs , quite· fr ny r l v ce they y h .. v to th 

robl fr ulation ot urin ry hos bat ~xcr t1on, an~ !or 

t 1 re o i rs nt db t ne, und r th bro 

title or "Ionic races s io ri a•. 

ndocrin . s areh Labor tori s, 

rt ent or ed1cin. 

Univ rsi ty or pe o,· • 



Abbreviations- cont,., 

ni = no -io ic urinary particles 

nu = o -ionic , non-urea urinary particles 

Osm . = osmolality ( ,.,sm/..cg water) 

OsM. = milli-osmoles derived .f'rom io ic constituents . 1C 

de ived £ om non-ionic .rticles . 

Os nu= milli-osmoles derived from 110 -ionic, non-(2l'ea 
- urinary particles . 

P - inor anic plospiate 

rt = room t • pera tu.re 

= in rganic sulphate 

= speci.fic conductivity. superscripts denote degree of 
dilution , eg . Sp~~u/lO is the speciric conductivity 
0£ urine diluted ten fold . , bscripts denote 
t perature eg. p.r20 is th peci£ic conductivity 
as easured . or corrected to , 2cP c. 

E R R A T A 

Errors of Commission: 
Part 1: for 'arguement•, read 'argument '. 

Errors of Omission: . Part 1 :Page 1 - "of inorganic phosphate1 by 
administering substances known to 
enhance phosphaturia, o r by" - 7th line 
from top. 

Part 2:Legend to Fig.15:The 24-hour osmolar/ 
c r eatinine ratio is shown above the 
curve for each individual. 

A d. D: sr85 concentrations were determined 
ppen i~sing a well-type scintillation counter. 

The concentrations given hav~ b~en 
corrected for background radiat ion. 



T I O N S 

Part e: 

Ccr = creatini e clear ce 

er = creatinine 

crp = plasma creatinine concentration 

cru = urinary creatinine concentration 

GR - glomerular filtration rate 

i.v. = intra-venous 

= potassium 

Mg = ma gnes iw;t 

ml . = illi-litre 

a = sodiurn 

= Inor~anic Phosphate 

Pp = plasma inorganic phosphate concentration 

P
11 

= urinary inorganic phosphate concentration 

~r85 = strontium isotope; ga .ma emitter. 

Uvoi . = urine vol . e 

Part TVo-: 

Ca c: c lcium 

£ = dilution £actor 

g = osmotic co fficient 

i . c . =ionic constituent 

I. ·= Ionic 0 trength 

r = potassium 

Mg = magnesium 

m... = 1:1illi-Ions 

m... = milli- 1ole 

- sodiu 

H4 = arnnonium ion 
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PART ON 

Demonstration ot Secretion ot Inorganic 

Phosphate in the og Kidney. 



Chapter l 

IN EODUCTIO • 

OVer the f;ast twenty years, n rou in'Ve stigators 

bave sought evidence of inorganic phosphate secretion in 

the ma ma ian kidney, following the unequivocal de onstration 

of such secretion in the fish ( 5, 26, 41), alligator (18), 

and chicken (23). Stimul tion of the ·hy oth t1cal secretory 

mechanis was att mpted by raising the plas concentration 

of inorganic osphate, or by adopting both th se st~atag s 

simultan o~s y. Thes m nou v es 1 d to conflicting results 

which on the whole did not favour the xist~nce of such a 

m chanis in cat, dog or an Cl, 2, 4, l , 16, 19, 35, 43) .. 

The recent introduction or new techn1qu s of physiologic l 

iov stig tion - close-a. terial injection (8, 9, 10), the 

admin1str tion ot anato ically selective neph:rotoxic agents , 

(31, 32), ano stop-flow loc li ation of intratubular function 

(24, 38, 39) - has how v r provided fresh videoce both for 

and against the hypothes1·s of seer tion ot inorganic phosphate .. 

An interesting variant to the 
th me of raisad plasma phosphate concen­
tration e using P secretion~ was that adopted 
by Carrasquer and rodsky {b, 9); close­
arterial inj ction ot P and Cr, in dogs 
load d with acid phosphate, produced a far 
gre tr (20; - 4ooj} incre ent or excreted 
P than of Cr. Thy interpreted this as 
evidence of s cretion. Others however have 
relt that thes r sults ar equally con1stent 
merely with decreased P reab orption (4, 16). 

Nicholson selectively p on d various 
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segm nts of the dog nephron befor 
assaying the phospbaturic ffect of Para­
thormone (3, 32). He found that lesions 
to th - pro imal tubule 1 d to a marked 
increase in P excretion, whereas 1 sions 
to the distal tubule produced at 11 in 
P excretion. • th n showed that 
paltthyroid extract could stil.l cause an 
1ncr ase in P xcretion in th pr sence 
of proximal tubular lesions , but was with­
out effect in distal tubul r 1 sions. He 
concluded that phospha is normally 
resbs r .bed in th prox1 al, and cret ~ 
in the distal, tubule, and ug steo th· t 
the sole action of par thyroid extr ct 
might be to inczea this secretion . 

Ev n this work, suggestive as it 
is, is tar from being conclusive proof of 
secretion . The tact of proximal tubular 
dam g producing increased phosphaturia 
implies damage to a proximal ~ubulor r -
absorptive mech nism. Assuming parathyroid 
extr ct to normally inhibit such am ch nism, 
it does not see surprising that the 
administration of Parathyroid extract to the 
damaged echani would lea to still 
greater phosphaturia. 

Wh re distal tubular lesions w re 
pro uced, the kidneys er o severely 
damag d as to 1 ad to 1 rge falls in 
creat1nine clearance, nd th urinary 
phosphate cont nt fell to low levels. 
icholson hi. s lf ascribe these findings 

to back diffusion of intratubular fluid. 
The lac of phosph turic ff ct of para­
thyroid extract in such c ~s need not 
thereto en cassarily b c~ibe solely 
to injury or a dist 1 tubul r P secretory 
echanism, ut my qually well have b en 

due to uch mass ve b ck "1ffus1on of as 
to absorb 11th additional P brought 
down from the pro 1 .al tubule. The 
damag d epitheli ay simply hav be n 
incapable of sustaining a cone ntration 
rad1ent. 

In stop-flow xperi ents on dogs, 
the content of 'intr tubul r' urines 
has n ver been found to exc e the ount 
filtered. (36, 38). 

S ·1Y t al (38, 39) p rtormed 
stop-flow exp riment on pr thyroidecto -
1sed dogs, before and fter a inistering 
Paratbormone. Th y found that inj ction 
of p32 into tbe renal rtery one 1nute 
b fore rele s of sto~

2
-tlow, caus d onl 

a small net flux of PJ into the tubul r 
fluid. This va not appreciably alter d 
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by Parathor one, despite an acco pany1bg 
increase in pbo phaturia. They concluded 
that a distal tubulQr seer tory echan1sm 
did not exist, and that Paratbor one cted 
solely by inbibitjng proxi al tubular 
reab orption. 

It 1 clear that tb results of the 

are mutually contradictory. 

recent investigations 
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Chapter 2 

ARGUEMEN.r 

The experience and difficulties of previous workers, 

cited in Chapter 1, lead to two conclusions; viz., 

(1) inor anic phosphates cret1on, 1r it occurs at all, will 

be found in the distal tubule (23, 32), and {2) will be 

quant11:at·vely 1 ss than the simultaneous proximal tubular 

reabsorptioo. 

These aseurn.ptions underlie the approach to the problem 

of demonstration of renal f s~cretion adopted here. The 

arguement which follows devolves entirely uron the stop-flow 

method of localisation of renal tubular function, details of 

which are give in appendix,. 

Arguemen1: The definitive criterion of ecretion of inorganic 

phosphate sought in tne past has been the .. ppearanee or a 

g'."'!ater urinart pb~sphate content than could be accounted for 

by the process of glomerular f1 tration alone. That is, the 

ratio of urinary phosphate content to that of tbe glo erular 

filtrate had to exceed unity. 

turin conventional stop-flow experiments in the dog, 

'intra-tubular' urines never achieve this figure, even after 

the administration of Parathormone (Fig. l); this has been 

cit d as evi enc against the hypothesis of P secretion 

(38, 39). The possjbility rem ins however that some distal 

tubular s cret1on ay occur but in a ounts too small to raise 



Fig , 1 : 
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Stop- flow concentrations of Cr, a and P, 

b fore ana fter the administration of Parathormone 

(Expt. 1). 



,. 
the above ratio to unity or beyond . The procedure out lined 

below permits the detection of just such small increments in 

ratio . 

The anaesthetised dog is prepared as for a conventional 

stop- flow experiment (of Appendix A) . Once the rate of 

urine flow has stabilised at be t ween 3 - 10 ml . per minute , 

a number of control urine and blood s pecimens are taken. 

Parathormone is then given int ravenously , a nd s ome twenty 

minutes later more urine and bl ood sam~les are collected • 

.A stop-flow e::r, eriment is then performed in the usual way. 

As soon as this is c ompl eted , the ureter is again clamped off . 

:. few minutes later the clamp is br iefly re l eased so that some 

2 or 3 ml. of urine may be coll ected, before occluding the 

ur eter for yet a third period . After a further few minutes 

of stopped- flow , the ureteric clamp is finally removed , and 

the ensueing urine collected as in a convent i onal stop-f low 

experiment. 

taken. 

More control urine and blood sa4,ple s are then 

~he rationale is as follows. Tho control specimens 

reveal the degree of phosphaturia induced by the Parathormone . 

Analyses of urinary samples obtained immediately after the 

first period of s topped flow delineate the variations in ratio 

of urinary phosphate content (as compar ed to content of the 

~1omerula:r filtrate) throughout t he length of the tubule. 

This pattern is assumed to be re produced during the second 

period of stopped flow . The subsequent escape of 2 ml . to 

3 ml . of urine move s that urine oppos i te t he pr oximal tubular 

site of P reabsor ption, and thus of low ratio, downstream 

towards the site of presumed P secretion. The third stop-flow 
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period allows time for secretion to occur. Subsequent 

compari son of distal tubular ratios (as obtained after the 

third stop-flow period) with those found earlier at the more 

proximal tubular sites from which the selfsame urine was 

displaced, should now reveal the presence or absenee of any 

additional phosphate. 

This procedure has been called an ' interrupted' stop- flow 

(30), and has been used successfully to demonstrate the 

sodium dependency of distal tubular secretion of potassium (45). 

It may be pertinent to note that, in the dog, the renal 

tubular reabsorption of inorganic phosphate expressed as a 

fraction of that filtered is influenced by neither variat.ions 

in glomerular filtration rate, nor by generalised kidney 

damage (11, 37); this relative immunity to extraneous disturbance 

renders the pnosph&te :ton one particularly suited for study 

by the interrupted stopflow technique. 
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Chat l' 3 

E R lME n- L DES IG ID CALCUL 'l' Ions 

All th experiments were erforme1 on ansestbetised dogs , 

prefared as de cribed 1n Appendix • 

Fx :ri~~nt 1 is im ly a r duplication of earlier iorl (38) 

and is 1ncluded hPre solely to illustrate ty lcal stop-flow data 

as obtaine b fore and aft r the administr tion of I rathor on . 

he x orimeots on togs~ to J all adhere ore or less clos ly 

t o the rocedure scribed in Chapter 2 . They r resented 

her not in th sequence i n which the were rorfor d , but 

rat er in order of Parathormon - induced rhos haturia; this 

si plifies pr~'entat on nd iscussion of the res lts. Some 

dea oi' he £ctual OI'der in 1 hie the ex eri ents wer pe:•for .ed 

c n be ugec from the dose of P ratho~mone ad in1st red. 

Thus Dogs B and ~ach r ceivea 100 units, ogs A, c, D, E nd 

F each 200 units, and Dogs I,! and J e·ch 400 units, of 

Par thor one. 

In each ox erj ent, the stop-flov rin9ry concentrations 

of Na { n~ sr85 too, in oe A} w red ter ind in odition to 

those of P and Cr; these vere need d for sub.:> quent ch~cks on 

the accur cy of the proc,,dure - cf iscussion. 

r tails of individual expnrimen al rocedures and 

nalytic 1 results are giv n at t.e conclusion of this -h sis . 
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Sto_-flow ur1nar., • co c n r 10 .re 

ex"'r S" trae 1 ns 0 ~11 1' pho h t • Thi i 

calculatP s equal o: 

:x I G p 
vol. u 

Whic i 11 1 s to: 

p .. Cr I Cr 
u p u p 

~ ~ 
or.. eq a in . Ccr with G, •. i s to be C pl t ly 

p 
filt rable . '!'he r cone ra io. of C con rol urin 

coll et1on is .,., r .ssad a ere nt g~, rat r th fl s a 

fraction, of that f·lt.nred. 

h t 1 volume ot th u1 1ple Ul' no p ci ns 

0 t 1oe tely f"ter er1o of , up to 

nd includin tba cont n nr. th low t r et1 nor tilter d 

P, is ta , .. a("c th tot 1 1ntr -tu 1 r vol Ct(". ny point 

lon th 1~ngth oft e tubul i loc t d X ? sing the 

volum t t is point i:sS a !"C nt of t . 0 intr -

ubul r volnm • 

•or coo~e 1 ee in ex ·o iti n, c lculat1o nd discn"' ion , 

the ... 1st, 

erio 

o ta .... ni;d 

sj n · d. 

' 

ccnd nd third sto -tlo· p rio s ar· d s1gnat d 

nd c, ctivel ; .e sto - low ur!n 1 

di t ly at rec o! ttese iods r s1 11 rly 

! r r 1 nt rele. of ur teric o elu 1o tveen o -

rin flow 

do ns r · • 

x r ssin t 

is 1 e·s th intr~-t 

d gr 

.ot 1 V ·l 

of 1 

o · ur 

C ot 1 c: cu1 d by 

j C dur1n th' 



brief period of free flow (B samples) as a percentage of the 

total intra- tubular volume (as measured in the C samples) . 

This permits tha comparison of P concentrations at distal 

tubular sites (during stop- flow period C) with those opposite 

t he upstream sites from which they were displaced (stop-flow 

period A) . 

Comparison is thus effected by sultraction of P concentrations 

in the A samples from thosE in the C samples, at corresponding 

percentages of the total intratubular volume. 

:; Neither of tbesa assumptions is correct. cf Discussion. 
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Ch pt r 4 

SUM. A Y 0 ESULTS 

Farathormone evoked a phosphatur1c response in all but 

3 dogs. h percentag excretion of filter d P fell in 

dogs A and B, and r main d unalter din dog c. 

Stop-flow Ur1narY Cong1ntt1~lon atterns: 
(1) rog A: Urine concentrations ot P, ~a and sr8' after 

stop-flows , Band Car presented raphically 1n Figs.2 

nd J. 

ig, 2: Concentrations in stop-flow A urines are 

depicted on the left nand side of th figure; thos 1o 

stop-flow urin s Band C re on th r1 ht. 

hP- coneent otion minim of Na nd sr
8

' 

ar~ each at almost identical fractions ot be tot 1 

intratubular vol s of sto -flows A and c. 

The cone ntration curves diff r in 

configuration in A nd c. ln A (and B) the concentr tion 

of eacr ubstance rises progressively fro~ a proxi al minimum 

to a di:;t 1 maximum. This is in contr st to c, where the 

concentration of each substanc , d1stel to it~ min· um rises 

then f lls. 

Fig, 3: The , nd sr85' concentration of 
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stop-flow urines A, E and Care compar d at corresponding 

percenta es of total intratubular volume, by superimposition 

of th data pr-sPnt~d in Fie. 2. 

The distil tubular concentrations of Fin 

Care very 51:nilar to those at tbe upstr am sit0s from "1hicb. 

they were displaced. 

The concentration troughs distal to the 

sites or the concentration minima, as seen in C (Fig. 2), 

corresi;ond to tbe concentration minima in A. In each case 

the nadir o! the trough is or higher concentration than the 

corres~or.ding concentration minimum in A. 

1stal troughs or P coneeotr tioo, similar 

to that present in Dog (stop-flow C), re present in the 

C stop-flow urines of Dogs~ and H. 

{2) togs A to J: Fig . 4 depicts the comparisons between 

P concentrations in stop-flov urines A, Band C in t ogs A 

to • Th~ iatterns of P concentration in stop-flow A urines 

re roughly similar in all the do~s, rising trom proximal 

tubular minima to distal tubular xima. In all cases, 

small fluctuations in .t eoncontratio. are superimposed u on 

this general pattern . The P concentr ·tions of distal tubular 

urin s r~nge from O.l to over 0.5 of th !"ltered. 

The P concentrations of stop-flow B urines 

tluctuota in similar fashion to those of the corresponding 

A urines, but may be at higher or lowe~ levels. The 

concentrations in J and B urines v ry L parallel t.o the 
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changes in p rcentage P excretion in pre- and post- stop-flow 

control urines. 

'11th three exceptions (Dogs G, I and J) the 

P concentrations in flstal tubular C urines fluctuate roughly 

in par 1 lel wit!. the co?.res~ond ng A ur:i nes. 

S:t.2r-flow Urinarx Creatinine concentrata,pn Patte;ns: 

Dog G shows marked d1stal tubular peaks 

in Cr eoneentrat1on , in both stop-flovs A and C. These 

peaks are at 28 .7% and 31 . 2% or the intra-tubular volumes, 

respectively. 

The stop-flow urines of the remaining dogs 

manifest relatively little change in Cr <:oneentrat1on along 

the length of the tubule. 

The distal tubular pe ks in og I lie at 

23.41 and 25.5. of the intra-tubular volumes in stop-flows 

A and c, respectively .. 

Creat,igine concentration of proxi t al,. tubular sto»-f'lo,r 

urine Cat 100) intratubular vol e) is appl'e<.'iably greater 

th n that of the frae now control urine, in all the dogs 

other than , C and G. 

Volumes of B s 2 .ple9 as perc ges of the totaJ. 

Iq~ratubular C Volumep: 

Range: 23J to 53. Mean: 39 . 
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Com1zarison of excretion i Control and extre e "Disttl 

ybulat' Stor-floy Utine~: 

·1th 2 PXcept on~, t}'le P coneentrations in extreme 

distal tubul r urines of stop-flows A and B, correspond to 

the percentage excretion 2n tie control urinPs collected 

immed ia t~ly b~fore and after the stop-flov procedures. 

The for~er are higher than the latter in og A, and vie. 

vors in Dog .r. 
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D l S C U S S I O N 

Apt.raisal of the Int· rrµ11ted Stor-tlow Tecl)nigu : 

~he interruit d stop- low techniqre, as used h .re, is 

not strjctly ~o~rarab e to that a o ·ted by prevjou~ ork~rs. 

Both .1urdaugb and Bob:!nson (30), and ~a1.ker P al (1'5) - in 

attemrting to d&mnnstr-te distal tubular s cretion of Mg and K, 

resp ctively - liberated ocly sufficien urine (B sarrirles) 

to mov~ that intratubular f1ui of m nirnal M or Ja concentration 

to a y t more distal part of the distal tubule. This 

represented relea~e of rrobahly less than 20 or the total 

1ntratubular 10Juc~. The fluid thus brought to th site 

or presurn d Sflcretion was of mini al coocentr tion and little 

af! cted (pr sumably) by ne·.r glo arula:r filtrate . 

his contrasts strongly with the proc aur presented 

h re, in as much as (a) a muc greater percenta e of 

intratubular fluid is releas nd (b) the f'luic brought to 

th distal tubule is at b ~tor in er e~i te r the~ than 

mininal . concPntration, and .1 ht well h mo~1f'iad by the 

influx of :rresh glo rular filtra e. 

For th se reasons the arguemen pre ent din this work 

must meet a number of fundamental criticis s, viz: 

(i) localisa ion of a t par nt P-s cretory and a-reabsorption 

sites int rms of p Tcentag€ of total intratubular volu es 

1mi:,lies a constant relative distens1bility of v rious parts 

of th~ n phron; sue~ constancy ay bi dis ·urb upon repeated , 

and particul rly interrupted, stop-flows. 

(11) Calculation of the d gree of distal dis l c ment of 
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intratubular urine furing the interrupted stop-flow procedure is 

based upon th~ ssumpt1on ot id nt eal total int:ratubular vol. 

durin stop-flow periods Band C; such may not be the ease. 

(iii) Sto -flov urinary f concentrations, in repeate experiments 

in individual dogs, may cot b-e similar evcm where such 

experim nts a~e performed within a re inute of each other; 

this is the ore likely to be true hen carri - out soon fter 

thP ad inistration ot Barathormono. 

{ ht) he analytical techniques employed ay be too inaccurate 

to impart any e1gn1fic nee to the small differences actually 

observed. 

The first crltic1sm is perhaps t ho most easily answered . 

Loci r inimal la concentration re aio at relatively constant 

fraction or the total intratubular vol ume eur1n° each ot 

th se experiments (l'l"able l}. Had be proc dure C!;iUSed 

disproportionat tra~ping of fluid i n portions of either 

roxi~ 1 or distal tubules, these loci would have been 

displaced . 

Th identity of total intr tubular volume during ~top- flow 

periods Band C can be only in~irectly corroborat d. 

In as uch as top-flow periods A, B nd C follow rapidly 

aeh upon the other, the finding of qu l total intratubular 

vol es in A and C strongly supports th s ption , in sueh 

ea es, of id ntical intra- tubular volum s during stop-flow 

per iods B n · C (Dogs A, D, E, F , H; bl 2a) . 

Figur s 2 and 3 contrast ancl corn ar the F concentl'ations 



TABLE l 

s b 

0G LOCI OF . Al!lillA: 

A C A - C 

A 46.9 l .. 2.1 4.8 

B 53.8 44.o 9.8 

C 42.1 1+8. 7 -6.6 

D +35.2 +41.3 -6.1 - ' 

3;.3 40.6 -5.3 
? 39.5 34.3 ;.2 
G 46.6 42.1 4.5 
. 42.7 46.o -~.3 

I 36.9 28.9 a.o 
43.5 ? ? 

-
Hean 42.3 39.7 6.0 

(a) Loci of Na concentra ion inima, in pr 11 inary (A) 

and subsequ ot interrupted (C) stop-flow urines. 

Loci are expressed s percentages or th total 

1ntratubular urine vol s. 

(b) ,1!! re ces n loci or cone ntra ion in1 

betw n A and c. 
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1n og , in stop-flow urin s A, nnd c. is appar nt 

that the ,:,ox1mal tubula' site o minimal P concentration in 

A, js rap~esented b· a a1~tal dip in P concentration inc. 

Sbo .. ld the total intratu lar volume during stop-flow period 

B h ve en equal to th t ~1ring stop-flow period c, one 

igbt xpec, 

Volum of urin 

r~le se art r 

sop-flow 

+ 

Volume of top-flow C 

urine up to distal dip 

in P concentra ion 

Total Intratuoular Volume of C 

Only dos , E and H showed clear-cut dips in distal P 

= 1 

concentrations in the C urines. In these dogs, the above 

c lculation yi lded figur s of 0. 96,o . 96 nd 0.90, 

resp ctively (table 2(b)). Tbs figures are in keeping 

with the postulate (Fig. 5 cf below) of slight downstream 

displa~em nt of th nadir of the distal trough in F concentration. 

Yet a third approach to the problem of establishing 

identity of total intra-tubular volumes curing stop-flow 

periods Band c, 1.s compa:rison or the respective cumulative 

stop-flow urine volumes up to and ineludin those containing 

the minimal Na concentrations. This was found helpful in 

only 2 c ses {to s E , F - 'able 2c) an in mot of th reoainder 

insufficient Ul'ine was rel ased art r stop-flow period B to 

ensu!re inclusion of that or mini al Na conc·ntration. In 

two oth r { o s C and J) the ·a concentration varie too 

little or too irregularly to be of help. 

I ntity of 1ntr -tubul~r volumes durin stop-flow 



0 

!)
 

t J 

T
 A

 '
8 

t,
 

a 
I 

o 

·v
~

al
 1

nt
ra

tu
'b

ul
ar

 
lu

m
• 

d
u

r!
q

 a
t 

-r
lo

v
 D

fl
ti

 0
th

 

•"
' 

.... .
 , .. 

1'
1.

2 
12

.2
 

11
.s

 
12

.9
 

I 1
3.

5 
1

3
.,

 

1
3

.;
 

1
).

6
 

.3
 

6
.6

 

.7
 

1
2

.11
 

11
.4

 
11

.9
 

11
5,

t")
 

1
6

.3
 

11
5,.

0 
13

.a
 

? 
• 

u
n

c•
•t

ai
n

 
J 

(i
) 

{1
1}

 

o
l.

 o
 

o
l.

 
n

t 
C

 

•4
fl1

7 
.5

39
 

-
-

... 
-

-
-

.5
25

 
.4

39
 

.4
43

 
.5

1
2

?
 

-
.. 

.)
5

"' 
,5

51
 

-
-

... 
.... 

• 
lu

• 
ur

lt
i•

,•
•P

l•
 i

n
 B

 

(
i)

. 
(i

i)
 

.,5
6 - - - .9

64
 

I 

.9
5

5
? 

I 

- .r
1 - -

eu
m

ul
at

iv
e 

v~
l 

th
a
t 

co
n

ta
1

n
·1

 r! 
m

in
i1

1u
m

 

11 

3.
5a

 -

3.
91

"" 

5
.2

3
?
 

4
.n

 

5.
18

 

C
•_

,.
"

'l
c 

... 4.
1r

·· 
3.

73
41

 

3.
46

 

C
 

3
.J

il
 

5.
3 

is
.2

,~ 

5.
52

 

t
t
. - 5.
47

 

4.
12

 



17. 

periods B and C can there "'or be said to have been fairly 

shovn only in ogs A, , , , F and n, ;;.n ust b ass ed for 

th r • Intsmuch as o ly a r ction o the total 

intra-tubular voluoe is released b tucen to~-flo· erio s 

B am~ C, and os tt ono foll O;,;S 1 edi t ly af r th otho:r , 

th s ~ es not oem unreasonable. 

h ab~olu concentrations of subr.tancos found ·n stop-flow 

urine sarrples ave little significance in tbeLselves , the 

value of the~ 0p-f ow technique lying l rgely in depicting 

relatjve fluctuat~ons in concontr tion along the length of 

th tubule ( 3£ ~ • T ar guerr. nt ov n cc,d in Cb p er 2 

however d ...... es not epend on strictly ccmfarable urin ry · 

cone ntra ion in r petitjve ~to -flo~ ex eri ent • lt 

is th atterc, rather than th m gnitu~ , of ttc differences 

between F concPrtra i ons in st p-flow urines A and c, which 

deter ·nes the resence or absenc of . secrcticc . This 

~ill be el borate? u~on below (fig. 5). 

he calcul tion of urinary P cc.cen r*tion~, - as 

fractions of t·.a ~ fil t .red - ssumes the :-las P to be 

co letel) filtera le, nd th~t Cr i nc:ther ocr ted n,r 

reabsorbed within the tubule. Both of these ssum ticns 

are incorrec • r.i rror in the for er (l•(, is of littl 

sigoific nee s t b1s can 1-ad onl} to fractionally lower 

chlculat ed urinary P concentrations ban in~ ct exist. 

C:r has recently been she n to be cc'?.'eted in the 

proximal tubul of the (rn le) dog idney, t ite 

coinciden al with that of PAH seer tion (33 , 42). ~his 
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is in a1.,parent conflict with revj ous XJ:,erienc ( 5, 40), 

n anon1 ly x licable by the we kn ss of th. seer tory 

y roces"; ~nee 1tc ~e ,o str tion only d 'ring ... top ed flou. 

O oration of this factor - ossible Cr secretion - r nce:i·s 

suspect any cc..lculation of "'to1>flo\J Ul'i ~ ry · cone otrat .. m 

(ex .rossed as u f1·act1on of th· t filt -r -d .. wh(;;re tb.1s is 

base on Cr ccnccmtrntion. ':'he actual Vcducs 0 .1. s t o -flow 

urin&ry - conccntra ions must b higtcr tlaL thos · calcul ted 

here, urt·culurlJ those !or the irox1~al tubule . 

Th. work aescribed in ttis t sis wa well under way 

when this con:!flic· tion caJ:Le to 11 y attention. r'ortunat ly , 

as tointed out abov, the ctu 1 v lues of I conc-ntratiou 

do not affect the arguemeot on which t !s st~ay is based . 

ntil uc._ ti as C:r 1s sbO\rn to b reabsor d in the dist l 

tnbul - and there ·.s no r ascn to sus._,r;;ct such " r,h nomen n -

only 

to b 

sec. t· n can be sbir to br ng at 

describee below. 

t tlle ph-nom·non 

Glomerular filtr tion ·o snot cease during stopptd 

flov ( 341. I1 follows th t the loner the period O· ureteral 

obstruction, th grea er the fraction of intratubular fluid 

rived from pest-occlusive f:ltrat • Stot--flow urines 

A and Bar obtainen afte4 roinut eriod3 of uret r 1 

occlusiot; most of the C stop-flew urine is ex~osed to 8 
inutes of ureteral occlusion (4 minutes during stop-:f'low 

p ric·" l., nd a furth .r mir .. utcs dur:!.n~ sto -flew per· od C) . 

lt is clear that t e distal tubular C u~{ne ay cont in a 

higbP.r fT~ction of new fll trat than th corres.1-,onding 

A urine. 
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As new filtrate ent l'S the proximal tubule during stopped 

flow, its content is la gely reabsorbed. Cr however 1s 

not reabsorbed (5, 42) nd ay veo b s er t d {er bove). 

Once pat the it of P reabsorption th new filtrat there­

fore consists of P - poor fl 1d (relat1v to er atin1ne); 

thi dilut s that fluid alr ady p ent in th distal tubule 

to eft etively lower its P concentr tion. The gre ter the 

fraction of n w filtrate, nd thE or th proxi al tubular 

secretion of Cr, the greater th ap r nt dilution tt ct. 

It follows that th distal tubul r C urines my be ot 

som what lower concentration than th corresponding urines, 

even in the absenc 0£ factors operating to alt r the renal 

handling of P. Inas ucb s this study was designed to s ek 

evidenc of a .t!!!. in distal tubular P concentration 1~ 

the C urines, ueh an artetaetu 1 fall in P concentration is 

or no consequence. 

The accuracy or the analytic tecbn1qu s el:'lploy d 

leaves ucb to b d sired. Scrutiny of s rial stop-flow 

urinary Cr or P concentrations, in any of the experiments 

presented here, :r veals random fluctuations which c n only 

b due to technical error. In oth r experiments, not 

r port d h re, these errors were som.etim s so large and the 

actual concentration gradients so slight, as to make it 

impossible to exactly define the s1te of 1n1mal P con-

centration. 

discard th 

In such cases one h d no alternative but to -

exp rim ntal d t in th ir entirety; this was 

found n c ssary in no fewer than 6 instanc s. 
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In view ot tis r l tive t chnieal 1nadequ ey - inad quate, 

that 1, int rms or th preci ion show 
. 

study - two at gu rd ust be adopt din 

pr s n din F1 s. \ and 6; these re (1) 

s ry by this 

in the d t 

all abrupt 

via ion fr g neral tr nds u t be ignor~d, n (11) 

pp rently convincing f ndin s ust be pr sent in an bor 

of x:p ri nt n at compar ble points long th 1 ngtb 

of tb tu ul to b significant. 

Postulat . of Intl' tubular vents during tne 
a and ioterrupted top-tlow manou~vr s:(Fig. 5') 

On 1n1t1 tion of ur teric oeclusion, th patt rn ot 

P cone ntrat1on along the 1 ngth or the tubul is presumably 

that of Fi. 5 - 1; this assum s no ren 1 handling of P 

nywh r within the tubul oth r th n n ar th ite of entry 

or the glom rul·r filtrate~ W1tb continu d occlusion, this 

p tt r rapi ly ch nges to that of ig . 5 - 2, proximal F 

r absorption continu s. Spl yin istribution of 1ndiv1du 1 

n phron 1 n tbs, (24) - ixture of post-oecl u i'Ye filtrate (34), 
an down trea iftus1on of proximally s er t d er atinin (33, 42) 

all contr1 ut tow r ds the gradual slope in intratubular P 

concentration. elea e of the ur t ric ob truction, with 

r p1d scape of the total intratubular content, now yields 

th cone ntration distribution att rn nor ally seen aft r 

stop-flow xD r ent. 

Ir bo'W'eV r, only a f w 1. of urin r allow d to 

esc , before a ain ob tructing th ur ter, th pattern or 
intratu ul r P cone ntrations t th om ot 0£ c ss tion or 
urin ry flow will be th~t of Fig., - 3. H re 2;, ot the 
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intr tubular vol 1 s d to have esc d. The site 

of minim P concentration has accor 1ngly ov d 25 down-

stre m. roxi l to this, cone otr tions ri e sharply 

to higher 1 v ls than in Fig.5 - l; this is con equ nt upon 

h ore r pid p ssaee or gl erUlar filtra over the sit 

ot Pr bsorpt1on, immediately followin p riod of stopp d 

flow, than pertains during fr fl • 

S veral processes now occur. Duri stopped flow 

ther is continuous slight dovnstr a movement or intratubular 

fluid (34); this leads to diffusion n mixing, with blurring 

of th pattern ot Fig.; - 3, to that or Fig.5 - 4. In effect, 

th proxi al h1gh-P-concentrat1on hillock !alls forward to 

partially, or complet ly, till the ore distal P-concentration 

trough. If tilling 1s not co pl t , the nadir or th 

partially filled P-eoncentration trough ay be displaced 

dist lly .. 

As occlusion continues, the advent ot post-occlusive 

f1ltrat , nd down tr a · diffusion of ne ly creted C.r, ( s 1n 

Fig.5 - 2) effeetiv ly lower the midtubul r cone ntrat1on. 

At the same tim, proximal tubular reab orpt1on o! proceeds 

unint rrupt ly, o that the pattern ot 1ntratubular P 

concentration beeo es that of ·Fig. 5 ... 5. · Tber re now two 

P cone n ration troughs, (1! tilling of th di tal trough was 

ineo pl t~ th low st and most proxim l of which m rks the 

site of Pr bsor tion. 

This then is the p ttern which wbould be pre ent in the 

urines p e obtain d 1mmed1 t ly fter r stor tion of tr e 

flow, assu ing no distal tubular secretion of P.P concentration 
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a di s al tubular sites ma b a littlP 1~ s than th 

coneentr tions opposit those upstrea- sitA fro which thy 

wer dis pl c d (Pig.5 - 6). Su t action of' .v cone ntrstions 

o Fig . 5 - 2 from th correspon in concentra ions of Fi . 5 - 5 

yields a curve of configur~tion s ~o Fi. 5 - 7. Fo cl rity , 

the sccsl of the ord i nat of It'ig . 5 - 7 bas been ge:r tsd . ) 

Th am seqnenc of events should occur in the pr s nee 

of dis l t,b 1 r se~retion or , but now urin·ry r concentra ions 

at a: s 1 tubular site wi l l b hi gb r than tho wbieb 

perta i nPd at thf'l ore pr oxi al si t s f rom 11hich thej, were 

displaced ( 1 . 5 - 5a and - f a. r i t hm tic 1 subtraction o' 

concentration i ig . ~ - 2 f r o 

in Fjg . 5 - 5a , y1 lds a doubl e 

V luatjon of ~spl t s in 

vent§: 

t he corr spondin _ concentr tions 

ak d curve (Fig. 5 - 7 ) . 

h ar1th tieal cop r sos of P eonc~nt ati ons in stop- flo s 

A, and C for o s A to J , are ·r ~ent ed in ig.6. The :P 

concentrati n or the 4 urine have bf)en s 'btracted fro i those in 

t he C urin s, at corraspondin per c~nta s or ·ntr - tubular 

volume . b - 1 tes or minim 1 . a eonce trati n a:r so shown , 

as well as the mean values of; rcenta,..e excretion of P in control 

urine collectj ons b fore and ~ftcr tt a .... rr.i nirtration of l-'arathor on . 

Dogs A , B and 

in P conc~ntrat1on . 

pr nt no vide~c of a distal p ak 

Dog C, , , and H s h ow srn 11 cis .. a J u nla r :irregul riti s 

in P eone ntra t o~, but thes ar · based upon equally 1rregul r 
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tluctu tions ot P concentr t1on in thos stop-flow rin 

fr which th gr pbs of Fig.6 r d .riv d(Fig.4) 

ogs G and! have di tal tubul·r p ak 1 P concentr tion 

1 11ar to thos ostulat d to occu 1n ecretion (Fig.5-7 ). 
Th s p ak 11 1stal to the s1t s or 1n1 1 a concentr tion, 

re a:xi al at 24., and 21.7$ of the total intr tubular 

volum r pect1vely, nd r p es nt appar n cbang in P 

cone ntr tion ot ust ove 0.1 or that f1lt red. 

o J lso h dist 1 tubul r peak in P concentration, 

t 20.0 ot th intratubular vol • This peak is small r 

and le s cl arly ef1n d th n those of ogs G and I, but 

is 1 rg r th the 1~r gular tluctu ion ot 

1n th stop-flow urines and c. ( 1g.4-J). 

cone ntration 

h Cr cone ntrat1on ot proxi 1 tubular top,,.fiow 

ur1n in o G 1 proxi t ly qu 1 to tha of it 

tr -now co trol urines. That 1 , o G pr nt no 

idenc r pr 1 al tubular ecr tion of ere tinin. 

hi y b a t ctor accounting tor th it renc in 

conf'igur tion or ig • 6 - g, 6 -1, d 6 -j • In th latter 

two, di t 1 f' cone ntra ion p a s r1 fro n g tiv 

trou hs in P cone ntr t1on (a 0 tul t ; Fig.,), wh rea 

th1s 1s n t a t a ure ot Fig. 6 -g. 

Do G, l nd J re amongst hose dogs in which the 

1 entl y ot otal 1ntr tubul r vol es during stop-flow 

p riods d C a ed, nd not d o strated. 

ef r ce to Fig. 4 reveals t t, in th s do , con id:erabl 

rrol' in this ss ption still y1 lds a dou le p k curv 
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upon comparison or the data of stop-flow periods A and c. 

Dogs G, I ao Jar amongst the 4 dos showing the 

greatest phosphaturie re~ponse to P ratbormon (that of 

Eog G may be even higher than in"icated - post stop-flow 

control e were not coll ct ea) • Dogs G and I have th 

highest concentrations of 'intratubular' P; Dog J has tbe 
• highest r·centage excretion ot filtered P. All three 

show the pattern postulated for distal tubular f secretion, 

and the apparent sites or sucb secretion ar at co parable 

points alon. th length of the tubule. 

In ..,bort, f secret ion is demonstrated in those dogs 

in which 1t was most likely to hav occurred. 

P Secretio92 

It may be peTtinent to stre s that the clearest 

videoce for secretion is found in th dogs with tbe highest 

'intra ubular• P concentratioos; this provid s some 

assur nc that the process 1s not simply one of cittusion 

fro merlullary 1nterst1t1um to tubul r fluid. 

fa reabsorption against a concentration gradient 

occurs in the dist 1 tubule (25,36). This sit is at 

• ~he extreme 'distal tubular• urines (Al nd C 1) lie 
within t e ureteric catheter during the stop-flow periods; 
their P and Cr concentrations should therefore approximate 
to those in the tree-flow control ur1n s. This is not 
the case in Dogs A an~ J, and presumably refl ets technical 
error. 
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·approxi t ly 4oj of the total 1ntratu ular vol e (Tabl 1). 

Yet the ite ot P secretion is at only 20 -2;i ot the 

1ntr tu ul r volum (Dogs a, I nd J), nd ther for 

presumably 11 s within t he collecting ducts, n area known 

to part1cipa e in 1onie trans port (6, 44). 

fu pres nt, th Cr cone ntration pe k in distal 

tubular stop-flow urine coincide with that o! 1 ulin (32), 

and ark th sit of free-wt .r reab or iton. This p ak .. 
c n ju t b disee-rned in Dog I, nd 1 very cl arly e-v1dent 

in Dog • In e ch of thee dog, co parison or the locus 

ot he P s eretory site with that of free-water r b orption 

(in C top-flow urines) rev ls that th tor r lies just 

distal to tha latt r. 

The pos 1b111ty of Cr secretion, an~ the unknown degre 

or dilution of distal tubul r urine with post- occlusi.ve 

filtrat , ake it im1 os ible to draw ex ct u ntit tiv 

conclusions from he data ava11a 1. v rtbele , as the 

distal tubul r peaks 1n P cone n r t1on {Dogs G, I na J) 

repres n only ll tractions of their r p ct1ve tr -flow 

urinary P eone ntra ions - v n tter 4 1nutes or topp d 

flow - and s th r is no evidence of P secretion spite 

r ir pbo h'turi in tb re 1nin dogs, it ee s re son ble 

to inf r th t secretion nor lly contribute little to the 

• Ev1d nee of a di t l tubular p ak 1n Cr concentration 1n 
og J is even le..,s impre iv th n in Dog I; the P-resumpt1ve 
it of wat r re b orption (stoptlowC) lies · t ~3 or the tot 1 

1ntratubular vol ; th dist l tubul r it of r bsorption 
e nnot be i e rn d. 
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urinary P content. 

he results imilarly indic te that th hosphatnric 

effect of rarathormone 1s very largely e iated by inhibition 

of 'Proximal tubular reabsorption; distal tubular secretion , 

where it occurs at all , occur only fer profound stimulation. 

he regul · ion of urin ry F xcretion thus pp rs 

ob analogous to that or weak organic c1d and b ses, 

f ilure of absorption rather than seer tion ~e1ng th m jor 

ter in nt of urinary content (29) . 

Co pari§On of Results yit ~ Previous Find·ngs: 

Alt hough th find:tngs of Carrasqu rand Brodsky (8 , 9) 

and Sam1y et 1 (38, 39) lad to opposing conclusions 

concerning th . ex1 tence of P secret ion , the r sults 

presented her see consistent with the data o tin d by 

both groups; vid nee of secretion is so slight that it may 

well have b en 1 s din th latter . icholsons• (32) 

conclusions howev rare irreconcil ble with any of the 

abov ; this h s been discuss d 1n Chapter 1. 

:,. he strenuous of.f'olts by other \lOr rs to demonstrate 

secretion by he ·d inistration ot av rie y of hosphatur1c 

agents ay well have failed simply becau e their crit :ri on 

or seer P content than 

cold be accounted tor by f1ltrat1on alone - was too dsmaoding . 

A clos analogy e:xistCJ in th rec nt demonstration of Cr 

s cret on. 
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In both cat - nd fish, urinary a be c rived fr 

organic pr cursor (27, >+3). In the cat, net secretion 

of P can b demonstr&ted only on loading with or anic 

) •• ospbate sters. Possibly application of tbe interru ted 

stopflov technique to dogs si il&rly treated, may result in 

the d monstr tion of gr tor P secretion than occurred here .. 

There is reason to bel1ev that cidosis ay similal'ly 

enb·nce P s cret1on (?, 9, 17). 



APP IX 

Stop- low 'I' c nique 

Introduced in 195'8 by alvin , ilde and Sullivan {24) 

th stoP-flow technique ot loc l1sation of intra-tubular 

.t'unction - • be poor man's mieropunctur techniqueu - has 

roved of considerable value to ren l hysiologists . 

~he st de cr1pt1on of rational and tee nique r ains 

tat of the ori inal paper, extr cts fro which follow. 

11 Loealisation of tl'anstubul r transport of substanc s 

long th nephrons or a p ~tobarb1tal1z d dog is ch racterised 

by allowing cone ntration pattern& to d velop during stopped 

tubul r flo-w (uret ral occlusion with stopped !iltr t1on). 

Pr vious ad 1nistrat1on o! an os otie diuretic, annitol, 

provides watery enstruUJll ag inst which cllar cteristic 

cone ntration patterns re develop point to point along 

then pbron ••••• Atter a ple tie ha been allowed for tbe 

coneentr tion p tt rns to d v lop durin0 sto ed flow the 

uret ral o-eclusion is relea ed. apid serial urine sam les 

are tak n tr th 

caught in thee 

new !low. The concentration ttern is 

a ple collect d rapid fire from th 

poly thyl ne uret ral c theter :rt r the brief oeclusion is 

rele sed. ThiTty to thirty rive ample re coll cteo 

within about 2.5' inutes, e ch sa ple averagin bou o.; ml . 

Th pattern or concentr tion ls orie t d alon th column 

of flu1 ov1ng out or acb nephron. S rial urin sampl s 

se nt this into n order d array hieh is bet e ught on 
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a graph if plotted as concentr tion g inst t 10 ace ulated 

vol e of fluid which has appeared betv en r -instat mont 
of flow and the appearance of the sa 1 • 

••• The filtration 1 dicator inulin is inject d late 
ar er occlusion to reach filter surf ces nd to sin l new 
entry of filtr t into the urine sample rter the occlusion 
1 r leased. The rising concentration p ttern of this 

1nu11n celin ates the rando·ising effect of v ri ble 
lenoths ong nepbrons. 

42 21+ ••• Postocclusiv ly injected K and. la reach all 

stop-flow samples. Evidently pe:ritubular blood continues 
to reach all points along the nepbron. 

• • • chnique: '!he og is anaesthetised with sodium 

pentob rb1t 1, 30 g/kg 1ntrap ritoneally . 'lh left ureter 

is xposed by a flank incision and c thet ris d with 

poly thyl.ene tubing. The c theter is push d s close to 

th renal pelvis as possible and held securely in pl· c with 
ligatures. The wound is then clos d le vin only th fre 

end or th cath ter protruding. This was then fixed to a 
uppor in such a way tb~t the urin flow d quickly into 

succe sive close-sp ced cylindric l wells cut into Lucit 

bar. By lidin th bar with its sa ple wells at suitable 

rat pa t the cath tr tip, about 0.5 1. of urin was 
coll ct d in e ch sample. l 

With 1nor odifications, th technique u ed in this 

study tollowe tha ot Malvin et 1 very closely. Dextrose 

rather than m nnito was us d to produce osmotic d1ur sis, 
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a sto -flo concentration pate ns are more mar ed with the 

for r {25). 

It was found convenient to collect 'rapi fire' 

·ostocclus1v~ urin samrles in series of small prew igbed 

test-tubes (Fig.7). h se w re ou together vith Scotch 

ape, in banks of ten. t the concJus o. or the ex~eriment 

th tu s were numbPred, separa ed one fro t e other, nd 

ghed. Th increase in wei ht (in G.) of each tube was 

assumed to qual he volume of urine {in 1.) contain d 

within. 

Since publication or the original stop-flow t chnique, 

it has been shown that glomerul r t1ltration dos not cease 

when the ur tr i 

the tubtle (3 ). 

clamped; fluid continu s to shift down 

Thus, wh re 1nulin is injected intra-

art rially 2 inut sat r the beginning of an 8 minute 

p riod of ur 

its resenc 

ric occlusion, su ~equent nalysis revels 

1n 1stal tubular stop-flow sample. For this 

r ason, a •r ltrat 0.n-indicator' as oot us d -

its pp arance in the urin woul~ be as much a easure ot 

i of injection a or 'begi ning of filtration' - and 

uret r c occlusion eriods w re kept down to 4 rainutcs, so 

a to mini ise ad~ixture of ne filtrate with that a ready 

w thin th tubule. 

Blood ampl s ~er dr wn tro an indwe1:1ng c theter 

in th rieht femoral art ry; this was k pt pat~nt by 

flushing with •nor al' 

pr litre. 

line cont ining 100 u. heparin 



Ap ndix - v 

Fig. 7: rin 1 bot to b coll C d • id-fir• 

aft r r·o of top d flow. he n 1 d 0 

11 one aled ben h h ree r e; only i s 1 r 
flak n high r visibl ·• he polJ thylene r t ral 

cathet r 1 s n u eriorly, e er ing fro h wound in 

th 1 ft fl nlq it is cl m doff t it ti by o quito 

tore s. h fe oral rt ry ca h t r 11 inferiorly and 

to th right. :1he s 11 t st-t be 1n hich urine ill be 

coll e d 11 r y to hand ; th se re o nd toe b r in 

b nk ot • 
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lar.h og rece1v d two intravenous infusions. One 
cons sto of 'norm ' saline, oi- 5~ xtros water, containing 
1.0 0 ere inin r litre; this was i fused tan rb1trary 
r· € o a· out 2 . d ops/ nut • The. oth r consisted elf 5'p, 
or 10 xtro e w tAr; t 1s run in rapidly nough to 
cau ea 1uresis or between 3 1. ~nd 10 1. per minute. ~s 
tu ulal",. absorpt1on of inorganic ,osph te- x.ress d a 
r~ac ion o tat filtered - 1s larg ly 1 d pend nt of 
lo ru ar filtration rt {llt 37), and s the critical 

J> r 1ods or 1ntr:rrur,te sto -tlow XJ.er1.G:ient occu y but sa. 

!ev r:ilnute, constant-infusion machines -w re not us i dri 
r es were r~gulated by a s1 pl sere~ cla· p . 

11th~ dogs e1ghed betwe 1; g to 20 g. 
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PAET 2 

THE IONIC STRUCI'URE OF Ir .• 

"The variou physiologic 1 fluid .. ean b quoted as another 

example where a theory of mixed electrolyte solutions 

would lead to proe:ress0 • 

Bob1nson and Stokes. 



U ine diff'e:r aarlre ly 'fr :rular filtrate in vol • 
p , d o otic centration. • ar brought 

ab t, di ctly or in ir etly, b7 r ttal ionic tr spot""t . 

acult tiv ontrol ot uri y lectrolyt ont t ie ediated 

,,y ionic excban '( 1 ) • t is ppa.r t t t an appro-ci tto 

f ionic pr eea a in ur1 e 1• a pr1t-r qui i te to an underatan ing 

of r nal tu: ular t.r-81'1aport · ••cheni• • 

T,i ttle ia kno,m of th• 1 truc-ture t urine. Clinical 

ing th teaching - b sod la ly upon speculation e o 

aetiology of ren etone fan.nation - sugge•t• that it 1ght, 

ind flnabl · wq., be Tory diff"•r•nt to that o~ eimpl ealt 

olutiona. i us, alth ugh esibl7 suporsaturate with :respect 

to the ions,uril!e q be •go ' ' b ' ,aeeOl!'din to its 

ability t inhibit o* pr0111-0t -withhold or donate Ca a1'ld inorganic 

ph spbate - calci1'ica.t1on in re.chi tic at cartila,ge { 17, 25, 40). 

Phyai logist , 11 the otber hand, for want or t,}e~eut evid rice to 

th contrary, frequently assume ionic p:r-oc Bll8 of' indi idual 

lcctrolyte t idi,ntiwa.1 to tho p•rtaining to simple 

aqueou enluti n • a contra t in outlook 1 der tandabla 

'lfhe on r calla that the io ic proce81J<3• f ev mixed lectrolyte 

oluti e~illed by th sanee o~ la~ ounts t 

extraneous mat~rial - have far 

,roach ado te her i 

tull alysis { 35 ) • 

traightfornrd, ,ez, 
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consists essentially 0£ comparison oP the colligative0 

propertie of the urinary ionic constituents with those 

of n eq ivalent solution 0£ inorganic salts . 

The results re presented 1n Chapter 2 , eaeh 

section of which represents a separate experiment.The 

ork reported here arose initiall?I £rom the need £or 

a eans of rapid estimation 0£ urinary ionic strength; 

considera le attention has therefore been devoted to 

establishing correlations between ionic strength, 

specific conductivity and osmolality. The re.-naining 

experiments are given ore or less in the order in 

which they ere conceived, and so represent the 

sequence of ideas developed during the course 0£ this 

investigation . 

peci£ic conductivity is included in this term,.in as 

ch as the conductivity of electrolyte solutions is 

dependent . at least in part , upon the number of ions 

present . 
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Section 1 

Analyses of Normal 24- Hour Urines 

Aliquots of 24- hour urine collections were obtained from 

60 normal Bantu and 54 normal ' White' South Africans. The 

Bantu were a selected rural group, partakj_ng of a self- selected . 

basically maize diet; this was in contrast to the ' WJ1tP-s ' 

who were all city dwellers and consumed a more sophisticated 

diet (26 ) . All urines were collected under toluene . 

' ach urine was analysed for pH, a, K, Ca, Mg, 

inorganic phosphate and sulphate, ammonium and osmolar 

content, and specific conductivity ( of Appendices Band D) . 

The u ines were diluted twenty five times with distill d 

water prior toe stimation of their specifjc conductivity; 

conductivity measurements were carried out at room 

temperature (17° - 2?° C). 

The ionic strength of each urine was th~n calculated 

as follows. The dival~nt fraction of th total inorganic 
% 

phosphate content was derjved from the Henderson- Hasselbalch 

equation (38) : 
(HP04 ) 

pH= pK +log--~~ 

The pK was taken as 6. 8 ( 37) . This divalent fraction of the 

total inorganic phosphate, and the inorganic sulphate cont ·nt , 

were assumed to be the only divalent anions present in 

significant amounts. The sum of their concentrations, 

deducted from the sum of the cation concentrations (in mEq/1 . ) , 

yielded the total univalent anion concentration. Converting 



q/1. to mI/1., ionic strength w s then c lculat d as; 
2 1.s. = ! (c v )n 

where I.S. i ionic str ngth, and C and V re th 

concentr tion and valency, respectiv ly, of euch of the 
t n ionic con tiauents. 

32 

Th co bined concentration of th dival nt ionic constituants 

(sulph t , basic phosphate, c lciu and m nesi ) was then 

calculat d as a percentag of the total ionic constituent 

concentration, in each urine. 

Tb~ r sul s are summ ri ed in 'able l. 

------------------------~-----~ach rudical of a salt, eg . Na in ~aCl, is an Ionic 

Constituent. 

On Gram-1-Iolecular weight of .1.• Cl contaj ns one Gra.m-Mol 

of NaCl, ono G:ram-Ion of 'la, and one G1·am-I0n of Cl . 

lilli•Ions are therefore analogous to milli- ~ol s, but 

refer to ionic constituents rather than mdl cul . • 

Conversion of m~q/1. to mI/1. ( 1111-Ions per litre) is 

ffected si uly by dividing by tho val ncy of the ionic 

constituent concerned. 



o. ean 

· a (a. q/1.) 54 199.3 

X " 54 .66.5 

" 54 ~.6 4 
e " 54 5.8 

,g " 53 · 9 .. 8 

tt 54 33.8 4 

(11 /1.) 54 26.6 

ol. (al/24 hrs. 54 1178 

f\9111 ( mO •/kg I'\ 53 980 2 
H 54 6.3" 

t'!'p.r:{25 53 1.n35 

1' iv lent mT/1 53 

aI /m'ln. ,per litre 

l 

• n. 

35.8 61"! 

18.9 6n 

27.5 6" 

2.8 61) 

4.2 6fl 

18. 56 

9.2 6') 

434 6fl 

223 56 

0.32 6"" 

.25 5 

1.6 56 

7.3 

utu 

163.6 

32.2 

47.3 

2.3 

5.8 

47.9 

11.1 

2">73 

747 

.19 

.754 

6.9 

6). 6 

32.1 

11.3 

2J.r\ 

1.4 

3.2 

13.) 

6.5 

691 

15"' 

n.-8 

.166 

1.6 

7 .. 8 

33 

Both 

.ean .~. 

18('\.5 }8.7 

48.5 23.1 

68.8 33.9 

3.9 2. 

1.1 4.2 

4.r,.9 17. 7 

18.4 11.1 

1649 735 

861') 222 

6.24 0 .62 

0 .891 .257 

All distribution• Oausaian , ex ~t that t ca, this was poei tiv:el:, skewed. 



S ction 2 

Inter-relationship between urinary Ionic Strength, 

Sp.K:{2', and Osmolality, in Normal 24--Bour Urin s. 

Th se interrelationships ware derived fro the urines 

analysed in action 1. 

,gg relations: 
' lbites 

Between Os olal1ty ano Ionic Strength: +.927 

ll Sp Ku/25 and Ionic Strength: +.838 • rt 
n Osmola11ty and Sp.K~{2': +.861 

§~anoard ~:rrors of Estimate of Igoic Strength: 

as derived !ro {1) Osmola11ty: 0.034 

(2) Sp.K:{25 : 0.034 

Baijtg 
+. 97 

+.940 

+.7?7 

egression Jguations interrelating Ionie Strengtb1 

Osmolality and Sp .K~{25: 

I .s. = • 000371 ( Osm . ) + • 022 

Osm. = 2317 { ! .s . ) + '71 

u/25 6 ( 0 Sp.Krt = 2. 17 I.S.) - .o l 

I.S. ::: 0.312 ( Sp.K~{25) + .. 063 

Osm . = ?61 (Sp.K!(2') + 183 

Sp.K~(25 = • 00102 ( Osm.) + .0114 

Part+ l Regression Eguat1on 1nterrela1;1ng I0t~ic ,Strength,,. 

Osmolality and Sp.Ku/25, 
rt 

I.S. :: . 00025'5 (Osm. ) + .135 Sp.· ~{25 + .002 

B2tb 
+. 926 

+.924 

+.881 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 



Multiple Correlation Coaffic1 nt: + .941 

Standard Error or the E timate of loujc Strength, as 

derived from equation (7): 0.030 



Section 3 

~gal1ses of rando 1 urine S8f ples obtai_g d from patients 

with renal Pt lact;rol;y.te (1:i sorders. 
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Ran o urine sampl s vare obtainerl from hospitalised 

patients, all of who 1 were ... cutely ill, nd all of whom were 

ufferjng fro ren land/or •lectrolyt abrormalit1 s. 

Urin·s were collected under toluene. 

Each urin . was then analysed for p.H, Na, K, Ca, Mg, in­

organic phosphate and sulph te, mmonium aod osmolar content, 

nd s ·eel.fie conductivity {Sp.K:{25) , a in Section 1. 

Patient Di gno§~§ (number ot patients in parenthese.s): 

(A) Renal Lesior,s: Bilateral nepbrocaleinosis, with 

renal stone (l); nepbrotic syndroce of unknown cause (4); 

ieiopathfc hyp rcalciuria, on Pr dnison therapy {1)• 

Subaeute glomerular nephritjs (l); proteimuia? cause (2). 

(B) ~xtra- rep&l Lesion~: Diabetes Insipidus - urines 

analysen befol'e and after ritres io tb r py (l); 6 cases of 

diabete!: mellitus, 4 of whom , ere i.n sever ketosis; hypertensive 

crngest:l ve ca11 diac failure, on ·ur .tic thorapy ( 5); mf..tJ ignant 

hypertension {l); rheumatic valvular heart .:1s as~, in 

congAr tivfl cardiac failure, on di itcalis and diuretic thel'apy t2); 

pa1'enchymatous hep titus with j undiee {6); systeuic lupus 

erythematosn ·, on frednisone tbeN~py (1); ce1,ebr c,-v ~scular 

accir1 nt, in coma and dehydrat d (1); tuberculous aseites (3); 

eonffestiv · ca1·d .lac failure secondary to sev ·re ana mia , 

respi atory failure or myocardial infarction (4); ~ubaaute 

bact rial endoearditis (2}, one of whom ha a eerehral etrtbolus; 

dehydr<ition and collapse of unknown a .tiology (l); -0a1"c1nomatous 

asc1tes (l); amoebic liver abscess (2); carcinoma of tlie bre&st, 

with bilater l adrenalectomy, in Adcisonian crisis (1); 
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bronchopn umonia (1}; congestive c rdiac f-1lur,? cause , 

on digitalis and diu:r tic therapy (4). 

(A) Conc~ntr tiops: 

.:.a 

,Jg 

SOJ+ 
p 

(mEq/1.) 

n 

" 
u 

(w1/1. ) 

Io. 

,2 
,2 
5'2 
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52 

52 
,2 

o • (mos /kg . water)5'2 

Sp . K~25(mMhos/cm . ) 52 

p 52 

Ionic Strength 52 

r; i valeot ion 1c 
constituents (ml/1 . )52 

( I/1.)/0sro . XlOO 52 

{B) Correl~tions; 

Hean . S .D. 

91 . 1 65.2 

7& .? 55. 5 

58. 5 36.6 

3.3 3.9 

6.9 4.1 

55.5 37.3 

14. 81 11 . 18 

695 207 

0. 653 0. 231 

6.15 o.88 

0.274 0. 087 

10.1 7. D 

64.4 19.6 

b tyeen 0Fmol~lity nd ~onic tre gth: +.653 

n Sp.K~{25' and Ionic Strength: +.818 
0 Osmolali ty and ~p.K;,25 : + .677 

(C) St"'n<lard h.rror of 

as d riv d from; 

of Ionic Strergth 1 

(i) Osmol 11ty: 0 . 066 

( 11 )Sp.K:{25 : O. 050 



S ction 4 

Cop r1 on ot concentration of Ionic Con tituents 

in ormal and bnor al Urines 

~he ean ionic concentrations, and ionic strengt hs, of 

114 norm 1 (2 -hour) and 52 ab or al (rando s mple) urines 

have been given in Gcctio s 1 and 3. Col'rection for 

~1rrerences in ionic strength pr its direct comp rison of 

ionic con ituent concentr' tic,ns in these two rour,s. 

This h s been accom~lish d he e bji co v rting all d t 

to an ionic strengtL of .100. ~ct standard deviation is 

xpresscd as a percentag of the mean, that is, as th 

co~ffici~nt of Variation. 

- esul+s: - . -- !for als Abnor ls 
-----..-

.Mean Coeff . ot Mean Coeft . of 
arietion Va1·ic;1tion 

p 

a (tnr '. /1 . ) 53 . 0 21 . 4 33. 3 71 . ; <. 001 

K I 14.2 47.4 28 . 7 ,c.6 <. 001 

?:E4 t! 20 . 2 40 :t 2l.4 62.6 
; ·-

Ca n 1.14 71.8 1.21 118.1 

},~g u 2.26 54.f 2 . 52 59.4 

so,.. n 12.0 42.0 20.2 67 .2 <. 001 

p (e-J-1/1.) 5.4 44.6 ,.4 'l,. 7 
-

ummary: (1) For a g1 en ionic strength, abnormal urin . .., 

have, on the average, lo\tler hi. but higher r an SOt.1- concentration· 

than do norm ls. (2) Ind vi•u l ionic constituent concentntioJS 

show Pr ~teT VRriab·11ty, r lative t each oth r, in bnormal 
than in norm 1, urines. 
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Section; 

Relationship between Osmolal1ty and Sp. rt in 

nor l undiluted urin s. 

and m ur e a ples ere obtained fro nor al 

subj cts. Theos olality and Sp.Krt of acr. were then 

determinr:d. !~ot : A r ,w urin s wete dilut.e with distilled 

wat r, ""o as to vall into the v ry low Sp.Kl't - Osmolar 

rang (cf Fig. 8). 

resultsi 

Os*. ol 11ty{ Osm/k 
wat r) 

Sp.Krt ( -,tllhos/cm.) 

.QQ.tlf>l ti.on b tw en 

egression 6Q¥ations: 

o. 

1~6 J 

136 

n S.D. 

46 319 

1~.7 9.1 

~ nd Osmolality: ~ .9?5 

Sp.· rt = .C273 ( Osm.) + l. 5? (8) 

Osm. = 33.5 (Sp.K~t) - l}.8 (9) 

rror of hsti ate of (1) sm. from Sp.Krt=95 oOsm/kg 
water 

(2) S .Krt from Osm.=2.7 hos/c . 



600 ° 

Sp. fl 
Ohms/cm 

300 

0 

0 

0 
0 

&l 

8 
0 

0 

. • • 

in ror 

500 1000 

4 0 

Sp. K 
mMhos/cm 

20 

0 

OSMOLALITY 
mOsm /kg Hp 

500 

• 

1 tion h b t n so ... ity n 

un ilut d urin ~. 

0 

"' 

0 

1000 
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Log 
Sp.D 

Ohms/cm 
2 

0 

0 8 0 0 

2 

Log OSM. 
mOsm / kg H

2
0 

3 

3 

Log 
Sp.fl 

Ohm~cm 
2 

2 

Log OSM. 
mOsm/kg H

2
0 

~ig . 9: Linear relationshi p b tween Log .Spec ific 

R .i~ t an ce and Log . Osmolalit y . 

3 
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- Specific F es1 C!t nee relationshipli: 

Specific conductivity is d rived fro· asure nt 

ot peeific r sistance (or App ndix ) . Vari tio .. of 

pecifie Tesistanc ith os olality i shown in Fig. 8 

(dat· tro s m urines s abov }. It wos found possibl 

to effect a line&r tr·nsfo ation of this rel tionship 

by trQns'"'Os1t1on of the r s1st nee nd osmol r data in ... o 

their logar1t' s ( ig.9). 

F.e"'ul ts: 

No . ean s.n. 

Log smolality 136 2 . 4923 . 41 2 

0. 3471+ tog • s1st nee 136 1 . 980? 

tween Log. Osm . and Lo • Sp. .e !stance =- . 969 

egressicn 

Log . Sp.R sistance = 3.9c8 - o.8 5~ (Log. O~m) (lo) 

tog. Osm . = 1+.8u7 - 1.1685 (Log . J"'. :e~i~tunce) (11) 

~regressive dilttions of 1ndiv1dual uri s similarl~ 

yield ~ lin r Log . Osm. - Lo. 

(F tg.9) (T bl£ 2). 

• resistance intorrelat1onsh1r. 

< C) Linear Traost rma:tiQD...Qf Qsmol;ality-h: p ... Krt .1ot€r-:§l. t1onsbip: 

The re ression quations {8) and (9), were deriv d 

on th ss; ption of 11n ar r-1 tio iship betve n osmol lity 

and Sp.Krt· The sa e data ho ever 1v a sligttly better 

correlation betwe n Log. Os olality and Log . Sp. Iiesistaoc 

urt. er ore, 

progre siv dilutions of individual ur nes do not st ow a 



4 2· 
0 

q, 

0 
Log 

8 Qoo-sp.K) 
0 0 

0 
0 1•9 

mMhos/cm 

+1 S.D. 

oi<..........~-~5_._o_o~~~-10 ..... 0_0..__,~ 0 500 1000 

OSMOLALITY 

Fig . 10: Linear tran~rormation of obs r v d curvilinear 

elationship between urinary osmolality and tip .Krt 



liner f 11 in Sp. with os ol lity (T 1 2). Super-

1 position of the re rs ion lin of equation (1) - with 

conver ion of Lof. Sp. Resistance to Sp.K, and of Log. 

Osol lity to Osmolality - onto the grarh r 1 ting Sp.Krt 

nd Osmol lit~, ?eve ls th ~e1.tionship to be curvilin ar 

(Fig.IO). 

Lin ar tr nsfor tion of this rel tioo hip was 

ffect d ( 34 ) eopirically, by assum:in · an eJr onential 

ap roach of Sp . K:rt to n symptot of 100 m ·,hos/cm., with 

inc1easing urinary os olality. Tbuc: 

100 - p.Kx = (100 - p . K0 ) e-s x (12) 

wh-1·e Sp.Kx and Si:,.K0 are "'P eific conduetiviti s at x and 

zero Os /kg -water, re pect1vely, -nd s is au experimentally 

deriv ~ constant. Or, a 0 . • . is zero, 

Sp. X = 100 (1 - -s X) 

In .ractice, it was found con~enieot to rork with 

logarithms to tte ba~e o. The exre i ent lly oerived 

* con~tant, s, then b~come~ s• , vher 

{13) 

s' = 2 - log (100 - Sp.Kx) (14) 

X 

In the 136 urines nalysed h~re, the mean v~lu of 

s• -was found to be o . 163l+- X 10·3, with B.r. . of 0 . 07 ,1 X 10-3 

---------------------------
Sine 

Therefore 

But 

Th refor 

or 

100 - Sp. x = (100 - K0
) e - x 

Log (100 - Sp.Kx = Log (100 - p. 0 ) - s'x 

Sp . o = 0 

Log {100 - Sp.K7
) = 2 - s'x 

s• = 2 -,Log(! 
X 



42 

S ction 6 

P ~ aration or a salt i tur of co ,position similar 

to that of 1 av •r re• urine. 

A mixture of 1corgan1 . salts, of composition and 

cone ntration identical• to that of 'average• normal urine, 

was Jrepared as a baSi$ for comp rativ roea urements of 

os olality, Sp.I an dial ctric const ant. 

Com osition of 'average' .nor al urin: be 'average ' normal 

urine ionic cont;titu nt composition given in Section 1 

includes fiv urines ia which ionic strengths were not 

calc1;1ated (as one or ot l e!' of the ionic consituent con-

centration wer not deteruined). xcluding t •. e e, mean 

concentra ion in he remaining 109 norm l urines were: 

.. ( . q/1.) 180.? 

K n 48.4 

NH4 " 68.6 

Ca II 4.o 
g It ?. 9 

s~ II 4c. 4 

p (1 dl.) Ht7 
pR 6.22 

Ionic strength o.3l1 

At this pH, the divalent inorganic phosphate concentration 

is 3.9 mM/1., or 7.8 m1·q11 ( Honderson- 1asselbalch equ tion) . 

• This assum s 11 t he und termined univalent 

anions, other nan H2 04, were Cl-; 1co; was not ro~asured, 
_, 

and is taken l ero as zero. T~ is assU!ll tion probabls 

introduc s little error, as th a erag pH is below ? . O U5 ). 



Calculation of ionic strengtl now yields a figur of 0.340. 

Per 0.100 ionic strength, •average' urine t herefore contains: 

'18 53.1 I:l q/1.' 

K 14.2 u 

B4 20 . 2 ff 

C 1.18 u 

Mg 2.32 n 

S"4 11.9 u 

HPOi; 2.29 1f 

H2P°4 4.35 

%,be ,COJ!!PO.§itipn of the salt mixture was determined by tbe above . 

Salt mEq. 

desired 

2 •. 29 

9. 58 

1.18 

20.20 

Cl 14.20 

4.35 

foCl 36.86 

MgS04• 7R ... O 
' c:. 2.32 

Weight 

Eequired(C./1.) 

o.4099 

0.6802 

0.065, 

1.0807 

1 . 05?9 

0.6786 

2. 1575 

0.2659 

ml/1 . 

3.435 

14.370 

l-.?70 

73 . 760 

2.32 

This mixtur , when dissolved to one litre with clistilled water, 

gives a solution of 0.100 ionic strength. In practice, five 

times these cone ntrations were used to giv a solution of ionic 

~trength of 0.500. This is ref rr d to subsequently as 'the 

salt mixture•. 
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Section? 

Variation or Sp .K with peratur . 

Th S .K of v rious concentr tions of the Sult mixture 

w s d termin .d at 20°, 30° 0 nd 40 C. mha salt mixture was 

brought to th r quisite te erature by im -r io of the 

conductivity ceJl i a wa er bath . 

,esul ~: 
- · 

Sp. ~ {C111hO"' /c . ) 

Temp. I . cl . I .S. l . i,) . 

C.0 c ) 0.56 0.112 0. 056 

-- -
40 60.2 13. 5 7. 13 

,30 50.0 11 . 2 5. 89 

20 ti.o. 5 9.14 4. 77 

------

mhat is , the Sp. K increases with tem1eraturF, and the degre 

of incr ase 1~ a function of the i~itial confuctj~ity . 

It was found tossi~lP to si pl1fy thi rel·t1onship by 

a~suuir.g it to h . ~ pom: ntial: 

bp . t = bp.K2 8
k(t - 20) (15) 

where J.c .Kt a d Sp.K20 ara the s 1, cific con uct ivi ti s at 

temp ratures t 0 nd 20° Centi..;rade, res1, .ctivel , and k is 

an xp ri1 ntally erived constant. 

data into this Fquation, to obtain : 

Sub tituting the above 



• I. • I. • I. • 
( oc _ } .; 0.1 2 0.056 

30° - 4 ° .01 56 .01868 .019 n = .0188 

20° - 3 ° .02107 • • 2110 • D = • 

ost tr in Jon w l b e rri out t l'O 

t r tur t (17° - 27° ), .02 • h p • 

ot ny ol t on, te t roam r ur 0 , _t , can 

no b col' ct d to th V l 1n1n t 2 o c., by 

u st1tut1 n into th equation: 

I r c ie , 

nd 

1lu olu io 

p. t = Sp.~ 
• 208 {t-2) 

o e d tr 1 t1 n wer . rfor d ov 

he d ter in tion or S .K of 

ec ril 1ncorpor tes dilu ion rror, 

hi qu tion w •round d otf' to: 

! 

. _ S • 2 (t • 20:) 
• t - p. 20 . 

(16) 

(l?} 



Section 8 

Correlation between Urinary Osmolal1ty and Sp.K20 

Random urine samples were obtained from 63 normal 

subjects. These were analysed for osmolal1ty and Sp.-K 
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as before . The temperature of the urine, at the time of 

determination of Sp.K was measured with a mercury thermometer. 

Sp.K values were then ' corrected ' to 20° c., by equation 17. 

Results: 

No. Mean S.D. 

Osmolality(mOsm/kg 63 78?. 9 25'5.4 
water) 

Sp.K20 (mMhos/cm.) 63 19.86 6.35' 

The correlatiog between Osmolality and Sp.K20 was+ .917 

(assuming a linear relationship). 



Section 9 

(1) lgnic compo§itigp of zandom norm 1 qrine sa ,ples, and 

(2) Correlation betwe n urinary Ionic ncl Sp.K20 

l,n (A) por 1 and (Bl abnor al, ur:1 fS, 

andom urine amples w re obtajned from 42 normal 

subj cts, nd 11 acutely ill hospitalised p tients. Urine 

was diluted ten times 1th distilled water prior to 

esti tion of S .K20. Ionic strength and os olality 

wer determin d as ins ction 1. 

Fat:tent Di, gnoses ( nu b r of patients in pare nth ses): 

Hypertension, (3) o. with ur i; oeph:rotic syndrome of 

uncertain aetiology (2); congestive car~iac failure of 

unknown cause Cl); Inf ctive Hepatitis with j undica (l); 

acute rena f ilure (2); rheumatoid arthritis, on Prednisone 

th rapy (1); primary carcinoma of th liver <;.>; and 

mal1 nant hyp rtenwion (1). 

I esults: 

(A) Norm ls: 

Concentrations: 

Mean s.n. Coefficient 
of Variation 

Na (mEq/1.) 131.6 69.9 53.1 
n 5'6.4 30.3 53.7 

?.H4 n 51.4 23.2 45.2 

C ft 4.62 3.09 66.8 

Mg tt 7.10 ~.16 lt4. 5' ... 
SOJ+ " 29 .. 1 13.0 44.6 

p {mM/1.) 1;.24 . 9.42 61.8 

Osm.(mOsm/kg water) 718 276 

Sp.K;~lO ( 'hos/cm) 2.459 1.00 

pH 5.96 0.63 -
Ionic Strength 0.272 0.110 -



Correlatioas u/10 between Sp.K20 and I.S. = + . 9?0 

Osm . and I .S. = + . 954 
Sp .K~~lO and Osm . = + . 943 

Standard Error of Estimate of Ionic Strengtb 

from Sp.K~~lO = • 02? 

ft Osmolality = . 033 

Regression Eguations releting Sp,K~~lo and -I .s.: 

Sp .~~lO = 8.798 I . S . + . 063 

I .S. = 0.1069 Sp. K~blO + . 009 

Partial Re ress1on Equation relating Sp. K~~10, 

Osmolal ity and Ionic Strengtn; 
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(18) 

(19) 

I.S . = 0. 0001232 Osm . ,P· 0?443 Sp. ~~10+ • 0005 (20) 

Multiple Cor r elation Coeffic ient: + .9?5 

Standard Error of Es~imate or Ionic Strengt h, using 

Equation 20: . 025 

ComRar1son of Ionic concentrations with those of 24- hour 

Normal urines and Random Abnormal urines: 

Per 100 ionic strength, these random normal urines have a 

mean Na concentration of 48 . 4 q/1. , and a mean S°4 

concentration of 10. ? mEq/ 1 . Thes concentrations are not 

significantly different to those of the normal 24whour urines, 

but differ significantly CP<. 001) from those of the abnormal 

urines (Section 4). 

The mean K concentration (20 . 7 m q/1 , per 

· 100 ionic strength) differs significantly from those of both 

the normal 24 hour urines (P{.01) and the abnormal urines (P<. 02 ) . 
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( B) Abnormals: 

No. ean 

Sp.K~~lO 11 1. 3076 0.6572 

Osm. ( mOsm/kg 11 410. 6 205' 
water } 

I.S. 11 0.1553 .0753 

Correlation between Sp . K~~lO and I .s . = +. 870 

tt Osmolality and I.S . = +.729 
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Section 10 

Some Ppy icg- chemipa;\ Jtl£!12ert 1 

(a ) The salt ixtur s c ;os din ect1on 6 is a 

ol r olution. The s wight of alt w r mix d with 

one kilo r or wat r (20°c.) to obt i n ol l solu ion, 

and th os olal1ty of this then d tr ined. 

(b) O molality and Sp. 20 w red tr ind on rial 

dilutions of ol r salt m1xtur . 

e§glts: C ) 0 ol lity of .500 ionic tr n th molal 

lt ixture w ?5'3 0 m/kg tr. 

(b) 0 olar s lt 1xtur : 

Osm. I.S . Sp. 20 I/1. Log s ' 

( Os /kg) ( ho /em. ) (20 p . 20) wat r 

759 ,;oo 38. 01 855.3 . 887 2.2092 

381 .250 20.64 42?.65 .891 2 .2539 

195 . 125 10. 88 213 . 83 . 912 2.2?6? 

100 .062 5.70 106. 92 .935 2.2:a -; 

en: 

wher g = osmotic co ttic nt. 

Relat1on hip b tw en O olal1ty and Sp . 20 : 

Usin tb~ e arguement sin ction 5 (c), 

= 200(1 - - sx) 

. 10-3 

. 1223 

.1236 

. 121+-6 

.1250 

.1239 

(21) 

where xis t h osmolality or the ixtur , nd is Sp .K20• 
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The Osmotic Coefficient ( g) 

was calculated as: 
mOsm/kg water 

g = 

ml / 1 . 
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This assumes mI/1. identical to mI/kg water . The close 

similarity of osmolality of molal and molar salt mixture 

solutions was taken as sufficient justification for this 

assumption. 

legression Eguations: 

Osm. = o. 88 mI/1. + 7 

mI/1 . = 1.134 Osm. - ? 

( 22 ) 

(23) 



Section 11 

Comparison of the Sp.K / Qsmolar relations 1p or the 

Salt nixtur , with those or solµt ops of 1ndiv1du l 

·lectroJx es: 

Solu ons of var:l , s electrolytes , .re ade at 

arbitrary cone n rations (er blow). The Sr, .K acd 

osmolality or the ·e were then P.t r, ine. 11 spf.'cific 

conductivities, includin t or the 

m 3Sur c t roo tt:2 . erat r {26° c.) 

Os olali y 

( Os /k at r) 

lt ixt r 297 

gC1
2 257 

CaC12 262 

a2s0t,_ 2?2 

aH2Pt\ 2?9 

KCl 196 

Cl 300 

- Cl 
4 318 

lt 1- ture, ere 

Sn.K2 

(r.lMhos/c .} 

16.l 

17.0· 

18.2 

17.3 
9.0 

12.7 

16 . 5 

20.6 
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S lt solution hav curvil1n ar S. /0 mol r r lat1onsh1ps. 

At cone ntrati ns blow bout ,oo O /kg w ter, liner 

transfor ation of these relationeh1ps en be otfe ~ted by 

use of the s qu t1on ( ·qu tion 12) s was plied to 

urin . To f cilit te cop rison witb th l tt r, solutions of 

individu 1 1 ctrolyt s nd of th s l t ix u.r wer th :re1 or 

k pt low this concentration. ct 1g. 11. 



2·00 

LOG f Salt mixture 

( 100-K) 

----NaH PO 
1·95 2 4-

1·92 :~~~~::~L 
~ ~a2S04 

~NH4CI ,MgCli 
~--------+-------+------ CaCl2 

0 100 200 

ig. 11 : C ri o of th • I solar r tion hi 

of h 1 1 ur , with tho t 1nc' vi u 1 

1 r tr n tor tion ot th curvilin ar 
re 1 n 1 h v be ft ct d by u . ot u ion 12. 

Co r it Fig. 10 (b). 
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S ction 12 

So e Physico-che 1c 1 properties of th s lt mixture, 

with urea added. 

Ur wa add d to th ol r l t ixtur · ( 2 Gr per 

100 ml . ) nd os ol lity and Sp.K20 then measured b ·fore . 

Theos olslity of 2 Gras ur a r lo ml . distill d wat r 

was also noted . 

esults: (a) 2 G. urea / 100 ml . ter yielded 322 O m/kg water 

4 G. ure /100 ml. water y1 ld d 640 sm/kg w ter . 

( ) 2 o. urea/ 100 ml . alt mixture: 

I / 1. 
. 

0 I . S . u g I g( I+ tu) 

( 
Os /k' w ter hos/cm. 

1082 38. 02 . ;oo 855.3 322 . 889 . 919 

541 20. 42 . 2,0 427.65 161 .889 . 919 

27, 10.81 .12; 213.83 so., .910 .934 
141 5.71 . 0625 106.92 40.25 . 942 .95'8 

72.6 2 . 99 . OJ13 5'3.46 20. 13 .982 . 98? 

wb r 1u = 1111- oles ure; this 1s deriv d fro {a) bov 

and a sum.es the osmotic eo~fficient ot urea 

to b unity. 

I e os otic coettic1ent ot b ionic const1tu nts. 

D riv d y su tr ctin u tro the obs r~ d 

o mo al1ty, 

Cs ction 10). 

nd then c leul ting , as before 
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g(mI + u> = os otic coe!ficient o! t h enti.re olute; 
derived by dividing the observed osmolality 

by the total cone ntr tion of 1111-ions and 

m1111-mol s urea. 

Conclusions: (1) The Sp.K20 ot th salt mixture, in 

v rying dilutions, is unatf cted by the 

pr senc ot urea (compare section ,10) 

( 2) The overall o · otic coefficient or the 

ixture ot ionic constituents is 

unaffected by the pres nee of urea 

(co pare section 10). 
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Section 13 

The overall 

o appro ches wer ad to this probl • 

(a) he ov rall o motic co ff1ci nt (g) of th urinary 

1 ctrolyt s a ass d equal to that of th lt iXtur 
·-ot id nt1c 1 ionic con itu nt cone ntr tion. hat is, 

·-ull. + I/1.(g) = Osm (24) 
(b) Th os olali y of re tly 1lut d urin w s as u ed qual 

to the cone n ration of non- lectrolyt (in /1.) plus 

ionic cons itu nts (in mI/1 . ). It follows th. t 

= Os • - f( .r - Ill . f >/ Ill. (25') 

whar f = ilution factor, nd Osmt and I/1.t ar the 

o ol lity an concentration of 1111-ionic constituents 

per litre, r sp c iv ly, in the dilu ed urin. 

(Th derivations of th se eq tions are considered 

further in the iscus ion.) 

1hes ss ptions e e st on 13 or the nor al, 

and 10 of h abnormal, urine d scrib d in section 9. 

_.,;.---=-..:.:-:wt.i:::h.:.od.o~l~.o_,g_x: In thod ( ), th nub r of Osm/kg 

tr d r v d fro ionic con 1 u n s w calculat d by 

quation 22. 

In thod (b), tbe os olalit1 s of 

th dilu ed urin wer esti at din 1th r one of two w ys. 

(1) 'rbe Fi k - which ~ti ts os olality by 

easure nt or depr s ion of fr zing point - was r cali r ted 

usin ur standarcs; thi void d dif!iculti with ionic 

dissocia ion s ncounter din v r dilut Cl st nd rds. 

b o ol liti s of the dilutions of urines 34, •o , 43., 1+6, 

?, nd 48 w r asur din this v y. 
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{11) Th os ol lity and S .K
20 

of the unailut d urin w r 
obta1 d b !ore; s' (equation 14) v th n c lculated. 

h os olality of the diluted urin s then o tained simply 

by bsur nt of the p. 20 nd a plic tion of equ tion 13. 

This othod was pplied to uri es JO, 35, 36, 37, 38, 42, an 

4 ,, s 11 s to all the bnor l urin s. 

R suJ,ts: (1) or ls: 

u rine 

-· 
2 4 

2 

2 

8 

9 

"lQ 

3 1 

2 

3 4 

3 

3 

3 

4 

6 

? 

9 

0 

1 4 

4 2 

I 
I 

M tbod {a) 

ml/i. Osm b 
0 • 

. 

;20 636 

837 1128 

139 I 286 I 
101 177 

205 331 

34 544 
696 928 

587 829 

598 876 

87 l l 

556 1023 

340 5'09 

;10 B91+ 

Method (b) 

Osmcalc t mMnu mM X 100 nu. . g 

Os • 

' . 

644 ;o 29 4.6 . 822 

1093 84.2 160 1 .2 .738 

266 25 54 18.9 .681 

1?4 25 7.4 ' .8? 13 

299 25 ?2 21.7 .?17 
502 25 92 16.9 . 753 

921 32 132 14.2 .724 

773 100 74 8.9 .860 

813 64 146 16.7 .753 

171 20 0 0 .7;7 

936 72.1 168 16.l+ .?47 

514 32 0 0 .897 

827 32 11 12.3 .808 

Man: 11.7 
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0 
0 and O::rmc le= ob er ed and c le 1 do o 11ty, es ctiv ly 

t = dilution facto 

nu= calcul t d concen r t1on of non-eleetroly , non-ur 

ub t nc, in 1ll1Holes r 11tr of undiluted urin. 

e Di cussion. 

Uhe < u ' nu t n ro; e D1 cu ion. 

(11) bnor-als: 

. 
'tbod° cb, 

in- 0 t 1 00 g 
1/1 nu nu 

0 • 

1 + 190 2 7 274 20 43 15. .758 
2 ++++ 180 370 299 25' 166 44.8 .392+ 

3 +-+ 2·2 625 6 j 5v 160 25.6 .4·8 
2+ - 1.il+3 701 668 so 1:7 19.6 .664 

5 77 1 t 128 10 0 .686 

6 - 368 695 664 5 2ul 2C.9 .1+3 

7 15£ 387 314 33. 18? 48.4 . 194 

8 + 368 490 1.94 ;o 90 18.4 . 61+5 

9 + 169 251 2 9 25 31 12.4 .?51 
10 4?3 446 523 50 118 26.5 .482 

e n: 21+-.o 
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Sec tion 14 

Overall Osmotic Coefficient or Urinary Electrolytes on 
Progressive Dilutiog: 

Six urines (no.s 28 , 34, 37, 4o, 41 and 42 of Section 9) 

were diluted progressively; the osmolality of each dilution 

was measured on the Fiske osmometer, calibrated with urea 

standards as abo~e . 

The results are given below. 
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\SALT 
MI XTURE 

1000 

m I. IONIC CONSTITUENTS/ LITRE 

r t 

OS t C 

t t th ' l 

• 

- . C CO 0 y . 



ppar nt Osmotic Coefficients of Urinary Blectrolytes 

as obtained on rogre~ ive dilution. - etion 14 

- - - -,-- --·-~ - - - ,__ -- -
Urine l'1lut :ton Osm. g 
lo. factor ( f, 

Urine Dilution Osm. g 
10. factor{f) 

0.76 
i, 

2c. 1128 .738 
-:\= 

40 o.88 1023 .747 

1 85? .737 1 901 • 7l 8 

2 428 . 736 2 454 .? 3 

4 214 .73t 4 --ns ,::r.:. .771 

8 108 . ?48 8 114 . 771 

16 56 .799 16 59 .. 536 

32 31 . 950 •2 31 . 934 

64- 16 64 16 

'l4 l 928 . 724 .., 41 I l 5 ·9 .897 
I 

2 455 
I 

. 698 I 2 253 .888 

I l1, 
I 

232 . 724 4 128 . 906 

8 119 .7;9 8 64 I .906 

16 62 .816 16 :3 .953 

I ~,,.. 
..,Ai 35 32 17 

. 
I 

37 I 1 87 .?53 1+2 1 894 .808 

2 442 .766 2 4;o .820 

L 221 .766 4 226 .82? 
I 
I 8 110 .759 I 

8 115 .859 

I 16 57 .813 16 60 .937 
I 

32 .... o .893 32 31 

64 16 
Osm. =..mOsm/kg water 

g = osmotic coefficient 

Urines are those ·of section 9. 

* Urine dilute d initially by addition of an arbitrary volume of 
water, to bring osmolality to below 1000 mOsm/kg water. Osmolalities 
above this figure are read inaccurately on our apparatus. 



Section 15 

stimation of concentration of ionic constituents 

from Specific Conductivity: 

The concentrations of ionic .constituents and tlle urinary 

sp eific conduc ivity hav- urea in a large number 

of urin s (sections 1, 3 and 9). These est· tions ere also 

made on the salt mixture ( section 10) . The data re used 

here to find the correlations and relationships between 

ml/1. and Sp . K. 

Be§ults: (A) ormal Urinas (1) Sp.K;{25: 

No. ean S.D. 

mI/1. 

Whits 53 71;. 1 130.6 

Bantu 56 471 . 0 ~3 .8 

Both 109 589.7 163.7 

Correlation betw en mI/1. and Sp.K~{25: h.ites : +.923 

Bantu : +.909 

Correl tion between ml/1 . 

Regression equations: 

Botb : +.92 

No . lean S.D. 

l/1 . 

42 489.1 203.8 
u/10 

nd op.K20 
is +.968 

u/10 
I/1. = 199.3 p.~20 -1 

Sp.K~610 = o.Oo475 mI/1. + .134 

{26) 

(2?) 
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u/25 : 
rt 

o. lean s. • 
I /1. 

52 440.3 163.3 
Corr 1 t1oa b tween I/1. 

and Sp. u/2S = +.819 
rt 

he dilut d t n fold, the Sp. 20 quals 4.2 hos/cm. 

Thi f! ur is caleulat d by ubstituti n in quation 21. 

That is, 855mI/l. yield 4.28 bos. 

or, I/1. = 200 Sp.~~lO {28) 
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S ction 16 

rrom 

( ) Fig. 12 r v als tbe r l·tlonsbip bet~een Os c 1 

nd Os ob. o lightly curvilin T. 'fhi can b 

corr cted, pirically, by: 

Os • ;:; l , 000 ( l - - • 0001 s ob ) 
cale 

(b) It w s shown (s.ct1on 13) th t: 

roMu/1. + ml/1. ( ) =Os. 

Th .:refo ~ Osm. - mI/1. ( g) = -1 ull. 

c. 

(29) 

{21+) 

ut Ill. = 200 Sp. u/10 {26,28) 20 

nd Os • = o.88 ·,I/1. -+- 7 

Th refor Os. - 176 Sp. ~~l + 7 - u/1. -

eas r ment ot ur nary o ol 11ty d ci:f'1c 

conductivity, and applic tion of qu tion . (29) nd (30) bould 

h ref re y1 ld a fair tL · t ot urin ry ur~a concentration. 

(22) 

(30) 

his has een ts ed in a nub r of be nor 1 nd · nor al urin s 

of s ction 9. 
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Eesultn: The results ar presented graphically in Fig. 14. 

Normals: 

Urine · Urea concentration 
No. Actual Estimated 

22 

23 

24 

26 

28 

29 

30 

31 

32 

34 

35 

36 

37 

3 

39 

~o 
41 

lt2 

300 

237 

180 

262 

350 

137 

78 

112 

193 

302 

308 

250 

280 

352 

87 

44o 

2o8 

372 

285 

198 

157 

225 

292 

103 

73 

108 

133 

268 

314 

244 

238 

360 

65 

440 

162 

364 



Abnor l: 

Urine 
l~o. 

1 

2 
~ 

3 

4 

5 

6 

1 

8 

9 

10 

100 10, 

l~l ..,_ 187 

50 365 

270 23? 

53 36 

333 3S3 

170 227 

163 177 

9 85 

100 99 
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200 

0 

0 
0 

: 0 0 

0 

0 0 

200 

0 

0 • 0 

0 

[UREA] 

0 

0 

0 

0 

obs. 

0 

400 

ABN • 

NORM 0 

ig .14: Co parison of c 1 lat d urea cone tration 

with tl t ctual yo serv d . 



Section 17 

Measurement of the B:glk D1electr1c Coqstant or 

n~om norma!_~urines, 

The dielectric constant was me ur d - as d scribed 

in Appendix C - on random Ul'ine sampl e obtained from 

13 normal subjects. Recoveries of glycin ( 1 M/1 . ) vere 

a tempted on 9 ot these, as a check oo the ccur&ey or the 

proc <lure . 

esults: -
Urine Osmolality Sp.Krt t:1elt~:t ;ct~ ;~u2si1n.t 
No . ( Osm/k! 

wat r (mMb.os/c .) urine urine + 
glycine 

1 ,16 11.21 70.2 93.1 

2 910 23.6 45.8 65'.5 

3 940 26.8 61.2 84.8 

" 4 lOSO 34.o 46.4 ?O.l 

; 860 23.7 63.0 -
6 659 17.5' 68.8 94.3 

7 530 - 67.2 84.6 

8 811 20.3 62.6 80.7 

9 312 - 76.9 -
10 999 24.o 53.9 

11 901 23.0 56.6 -
12 - - 67.7 89.l 

13 70.8 87.8 

GI 

22.9 

19;7 

23.6 

23 .7 

-
25., 
17.l+ 

18.1 

-
-

21.l.J. 

17.0 

ean • 21.0 • 

GI = 1electr1e Incrtt ent of Glycine (l Molf/Litre} . 



Section 18 

ti.9 

24-bo r U1'i G Coll ctions wer O t in fro.," 4 
~ ' 

in!'ant , od 21 normal adult • ,l ulti l collections \i. r 

obt ind ro he 1 f n s n fro 2 oft adults. Fift n 
' dult eoll ctn e ct urine ,s ed dur1 

in sepa t• c t ners; the 1 s or mietur1t1on 01 r noted . 

24-hour coll ct ions · · r lso ob jn d fr 7 grossly 

ob e lt. hes rubj cts · re all encou t red in tbe 

Groot ~chuur ·osfi 1 t l p T n nd wer 

conuJde d o be in good 'ti al h { "l't trc their ob 1ty, . 

Fut r 24-hour collections w r~ o 1n d from 2 men 

- one v ry stout - ngag din} vy nu 1 l bour, nd fro 

di ry r ddist wto only r uit". 

1 1 r coll c ons w re go fro 7 111 

t a Groot ; '-' ch \il' i;'os ital 

rsans \.'ho 

nt 

-'PB"tm nt, o ho e e alr , dy ho pitalis d. T y uttered 

fro {nub of patients 1~ p r.oth s~s): 

thyroto ico is (2); gro ly v lo--m n (2) 

ar s s {l); cen ing p r 1 is {1); nd Jntect ronch1-

ct sis w .th nor ria (1). 

_he int nt • 24-hour r nc wer coll ct d by 

be D .... t .. or ediatrie 
' Un1-v rsity or Capo J. r.' part 

ot th ir rcb into th l ctrol · d1sord r ncounter d 

1 ... et nus. inA bt d to T • d~v s oc! .. ,', lan 

to?' P r is 1o to scru .in1 th r d-t d uot the f.,gur C! 

r lcv n Ottis t b ic. 
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Fig. 15: Variation in urinary osmolar-ereatinine ratio 

throughout th 24 hours, as observed in fifteen normal 

adults . Urines were passed at subjects ' convenience . 

The tim of micturition is given in hours; thus 

12 hours indicates midday, 24 hours midnight . 
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No restrictio~s of di tor exercise ~ere pl&ced upon 

any or th~ee sub eets. All urines were collected under tolu ne 

and store.d at 4° while awaiti g ana ysj s. This coo • sted 

ot measurcm n of velum, n .. of creatinine and osILolar con-

e nt?ations. The volumes of the urin s from 3 of be obese 

and fro 2 of the 111 pat1ents were n~t recorded. 

Osol r-cr atinine ratios w r then calculated, by 

dividing the o8molar (mos ·/Kg wat r) by the creatinine 

(mg/1 . ) concentration, fer eact urine . 

esults: These are given in detail in Ap endix F; they are 

ummar1sed in Figs . 15 and 16. 
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DISCUSSION 

(A) Inter-re].atiggsqips getween. urinary Ioni.c Strengths 

S~ecific ConduetivitY{ and Osmolalitz. 

67 

Eoth osmola ity, and particularly specific conductivity , 

ight priori be expected t .o vary in pro~ortion to ionic 

str n,th. That this is indeed so 1 soen in Fig. 17 (based 

on the dota of section 1 ). The relationships depicted are 

prPsumabl of general va.11d1ty ~s they were c Pr1.ved from two 

istinct populattons, subsisting on v ry d1ffflr .nt diets. 

Th high corre-lat1ons ( ) • 9 - cf section 2 ) between 

ionic str ngth , spoc.1f1c conductivity nd osmol lity, make 

th determination of approximate 1on1e strength , 1n normal 

subj ets, a si ple procedure. 'hus the equation 

I.S . = .00025;(0-sm.) + .13;sp.x:{2 5 + . 002 

per it- the calculation or ionic str ngth from observed 

os ol&lity and specific conductivity to ithin standard 

error of o. 030. 

( 7) 

In patients suffering from r nal or electrolyte dis­

orders ho-ever, (section 3), Sp.K~{25 nd particularly osmolality, 

r found to be less accura e indices or ionic stren th. 

The r asons for this are not tar to seek. ivalent ions 

v re ore variabl in pro~ortion, and formed a greater fraction 

or the tota 1on1e constitu&nts in bno~mal {mean 10. 7 • 
' 

s •• 7.0 ~) than in nor~al urines ( n 5.7; s.t. 2 . 0 ). 

Furthermor th prorortion or the non-ionic to th ionic 

components or the total urina y os olality w s far more 

va i ble in the bnor al urines; this will be discussed later . 



68 

It might be argued that the discrepancies found between 

the abnormal and normal urines lay not in their origin, 

but in their mode of collection; the abnormal urines were 

random samples, wbile the normals were 24 hour collections. 

Diurnal variation ·n patterns of urinary excretion undoubtedly 

exist. The analyses of the ran omly collected normal urines 

of section 9 disprov this arguement however. Standard 

errors of the estimate of ionic strength as derived from 

measurement of osmolality and Sp .Kare identical, or even 

lower in these than in the 24 hour collections. 

On initiating this study, tbe effect of temperature 

on Sp .K was deliberately ignored. The Sp . •s of electrolyte 

solutions have been said to increase by approximately 2 

per degree Centigrade rise in temperature ( 13 ) ; as different 

urines may vary in both individual and total i onic concentrations 

by several orders of magnitude, it seemed apparent that 

temperature control during measurement of Sp .K would be of 

little value . Further study revealed that this conclusion 

was not entirely war1~nted. 

(section 7): 

Correction for temperature by 

= (17) 

brought about a worthwhile increase in accuracy of the estimate 

of ionic strength. Thus estimate of ionic strength from 

I.S . = . 0001232 (Osm.) + .07443 Sp.K~~lO+ .0005 
(20) 

lowered the standard error of the estimate, in normal urines, 
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to 0.025. he most accur ta e ti t or ionic strength in 
-4: 

bnor al urin sis probably best got frora: 

I.S.: 0.1069 Sp.K~~lO + 0.009 

_tB) Co pa ison of Sp,K, Ionic ~.trength, and Os glality 

r.lat1onsh1ns in' veraget norm 1 urine, salt 

agd Salt ixtuTe UlUS urea, 

Th~ inter-relationships b tween sp e1t1c condue iv1ty , 

ionic strength end osmolality, s found in large n ber of 

nor al urine 
' 

are described by (s ctions 2 ,5c): 

I.S. = 0.000371 co~ . ) + 0.022 

and Sp.Kx = 100 (l - - s.X) 

These quations th refore typi fy the cb r eter sties of 

an• v r g 1 urin . 

Thi:> Sp.K of any electrolyte solution is based upoo 

the number, ch rge and obility of its ions. Th ionic 

composition of the salt mixtur (s ction 6) is ideotic l 

(1gnorin th s all fraction of organic anion) to thdt of 

(19 ) 

(1) 

(13) 

the •av rage' urine. Co 1 r1 on of tbe specific conductivities 

of thes two solutions - 'av ra ~e• urine and lt mixture -

igbt then b ex cted toy .ld information as to th 

1m11 rity or oth rwise of th rover 11 elec rolyt activity 

coeffic nts nd ionic ob111t1es. 

t he cor-r lation betYoen Sp.K~&10 and I.S. (s~etion 9) wa 

appr c:!ably higher than that b tw en Sp.K;(25 and I.S.(section 3). 

h cor-r 1 on b tw·en l.S. nd o olality roe almost 1n 

p rallPl h01 v r, and make it uncertain th t th f w abnorm ·1 

urin s of cti 9 ere q 11 as• bnorm l' a tho e of scion 3. 



........ AVERAGE URINE 

>t--x SALT MIXTURE 
O··· ·O II II PLUS UREA 
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/ / 

/ 
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/ 

/ OSM. X 
I 

mMhos/cm I 
mOsmfg~O X 

0 1000 0 

OSM. 
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,0 40 ;ri , ./ , 

, 
, ,x 

Sp. K , / 

p/ / / 
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/ X mMhofc m ' / 
"/ 

·5 0 ·5 
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mOsm/kg Hp STRENGTH STRENGTH 

Fi .. 18: pariso 0£ p . , ion:c tr gt h , 

an o m.ol lity £ •av rag ' rin , lt ·xture 

d sat ix ure pl s ur a . 
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Th co ar1son is p es n· gr hie lly in ig. 18. 

hP S. o! • v r Pe' urine 1 s n to 

an q i-c~=olar s·lt m1 xtu e (~1g. 18 }. 

about 2/3 tat of 

r1ne contains 

ny non-ion c ol c o o d !ar el or ur 

. pr i:.- ort on of 

act i e art1cl a r6sen in • · ;er ' uri 

OS ot Cblly 

( 1 . 18 ). 

Cop r1so o t s .• or •av r g • u.rin 1 ht of s 1 

' 

ixture mu t th r fore be bar..e::i (' t upo equi-os ol r solutions , 

t u on .olutions of eq al ionic stren th; on this b si 

the Sp . 's of I V ra:e• u ine n s lt ixtlll'e (\iitl or 

without ur a) ean to b identical {Fig . 18c) . 

Ionic ·O ilJ y d er . s s 

th sol nt. Urinary v!sco ity 

1ncred ng urin ry concentr ticn 

s ., . 's h eto-e j ,11 s th the 

eo ff_ci nt o • v age' urine is 

than, o t e salt 1xtur. 

wit .. i crec.1.sing Viscosi y of 

,. i s , slightly , 'it 

( 7 ) .. .:. he !d n 1ty of 

over 11 ~lectro y activity 

le~st ~gu l to , or r ter 

A th r is no re .on to 

suspec . th 1 t,r possibility, th 0 1 r 11 cti 1ty coelfic1ent 

n te ionic o iliti ~ of •rin ry el ctrolyt es must, &n a 

first proxi tion, b r · rd d as t hose o. n quiv 1 nt 

inor nic salt solution~ 

Strikic ccnf irLation oft 

th n ar-1 n i y or the ·nter-r 

by .otl sis i f c.und in 

ti nns} sobs rv c, in both 

urine nd ~alt .ix ure, b t e n 1oric co i uent co eentra ions 

d Sr. 20 Cequ ions 26 d 28, r sp~ctiv ly.) • 

. cent stua·es, ut~l1s1n th sodium r~o ble gl s 

lectro , h v hown t t t act vity co rtie1 nt o ta in 

urin is o nttc 1 to th tor NaCl olutio ot 

c pr 1 ionic tr ngth ( 27 ). Thi obse v tion rengthen 

th c ncl, ion co e to bove. 
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Fig . 19 : Concentration of ionic constituents as a funct ion 

of ionic strengt h, in bot normal (o) and abnormal ( ) urines . 

(for mM read ml). 
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( C) Fract1 (m§tion gf th o ,molar .cont er t of ,ind iv;iggol 

urines into Ionic an on-ionic co 

The ov rw e1rnin ma. rity o urin ry ion c constituents 

·ere foun to bP ,onova"'en1; (S(ctions 1, 3). A cloc;e 

correlation ther ro~e exists b tw v urin·ry ionic str ngtb 

and bA urinary concentratj n of ionic const·tuents cr·g. 19) . 

Couple this observatioP itb tb t of t.1 11r•ear relc" tioost.ip 

b t· een o..,. ol lity an ioni strength (141 · .. 17) ond it follows 

that the proportj'"'n f ionic to oon-ionic corpon.:nts of the 

tot 1 urL ry osmol .. 1 ty - in norm l urines, at least - must 

necessarily vary · 1ithin relatively narrow limits. 

This corollary can be std by a~sumin> the osmotic 

co ff"cj nts of all urinary ionic co~~tituent~ to be unity , 

nd th ca culating th propo tion they constitutt of the 

obs rv d urin ry o.:molal i.ty. (Osmol rity is b~~e equated 

1th os olality; this introduces altogetLer negligible 

error - cf ~ec ion 10). The rPsults are in accord with 

e pect t.ion; the ionic compon nt of normal ur:!ne , represents 

68.? j of the total os olality, with a S •• of only 9.2 % (Section 1) . 

"'his oean pereentug is of course too high, by an 

. 
amount f"Ua1 to the ctual depression of the overall osmatie 

coefficient oft u~inary electrolytes. '1 his l ill be 

eons1d red 1urther blow. 

In abnormal urines, th ionic compon nt 01~ the total 

osmolality was found to vary eonsjd•rably rrore than n the 

noxrnals (m~an 64.4 %, s.r. 19.6 % - secti n 3). '!'his was a 

m(.I ·or cause for the poor correlation obs rv€d bntweeL osr..ola11ty 

and ionic str ngth 1n these urines. 

(t) he Overail Osmotic Coefficient of trjn@tY l~ctrolY..t-11: 

The over !l osmotic coefficient of urinary lectrolyt s 
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ay be xpr ssed as 

g = Osm1e/ 1/l. (31) 

wb reg is the osmotic coeff1e1 nt, O ic th concentration 

or m1111-os ol s derived tr the ionic eonstitu nts, and 

I/1. th concentration ot ionic constituents ( in 1111-.ions 

per litre). Furthermore, the urinary os olar content is 

co posed of both 1on1e and non-ionic co onents: 

Osm0 b = Osm1c + Os ni 

ere Osm
0

b is th obs rved os ol 11 ty, and Osm01 th 

non-1on1e osmolal concentration. 

Giv n Os band Osm 1 it is therefor po s!ble to o · n 
calcul te Os ic, and, given I/1., g. 

est ted by direct determination; Osffini 

0 ob and ml/l . are 

y be obtained in 

either of two ways, as follows. Both ethods assume all 

non-1on1c substances to hav osmotic coefficients of unity. 

(32) 

(a) Th overwhelming mass of non-ionic substanct! mi.ght be asswaed 

to b urea. Should this be true, then 

Osm0 b = Osm1c + u/1. (33) 

= ml/l.(g) + u/1 

or, g • Osm0 b - u/1. 
()It) 

Ill. 

wb re /1. 1s the concentr tion of urea, in illUloles per litre . 

Application of equation 34 to th data pertaining to urines 22 

to 42 (section 9) y1elds values of g fluctu·tin about a ean 

of 0.965. Tbis is a great r v lue than xists in ven simple 

alt olut ions of co pa:rable cone ntrations ( s ct1on 10)( 35 ) • 
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Th initial ass p ion must th re.tore b fal e; subst. nces oth r 

than ul'ea must eontribu.t to th non-ionic fraction of th 

urinary os.olar content. 

more realistic appro ch to th p:rohle o! determin tion 

of is simply to ssume it equ 1 to th t of th s lt ixture, 

of id ntical ionic constitu nt cone ntr tion. hat is, 

osm1c = o.88 mI/1 .. + 7 

dd1t1on of O ic, calculated in thi 

urea concentration (in 11.) 1n an 

y, to the observed 

r of urin s should 

no y1 ld c lculated osmol lities r . tber si 11 r to those 

actu lly observ d. That is, 

Os ic -+ mMu11 • = Os c le z O ob 

wher Os c 10 is the caleulated os ol 11ty. 1sparit1es 

should eonfor to previous esti at of b non-urea 
~ 

nonP- 1 etrolyt co ponent ot th tot 1 Ul'ina,r-y-.cos ol lity. 

(22) 

C3S) 

Both Price t al (31 ) nd Yardl ey ( 41 ) have estimated 

that this traction of the 24-bour urin ry solut output is 

composed of about 10 - 20 G. of dialysable, low oleeular weight 

( an ol eular weight about 156) ( 41 ) , organ1c att r; 

th tis, bout 1,11,6 X 1000, or 96 mos. The data 1n s ction l 

r v . l th t tbe av r ge normal 'Whlt • Soutb Afric n excretes 

1178 X 980, or 1154 mos. per d y. Th refore, per 10.00 mos. 

xcr ted, bout 1000 X 96 / 1154, or 3 Os • , should b 

non-ure non- leetrolyte substane • 

pplying equation 35 to the dat of uTines 22 - ~2 

(s~ct1on 9) giv s the r sults depicted in Fi. 12. Close 

ins , etion r •els th tat Osm b = 1000, th calculated 
0 

osmolality f 11 hort ot this fi ur by pproxi at ly 50 mos • 

!bi 1s in r 1r agreem nt with t h t ostul t d, nd o 

ppr ntly conf1r s the initial assumption o! an io ntical 



ov r 11 os ot1c co tt1e1eot for urinary nd lt ixtu e l etrolyt s. 

(b) At gl'eat dilution, complet dis ociation of ionic 

constitu ·nts can assumed. hererore 

f f t 
Osn:

0
b = mI/1. + Osmn1 

or, t 
= 0 -ob Ill. 

f t whee ti the dilution f ctor, nd Os 01 , Os ob nd 

1/1. f are th non-ionic, total o olal nd ionic eonstitu nt 

concentration of the dilu ed urine, re peetiv ly. 

ml/1.f 1s obtained simply by dfvid1ng I/1 . by th 
dilution f etor. Est tion ot O ob is more difficult. 
The Fiske osmom ter - wbieh sures os olality by 
obs rv tion of depression of tre zing point - is inaecur te 

t low nsmolalities~ Accuracy in this r ng my be 
enhanced bY. recalibrating with ure tandards; s these do 
not dissociate en dilution (unlik the usual Cl standards) 
s eral dilutions of a given e· standard ·ay be made to 
obtain aceur te readings in th low o olar rang. A 
b tt r lt rnativ is to make u e of th Sp.X - os olality 

. r l tionship d veloped in s et ion 5c, viz: 

(36) 

Sp.K2 = 100 ( 1 - e- sx) (13) 

M asurement 
nd Sp.IC of 

subsequ nt 
then yi lds 

of os olal1ty (by freezing point depr ss1on) 
tbe undiluted urine permits ea eulat1on ors; 
t at1on of th Sp.Kot th dilut d urine 

it osmolality with con id r ble ce1traey. 

O 01 is now got si ply by ult1 11cation of Osm;1 
by the dilution faeto.r, t. Substituting in equ6t1ons 32 

and 31 bove, then yields g. In short, 

g = 0$1D
0

b - t (Osm!b - mI/1 . t) / Ill. 

Appl1eatio of tbis arguem nt to number of no .. l urine 

{s et1on 13 - Method B) r vealed tb ov r 11 osmotic 

co ff'ici nt of u:r1nary el ctrolyt s to h somewh t low r than 

that of n inorg nic salt mixtu:r of similar l etrolyte 

c os1t1on ( n. g = 0.78, s e pr d to that of bout o.89 

ror s lt ixtur ) ~ 

(25) 
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• t -vie• d1lut1on o 1 d1vidu l or u in a, 
1th C 1c 1 t1 ch d1l t1on, tb ul 

u in fi. 13. T ,e o coett1e1 nts inod 

n eor.c nt 

in contr 
to th . t 1xture, whPr g n to 7is nc th eone ntr 

t 11 low 200 1/1. 

Ur i ajol' C POD o th ot·l non-ionic 

f ction of ur1n ry sol1 l T 1, 

ni /1. = u .. 
nu 

11 • 

h null• 1 the cone ntration ot no -10 ic non- r .a 

snh t nc • 

r adily obt ind. 

in · /1. and u 
ff'he V 't g 

non-io 1c non-ur u ro p ors b 

/1 i s th,retor i •' au 
cone ntrat1on of tbi 

c , tor th 13 nor 1 

rines ly ed in section 13, v 11.? ( b concentr tion 

i x r ed 'l' a pre nt r h tot 1 o ol 11 ty) • 

Tr nsl t1n this into G/24 hour - 1D men olecul r 

1 ht ot 156, s bov ( 41 ) - yield ti Ul' of 21 G/; y. 

ri t 1, n Y rdle7, tound l ls ot 10 - 2 / y. 

(I mu t b bor in min that th urin an lysed h re er 

r no . ei en , no 2 - o coll ctio ). 

It 1 p nt th t 2 th s of e ti in 

b V yi·l very d1ff r n r ult. N 1 b s 

tio 

t 

t1on 

(37) 

u a on bl ' n . both 1 cone 1 of con-io ic 

non-ur SU st ne or or 1 ually gr nt 1th th 

le el r viously found by other w r r • 

'rb alt rn b pothe - ot •no • or o pres e 

ll o ot1c co ft1ci t for th urin y electrolyt s • 
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ay be further st by pplyin bo h ethods of est mation 

tb bnor al urines. Tb results are ·iv n 1n det 11 ins ct1on 

13. st1 tion by method Ar ve ls much th s relation bip 

of O calc t Os ob as pertain din th nor ls (fi. 12). 

tbod B how v r ppears or v 1 the pr nee of l rge a ounts 

of non- urea non- lee rolyt, of n cone ntr tion 1 ost tvic 

th t of h nor als (Fig . 20); th os otic co :ftieient is 

considerably d pre sed in ost ot the abnormal urines. 

Tbes tindin do not resolv th d1lem a. owev r, 

urines derived tro patien s suffering tr variety ot 

illne ses are known to contain much 1ncreas d a ounts of high 

olecular weight substances ( 22 ) ; tb1s collater l evidence 

ot 1.ncre d urin ry eont nt of non-urea non•el ctrolyt 

ubstanc in the 111, sug ests that the tindin s of thod 

B, above, might ell b corr ct . 

( ) Urinary .1electric ::ogstant: 

In ny 1 cu ion or urin ry di lectric constant, 

it 1 import nt to di!! rentiat clea ly ten th dielectric 

constant or a er - th solvent - and tat of urin - the 

solution. Th di lectric con t nt ot th !'or. er is physic 1 

fundam ntal and measure of it ability to tor 

• It is in this n 

nergy, or 

that tbe to epar te eh r ,d part1el 

di lectric eonst nt featur in tb D by -Hue 1 equ tion 

( r lating ct1v1ty eo ff1c1en o di solv d el ctrolyt to 

the ionic str ngth and dielectric const nt). 

be di lectric constant of solution, on th oth r 

band, 1 a co posit figured pen nt upon . phys1co-eh ic 1 

struetur of the solute, th diel ctric constant of the solvent, 

and th inter y of physico-che ic 1 force b t • n solvent 
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and solute. his 1 ret r d to a th 'bu 'di 1 ctr1c 

constant, and it is in this s nse t hat h terc i e ployed h re. 

In ny olution the signifie nt qu nt1ty d termining 

the bulk dielectr1c const nt is th number ot dipoles per 

unit vol e. By far th ost abund nt dipoles to b found 

1n ur1n r wat r ol cul • o her , e. a 1no acids, 

peptide or proteins are nor lly pr sent in v ry small con-

e ntrat1ons. Only ure y be pr ent in sufficient quantity, 

in concentrated urines, to raise th di lectric constant fraction­

ally abo~e that of pure wt .r. on-dipol r molecules, nd 

ions, reduc the number or ater olecules pr unit volum, 

and so ay be xp cted to reduc the bulk diel .ctric con tant 

of urine . Dep ,nding on tbe r lativ abund nc of urea, or 

non-d1polar molecul s or ions, urin ay be expect d to have 

bul diel ctric constant so ewhat bov orb low that of 

wat r. Thi rt ct might be the r- at r th ore concentrated 

the urine. 

The results (Fig. 21; section 17) ot easure ent of 

dielectric constant in as all number of nor al urin sin no 

way approach d exp ctat1on. 1th 1ncre ing ur1n ry 

osmolal1ty, th bulk diel ctric const nt tell to almost half 

that of pur wat r. 

(F) Attempt~d Synthesis Of Osmotic Coefficient and !electric 

Constant d trat 
The rlmdly lov !1 ures derived !or urinary ,leetrolyt 

osmotic coett1c1 nts (method ) - particularly in th 111 -

were no 1 ss surprising th· nth gro s lower1n of dielectric 

constant observed in cone ntrated urines. hese ef'!ects s e 

too gro s to b ascribed sol ly to eehnical rror. ibat 

follows 1 pure speculation. 

A point d out above, the bulk diel ctr1c constant of 
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solution y be regarded a d termined l rgely by the number 

ot dipol s per unit volume. Thus, ' m n7 non-electrolytes 

and most ions have such small di l ctric eonst nts compared 

to th tot wat ~r, that in aqueous solutions thy may be 

tre ted as boles of zero d1ele~t71e const nt, and the dielectric 

constant or such solut.1ons my b ssum d pro ortional to the 

cone ntrat1on of water' ( 36 ). In eff ct, the mixture of 

solvent and solut is hr tr ted s su pen ion. Numerical 

quantitation h s been given to this concept, ( 39 ), by: 

D - DI D - Dl 0 

- x. -
3 D Do + 2D 

where 1 the bulk cieleetr1c constant of the suspension 

n1 and D
0 

th di lectr1c constants of the edlu and susp nsoid 

r sp etiv ly, nd F the fraction of tbe tot l volume or tb 

suspen ion occupied by tbe suspensoid. 

Inspection ot Fig. 21 r veals that ur!n s concentrated 

to 5'00 Os /kg water and 1000 Osm/kg ater, may have bulk 

dielectric constants of about ?O and 5$, res; etively. 

Assu in th dielectric constant of th uspensoid to be zero 

and taking that ot the water as 80, substitution into the 

abov quation yields fr ctions or total volume occupied by 

the uspansoid s si and 21;, respectively. 

B sides urea and electrolytes, urine normally contains 

any numb r of diverse substances (organic acids, 

mucopolysaceharides, steroids, amino ciff , pro eins, colloids, 

rd whit and epithelial cells, hyaline casts nd any oth r 

b Si s). hile quantit tiv ly 1nsuff1ci nt to ccount on 

stric volum -fo:r-w igbt basis, tor the suspensoid volum.e 

tr ctions c le l _ted above, its s eonct!iv ble tbat thee 
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u t nc s 1gb led o th for ot on of e ectro ticall -

o nd g r t of ions, non-ions nd wat-r olecul s -

much as occu s 1n ile ( 28 }. h xistence of such 

grega s, or micella , ight xplain oth th d press1on of 

ov rall ~ ctrolyt o mo ie co tfic1 nt an th pr nee of 

el ively la ge volum fraction or• oun • wa r. his 

postu t is also in e ping with th o s rv d corr lation 

betw n depression of osmotic co !fie nt and raised 

concentr tion of non-tonic non-ur a substanc ( ction 13). 

On th other an, the vi enc for id n 1 y of electrolyte 

ct1v1ty coeft1c1 ts an ionie obiliti sin ' av rag• urine 

and th alt (er abov) su;,gests t t if such 

ag reg~t s do nd d eY.1st , t h ir to ic inding must b 

relatively weak. 

{G) A thod for the rapid st1mation of 
ntration: 

11 

·hat ver it tru valu, qu ting th ov rall osmotic 

co ttici nt of the urin ry electrolytes with th t of the 

.quiv 1 nt alt 1xture pr its us of the qu tion 

u/1. + ml/1 . = Os calc ~ Os ob 

h re tb :r l tionship b twe n O e le od Os 
ob 1 

d pie in Fi. 12. As point d out, Os e le f lls short 

or O at high ltiv ls ot the 1 t r. hi curvUin r 
0 

relationshi en, quit arbitrarily, b d scribed by 

0 calc = 10,000 (l - e-.0001 Osm0 b) 

qua ion 29 can th r .fore be us d to reduc . Os ob to 

0 cale • I/1. c n be estimated by e sur nt of p. 20 

(-cf S c ion 1,>. Given Os e le' an ot I/1., 

nd g equal to h t of the s lt ixture of cop ra 1 

(35) 

(29) 
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eone ntr tion, u/1. can b calculate b equation 3;. 
The argu ent 1s set out ind tail io S ct on 16. 

Tb r ults or such est1 ates of urin ry ure 

cone ntration, in bo h normal and abnor urin s, ar 

depicted in Fig. 14. It is a ,par n ta a very f 1r 

pprox tion to th actua v lu c n e acbie d. 'rhe 

st nd rd rror or th esti ate is 26 ~/1. 

Si.mil r results e·n b obtain d without recourse 
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to assumptions concerning the valu of g. ml/1. is first 
estimated by easurement of Sp.K20 as above (equation 28). 
h urin is dil~ted and its osmolality determined. 

Su tituticn into equation 36 nov 1ves Osmf0! ., and 
th retore mMn1/l. Nor al urines exhibit a 1 near 
relationship oet ·teen ull. and w ni/1 (Fig. 2.2; ection 9); 
this ay b arbitrarily describ d oy 

./1. = o.66 01/l. + 30 

Est ates o! ull. d rived 1n this way , b ve 
rror 1 ost id,mtic l to that given abov • 

standard 

(B) 1he 24- ionr u tnary O§mol§t-Creatigine rat1od; an !l}dex 

of relative caloric intalf, 

Even ssumin r~lativ depr ssion of the osmotic 

coetficient of tll."1n ry electrolytes, th data of seci1on 

13-b rev al tb t 90 $ of the os olar content of normal urine 

is quantitatively derived from lectrolytes and urea. It 

follows that th urinary os,ol r output, in nor l subjects 

in the ste dy st te, must b a func11on of tb dietary int ke 

of tbes substances {or their metabol1e precursors). 

Ure is derived from protein; electrolytes are p:r sent 

in all aJor foodstuffs, h ther plant or &nimal in origin. 

The urinary osmolar output my therefore b s id to be a 

function of th quantity of food eat n, or, even more 

broadly, of the tot 1 calorie intake. 

In any one individual, th 24•hour urinary excr tion 

of er a inin · is a constant, nd is related to l.an body 

(3&) 
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C 9, 11, 14, 24 ) • These t c s are fr quently used 

tor cilit te co parison or the rin ry xer t1on of giv n 

sub t nee in various in ividuals; ex rs in th xcret1on 

proportion of th s1mult nous excr ion ot er inin, 

•c rr ct' for i!ferenees in 1 n body • 

h tate n r lating urin ry o ol r ou ut to c lor1c 

1nta , c n read 1 t sted y ex min t1o ot th urin or 
in ividual a ·rr en 1 r r s. s 11 1 r r 

of c lor1c int uld b difficult 0 sti a e, th st 

1 b p --rfor on roup of ub· cts of wid ly diff ring 

caloric int k • iff renc 1 iz ' 0 le n boy 
' 

C n e corr ct d by xpr ssin th 0 ol l' out ut s 

function f thc.t of ere tioin. 

Thr rou of u j cts r chosen. tir 

w s si l n b r of nor 1 · ul s, 11 n ed 1 ither 

n ry or 11 h work. Gro sly o duJ.ts were obviou 

X 1 or ov r- in. Youn int n tor d th third 

:roup; third il c loric int k , ot bout 45-50 C 1 , /lb. 

body 1 ht ( 12 ) 1 so to nd h l! t s r ter th n 

hat or th v r~ adult ( ssuming 3 

or 150 lb. d lt) 

c loris pr d y 

nc 

r sults are d pict din 1. 16. It 1 p ar nt 

th t th o ol r/cr at1n1n rati do in~ d 1 tr in ccord 

with xp.et tion. h osmol r/cr inin tio in he 

int D s out 1.3; th t of th adults out 0.52; 

tti • r1 s re in pro or ion to h rel tiv c loric int 

o! h two roup. 

urther eonfi m tion of the p r 11 11 in os ol r/ 

er atinin r tio nd r 1 tiv c loric int may b round in 

r th other u j c tudi 

:ratio w r r sent in two al @n 

f 1 ve et rian con.:>u in 

ins ction 18. bus hi h 

din h.avy nu 1 1 bour; 

t d 10 O c ls./day 
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pre ent d a lo ratio. 

~h n t1r t st 1di , th urinary o ol r er tinine 

r io ott red pro 1se of rapid ,ens ore tablishing adequ cy 

of 1~tary 1ntak, by 1 ple an ysis of rando urine sa pl • 

Howe r, un r diet ble 1urnal fluctuation in this ratio 

d and 2 -hour r1n collections (Fig. 15'). The latt r, s 

dg d y erial coll et1 ns 1 s subject , se s quit 

con 1st nt for ny given 1ndividu 1. 

1 is obvious that th co c pt is a lic·bl only to 

st ady-state conditions. is s or uscle wasting, by 

lo rin er attnin excr tion, or diuretics or highs lt 

diets by iner s ng l ctrolyt e er tion, ill 11 giv 

big osmolar/cr tinin r t1os. en ·r1 orous tasting ay, 

par doxic lly, be expec ed to iv norm 1 or high r tios; 

los of w.1 ht will be cco p ni~d by c llul r hre kdovn, 

so leadin to excr tion or form rly intr c llular lectrolyte. 

S ction 18 cont ins so ex ple of sily r t1onal1 d 

(non- t dy-st e) anomalies • 

• h cone t advane d b r 1s lpful in n lto eth r 

d .Pfer nt cont xt. The urinary c lcium/c:r atinic t1o h s 

b en pro os d as mans of c parisoo of calei 

diff rent individu ls ( 30 ); th1 c·lc lation bo 

excretion in 

v r iv s 

r~1s results when app11 d to nor al ch1ldr n; their urin ry 

c lciu xcretion th~n ape rs to b p thol icall high. 

T m iric 1 substitution ot th c lei /er atinin r tio 

by h~ c lcium/os olar r t1o h s en shown to corr .ct this 

an aly ~9) h cbanism of th corr ction 1 l i b re by 

th fore- oing: urinary c lei xcretion in the youn mus 

b function of di tary int k, not of le n body ss. 



t r.ination of c.p-citic Cona ctivity 

Specific conductivity was deter ind in 1..he conventional 

nn r, viz. pas e or ao audio frequency signal throug · a 

ihea ston brid e and eonduetivity c 11 (13 }. · ile in 

act·· tty th1 t ct,nique P.asures r sistance rau .. r •nan 

cooductanc - the one is of course the reciprocal or tbe oth r -

the lettf>r term !s en1 loyed tti'OU ' cu1. this ·ork, as it is 

directly r ·lated to th· numb r, cba,.ge n, mobility or tl:e 

1on p sent in electrolyte solution. 

£·ol6rio">at1 n €.ftects wit in the corJuct1 ity c 11 a.re 

mini i d by th ~s . of sym C!t.rically alt. rnat1ng current .. 

Th~ clrcui of the audio fr quency sin l f 'OArator us d hEre 

( 32 ) is shown in Fi" .l•A; the output vol t-g: was rend red 

smoothly sinusoidal by adjustm nt or th :rid pot6ntion et :l' , 

vh11 1multon.ously monitoring th ~e!orm on a cathode 

ray oscilloscope. 

Th output of the audio tr qu ncy generator was fed via 

· AQ5 povJer a1,;plifier ( 33 ) , to the bridge circuit (F1g. l- ) • 

The - iximum audio i'requency output voltagf:i ucros the 

conductivity c~11, :11th f 1lsti.i1ed \later in situ, "was 3'- volts . 

This f'ell to low fractions of· volt on re lacing the wat r 

with urin , ,m ~ff ect attr i but::bl to the Li ~h conductivity or 
the 1 tt r . A m .rc.·ry ther orbeter placed wit in the eon ·uct1vity 

CEll bowed no &lt ration in tn~1n· 1·y t~i -p ratur during ti'€ 

eour ot con uctivity e sur. ts . 

Tte bri £e c2reuit ls str 1 t!or rd . .d:ree stand rd 

re;.,1star.c s, or 53 ohm;;:i, 250 ohms, and 50~ ohms (wire-wou.nnd, 

.and accurg · to lp) ere found suff · ci nt to nc.o ··f ass the 

nng or uriner.· r~s1stanc encoun.tlfrerl ir, t .ls scudy . 
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Appendix B - 11 

Earp~ones wer used as a null detector; an audio tone of about 

2000 c/s was found to be optimum. 

Tte conductivity of urine was so i gh as to totally 

ov rsiadow r actanee effects; a sharp null point was obtained 

on a 1 occasion . Introduction of a variable capacitor into 

the circuit as therefore not necess ry . Similarly, 

bala ced eart ing of the bridge, !though prov1d-o, was round 

to be redundant. 

Small ro.,istances introd1.1ced by poor circu1 t <?om:ioctions 

can introduce large errors in the deter ination of urinary 

specific conductivity. It was found nec ~ssary to cl an cut 

the ide-arms of th conductivity cell at regular int rvals 

( vGr:,; f w \weeks ), with v r.1 dilute fiCl . 'th photograph of 

t he corr.pltlte a pparatus (F1r..2) sho s the wires leading to the 

si~ -arms of he conductivity c 11, and to the ear- rho&es, as 

connP.eted o th~ bridge by jack-plug and feed - through t orr:i1nals, 

respecti valy; these connecti.ons w re later so l eered into place. 

imilarly , the platinum wii•es emergi g from tb.e mercury in tbe 

c oncuctiv i y cell sif.:!e-arms, were sol< ere to th<' wir es com.ing 

fro the bridge . 

Conventional practic~ deman1s the siting of the 

conductivity c 11 in a constant temperature bath. As the 

ionic concf':!n t rations, and rslc .. t1VP propcrti::,1 s of v ;, rious ions, 

may differ l1y s veral or ders of m gnitude in different urines, 

and as temper·ture variation has ens id to cause an alte ration 

of specific conductivity of only so.e 2j per degree Centigrade (13 ) , 

urinary specific connuctivity ,as ioiti lly m-asured at 

room temperature. Similarly, where urine Yas diluted prior 

to m asure en of its com'tuctivity o.rdlnary glass-distilled 

rdther than 1 c on uct1v1ty' water was felt to be quite ad quate . 
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The conductivity cell was of si pl 'student• type, 

1th circul·r platinum Pl ctroce of approximately l cm. diameter, 

placed a 11ttl over 1 c. apart from each otl.er. 'The 

leetDodes were platinised in the usual way {13 ). When not 

in use, the cell Nas kept filled with distilled water. A 

ark was made on the wall of the cell, near the top, and all 

measur m nts of conductivity were made 1th the cell fillEd 

to this level. 

A vernier slow-motion ial w s ttached to the bridge 

potent1o eter. .he actual resi tance ot this potentiobletor 

was measu1•ert on an accurate volt-o meter (Heathkit V-7A). 

Calibration raphs were made whereby thE resistance (in ohms) 

of the fluid within the conductivity cell could be obtained 

diroct1y f:rom the dial reading. 

1 he cell constant was ,:,eterm:!ned from time to time, 

usin 0.1 and 0.01 N KCl solutions. Durin these procedures 

the cell was kep at 25° C. by imm rsion in a ater-bath. 

The eqPiv.,;lent :::-onductlvit1es of 0.1 and 0.01 N KCl solut:f.ons 

at 25°C ar~ 128. 96 and 141.27, resp ctivel y (23 ); dur ing 

calcul~ti n of the cell constant the specific conduct ivities 

of these solutions \Je!'e taken as .012q and . 001413. The cell 

cons en+. v:a s calculated as: C = k.h where C = cell 

constant, k = specific conductivity of the stand~l'<~ solution, 

and • = the observed resistonc·. 

b ow: 

Solution 

0.1 N I<Cl 

0.01 KCl 

Hasistaoce 
at 2,0c. 
(ohms) 

33.15 

298., 

1ycical results are given 

Sp.K 
at 25° 

C=k ) 

01290 

.001 13 

Calcnlat d 
cell constant 

(=C) 

.427 

.422 
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All subsequentl1 c surd pecific conductivities 

ere then obtained by the sa e equ tion, sub tituting the 

calcul~t d cell constant tor C. 

S.i->ecific con~uctivity is expressed in illi 1hos, througt out 

this 10rk. 



; PP" tDIX G 

Dielectric Constant 

of Urine . 

Dielectric constants of non-conducting fluUts 

re usually neasured by taking advantage of the 

relationship (16) : 

= 
(1) 

were D1 nd D2 are the dielectric constants 0£ the 

test and standard fluids , respectively, and c1 and c2 
are the respective capacttances o.f a given condenser 

.filled alternately with each of these .Fluids . 

In practice,.measurement of the dielectric consta 1t 

t here.fore hinges on the accurate measur ent of 

capacitance. This mayb accomplished by inclusion 0£ the 

condenser cont in: g the fluid - t e •test• condenser -

in a resonant circuit , loosely coupled to a £ixed-£requency 

oscillator( 6 ) . Change in the capacity of the test 

condenser, as induced by the nknown fluid, throws the 

circuit out 0£ resonance. djustment of a calibrated 

air-dielectric condenser connected i parallel with the 

test condenser. will now restore the circuit to resonance; 

the change in capacitance r quired equals that induced 

in the test condenser. 

his ethod is applicable on1y to £luids of lo 

cond ctivity. s conductivity r·ses, so recognition of 

resonance becomes more and mo e di££ieu.1t; the 

capacita ce 0£ t 1e test condenser becomes a smaller and 

s ller part of the effect .1easur ( 10 ). ith fluids 
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of cond ctiv ·ty approaching that oE urine, t e conden er is 

completely short- circuited . 

It is thereP. re necessary to insulate the condenser 

.from the urine . Th ·s i, ediately ·ntroduces a ne 

problen ~!nsulation placed between a condenser plate and 

the ur ·ne effectively constitutes ~eco a condenser 

plaeed in series ith the first ( 4 ) • . e overall 

capac · ty. c • 0£ the insulated condenser th n be mes 

ere c1 and c2 re the c pacita c 0£ the effect· :re 

(ii) 

nden ers across t he i s\ lation and t h urine, r gpectively. 

a1r:1os t all :ns la tors have ver_r lo di le~tric 

constant • oE the order 0£ l to or 5, { 2 ) , vhile 

that of ter is about 8 , it is clear tl1at even m jor 

cage in uri ry dielectric constant wold hardly 

affect ,.. , the capacity ci£ the entire, uri e-£i1led 

·nsulat d condenser. 

'I'h·s dif'f ·cu1ty has been overcome , quite 

pirically. as £ollov . .;oluti n of • erspex' bavi. gs 

d·ssolved in chloro£o • was app1·ec1 'to the condenser 

plates. once dry, this effectively insulated the 

condenser .For p ·eds of i ute.s to several hours . despit­

its imMersion in co ee.utrated salt solut:ion.s or urine . 

ring bis per~ud , cha ges .. £ capaci ... ance i 1duced by 

th.a i . rs ion 0£ the condenser in various .fluids , co ld 

r adily b measured . Fluids or hi~h conduct"vity gave 

s ll capacity changes ; those of ow n ucti ity. 

uch larger ch.a nges . ere test ad sta dard fluids 

ere of i.dentical conductivity, th d'el tric const nt 

0£ t e forrier uld e obtain 
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giv bov { i ) . 

us , i t £0110 • t et td'"eleetric c tant • 
re£ers to £igure ob by co rison 0£ the e££ectiv: 
capacity of the {insulated) eonden r w en i ersed in 

urin . as co t sted o t ta ed i a salt ixture o 

id tical low-lrqu ncy nd ct ·vity. e l tter ig ssumei , 

r its salt cont t . to ea di lectT stant 
eq l to that 0£ ter. In so.fr as dilut lectrolyte 

olutions in t.h . 1ves v lo er di lectric constants 

t n re ter a o ( 35 ) • th t · t are oE 

course £ractionally too lugb . a d in feet are a measure 
only 0£ the 1 t a tion 0£ • · • i Ieetric co tant 
bro ght bout by the t lyt ry rticles • 

insulatio i t cl re * 

0£ the other is lators 0£ ow 

• 
pex ' b ves as do 

· electrie co tant. 

y 

Preliz · ry experi. ent us1ng y t yl , lass and met yl-

et acry. t al o y t results to e 

anticipated from equa ti ( i ) erPici lly. 

th rsp ,.....chlo:ro£o.rm · sulation b ves as if it ere 

bl o ly to vat r , a d not to ions. 

l{easul' ent of the di lectric nstan was per£o.r 

a an oscillator £requency 0£ 5 c/s . " att pt as d to 
s dy · e ectric d!sp sio .is Ere uency i too 
hig tor ister the d·e1 ric · crem t o.f particles of 
l rge relaxation ti -e , eg . pro eins , it is ell vitbin 

the per l i · t o frequency £or the detection o the 
die tric £ t 0£ a · -acids d peptide3 { S ), (over 
100 me/s). 
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The dielectric incr ent o f glycine vaTies from 

23.4 at 20°c., to 2 .• 3 at 30° c. ;t is is constant over 

a p range 0£ 4 . 5 to 7 . 8 and is indepen ent £ frequency 

pto a u t 1 o mc/s ( 5 ) • Accuracy of the measur ent 

of di lect.ric const nt as per.form d ere may be gauged 

by noti g the apparent die1ectric i crement 0£ glycin 

h n added to various ur'nes {s ction 17);it is clear 

t t . hil t e •recov ries • r ot good. th_y suffice 

to confirm t e v. lidity £ the relatio hip shown in 

ig . 21. . 

Tc nigue: The circuit diagram 0£ the complete 

apparatus is shown in Fig ~l , and is seen to be simply 

a lightly edified ersion 0£ 

'grid-dip• oscillate (32} to 

trans is toris ed 

ic a resonant circuit 

has een coupled. Cl -epresents the test condenser .. The 

frequency of the oscillato-r was st initi lly at 5 mc/s 

and them le£t unaltered . uditory mo itoring c_ th signal 

on a com unications rec iver sho d o frequency shift 

:uring dialectric constant ,easur ens . 

Fig . 2 sho · s the ass bled ppara tus • Th test 

con ser is sen on th right , suspended in a glass 

b er. 11 measurements er made it the condenser 

at a const nt depth in the fluid t ed . 

dequacy of the insula tio was tested frequently; the 

.c .. resistance across th plat of th condenser 

v en i ersed in ur ue as over 2 .Y egohms en the 

insul tion s still intact . eadings became quite 

unr liable (as judged y glyci e •recovery• experiments) 

en th resist nc £el even £ractio ally elo tis . 

The coupling bet een the resonant circuit and the 



J 

p t 1 co st • 
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oscillator s found to be highly critical .. Opti 

coupling was the ast that uld give de.finite indication 
of resonanc . As the conductivity 0£ each Pluid tested 

di££er , the coupling needed readjustme t with every 

reading. 

All readings ere made at roo temperature .. 
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SUMMARY 

This t hesis is composed of two parts, each related to the 

problem of the mode of regu1ation of the renal excretion of 

inorganic phosphate. 

Part One: Demonstration of secretion of inorganic phosphate 

in the dog kidney. 

Each of ten dogs was given a large dose of 'Parathormone'; 

interrupted stop-flow studies were then performed. The results 

favour 1the hypothesis of distal tubular secretion of inorganic 

phosphaite, but also reveal 1this iro be quantitatively insignifi­

cant in contrast to the simultaneously induced inhibtiion of 

pxoximal tubular reabsorbtion. 

Part. TWo: The ionic s1tructure of urine. 

The physico-chemical structure of urine has been investigated 

here by a study of variaiions in urinary specific conductivity, 

ionic s1trength and dielectric constant, th:n-.oughout the physio-

logical range of urinary osmolality. Clear-cut inter-relation-

ships have emerged between these parameters. 

The overall ionic mobilities, activity and osmotic coefficients 

were compared to those of equivalent inorganic salt solutions. 

The former appear to be identical in urine and salt solutions. 

There is reason to suspect that the osmotic coefficients differ, 

however. Dielectric constants fell appreciabiy with increasing 

urinary osmolality. Syn1thesis of osmotic coefficient and di­

electric constant data suggests that the particulate content 

of urine may be arranged in micellar form. 

The in•er-relationships derived from the various parameters above . i 

can be used as bases for the rapid estimation of both urinary ionic 

strength and urea concentration. The data also suggest that the 



urinary osmolar output, in normal individuals in a steady state, 

is a function of diet. 
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ethods o2 Chemical stimatio 

All urines ve e collected under toluene. nd stored .at 

4° while a it · g analysis .. 

Os olalitz vas determined by observation 0£ depression of 

.free~ing point . •Fiske• osmometer, calibrated 

ith NaCl standards , and accurate to 2%, was used . 

Na and t were determined by £la e photometry. 

Ca and Mg were determined y £lam spectro- photometry; the 

nethods ere developed 1ocally. Details have been 

published els w .er { 2v }(18 ) . 

~In~o-::..ra¥a.;;.;.;n.i~c--Ph_o~s~p~ha ..... t.e.a_n_d .............. o.n_i_um ___ concentrations ere 

determined as descri ed by Xi.n9 and cotton ( 21 ) 

Inorganic sulphate was dete i ed by the technique evolved 

by Dodgson (e) 

Creat·nine was determined by the etbod of Folin and Wu (21) . 

his is based on the Ja££e reaction • i . e .. creatinine 

vhen mixed with an alkaline picrate solution, gives 

rise to a reddish bron colour . 
oth serum and rine samples in the dog e.xper im.en 

contained large a unts of glucos . Glucose itself 

reacts ith alkalin picric acid -ixture to produce a 

dark b . wn colour . To reduce this interfering effect 

3% OH vas used in p ac of the ore usual 10% aOH, 

nd the solutions were read pr cisely 10 minutes after 

pre-para t ion . 



PP• lDIX 

Statis tical ethods 

11 statistical ethods applied in this or ere 

derived £rom re£ rences (4) and (28) . T e st frequently used 

equations ere: 

(i) The con tants, m and c, 

Porm y- x + C, ere ca cula ted. by: 

= ~ XY - ( ~ X }( ~ y) 

~ x2 - (~x)2 

c = (~x)~ YN - (~~)( ~x
2

) 
{~x - (~ x ) 

{i~ )c:orrelatio coefficients~ r }: 

ror of an Estimate; 

s = 6 I l _ (r2
, X X 

' 

(i ) tandard Deviation (S.D . } 

E;QUations of th 

essels correction 

was less than JO. 

s applied here the nu er analysed 

hus 

2 
6 = 

n 

n - 1 

(v) Jignificaaee 

2 
( . D.) 
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Raw Data. 

"And so we see that the po try fades out 

of the problem, and by the time the serious 

application of exact sci nc begins wear 

left with only pointer readings". 

Eddington. 



• 

:xper ent 1 

Igfu tons: (1) 10 de:xtrose-w ter. t djust dad lib 

to ive urin ry flow rate of 2 - 5 1./: inut. 

( 2) 'Normal• saline, cont 1n1n 1. 5 G. 

ere tinine per litr. Com enced t 

9.25 a.m .. Infused at rte ot about 1 ml./minute. 

tim!ng osp ot 0.5 G. er atinine, giv n I.V. t 9.25 a •• 

guil1brat1on ettod.: 30 inut s. 

Times ot . lood ang Utin. Collection: 

Blood (1) 
S ples: ~5'8 

Urin s: 9.55 
to 10.0© to 

10.l~ 

300 u. F r thormone given I.V. t 10.30 a ... 

Blood 
s pl so 

Urines: 

~.01 

11.19 
to 
11.2 

iotei (1) ~he 10~ d xtrose-w ter 1nfu ion ran dry 

at 10.40 • . . , replaced 

5 dextro -w r. 

ed1 t ly by 

(2) In tbis and sub qu nt xp r1 ent , the 

circled figures r fer to sam le n b rs; 

10~ 

th oth r tigur s r fer to tim s of coll ction. 

'r·h figures p rtaining to blood sa pl s 

are 1ven bove th interrupted seri sot 

quar s; the 1 tter r pr nt control urine 

coll ct ions. Sh ded squ res represent the 



Expt. 1 -11 

tubes in which ur1n amples w re collect d 

1 ediat ly following ce sation of stopped tlov. 

fl SUL S 

{A) Obs1rve4 Results: 

Sera: 

Bo. 

Cr ( g./100 ml.) 

P ( g./100 ml.) 

Control Urines: 

No. 
Vol. ( .1.) 

1 

1 

5.00 

7.7 

31.0 

Cr (mg./100 ml),32. 5 
p (mg./100 ml)2.23 

No. 6 

Vol.( 1.) 11.L 

Cr (mg./100 ml.) 32.3 
p (mg./100 ml.) 1;.7 

Stop-Flow Urines; 

2 

2 

4.76 

7.0 

15.8 

21+.1 

1.5'5 

7 
10.4 

33.6 

19.2 

3 t; 

3.91+ 4.41 

6.3 8.7 

3 I+ 

21.5 20.0 

16.9 16.6 

1.55 2.01 

8 

10.4 

31+.1 

20.3 

5-
u.o 
32.3 

13.6 

Tub Urine Cr p Cumulative 
mg/100 ml. q/1 

Q, Volwe,ml,l V9;Lume ( 1.) 

l .70 45.0 1.47 4o.o 0.70 

A2 .77 2.19 - 1.47 

3 .71 3.o8 2..18 



Expt. 1 ... 111 

Tub Urine Cr p Na Cumulative 

No* Vol9me{mltl mg/100 ml, mEg/;\ V9lume (raJ.,2. 

A4 .69 55.0 2.53 32.0 2.87 

A5 .73 2.70 3 .. 60 

A6 . 86 59. 0 - 16~0 4.46 
J 

A.7 .64, , .10 

8 .63 ;2.' 28.0 5.73 

A9 .66 - 1.94 6.39 

AlO .51 ;o .. o 32.0 6.90 

All .76 72.5 48.o 7.66 

A12 .81 - 8.47 

Al3 .60 o. 86 9.07 

All• .;6 4,.o 56.0 9~63 

Al5 .67 - 0.74 10.30 

Al6 .61 4-2.5 56.0 10.91 

Al'l .5 0.58 - 11~49 

Al8 .,o 43.8 64.o 11.99 

19 .,, 1.27 12.54 

A20 .5? - 32.0 13.11 

A21 .58 1.19 13.69 

A22 .,8 3,.0 36.0 14.27 

A23 .. 65 - 1.37 l'+.92 

124 .54 37.5 64.o 15.46 

A25 .,o 2.29 15.96 

A26 ,.59 35 .• 0 80.0 1'6_.5, 

A27 .53 2_.05 - l?.08 

A28 .74 28 .• 8 . ... 64.o 17.82 

29 .?O 2.19 18.52 

30 2.30 3;.o 1.57 88 .0 20.82 



Expt. l - 1V 

J. Ube Ur1n Cr p a Cumulative 

o. Volgm§( 1.) mg/100 ml, 0/1 Volume <mi,) 
Bl .88 37.0 17.9 40.0 o.88 
B2 .77 1.65 

B3 .59 38.2 19.6 32.0 2.24 

B4 .63 2. 7 
B5 .68 63.3 33.9 24.o 3.55 

6 .47 4.02 

B? .Ll 48.9 30.4 16.0 4.43 

B8 .40 - - 4.e3 

B9 .49 ,.a 21.4 16.0 5.32 

BlO .39 - 5.71 

Bll .43 32.6 19.6 25.4 ·6.14 

Bl2 .48 6.62 

Bl3 .4.3 41.9 14.l 45.6 7.05 

B14 .~8 7.53 

Bl5 .51 37.6 15.9 4o.8 8.04 

Bl6 .46 8.50 

Bl7 .4? 43.3 12.5 38.4 8.97 

Bl8 .30 - 9.3; 

B19 .50 37.6 12.0 42.0 9.85 

B20 .57 - 10. 42 

B21 .h5 35.5 13.1 30.4 10.67 

B22 .38 - 11.25 

B23 .49 41.6 17.2 43.2 11.? 

B24 • 5'2 12.26 

B25' .,o l+0.8 20.4 48.0 12.76 

B26 .59 13.35 

B27 .58 1,2.6 24.3 39.6 13.93 



xpt. l - V 

(B) D rived Results: 

Urine Controls: 

o. 1 2 3 l+ 5 
Vol.( 1./ in.) 3.10 ).16 4.30 4.oo 2.20 

@ Ccr (ol../m1n.) 20.2 15.J 15.2 13.9 18.0 

@ )b.excretion P: 4 .. 5 4.2 6.2 8.2 20.1 

Bo . 6 ? s 
Vol. (ml./min.) 2.28 2.0ti 2.08 

@ Cer (ml./: in.) 18.7 15. 16.1 

@ excretion P: 23.11 28.6 38.5 

@ Note: Serum concentrations of ere tinine and inorganic 

phosphate necessary for these calculations, 
' . 

estimated tr obs rved values by simple 

proportion .. 

DOO A 

Experiment 2 

lgtusior.uu (1) 5~ dextrose-watPr. ate adjusted ad lib to 

give urine tlow or 3-5 ml./minute. 

(2) 51L dextrose-water, containing 1.0 O. ere tinine 

per litre. Commenced at 9.00 a.m. infused 

at rate or about 1 ml./: inute. 

Primipg J?9se: O., G. creatinine, given at 9 . 00 a.m., I. V. 

J$ggilibr1tiop f@r1od: 25 inutes. 

Times ot DJ.ood ang Ui: in~ Collect iogs; 



og - ii 

Blood 
Sa pl s: 

Urine 
Coll ction, 

Blood 
S p}P.S: 

Urine 
Collections: 

CD 

9.2; 
to 
9.30) 

® @ 

9.55 
to to 9.3® 1 .oo 

g) 

200 u. ra;t;~or on , 
o. 5 1. rU , 
Both given l.V. 

t 9.3? •• 

1 - 5 

@ 

to 
10.o~ 

Cl-CJO 

~: (1) Ti es ot coll etion of bloods pl snot 1 en, 

as t hese · re at x ct 1dpo1nts in tim: of tb 

corresponding control urine collectionsa 

( 

(2) Dogs A and B wer the only dogs in which control 

urine coll ct1ons wer , d betw en top-flow 

period ,B, and c. 

RESUL'f 

suJ.ts: 

Sera: 

No. 1 2 3 4 5 6 
Cr ( g/lOOml) 2.69 2.1$ 2.06 1.91 1.91 1.91 
P (mg/10 1) 3.83 3.85 3.65' ).?5 3.55 3.;5 
Na ( q/1.) 139 139 139 13? 137 13 
si:85 tc£slGl 112 JilO 21 84 

// 

@ 



Dog A .. 111 

_!'.;on;trol Uzines: .. 
o. l 2 3 1t- ; 6 

Cr ( g/lOOml.) 11.05 10.?5 10.15' 9.55 8.96 1 .• ?6 
p ( g/lOOml.) 3.02 2.92 3.34 2.40 3.02 2.20 

.. a (mEq/1.) 20.9 18.J 13., 11+.e 13.9 13.0 

sr85 (c/s/0) - 33.6 35.5 26.7 18.5' 

Vol 1 tml 1 l 22.2 12.1 12.1 J:6,0 1s.2 12.3 

Stop-Flow Urines: 

11:u e Urine Cr Na sr8; Cumulative 

o. Weight(G.) mg/lOOml. mEq/1. c/s/G. Volume(ml.) 

1 .607 8.21 7.07 18.0 34.7 .607 

A2 .855 8.05 7.51 11.2 30.4 1.462 

3 .429 9.14 7.83 15.2 32.1 1.891 

A4 .635 .65 ?.O? 10.3 2?.5 2.526 

A5 • 581 9.24 6.69 6.0 19.3 3.101 

A6 • 517 9.41 5.?2 3.6 12.4 3.624 

A7 .491 9.o8 6.03 2.3 6.4 4.115 

A8 .7;4 8.27 6.23 ,.4 ,.., 4., 4.869 

A9 .5?4 9.1? 6.0~ 6., 3.8 5.443 

AlO .• 646 9.12 ,.35 10.6 5.9 6.089 

All .556 9.39 4.90 18.8 14.l 6.645' 

Al2 .535 10.30 3.99 25.5 .25.? '7 . l.i C 

Al3 • 522 10.1, 2.22 ,1+.8 .., . 41.9 7.702 

Al4 .509 10.27 1.a, 39.9 46.8 8.211 

Al5 .,67 10.16 1.37 35'.8 47.3 8.??8 

Al6 .630 9.98 3.00 30.5 47.2 9.408 

Al7 .;16 11.12 4.25 25 .. 0 42.0 9.924 

18 .591 9.16 5.41 21 .. 9 35.4 10.515 

Al9 .604 9.02 5.66 20.2 34.1 11.119 

A20 .662 8.00 5.95 21.3 32.3 ll.7vl 



Dog I\ iv 

ube Urin Cr sr85 C ul iv 
eight(g.) mg/lOOml. g/1 e/s/G. Volume{ 1.) 

21 .593 8.3; 6.58 22. 5' 34.3 12.374 
22 .603 7.93 6.68 21.8 32.6 12.977 

A23- 30:data not givent as 1rr 1 v nt. 

Bl . 911 v.20 6.84 o.6 24.9 0.911 

B2 .?16 8 .85 7.21 10.5 24.o 1.627 
B3 .527 9.08 7. 4 10.5 23.6 2.154 

B4 .644 9.20 7.41 7.2 20.0 2.798 
B5 .703 10.46 7.05 2.s· 12.? 3.581 

Cl .638 9.10 6.42 5.6 7.2 0.838 
C2 .579 9.96 6.50 6. l.7 1.417 
c3 .tJ5q 10.10 s.23 ?.1 6.7 l.b76 
c4 • 66 9.97 5.62 7.0 10.1 2.342 
c; .489 9.82 5. 6 .3 11.8 2.831 
C6 .3 5 10.95 4.71 3.0 9.2 3.176 
C? .4)4 10.1t 3.9 1.3 8.9 ).610 

ca .456 10.15 3.67 1.7 .l 4.066 

C9 .;58 9.11 3.33 .9 6.4 4.624 

ClO .429 9.56 3.50 3.7 3.7 5.053 
Cll • 23 9.83 3.69 6.4 1.8 ,.476 
Cl2 .368 9.55' 3.66 8.6 2., 5.844 
C13 .416 8.19 3.90 10.9 4.o 6.262 

Cl • 62 8.10 4.11 16.6 9.1 6.724 

015 .41.iJ 8.58 1+.06 21.1 16.6 7.167 
C16 .494 7.70 3.30 26.6 24.9 7.661 

Cl7 .• 418 .t~3 2.60 33.2 30.3 .079 
C18 .506 8.42 1.65 33.6 33.9 8. 585 
Cl9 -~2 8.44 1.82 35.3 38.0 9.12? 

C20 .421 9.,35 2.01 34.6 3 .1 9.54i, 
C21 • 24 9.36 2.01 34.o 38.9 9.972 



og A v 

Tub Urine Cr p a sr85 Cumulative 

1fo, W 1ght1Gtl mg/1001!! • mEg/l c/s/G,. Volume,ml 1 2 
C22 • 436 9.96 2.35 29.4 3u.5 10.408 

c23 .504 9.10 2.88 26.7 31.3 10 . 912 

C24 .470 8.39 4.06 23.7 29.1 11 . 382 

C25 - C30:data not given as irrelevant. 

(B) De,r1vest Results: 

Urine Controls: 

Po . 1 2 3 4 5 6 
Vol. (ml/min.) 3.41+ 3.t}2 3.22 3.20 3.78 3.55 
Ccr (cl/min.) 14.2 17.1 15.9 16.0 17.7 1ti. . l+ 

I excretion P 19.2 15.2 16.6 12.S lb.l 15.2 

Stop- Flow Urines: 

Tube J otal Ul'inary Pas @ Note: Values ot Cr 
traction of - p 

o. Volume that filtered and P needed for this 
p 

calculation got by 
Al 6.9 .t.45 

simple proportion • 
A2 16.7 • 484 

A3 21 . 5 . 445 

4 28.8 .425 

A5 35.~ . 386 

A6 41.3 . 316 

A? 46.9 .345 

AB 55. 5 . 356 

A9 62 . 0 . 342 

AlO 69.4 . 3o4 

All ?5.? .271 



Dog A - Vi 

Tub J Total Urinary P s- Tube p Total Urinary Fas 
fraction of traction or 

to . Volume t hat filtered. Do. olume tl at f'il ter d 

Al2 81.8 .. 199 Cl2 68.1 .206 

13 87.7 .109 c13 ?2.9 .256 

11+ 93.5 .OClJ Cl4 18.3 .273 
Al,' 100.0 .070 ~.15 83.5 .254 

Al6 107.2 .156 Cl6 . 89.2 .231 

Al? 113.2 .198 Cl? 94.1 .166 

.Al8 119.8 .306 C18 100.0 .10, 

Al9 126.7 .324 Cl9 106.3 .1 

20 134.2 .387 C2 111.2 .116 

A21 141.0 .408 C21 116 .. 2 .116 
. 

C22 121.2 .127 

c23 27.1 .171 
1 10.6 .449 

C24 132.6 .260 
B2 19.0 .438 

B3 2,.1 .441 

B4 32.6 .433 

5 41:7 .363 

Cl 9.6 .379 

C2 16 .. ; .351 

c3 21.9 .279 

elf. 27.3 .303 

c; 33.0 .299 

C6 37.0 .231 

C7 1+2.1 .211 

C8 L7 .1, .195 

C9 53.9 .. H:.7 

ClO 58.9 .197 

Cll 63.8 .. 202 



Dog - Vii 

11 p 

cc - } ot ot C 

+ .03 41.7 to 46.9 5.2 
+. e3 51.5 9.8 

- .005 ,,., 3.8 
+ .009 58.2 16.5 

- .o 3 62.0 20.3 

- .025 63.6 21.9 

- .001 69.0 2?. 

- .005 69.4 27.7 

+ .028 ?4.? 33. 

- .040 ?5.7 34.o 

• .032 78.? 37.0 
.. .01~ 01.8 40.1 

+ • 02 83.8 42.1 

+ .086 87.7 1+6.0 

+ .102 89.1 4?.4 

+ .094 93.5' 51.8 

+ .117 95.6 53.9 

+ .12? 100.0 58.3 

+ .011-1 100 .. 6 58 .9 

+ .046 105.; 63. 8 

+ .050 107.2 65.5 

+ .008 109.8 68.1 

+ .058 113.l 71.4 

- . ;o 114.6 ?2.9 

- .033 11 .s 78.1 

- .0,1 120.0 ?8.3 



0G 

Ex erim n 3 

Infusion: (1) 5 dextro - tar. 

(2) • lor al' line, containin 1 . 0 G.er at1n1n /litr . 

.1 Ger t1n1ne, iv n I.V. at 8.50 • • 

1 es of UrlnP and Blooc 

lood 
sa.pl 

Urines: 

lood 

. • 

sa ples: 

Urin s: 

lood 
a ple : 

Urin . • 

2 
9.25 
to o t41 01u .... u 

(J) ~~Al to 30 100 u. ._ __ ...,__ __ ...:.__ __ _,__~---'--
9-3~ 9-3® rathor one • 

I. • t 9. 51 a . • . 

to 
10.37 ~g.l 3©~u. __ uE?lu ___ u 

- --=-_;__ _ _..:s,~--~_;:_-"""- Dl to B6 Cl to C 30 

to to 
11.u@ 11.o~ 

ot: r1n collection? be un 1m ed1 t ly ft r c30. 
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( esylts: 

s ra: 

?lo . 1 2 3 4 ; 6 
Cr ( g/100 ml.) 2.81+ 2.60 2.62 1.89 1.75 1.34 

{ /100 ml.) 5.12 4.91 4.91 3.44 3.00 2.91 

!~i! t 9!:I. l 126 !,JO 130 - 126 126 

No , 2 8 2 10 
ft • 

Cr (mg/100 ml.) 1.31 1.43 1.60 1.60 
p ( g/JOO ml.) 2.73 2.73 2.71 2.53 
N {mEq/1.) 122 116 119 

Urine Controls: 

r; . 
6 No. 1 2 3 ' 7 

Vol . {ml.) 22.5 31.0 16.5 10.0 14. 26.5 37.7 
Cr ( g/100 ml.) 33.8 24 . , 2L.)+ 37.5 33.1 19.3 9.6 

( g/100 ml.) 13.6 10.1 10.2 12.l 9.2 .6 2.3 
ra (mEq/1.) 71 73 71 51 50 49 53 

-o. 8 9 

Vol. C 1.} 35., 33.3 

Cr ( g/100 . ) 9.5 1 .4 
p (mg/100 ml.) 2.1 1.9 

Na (m.:!iq/1.) 51 49 



Dog - iii 

Stop-Flo Urines: 

'ube t rine Cr p Na 

o. Wei ht(G.) reg/lOOml. m q/1 • 

Cumulative 

Volume (wl.) 

Al • 585 31.7 9. 55 30.3 0. 585 
A2 .278 35.4 6. 67 35.6 o.863 

A3 . 483 ..i..o 10.89 25.5 1.346 

4- . 2-t,2 41 . 4 12.2? 25.8 l.'79 

A5 .528 t,3. 5 13.50 2;.o 2.326 

6 • 5'9l. 45.9 14 . 92 22.6 2 . 920 

A? .?79 52 . 0 15.14 16.8 3.699 
AB . 655 55.6 16.20 10.4 4.354 

A9 . 605 58.0 15.69 8.? 4 . 959 

AlO . 513 58 . 8 11+.03 8.4 5.490 

All .552 57.3 11.6 12.7 6. 042 

Al2 .592 57.2 s.oa 16.9 G.634 

Al3 .6~6 - 53.6 ?.tJ3 27.0 7.270 
Al4 .600 45. 5.9' 35. 8 7.870 

1ll5 .594 43.2 ;.63 41.1 8.464 

A16 .595 42.7 .31 l+ .2 9.059 

17 . 596 43.6 4.06 38.0 9.655 
18 • 5lt9 46.0 3.71 37.2 10.204 

Al9 .6 4 48.o 4.6? 35.1 10.836 

A20 .595 43 . 5 6.06 35.0 11.433 

21 .601 43.1+ &.44 36.5 12 . 03>+ 

A22 .559 38.7 . 1.8 36.9 12.593 

A23 .>,56 39. , 7.76 37. 3 13.149 

A24 .786 36.1 7.16 30.9 13.935 
A25 • 5'34 35 .. 4 7.20 35.1 14.469 

A26 to A30:dat not given a irrelevant. 



Dog B - iv 

Stop-Flow Urines: 

rioe Cr F 8 Cumulative 

o. W igbt(G.) Mg/lOOml. mEq/1. Volum {ml.) 

Bl .973 l?.3 3.14 19.9 0.973 
B2 .,29 25.6 1.72 l?.2 1.,02 

3 .515 25.l 3.60 24.2 2.017 

4 .48? 27.3 2.26 21.6 2.5o4 

5 .690 29.? 5.41 17.8 3.194 

B6 .717 35.8 5.46 13.0 3.911 

Cl 1.010 32.4 5.34 6.9 1 .. 010 

C2 .569 36.0 2.33 10.8 1.5?9 

C3 .469 39.6 2.60 16.7 2.o46 

C4 .615 3;.4 2.32 15. 2.663 

c; .881 40.0 3.17 12.9 3.544 

C6 .954 1+0.2 3.56 ?. 4.498 

C7 ,856 37.2 2.40 5.3 5,.354 

C8 .?83 33.2 1.74 5.5 6.137 

C<1 
; .799 30.3 1.62 6.9 6.936 

ClO .764 29.1 1.40 11.6 7.700 

Cll .8?3 27.2 o.65 16.0 6.573 

Cl2 .t:85 27.1 0.?9 27.9 9.458 

C13 .896 22.0 0.40 39.3 10.354 

Cl4 .952 19.7 0.22 46.8 11.306 

Cl5 .857 18.1 0.20 ,1. 0 12.163 

C16 .726 17.6 0.32 5; .. 12.869 

Cl? .697 18.2 o. 2 56.3 13.5 6 

Cl8 .721 16.0 0.27 53.3 14.307 
Cl9 to C30~data not g v ·o as irrelevant. 



og B - V 

tBl Derived B .sult~: 

Control Til'ines: 
-: .. 

o. l 2 3 4 5 
Vol. {ml/ in.) 3.75 ;.17 1+.13 1.67 2.47 
Cc~ ( 1/~in.) 4h.6 48.7 3 .5 33.1 46.7 

excretion f: 22.3 21.8 22.3 17.7 16.2 

No . 6 7 8 9 

Vol. ( 1/min.) 4.4 2 9.43 8.88 8.33 
Ccr (J'lil/ in.) 63 .? 61.i .4 52 .7 54.1 
i& excr tion P: 11.0 12.5' 9.$ 11.6 

Stop- low Urines: 

Tube Total Urinary i-i s Tube , otal Urinary r as 
f'r&etion of fraction of 

No .. Volume that filt red No . Volume that filtered 

1 5.7 .161 15 82.9 .070 

2 8.5 .101 116 .a. .051+ 

A3 13.2 .132 A17 94.6 .050 

A 1?. .158 Al8 100.0 • vt3 ~, 22.8 .166 A19 106.2 . 0,2 

A6 28.6 .173 A20 112.0 .074 

7 36.3 .155 A21 117.9 .lo4 

AB 2.7 .155 22 123.4 .108 

9 8.6 .144 !23 128.9 .104 

AlO 53.8 .127 A24 136.( .106 

11 59.2 .108 A25 141.8 .109 

Al2 6~.o . 07, 
Bl .o .084 

Al3 ?1.2 .079 
B2 12.3 .031 

llt 77.1 .069 
B3 16.6 .066 



Dog B - Va.. 

Stop- ow Urines: 

Tube > 'total Urinary Pas 
fraction or 

No . Volum t at filtered 

20 .6 . 038 

B5 26.3 "'"4 .uc 

n6 32.2 .070 

Cl 8.3 .079 

C2 13.0 .031 

C3 16.8 . 032 

C4 21.9 . 031 

C5 29.1 .0~8 

C6 37.0 . 043 

C7 L4.0 . 031 

C8 50.5 . 02, 

C9 57. 0 .026 

ClC 63.3 .023 

Cll 70.5 . 011 

Cl2 77.8 . 014 

Cl3 85.1 . 009 

Cl4 93.0 .oo; 
C15 100.0 .005 

C16 106.0 . 009 

Cl7 111 . 7 . 011 

C18 117.6 • 008 • 



og B - Vi 

L\ P Total lntr -tubul r Volume 

(C - ) or A of C 

- .076 32.2 to 36.3 4.l 

- .076 ti-o. 5 .• 3 

- .124 112. 7 10.5 

- .113 45.2 13.0 

- .112 48.6 16.4 

- .0<?5 49.0 16.8 

- .096 53.8 21 . 6 

- .077 ;4 .1 21 . 9 

- .070 59.2 2? . 0 

- . 037 61.3 29.1 

- .032 65 . 0 32.8 

- .036 l:9.2 l? 0 ., . 
- • 048 71.2 39 . 

- . 038 76.2 44.o 

- .o44 77 .1 44.9 

- • 45 82.7 5:;. 5 

- .o 4 62.9 50.? 

- . 028 8 ·. 8 56 .6 

- . 02 89.2 57 . 0 

- .. 02? ~4 • 62 . 4 

- . 020 G5. 5 63.3 

- .032 100.0 6?.8 

- . 041 102 . 7 70., 

-.038 106 . 2 ?4.o 
- . 060 110.0 77 .8 

- .065 112 . 0 79. 

- .095 117.J > 5 .1 

- .099 11?.9 e, .1 
- . 103 123.4 91.2 - . 099 12;.2 93 . 0 



DOO C 

Exp ri nt 4 

Inf -1ons: (1) 10~ uextrose-water. 

(2) '?formal' s line, cont in1ng 1.00 creatinine 

per litre. Co enced at 9.25 a . m. 

?rimi~g ose of 0.1 G creatinine give I.V. at 9 . 25 a.m. 

Tim s or lood and Urine. Collec iQDS: 

Blood 
s ples: ® 

Urines: 
9.50 
to 
9., 55 

to 
10.00 

10.1, 
to 
10. 20 

to 

(!) ® 

.Parathor one 
200 u. giv n I .V. 
at 10. 01 a .m. 

® 
10.25@ 

Blood 
samfles: ~ 

Urines,\/ //LJ ___ uW )J __ uf//ju_ -__ LJ 
Al to A30 ' Bl to B9 Cl to c30 

o e: ( l )Blood samples tak n at id o1nt in ti of 

corr spon ing urine collection. 

(2) er i od or ureteric occlusion prior to collection 

of urines 1 to 30, follo s im ed1ately after 

control urine collection 4. 



Dog C 1 

RESULTS 

A. Observed ~esults: 

Sara: 
o. - l 2 3 l~ 5 

Cr{ g/100 ml.) 2 . 06 1 . 71 l . 60 1.49 1.54 
p { mg/100 ml . ) li . 50 4 . 20 3. 90 3.73 4 . 10 

la (mt;;g/1.) 138 118 ..., 134 128 128 -
Control Urin : 

io . 1 2 3 4 

Vol. (ml.) 16.6 17.8 26 . 6 35. 0 

Cr (rng/100 ml.) q.43 9.43 7 .1>+ 6.00 

(mg/100 l.) 4.17 4.08 3. 50 3. 08 

ta (m. q/1.) 3.2 3.3 1 .. 8 1 . 8 

Stop•tlo~ Urines: 

ube Urine Cr p a Cumulative 

o. \J igbt(G) mg/100 1 mEq/1. Volume(ml . ) 

1 . 573 4.89 3.28 17. 5 0.573 
A2 . 5'38• t~ .es 3.40 21.4 l . 111 

~ .. 411 , . 29 3. 59 18. ? 1 . 522 

Al+ .410 5. 52 3.95 18. 5 1.932 

5 .336 6.0? lt.o; 16.8 2.266 

A6 .43? ,. ?5' 3.92 14. 5 2. 705 

A? .436 6.21 li .46 12 .• 4 3.141 

AB .1.t-79 .27 4 .40 10.lt 3.620 

A9 .478 6.28 4.31 8. 6 4.098 

10 .538 6.08 4.08 7.0 4. 636 

All .562 ;.48 3.39 - 5.198 

12 .799 5.31 3.74 4. 6 5. 997 



Dog C iii 

Stop-Flov ~rines: 

rnube Urine Cr f Na Cumulative 

Mo. .'eight( C) mg/lOOm.l m&q/1 . Volume( Ill..) 

-
A13 . 684 ,.47 3.60 4.1 6.6fa 

A14 . 809 4.93 3.53 3.7 . 7.lt90 

Al5 . 616 5. 2 3.48 4..1 8 . 106 

Al6 .601 5'.31 3.12+ 4.2 8.?07 

Al7 .611 5.19 2.93 5.2 9.318 

Al8 .611 ,.17 3.,13 6.7 9.929 

A19 .603 4.9L 3.00 a.2 10. 532 

20 .6o6 5 .. 20 2.79 10.4 11.138 

A21 .616 4.64 2.69 12.2 11. 7,4 

.. \22 .601 4.?l 2.45 15 .. 4 12 . 355 

A23 .6?"0 4.C9 1.80 16.l 13. 02; 

A24 .. 661 4.61 1.99 21.9 13.686 

A25 • 715 lt.61 1.71 24.4 14.401 

A26 .665 4.36 1.73 26.4 15.066 

A27 .719 li.12 1. lt 5 27.2 15. 785 

A28 .67, 4.31 1.51 27.8 16.460 

A29 .641 l.1.48 1. 57 2S.9 17.101 

A30 .695 t;.22 1.48 28.6 17.796 

Bl .666 3.33 3.08 16.; 0.666 

B2 .609 3.90 3.66 17.7 1.275 

l33 . 813 q.L4 4. 09 14.6 2.oBB 

B4 .762 4.67 4.4£ 12.6 2.850 
" 

B5 .?80 5.41 . 83 10.1 3.630 

:a6 . 815 5·. 05 4 .. 60 ,.3 l.r. 445 

B7 .783 4.88 4.32 3.1 ,.228 

B8 .718 1.t..31 4.19 4.9 ~.$1.t6 

B9 .655 3.99 3.79 'l 5 ..1• 6.601 



"' b U:rine Cr 

o. ··e1 ht(G) 

p 

uig/100 1. 

og c iv 

Cumulative 

rn q/1. Volume(ml.) __ _.._ _________ ~--~----------~-----~-------------
Cl 

C2 

c4 

c, 
Cl 

c7 

ca 
C9 

ClO 

Cll 

Cl2 

C13 

c1>· 

c1, 
Cl6 

Cl7 

Cl8 

C19 

C20 

C21 

C22 

C23 

C24 

C25 

C26 

C27 

C2 

C29 

c30 

.63; 

.402 

• 90 

.425 

• 5'11 

.551 

.4?1 

.473 

.402 

.541 

• . 43 

.L 2 

• t41 

.507 

.510 

-~54 
.421 

.l-133 

.340 

.411 

.L31 

.t. 33 

5.21 

6.1e 

6.93 

t.63 

?.19 

7.25 

6.()1 

6.30 

6.€.0 

6.57 

6.118 

6.18 

6.24 

6.63 

6.6~ -
l.78 

6.li9 

?.09 

7.26 

?. 6 

8 . 22 

7.05 

7.38 

7.36 

7.26 

7. 39 

7.2 

3.94 

4.11 

5.52 
L ~c-• ..,-;; 

.58 

4.67 

4.39 

4.34 

4.14 

3.94 

3.66 

3.68 

3.61 

J.6L 

3.65 

3. 54 
3.41 

3. l 

3.30 

3.21 

3.16 

3.27 

3.18 

3.31 

3.23 

2.90 

-
2.85 

2. 65 

2.80 

6.8 . 

7.7 

5,. 

5.8 

ti. 7 

4.2 

2.2 

3.9 

1.6 

1.2 

1.9 

1.1.. 

2.1 

1.7 

1.9 

2.h 

2. 

3.2 

5.1 
4.9 

5.1 

;.a 
6.2 

7. 0 

7.1 

OJ.ill 

1.476 

1.878 

2.402 

2.892 

3.317 

3.828 

4.379 

4.934 

,. 1+05 

5.87E 

6.280 

6.821 

7.264 

7.712 

E. 522 

t .963 

9.470 

9.980 

10.434 

l0.655 

11.288 

11.628 

12.039 

12.4?0 

12.903 

13.342 
13.753 

1t .l?O 



~B) Derived esultg: 

Control pr ines: 

o. 

'\I ol. ( 1./min.} 

Ccr (ml .I .it • ) 

.'/ii :xcretion F 

1 

3.32 

1,.2 

2 .2 

Dog CV 

2 

3. 56 

19.6 

17.6 

3 

5.32 

23.7 

20.1 

4 

7.co 

27.3 

20.5 -----------------------
top-Flow Urines: 

'l ub · r1nary P as-
fraction of 

o. olum that filtered. 

A.1. 3.2 .264 

2 6.2 .2?4 

3 .6 .26? 

A4 10.9 .2&2 ., 2.7 .263 

A 5.2 .269 

f, 'l 1?.'l - l • ,c; . .., 

A 20~3 .277 

A9 23 . 0 .270 

0 26.l .264 

All 29.2 .2ll4 

12 33.? .277 

Al3 37.5 .259 

All; 42.1 2e'"J . ·~ 

A15' 45.5 .253 

Al6 413.<; .233 

17 52.4 .222 

AJ8 55.8 .23 

19 59.2 .239 

A20 62.6 -.211 

21 6ES. o .228 



Dog C vi 

Total Urinary Pas 'l'ube % Total 
.... Tube 1 · Urinary as 

fraction of fract ion of 
1~0 . Volum tl:at fil t ered. o . Vol ume tr.at f i l te"red . - --
A22 69 . 1+ .20; C9 38 .2 .247 
A23 73.2 . 173 GIO 1 . 9 . 221,-

4'"4 !c::'. 76 .9 .. 170 Cll 5.6 . 209 
A"'~ • G.,1 0.9 .146 Cl2 4 , .7 .214 

A26 84 . 7 .156 c13 52 . 9 . 220 

A'27 Ee .7 .139 Cl4 ,6 . 3 . 219 

A2B q2 . 5 .136 ClS 59 .8 "' "'·9 . te. •J 

A29 <;6 . 1 .138 C16 62 .6 .. 201 

A30 100. v .13S Cl7 66 . o . 193 

Cl8 69 . 5 . 193 

Bl 5.2 . 346 019 7) .lt .18! 
B2 9. 7-l!~~ . .., ').., C20 77 . 3 . 166 

3 16.2 . 346 C21 80 . 9 .167 
B4 22.1 . 359 C22 B "l 9169 .. 
BS' 28.1 . 336 C23 67 . 5 .169 

:86 'l . 4 ·-lL-2 C24 90. l . 151 J • _, I 

B7 h ., . J~3 C25 93. 3 . 172 

B8 46.1 .366 c2e: 96 .6 . 11:e 

B9 51 . 2 .. 357 C2? 100. 0 .133 

C28 103. L. . lL;-o 

Cl 6. 5 .. 234, C29 106 . 6 .135 
C2 11. lf . 25tJ c30 109. S .145 
C3 14 . 6 . 299 

C4 l t .6 . 247 

cs 22 .11- . 247 

C6 2,. 1 .. 244 

C? . 29 . ? . 228 

cs 33.9 .236 



,1 .t> ~ ot 1 Intra-tubul r olum 

(C - A) ot A or c ______ _.......__. _____ _ 
.062 

.045 

; 

• 11 

.039 

. 071 

.021 
v 

..... "2 

.074 

.074 

• 0?7 

.oq8 

.080 

.v97 

.10~ 

.109 

.oF6 

.oB6 

.071 

.O?l 

.076 

.082 

51.2 to ;2. 

55.8 

5.8 

66.o 

69.4 

69.S 

73.2 

73.6 . 

7E.9 

80.9 

84.7 

e5.1 

88.7 

ti9.4 

92 . 5 

93.1 

96.1 

96.8 

99.9 

100 .0 

1.2 

.6 

l .5 

8.0 

11.4 

14.6 

llt.8 

18.2 

1- .6 

22.0 

22.4 

25.7 

2 .7 

33.9 

37., 

44.9 

45.6 

~ .7 

t .8 

tog C - vii 
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0.5 G er tinin ' 
iv n I .V. t 9.00 • 

riod : 25 inutes . 

• . 

CD ® G) Ci) 
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( 

RESULTS 

Ser : 

No. l 2 3 

Cr (mg/100 ml.) 4.80 4.68 4.57 
p ( g/100 ml.) 2.;o 2.50 2.60 

no. • 8 7 9 

Cr (mg/100 ml . ) 4.34 4.40 4.49 
p (mg/100 ml.) 2.40 2.40 2.28 

Control Urines: 

No. l 2 3 

Vol . ( l.) 21.0 32.0 32.0 
p { g/100 ml . ) 1.77 1.25 1.17 

Cr (mg/100 ml . ) 43.1 3;.1 30.6 

No. b 7 8 

Vol. ( 1.) 26.0 35.; 37.0 
p {mg/100 ml.) 1.67 1.42 1.42 

Cr {mg/100 ml.} 33.4 20.3 11.1 
-

Stop- Flow Urines: 

Tuba Urine 

Bo. Weight(G.} 

1 .641 

2 .616 

Cr p 

mg/100 rnl •. 

27.; 

29.8 

1.64 

1.78 

Dog D - ii 

4 5 6 ' 

4.37 4.34 4.43 

2.00 1.85 2.18 

10 ll 12 

4.46 4.49 4.86 

2.40 2.53 2.55 

4 ; 

18.5 23.; 

1.96 1.;8 

47.4 38.4 

9 

38.0 

1.,a 
l?.4 

a Cwnulat1ve 

q/1. Volume (ml.) 

3.3 

10.1 

0.61+1 

1.25? 



og D - 111 

Tub Urine Cr p a Cwnul t1ve 

o. . ight(G.) g/100 ml. . Eq/1. ol·urne (ml. } 

A3 • ?9 30.1 1.72 4.7 1.936 
A4 . 596 37.1 2.27 4.5 2.,32 

5 .553 40.6 2.63 4.o 3.085 

6 .,52 40.8 2.59 4.1 3.637 

7 • 512 40.2 2.55 3.1 4.149 

A8 .590 38.4 2.62 2.8 4.739 
A9 .605 37.? 2.37 2.9 5.344 
10 .526 39.2 2.68 3.0 5.870 

All · .;33 31.1 .30 3.0 6.403 

Al2 .?20 35.0 1.99 2.? 7.123 

Al3 .857 33.8 l.?5 2. 7.980 

1 .$54 37.4 1.63 3.6 8.5'34 

15 • 94 35.0 1.76 2.7 9.228 

Al6 .?68 34.5 1.45 2.8 9.996 

Al? .• 608 
. 

36.0 1.40 3 .. 1 10.604 

18 • 49 35.9 1.18 3.3 11.253 

Al9 • ,147 36.2 o.e1 3.5 11.800 

A20 .582 35.0 0.87 3.7 12.3 2 

A21 .661 35 .. 2 0.1; 3. 13.043 

A22 .410 . 40.9 0.11 4.2 13.4;3 

A23 .?71 34.6 0.2? 3.6 11+.224 

24 .661 36.9 o.69 4.o 14.905 

25 .70 36.0 0.57 3.9 15.609 

A26 .642 36.8 o.46 3.7 16.251 

A2? to A30:data not giv n as irrel vant. 



Tub Urine 

o. ight{G.) 

Bl .?03 

B2 .775 

3 .755 
:Bl+ .658 

B5 .661 

B6 .4?1 

Cl 1.048 

C2 .489 

C3 .596 

c4 .534 

c, .534 

C6 .;33 

c7 .,21 

C8 .424 

C9 .4-02 

ClO .476 . 
Cll .,29 

C12 .590 

Cl3 .538 

C14 .;61 

Cl5 .510 

Cl6 • 51+2 

Cl? .479 

Cl8 .437 

Cl9 .567 

C20 .515 

C2l .436 

Cr p · 

mg/100 ml; 

2;.4 1.70 

2;.6 1.82 

26.6 1.8, 

29.5 1.78 

35'.9 2.24 

38.3 2.02 

29.2 2.00 

31+.2 2.14 . 
31.5 1.88 

34.lt. 2.38 

1.i.1. 2 2.30 

38.0 2.22 

39.; 1.74 

40.? 1.71 

40.5 1.1+6 

38.2 1.51 

37.9 1.38 

37.7 1.44 

39.4 1.,0 

4o.o 1.36 

39.0 1.20 

40.4 1.05 

l+0.9 1.26 

38.1 1.36 

35.7 1.18 

36.0 1.00 

37.6 0.83 

Dog D - iv 

a Cumulat1v 

mEq/1. · Volume (ml. ·) 

4.7 0.703 

9.2 1.47€ 

3.7 2.233 

2.7 2.691 

2.7 3.552 

2.6 4.023 

6.6 l.~8 

4.8 1.537 

3.1 2.133 

3.0 2.667 

2.8 3.201 

2.7 3.734 

2.2 4.25; 

2.? 4.679 

2.4 ;.081 

2.0 5.557 
2.8 6.086 

2.9 6.676 

2.4 ?.214 

2.6 7.775 

2.8 8,.285 

2.6 8.827 

2.9 9.306 

2.7 9.743 

3.3 10.310 

3.0 10.62, 

3.0 11.261 



Tub Urine 

No. Weight(G.) 

C22 .528 

c23 .,,o 
C24 .571 

C25 .,66 

C26 .514 

Cr p 

mg/100 ml. 

34-.4 0.94 

36.2 0.87 

34., o.84 

31; .6 o.68 

36.0 1.00 

Dog D - v 

Na Cumulative 

q/1. Volnm C 1.) 

2.6 U.789 

2.8 12.339 

2.8 12.910 

3.3 13.1+76 

3.2 13.990 

C27 to C30:data not given as irrelevant. 

(B) Derived ata, 

Urine Controls: 

No. 1 2 1 
J ti 

Vol.( 1./min.) 5.40 6.40 6 .. 40 3.70 

Ccr (ml./min.) 48.; 48.8 42.8 40.2 • 

:xcretion P: 7.6 6.6 6.9 9.0 

~o . 6 7 S 9 

Vol.( 1./min.) 5.20 7.10 7.40 7.60 

Ccr Im1./m1n.) 39.2 32.3 29.l 27.2 

5' 
4.70 

41.6 

9.7 

Stop-Flow Urines: 
.. : 

~· Total Tub Urinary P 'Tube Total Urinary Pas 
fraction of fraction ot 

o. Volume that filt red No. Volume that filtered 

Al li .8 .10 A6 27.0 .115 

2 9.3 .108 A7 30.8 .11, 

AJ 11+.4 .101 A8 JS.2 .123 

A4 18.8 .111 A9 39.7 .11 

A5 22.9 .117 AlO 43.6 .124 
' 



og D Vi 

• 1 Urin ry f" as 'total Urinary Pas Tub Tube 
fraction of traction ot 

o. Vol that :t'ilte:r d No. Volum th t filtered 

11 47.6 .103 C7 31.6 .067 

Al2 52.9 .103 ca 34.7 .o 3 

A.13 59.3 .094 C9 37.7 .071 

Al 63.4 .079 ClO 41.3 .07 
15 68.6 .091 Cll 45.2 . 072 

A16 74.3 .. 076 Cl2 49.6 . 075 
Al7 78.8 .070 c13 53.6 . 075 
Al8 83.6 .0,9 C14 '57.? .067 

Alf.> 87.7 .043 Cl5' 61.; .061 

A20 92.0 .045 Cl6 65.5 .0;1 

A21 97.0 .008 Cl? 69.l .061 

A22 100.0 .00$ Cl 72.3 .070 

A23 10;.7 .014 Cl9 76.; .065 
A24 110.8 .034 C20 80. .055 
A25 116.0 .029 C21 3.6 .044 

26 12 .8 .023 C22 8?., .o,4 
C23 91.6 .o4? 

Bl 5.2 .123 C24 95.8 .01+8 

B2 11.0 .130 c2, 100.0 . 039 

B3 16.6 .127 C26 103.9 .05; 
21.4 .111 

B5' 26.4 .114 

B6 . 29.9 .097 

Cl 7.8 .13; 

C2 11.4 .123 

c3 15.8 .118 

C4 9.8 .136 
c, 23.8 .110 

C6 27.7 .11, 



og 1,; • Vii 

4 P J Total Intra-tubular Volume 

(C .. A) of A of C 

+ . 020 29.9 to 30.a 0.9 

+ . 012 35.2 ,.3 
+ . 021 37.7 ?.8 

+ .009 39.7 9.8 

- . 001 41.3 11.4 

- .006 43.6 13.7 

+ . 015 45.7 15.8 

+ . 033 47.6 17.7 

+ . 033 49. 7 19.8 

+ . 007 52.9 23.0 

.. .016 53.7 23.8 

+ . 021 '57. 6 27.7 

- . 00? 59 .• 3 29.4 

+ • ,;;8 61.; 31.6 

+ .oo4 63.l+ 33., 

- . 008 64.6 34.? 

- . 020 67.6 37.7 

- .013 68 .6 3e . 7 

+ . 002 71.2 41.3 

- .004 14.3 44.4 

- . 002 75.l 45.2 

+ .oo; ?8.8 8 .. 9 

+ .01£ 79.5 49.6 

.. .016 83.5 53.6 

+ .oos 83 .6 53.7 

+ . 024 8?.6 57.? 

+ 11cOl8 8?.7 57.8 

+ .016 91 .. 4 61.5 



Dog D - vJ.11 

,6 p Total Intra-tubular Volume 

(C - ) of A ot C 

+ .006 92.0 62.1 

+ .043 95.4 65., 

• .053 97.0 6?.l 

+ .o, 99.0 69.l 

... • 5 100.0 70.1 

.056 102.2 72.3 

+ .051 1 ;.7 75.8 

+ .031 106.l+ 76.5' 

+ .• 021 110.3 80.4 

+ .010 110.8 0.9 

+ • 015' 113.5 83.6 

+ .025 116.0 86.1 

+ .031 11?.4 87.5 

.02t 120 •. 6 90.9 



DOO E 

xper1 nt 6 

~I-==--~:..:a.:i~: (1) 10 dextros -w ter. 

(2) , dextro e-w tr, co ining 1.0 G. 

cre·t1n1n pr litre. 

_............,..____. ......... ot 0.5 G. er t nine, iven I •• a 9.00 .m. 

guil.ibration eriqg: 20 1nut • 

imes 

lood 
a les: (!) ® 

9.20 
Urin • . to 

9.24 
to 9.28 to 9.32 

@ 

Blood 
s ples: <w 

loo .. 
a p s: · ® 

~U-

@ 

@ 

10.26 
to 

a) 

r t ,or on , 
200 u., given 1.V. 
at 9.33 a.m. 

® 

@ 

to 

U 
10.3 (jJ 

-· ._________.___~-

10.3~ 

Cl to C30 

ote: T ird period ot ur teric occlu ion follow 

di tely rt r coll ction of BlO. 



og - ii 

BESUL!S 

~A) Observed Result~ 

Ser • • 

o. 1 2 3 t; 5 6 

Cr ( g/lOOml) 4.63 l+j63 4.11 3.89 3.60 3.60 

{ g/100 ml) 1+.07 4.25 3.69 3.7 4.02 3.86 

o. 7 8 9 10 11 

Cr (mg/100 1.) 3.31 3.49 3.43 3.43 3.43 

P ( g/100 1.) 3.86 3.83 3.55 3.27 2.86 

Control Urin s: 

No. 1 2 3 4 5' 
Vol. ( 1.) 47.0 41 . 5 42.5 2.5 42.0 

Cr ( g/100 1.) 17.4 16.5 15.6 13.8 13.4 

(mg/100 ml.) 2.1+3 2.43 2.43 3.13 3.00 

~a (mEq/1.) 19.1 18.7 18.; 17.0 11.0 

No. 6 7 8 9 

Vol. Iml.) 48. 5 43.0 45.0 45.0 

Cr ( g/100 ml.) 13.0 10.3 10.3 10.3 

( g/100 ml.} 2.96 2.78 2.52 2.17 

la {mt..:q/1.) 17.0 1;.2 1 .1 14.1 

Stop-Flow Urin s: 

Tube Urin Cr p £a Cumulative 

No. eigbt(G.) /100 1. mEq/1. Volume (ml.) 

1 1.271 10.l+ 3.27 11.2 1.271 

2 .663 11.6 3. 3 12.1 1 .. 934 



Dog 1! - 111 

Tu Urine Cr p il • C nlative 

No. igt,t{G.) mg/100 1. mEq/1. Volume ( 1.) 
< 

A3 • ?15' 11.? 3.58 8.0 2.649 

4 .657 12. 3.59 3.6 3.306 

A5 .813 12.2 3.65 1.6 4.119 

A .637 13.7 1.28 . 1.0 4. 756 

A7 ~726 13.4 3.35 1.2 ,.482 

8 .576 12.7 3.4; 3 .. 1 6.058 

A9 • 579 12.8 3.25 4.o 6.637 

10 ,580 13.4 3.12 ,.7 7.217 

All ,726 13.3 2.61 7.7 7.91+3 

Al2 .562 13.9 2.32 9.9 a.,o, 
AlJ .;,s 14.1 1.73 11.9 9.063 

Al4 .5£6 13.2 1.~7 13.; 9.629 

15 .576 16.4 o.84 16.0 10.20, 

Al6 .592 1l.J .2 1.03 16.3 l .797 

Al7 .565 15.2 1.02 17.6 11.362 

A18 .621 14.8 .0.50 18.0 11.983 

Al9 .;09 16.2 0.,1 19.3 12.49.2 

A20 .562 15.2 0.58 18.8 13.054 

A21 .414 16.6 0.14 17.3 1,3.468 

22 .763 13.1 1.06 l .9 14.231 

""':l G.,.,;, .;66 13.5 1.17 17.8 14.797 

24 .;74 11.9 l.?4 17.lt 15.371 

A25 .479 10.9 1. 6 18.6 15.850 

A26 .682 11.0 1.98 1 .7 16.532 

A27 .b63 11.5 2.04 18.8 16.995 

A28 .725 10.5 2.18 16.4 17.720 

A29 .694 10.5 2.47 17.1 1 .414 

A30 .;40 11.3 2.02 17.4 l '• 951+ 



Dog ' - iv 

Tube Urine Cr p Na Cumulative 

No. eigbt(G.) og/100 ml. 1D ·q/1. Volume (ml.} 

Bl 1.4,o 9.9 2.78 14.3 1.450 

B2 . 809 10.l 2.12 1 .3 2.2;9 

B3 .,82 12.0 2.71+ 8.9 2.841 

Bl+ .. 642 11.7 2.63 3.9 3.483 

B5 .613 11.2 2.62 2.3 4.096 

B6 .,30 11.8 l.92 2.1 4.626 

B7 .556 12.4 2.25 1.5 5.182 

DB .;oo 11.3 2.35 2.2 5'.682 

B9 .597 10.a 2.49 3.1 6.279 

BlO .861 11.4 2.40 4.6 7.140 

Cl 1.,19 10.6 2.77 7.7 1 .. 519 

C2 .1,2 12.0 2.88 11.7 2.271 

C3 .411 13.0 2.58 6.7 2.682 

C .373 14.2 3.26 ~.5 3.055 

C5 .44o 12.9 2.25 4.4 3.49, 

c6 ·.492 12.3 1.97 2.2 3.987 

C7 .464 12.7 1.90 1.4 4.4;1 

C8 .528 13.3 2.10 l.5 4.979 

C9 .;40 13.6 2.06 1.,2 5.'519 

ClO .l15'8 14.1 2.01 1,.9 ,.917 

Cll .,23 13.3 2.06 ).0 6.,oo 
Cl2 • 506 12.3 2.01 4.1+ 7.006 

Cl3 .511 11.9 2.03 c;. 7 7.517 

Cl4 .621 11.3 2.00 7. '5 a.138 

c1; .4?1 12.5 2.ol+ 9.3 6.609 

Cl6 .. 665 11 .. ? 1.sa 11.0 9.291+ 

C17 .5;3 11.8 2.10 13.0 9.847 
ClB .613 ll..9 1.95 14.3 10.460 



Dog • - V 

Tub Cr F -a Cumulative 

No. aight (G.) mg/100 ml. m q/1 . Volum (ml.) 

C19 .600 11.2 1.1? 16. ? ll.060 

C20 .617 11.7 0.95 18.0 11~677 

C21 .656 12~3 0.83 17.9 12.333 

C22 .?26 12 .• 5 0.6 1 .o 13.059 

c23 .551 11.9 o.47 20.4 13.610 

C24 .675 12.0 0.60 18.6 l .285 

c25 .697 12.5 0.?8 l?.7 14.982 

C26 -~96 12.0 1.11 18.7 15.4?8 

C27 . 696 10.8 1.38 17.1 l .174 

C28 .570 11.2 l.60 17.1 16.?44 

C29 .. 739 11.0 1.85 16.4 17.483 

c30 .638 10.6 1.89 16. 10.121 

un eriveg esul,ts: 

Control Urines: 

lo. 1 2 1 4 5 ..., 

Vol.(ml . /: in.) 11.75 10.36 10. 63 10.63 10.50 

Ccr ( 1.1 in.) 11-4 . 2 3?.0 Y-0. 4 37.7 39.1 

% e:xcr tion P: 15.9 16.1 16.5 23.3 20.1 

No. 6 7 8 9 

Vol. (ml/ in.) 12.13 10.75 11.2, 11.25 

Ccr ( 1/ in.) 43.8 32 .. .3 33.8 33.8 

excr t1on P : 21.2 2;.3 2?.9 25.3 



Dog E - vi 

Stop-Flo rin s: 

Tube · Tot 1 Urinary Pas Tub ,, Tot 1 Urinary Pas 
traction of' fraction or 

o. Volu e th t tilt rd. o. Volum that tilter d. 

Al 9.4 .270 Bl 10.7 .256 

A2 14.4 .254 B2 16.6 .191 

A3 19.7 262 B3 20.9 .2 8 

A4 24.5 .248 B4 2,.6 .205' 

A5 30.6 .257 ·B; 30.1 .213 

A6 3;.3 .205' B6 31t-. O .148 

A7 40.7 .214 B7 38.l .165 

A8 45' •. .233 B8 41.7 .190 

A9 49.3 .218 B9 46.l .21 

AlO ;3.6 .200 BlO 52.5 .192 

All 59.0 .166 

12 63.1 .143 Cl 11.2 .252 

Al3 67.3 .105 C2 16.7 .232 

Al4 71.5' .108 c3 19.7 .192 

Al5 75.8 .o44 c4 22.4 .222 

A16 80.2 .062 c5 25.? .169 

Al? 8lt .4 .o,s C6 29.3 .155 

Al8 Bq.o .029 C7 32.7 .11+; 

Al9 92.8 .027 CB 36.6 .153 

A20 96.9 . 033 C9 lto.6 .146 

A21 100.0 .007 ClO 43.9 .138 

A22 105.7 . 069 Cll 47.e .150 

A23 10 . 9 . 074 Cl2 51.5 .158 

A2l+ 114.1 .125 c13 55.2 .16; 

A25 117.? .146 Cllt- 59.8 .171 

A26 122.8 .. 1,1+ Cl5 63.3 .157 

2? 126.2 .152 C16 6',.3 .163 



Lo E - vii 

fube '° Total Urin""ry Pas 
fraction of 

~Q. Volume tllgt t1ltfre,d 1 

Cl7 72.1+ .172 

Cl8 76.9 .158 

Cl9 Al.3 .101 

C20 85.6 .07£ 

C21 90.6 .065 

C22 96.0 . 049 

C23 100.0 .• 038 

c21+ 105.0 .048 

c2; 110.1 .060 

C26 113.7 . 069 

C27 118.8 .123 

C28 123.0 .138 

C29 .28., .163 

c30 133.1 .172 



~ p 

(C - A) 

.0;2 

.084 

.109 

.149 

.142 

.116 

.084 

.148 

.178 

.125 

.093 

.097 

• 087 

.116 

.124 

.126 

.119 

.113 

.105 

.117 

.1~} 

.oe1 

.089 

.096 

.091 

.097 

.o46 

.032 

.011 

o w - viii 

j Total Intra-tubular Vol 

of A of C 

52.5 to 53.6 1.1 

59.0 6.5 

63.1 10.6 

63.7 11.2 

67.3 ll..8 

69.2 16.7 

?1.5 19.0 

72.2 19.7 

74.9 22.4 

75.8 23.3 

80.2 27.? 

81.8 29.3 

8 • 31.9 

85'.2 32.7 

89.0 36.5' 

89.l 36.6 

92.8 40.3 

93.1 40.6 

96. 43.9 

96.9 44.4 

100.0 4?., 

100.3 47.8 

104.o 51.' 
105.7 53.2 

107.7 55.2 

109.9 57.4 

112.3 59.8 

11 .1 61.6 

115.8 63.3 



A P 

(C - A) 

.017 

.009 

.018 

.020 

~uo6 

.\Ju6 

Dog & - ix 

Total Intra-tubular Vol 

or of C 

117.? 6,.2 

120. 8 6E . 3 

122.8 70.3 

124. 9 72 . 4 

126. 2 73 .7 

129 . 4 76.9 



Dog F 

Exper nt 7 

Inru ions: (1) 10 ax ro -w ter. 

(2) ,- dextrose-wet r, cont inin 1.0.0. 

er tin1n per litr . 

riming o e or 0. 5 G. creati in, iven I .V. t 10.25 a •• 

gu111brat1on eriod· 20 minutes • 

• i mes of Blood and Urine Coll ction~: 

lood 
samples: 

Urines: 

Blood 
s ples: 

t!rin s 

Blood 
Sar:ipl s: 

Urine . • 

® ® 
10.li 5 11.15 
to to to to to 
10 .50 

CD 
10.;; 

@ 
11.00 

® 
1.2 @ 11.2;© 

art or on 
2 00 u. I . V. , t 11 . 1 

® ® @ ® 

, lt:~0LJ ___ U~---U~U- __ l 
A 1 to A30 1 to B7 Cl to CJ 

• 

@ @ @ 
11.50 
to to to 

11. '5cv 2.0~ 12.0; 
® 

ote: Blood ple t ken at idpoint in tie of e ch 

urine coll ction p r1od, s shown. 



Dog F - ii 

R s L 

!A) Observed Results: 

S-0ra: 

o. 1 2 3 4 5 
Cr (mg/100 ml .) 8.12 8.12 ? . i.-8 7.75 7.05 

( g/100 ml.) 2.90 2.85 2.85 3.15 

r.o . 6 7 8 9 10 11 12 

Cr ( ·g/100 1.) 6.95 6.89 6.89 6.89 6.89 6.89 6.89 

P (mg/100 ml .) 2.95 3.10 3.20 3.20 3.25 2.90 2.90 

Ur:ige Cont;cols: 

No . l 2 3 4 5 6 

ol.(m .) 10.9 14.? 15.'7 14.8 15. 13.6 

Cr (n1g/lOO ml.) 65.2 51.7 43.1 38.2 35.7 35.? 
P (rr.g/100 1.) 4.79 3.85 3.,4 3.96 4.38 4.58 

Na ( q/1.) 13.3 15.4 16.? 1;.2 17.0 16.1 

no. 7 8 9 

70] • ( 1.) 19.2 18.6 20.2 

Cr (rr /100 l.) 2;.9 25.9 2;.9 
p (mg/100 ml.) 3.54 3.13 3.13 

?la Cm q/l.) 16.1 16.5 11.0 



og F - 1 1 
Stop- Flow Ur1n st 

Tube t rine Cr p 

o .. eight(G.) g/100 ml. Eq/1. Volume(ml.) 

Al .419 35.7 4.52 11. .419 

A2 . .304 l+o.8 4.68 10.6 . 723 
A3 . 620 36.4 4.96 7 .. 8 1.343 
A.4 .591 37.8 ;.14 4.2 1 . 931+ 

A5 .551 36.3 5.0~ 3.2 2.4 5 
6 .>19; 38. 5 4.61 4.4 2 .9clO 

A7 .551 39.l 4.2 7.4 3. 531 
8 .535 36.6 3.75 11.4 4 . 066 

A9 .298 42.5 3.48 16 . 2 4.364 
AlO .353 39.6 2.55 17.9 4.717 
All .341 40.9 2.29 21.5 ,.058 
, 12 .328 42.5 1.79 23.9 5.386 

13 . 371 44.3 1.59 24 . 6 ,.757 
Al .530 1.5 1.35 23 .3 6.2€7 
A15 .369 45.4 2.02 24.o 7.029 
Ale • ~7'~ .., ..,, 1,,.1 2.02 21+ . o 7.029 
17 .;23 41.0 2. 2 21 . 5 7.5,2 

18 • 1t·l9 tio.4 2.89 21.7 7.971 
A19 .324 38.6 3.35 21 . 8 8 .295 
A20 . 317 34.4 J.43 22.3 8. 612 

Bl .406 27.1 4.32 21.2 o.406 
B2 .325 28.5 4 . 15 18. 2 0. 731 
B3 .269 2?.6 .38 14.2 1 . 00 

4 • 5 1 28.6 ~.80 9.8 1.501 

B5 • 32 32.3 5.07 5.2 1.933 
B6 .,oa 31.1 5.03 3.; 2.441 

B7 .49 :!2. 5 4.94 .7 2.935 



. 

Do F iv 

Tub Urin 

\'eight (G.) 

Cr p Ha Cumulative 

o. g/100 ml. mEq/1. Volume{ 1.) 

Cl • 556 30.3 4.27 7.6 .556 
C2 .502 33.c 3.73 9.5 1.058 

c3 .483 38.1 3.2, 4.7 1.~l 

C4 .730 38.1 3 •. 1, 2.4 2.2?1 
c, .494 41.3 2.93 3.1 2.765 
C6 . 622 38.1 2.67 5.7 3.387 
c7 .466 37.4 2.64 8.? 3.853 
C8 .5h4 36.3 2.49 11.6 4.397 
C9 .457 35.5 2.32 16.l 4.854 

ClO .350 33.7 1.57 19.5 5 .20\+. 

Cll .L4? 32.3 1.45 22.0 5.651 
Cl2 .,09 33.3 1.23 24.o 6.160 

c13 . .460 34.1 1.16 25.0 6.620 . 

Cl4 .li62 34 .. 1 1.24 21+.5 7.082 · 
c1; .322 · .~4.6 .., 1.92 25.1 7.4ot: 

Cl6 .462 32.6 2.05 24.3 ?.866 

Cl7 .4;6 30.2 2.24· 23.4 8.322 

Cl8 .39? 29.0 2.71 23 .1 8.719 
Cl9 to c30: data not given a irrelevant. 

{B} ,erived Results: 

Urine Controls: 

4 • g No. l 2 3 5 
Vol. (ml/min.} 2.18 2.94 3.14 2.96 3.16 2.72 

Ccr (ml/min.) 7.5 18.7 17.2 14.6 16.0 ltt . O 

excretion P: 20.5 21.0 22.? 28.2 27.5 30.3 



Dog F - v 

- 7 .a I 9 no. 
Vol. (ml/min.) 3.84 3.72 4.04 

Ccr (ml/ in.) 14.4 14.o 15.2 

% excretion F: 29.0 28.7 28.7 

Stop-Flow Urines: 

ube 7 Total Urinary Pas Tube }t Total Urinary Fas 
rraction of fraction ot Po. Volume that filtered. No • Volume that filt .ered. 

Al 6.7 • 281 D3 15.1 .342 
A2 11., .. 255 B4 22.7 .361 

A3 21.4 . 303 B5 29. 2 . 337 
A~ 30 .. 8 ~302 B6 16 9 , • 3li2 -', . 
A5 39.5 . 293 B7 44.3 .327 
A6 L.7.4 .266 

Cl i.. \ .303 A7 5'6.2 , .:2.41 

AB c.4.7 .216 
C2 16. 0 .243 
c~ 23.3 .184 69.4 .182 

.., 
A9 

C4 31+.3 .118 AlO ?5.0 .11+3 

11 80., .124 
C5 t,.1.8 .153 

.094 
C6 51.2 .1;1 

12 85.7 

A13 91.6 .080 
C? ,a.2 .152 

C8 66.4 .148 Al4 1[0 .. 0 .072 

Al5 105.9 .084 
09 73.3 .141 

ClO 78.6 .100 
Al6 111.8 .100 

Al? 120.1 .131 
Cll 85.1+ .097 

Al8 126.8 .159 
C12 93.l . 087 

Al9 131.9 .193 
c13 100.0 .073 

C14 107.0 .0?8 
A20 137.0 .222 

c1, 111.8 .119 

Bl 6.1 .342 Cl6 118.8 .135 
B2 11 •. 0 .313 



,6 

(C - .\) 

+ .037 
... .062 

.. .002 

+ .027 

- .032 

-t- .ou2 

- .oo~ 

+ .035 

+ .05L 

+ 9029 

+ .059 

+ .073 

.. .O?l 

+ .079 

+ .OBO 

+ .o!:8 

-+ .064 

+ .o48 

+ .041 

+ .010 

- .031 

- .059 

of A 

og F - vi 

lntra-tubul r Volume 

of C 

4t .3 to ?.? 3.1 

52.7 8.4 

56.2 11.9 

60.3 16.0 

64.7 20.4 

67.6 23.3 

69.4 25.1 

7'5.0 30. 7 

?8.6 31+.3 

eo.5 36. 2 

85.7 41.4 

86.1 1.8 

91 . 6 47.3 

95., 51 .. 2 

100. 0 55.7 
102.5 '.2 
105. 9 61.6 

1 0. 7 66.lt 

111.8 67.; 

117. 6 73.3 

120.1 75.8 

122.9 78 . 6 



tOO G 

Exp riment 8 

Infusions: ( 1) 51~ dextros -water . 

(2) 1 Uormal 1 s 11n, cootaininE; 1 . 0 G. 

creatin n fr litre. Comm need t 

9.01 . . Infusion rate about l ml . / ioute . 

Priming ose or 0.5 G cT'ea 1nin , given I.V . at 9 • .,, a.m. 

'.,guilibration erioa.: 4 inu ,w .. 

Ijmes of Blood nd Urine collections: 

Blood 
ampl .s: 

Urin_r-: 

©. ® 
9.45 9.55 

9.45 
to to 
9.5ij) 9.5~ 

Par tbo:r one , 

100 u ., giver:! I . "J . 

at 10. 30 .m. 

Urin SI l'lJ ~ . 
1./~ ///"----!.IUI~--__ LJ 

B Cl to c30 

10~3 

10.40 
to 
10.46 

Q) 

(!;) 
11.02 

ote: (1) Period of Ul" teric occlusion r1or to Burin 

collection, followed a few inutes fter urine 

,,1\30 eollected . 

(2) Only Dogs C and O lack post - stopflov control 

urine collections. these ogs w re the first 

to of the series . Dog G vus th only dog in 

w icb th B urine was coll ct din one tub . 



nog G - 11 

SULTl:i 

i ) Observed Results: .. 
P,1'8: 

~ o. 1 2 3 

Cr (mg/loo ml.) 4.13 3.38 2.84 3.81 

f (mg/100 ml.} 4.56 .16 3.57 4.06 

-
Control Urines: 

No. l 2 'l ti .,; 

ol.(ml.) 10.4 8.1 8 .2 11.7 

Cr (wg/100 ml.) 34.8 40.3 4o.o 28.7 
p ( mg/100 ml.) '7 .2 8.4 18.1 13.1 

Na (rnEq/1.) 11.3 9.6 18.3 26.1 

Stop- low Urines: 

ube rine Cr p a Cumulative 

No. ~e1 ht ( G •) mg/100 ml. mEq/1 Volume (ml.) 

Al 1.020 33.5 l .8 30.0 1 . 020 

2 .596 44.9 22.6 33.0 1.616 
1 .467 ,3.6 29.9 25.0 2.083 J 

Alt .ti-18 ;6.9 31.8 2 .2 2.501 

5 .496 4?.? 27.2 13.3 2.997 

A6 .363 37.7 l?.7 9.3 3.380 

A7 .683 24.4 11.9 ?.9 ~.063 

AB .4?0 22.2 10.1 12.6 4.533 
A9 . 404 24.1 9.9 18.1 4.937 
AlO • 15 22.0 8.? 19.8 5.352 
All .tt28 21.5 7.9 27.'4 5'. 780 

A 2 . 5;0 21.2 8.3 38.5' 6.330 

Al3 ,.601 20.; .1 50.5 6.931 



oe c - iii 

Tube Urine Cr p Ka Cumulative 

' To. . eight{C.) g/100 cl! mEq/1 Volume ( 1.) --
Al4 .619 18.3 7.4 50.3 7.550 
15 .544 20.2 ?.4 50.0 8.094 

A16 .625 26.0 7.2 42.6 8.7i9 
A17 .540 19.2 7.1 1.i5.9 9.259 

Al8 .480 l?.5 7.5 41.6 9.739 
Al9 .534 16.6 7.3 40.3 10.273 

20 .655 16.6 l.3 39.7 10.928 

A21 .513 16.8 ?.d 39.9 11.1+41 

A22 .446 16.3 7 .i. 40.7 11.b? 

A"l '~ .482 17.1 ?.l 41.9 12.369 

A24 .525 16.6 B.o 39.2 12.894 

A25 .,21 17.2 ?.9 40.0 13.415 

A26 .483 16.7 8.2 39.5 13 .. 898 

A27 .h~8 16.8 8.4 39.8 14.356 

28 .493 ?.8 8.3 41.7 14.849 

J\29 .4;5 16.2 8.3 38.6 1,.304 

30 .560 16.8 8.6 39.6 15.864 

~.800 li "'800 

Cl 1.295 2?.6 13.3 30.5 1.295 

C2 .696 0.1 17.2 41.2 l.991 

c3 .91..., 5.2 23.7 33.3 2.936 

c4 .784 46.8 ' 22.3 22.8 3 .. 734 

C5 .763 31.8 1,.1 12.2 4. 97 

C6 .540 25.3 l .9 9.6 5.G37 
C'l .48>-i 22.1 9.0 9.9 ,.521 
e .418 22.0 8.3 12.2 5.939 
C9 .476 21.5 8.2 14.2 6.475 



og - 1 

ub Urine Cr F Cumul t .1ve 

No. W~1gbt(G.) mg/100 ml. .5q/l Volume (ml.) 

B10 .686 19.l 7.2 1£.4 'l.101 

Cll •477 19.2 7.5 27.3 7.578 

Cl2 .449 19. 6.8 36.9 8. 027 

c13 .450 18.8 '? .4 50.; B.477 
Cl4 .445 17.? 6.7 61.8 8.922 

Cl5 .466 17.1 6.4 68.9 9.388 

C16 • 510 15.l 6.0 ?1.5 9.898 

Cl? • 528 16.4 5.8 74)4 10.~26 

Cl8 .554 lt.l ,.6 70.1 10. 980 

Cl9 .465 16 . 0 5. 5 68 .1 11. lt li 5 

C20 .523 18.3 5.5 ??.1 11.968 

C21 J.J.92 15.? 5.8 56.4, 12.460 

C22 .448 17.0 5.9 53.9 12.908 

c23 .529 15.4 6.1 48.5 13.437 
C24 .537 14.6 6.7 4?.l 13.974 

C25 • 538 15.9 6.9 46.4 14. 512 

C26 .612 1,.2 7.1 1 4.1 1,.12i. 

C2? .529 15.3 , . t, 46.8 15.653 

C28 .619 14., 7.? 43.9 16.272 

C29 .510 13.8 ?.? 4?.0 16.782 

c30 .538 16.3 7.7 46.7 17.320 



Do· G V 

.,UJ) Dgriveg ~esult;;· 

u in Co trols: 

.. o. 1 2 r; 

Vol . (ml . /min.) 2 . 08 1 . 62 1. 37 2o34 
Ccr( 1 . /mio.) 18.4 18. 3 19. 3 19. 5 

~ e er tion f i 18.2 17. 4 36. 4o.4 

1,0 ·e: .:id-period Scrum concentrat!on.:i of Cr nd P n eded i'o 
th s- calculations, derived by s j mi:,l iroport ioo . 

Sto -Flow Urines: 

Urinary i' as Tube ~ 'l'otal Ur inar y P as 
fraction of tI·action of 

No. Volume tl.tat filtered. o. Volume that .filter ed 

Al 11.7 . 526 B 0 . 2 

2 lt . , . 472 
Cl 10. 8 . 452 

3 23 . 9 . 524 
16 . f . 4 2 02 

A4 28.7 . 524 
c3 24.5' . 492 

5 3~ . 4 . ;35 
C4 . 41•6 31 . 2 

6 'l . 3 . 440 .., c, 37.5 . 446 
7 46 . 6 . 4J7 

C6 42 . 1 . 41.-4 
A8 ,2 .1 .426 

C7 l 6.1 . 3 2 
9 5E . t"; . 385 

C8 49 . 6 ., 354 
AlO 61 . 4 . 371 

C 5'4 .1 . 35 
All 66. 3 . 367 

ClO 59 .3 . 354 
Al2 72. 7 .36? 

Cll 63 .4 . 3J:7 
13 79 . 6 . 395 

67.l Cl2 ,329 
Al4 Bf.6 . 379 

c13 70 . 9 . 369 
Al5 92.8 .~ 4 ... 

Clh 74 .6 . 355 
Al6 1) .o . 2l0 

Cl5 78.4 . 351 
Al7 106.2 . 347 

016 82 . . 372 
Al8 111 . 6 • 02 

Cl7 87.3 . 332 
Al9 117. 8 . 412 

Cl 91.7 . 326 
20 125.3 . 380 95. 6 • 323 Cl9 



og G - vi 

-Tube ~ Total rinary Pas 
fraction o'f 

o. Volu .e th t filtered. 

C20 100.0 .282 

C21 104.1 .346 

C22 106. 0 .325 

c22 1]2.5 -396 fiote: Serum. Cr and .P 
concentrations needed 

C24 116. 9 .>+30 tor these estimations 
assumed equal to those 

C2c:;' 121.4 .1.io7 of blood sample 4 ; 

C26 126.4, . 4J8 

.6 P ~ Total Intra-tubular Volume 

(C - A) of A or c 

- . 005 h6 6 . . ' 6.4 

+ .026 5L,O 10. 8 

- .024 52.1 11 . 9 

+ . 017 56.6 16 .4 

+ .031 56.8 16. 6 

+ . 121 61.4 21 . 2 

+ .125 l4.7 21t..5 

+ .079 66.3 26 . 1 

+ . 079 71.!+ ~1. 2 

+ .. 079 72.7 32.5 

+ . 0 ,1 77.7 37. , 

+ .009 79. 6 39.4 

+ .025 82 .3 42.1 

+ . 003 86.3 46.1 

- . 025 86.6 46 .4 

+ . 010 89.8 49.6 



og O - \Iii 

Ll " Total Intra-tubul r Volum 

(C - A) of A of' C 

+ • OJ 4 92 .8 52.6 

+ .098 94.3 54.2 
+ • 08lt- 99.5 59 .3 

+ .107 100.0 59.8 

+ .v20 103.t 63 . 4 

- .018 106.2 66 -0 

- .073 107.3 67.1 



DOG H 

X .ri n 9 

Inf ions: (1) 5r dextrosc-wat r. 

(2) 'horc l' ·lin, containing 1.0 G. 

creatinin per litr. 

rimigg QS@ of 0.1 G. ere t1n1ne, given I.V . 

:1gu1J 1 br9~ion 1-a;rio.: 33 dnutcs . 

1 .43 a •• 

lOOC' and Urin 

Blood 
a les: (!) ® 

Urines: 9.16 
to 
9.2u 

' 
cr> 

load 
c:a ples: 

; 

to to 
9.24 

® 
s.20 

© 

rathor one, 
400 u. g1v n l.V. 
at 9.33 a •• 

® 

9.5~ to to to 
9.57, 10.01 10.056\ 

4 © \Q) 

rine:~ ~ ~ 
~lu ___ u~ __ u~u __ u 

Blood 
sa pl s: 

Urin s: 

Al to 3~ Bl to 6 Cl to c30 

@ 

10.35 
to 
10.39® 

@ 

to Ito 
o. 43/0\ 10.47 
~ (2) 

Note: -1rst er1od of ursteric occlusion follow i diately 
f r urin control n ber ; i 11 rly urin control 

n b r 7 f'ollo s 1 edit ly aft coll c io of c30. 



Deg h - .ii 

ESULTS 

(A) Obs~rved .esults: 

Sera: 

-Io. 1 2 3 it 5 
Cr ( g/100 ml.) 6.32 5.86 5.56 5. 07 4. 95 

11 (mg/100 ul . ) 4.45 4.39 4.~8 3.52 3. 41 

:o. 6 7 8 9 10 

Cr (reg/100 ml.) .13 4. 52 4.19 4.03 3.91 
p (mg/100 1 .. ) 3.lt4 2.91 2.71 2.57 2 . 57 

Control Urines: 

no . 1 2 3 4 5 

Vol.{ml.) 11.8 13.0 13. 14.5 14.5 

Cr ( g/100 ttl . ) 2t .1 23.0 21. 4 2C'.l 19.5 

( g/100 l.} lt .11-9 4.76 4. 86 ; . 23 5' .12 

Ila (m q/1 . ) 3. 0 2.0 2. 8 lf.4 5.8 

lo. f 7 8 9 

Vol .{ 1.) 15.3 14. 5 13 . 0 14.8 

Cr { /1 0 ml .) 1£.7 1,.2 14.4 13.6 

F ( g/100 1 . ) t. . 98 4.37 4 .23 4.11 

I~a ( ~ q/1 ., 7 .c 14.o 15.3 l?.2 

Stop- ow Urines: 

Tub Urine Cr F a Cumulative 

? o . l 1ght(C.) mg/100 1. m · q/1 . olume(rel.) t 

1 .606 23.2 4.75 9. C o.l 6 

A2 .660 23 . 0 4 . 57 1 .o 1. 266 



oe H - ii 

ub rin Cr i a Cumulative 

o. ight(G.) /100 ml. q/1. Volume(rnl.) 

A3 .569 24.l .76 b.6 1.835 

A4 .610 24.3 4.82 7.2 2.445 

A5 .6.33 25. .96 .8 3.078 

6 .603 25.3 5.04 2.9 3.681 

A7 • ~ '15 25.2 4.9? 1.8 1+.286 

A8 .582 25.8 ;.13 1.8 4.868 

A9 .622 23.9 5.25 1.9 5.49 

Al .564 25.3 5.10 2.2 6.054 

All .l-70 24.8 5.17 2.5 6.?24 

~12 .596 25'.4 5.14 3.1 7.320 

Al3 • 566 25.0 5.12 3. lt 7.~&6 

A.lit .61? 24.? 4.95 .• 7 8.503 

15 .5(, . 26.0 4.82 6.L 9.068 

1( .577 33.0 4.2t: 7. l; 9.645 

Al7 .572 34.o 3.94 9.3 10.21? 

18 .613 34.8 3.;2 10.4 10.830 

19 .57~ 36. 0 3.37 11.5 11.tio3 

.A20 .617 29.6 3.32 12.5 12.020 

A21 • 565 30.4 l.42 .., 13.2 12. 585 

A22. _ • 57 29.2 3.60 13.0 13.159 

A23 .567 28.4 3.72 13.4 13,?26 

A24 • 545 27.? 3.94 14.2 14.271 

A25 .569 25.5 4.04 14.4 14.84 

t'\2t. .570 24.5 4.13 13.5' 1;.410 

A27 .489 24.1 .o4 1 .3 15.899 

A28 .559 23.6 4.30 14.e 16.1+58 

.29 .567 23.0 4.25 14.3 17. 025' 

30 .60 22.5 4.36 13.6 17.629 



Dog - iv 

-
Tub Urine Cr p Ia Cumulative 

lo. \, ight(G.) m /100 ml. ·q/1 . Volu e{ml.) 

Bl .?20 18.4 4.52 6.? 0.720 

B2 .706 18.6 .49 9.1 1.h26 

~ .659 19.5 4.58 12.l 2.005 .J 

r<4 .704 20.l 4.61 ,.2 2.789 

b? .662 20.7 1+. 54 2.7 3.h51 

B6 • 711.t 20.5 4.89 1.5 4.165 

Cl .5t.8 21.0 .87 1.; • ,B8 

C2 .324 19.9 4.60 12.0 .912 

c~ ..;, .l.26 19.7 4.?l 5. 4 1.538 

C4 .,83 - 20. 3 4.80 2.6 2.121 

C5 .625 21.1 4.87 2.4 2.7 6 

ct .52{ 23.') 4.89 1.7 3.272 

C7 .522 23.1 l.i .74 2.7 3.,794 

C8 .524 23 . 0 h. 5l 1.3 4.318 

C9 .,68 22 . 3 4.25 2.2 lt.886 

ClO • 58 23.6 4.13 1.2 ;.466 

Cll . ,t2 2li . 2 4.15 1. 6.02& 

Cl2 . ,2~ 24.4 3. 88 1.8 6.552 

Cl3 • 527 24.1 3.94 2.5 7.079 
Cl4 .532 24.4 l{.05 3.0 7. 611 

Cl5 .605 21 .4 .. oo ,.o 8 .216 

C16 .502 25.0 4.1? ;.6 8.718 

C17 .523 23.8 4.12 6.0 9 .21+1 

Cl8 .485 22 .9 3.92 8. 3 9.726 

Cl9 .565 22.8 3.79 10.1 10.291 

C20 • 82 23.6 3.60 11.0 10.773 
C21 . ,2~ 23 .3 3.31 11.8 11.347 



Og _: - V 

TubA Urine Cr p Na Cumulative 

3o. \-if1ight ( G.) mg/1(.,0 ml . mEq/1. Voluma(rnl.) 

C22 .539 23.7 2.96 12.8 11.8&6 

c23 .527 23.6 3.12 12.8 12..ln3 

c2>+ .522 22.6 3.36 13., 12.935 

C25 .. 534 19.7 3.75 13.3 13.469 

C26 .50+ 17.£ 4. 03 13. ~ 13.973 

C27 • 53c. 18.6 3.,..,3 13.0 14.511 

C28 • 52€ 16.7 lt.11 12.9 1,.037 

C29 .527 l?.9 \ . • lh 12 . 8 15.564 

c30 • 538 17.9 4.04 12.? 16.102 

i,E2 tcrived ·- nesu\t~: 

£gnti:o! U;cines: .-.... .....___. 

lfo. 1 2 ~ 4 5 .., 

Vol(ml . / ·in.) A 05 t:: • · / 3.25 3.25 ~ 61 .,I . ., 3.63 

Ccr( J./ni.in.) 12.2 12.6 12.5 11.i..7 14.~ ..., 

Ji. exc1"et:ionP: 24.4 2l. 28 . 1 36.8 38.1 

~-o. 6 7 8 9 

Vol{ol ./min.) 3.f3 3.63 3.25 ~.7t 

Ccr(ml/m.in.) 14.o 13.2 11.6 12 .9 

I excretion P• .. 39.8 1,5.4 46.2 45.9 



tog - vi 

Stop- Jot U1'1nes: 

-
ube 'i otal Urinary I as ube P 'l' otal Urinary .P I 

fraetion of fraction of 
N . Vnl ~ tat filter6d. o • Vol um t hat f iltered . 

.\l 5. ] . 308 Bl 6.1 . 382 
A2 11.1 . 299 D2 12 . 0 .375 
A3 16.] . 297 BJ 17. 5 . 365' 
A4 21.4 . 298 Dlt 23. ; • 35 
A5 27 . 0 . 294 I35' 29. 0 . 341 
At 32.3 «300 136 35. 0 . 370 
7 37. 6 . 297 

.A8 112 . 7 . 299 Cl 4.9 . 360 

A9 4&.l . 330 C2 7.7 . 359 
Al 53. . 3v3 c3 12 . 9 . 372 

11 59. 0 ~1l· . .... t c4 17. 8 . 3G8 
Al2 6h . 2 . 305 C5 23 . 1 . 359 
1113 69 . 2 . 308 C6 27 . 5 . 33v 
Al4 74 . 6 . 302 C? 31 . 9 . 319 
A15 79 . 5 . 279 ca 36 . 3 .308 
Al6 84 . 6 . 194 C9 41 . 1 . 296 
l? 9. . 174 ClO ~6 .o . 272 

1ae 95 . 0 . 152 Cll r;o.7 .2t7 
19 100 . . 141 Cl 2 55.1 . 247 

i\20 105'. 4 . 169 c13 60. 0 . 25lt, 

zl91 llu. 4 . 169 ... 14 64 . c . 258 
A22 115. ~ . 186 Cl 5 69. . 255 
A23 120. 4 . 19? Cl6 73. 3 . 259 
A24 125.2 . 219 Cl7 7'7 . 7 .2t9 
A25 130.1 . 238 Cl8 81. 8 . 2(:6 

A26 135. 1 . 254 Cl 9 t·6 . 6 .258 



'ube ;. ot 1 Urinary Fas 
fr ctiou of 

?o. Volume tthat fi tered. 

C20 90.6 .237 

C21 5.5 .221 

C22 100. 1 .194 

C23 1 4.4 .205 

C24 l '"'8 ~ .o .231 

C25 113.3 .296 

C26 117.6 .2t.2 

C2? 122.l .320 

C28 12 .5 ') < 
•..; -

C29 13r.9 .360 

c30 135.5 • 351 

.6. f , .. Total .rntr 

{C - ) of A 

i .ct3 35.c to 3?.6 
+ • 0~1. 39.9 
.... • o£c t.2.7 

+ • 042 47.9 

+ .038 43.1 
.j. .O(j 52.B 
+ . 56 5'3. J 

1 • 045 5a.1 
..,.. .016 59.0 
-t .025 62.5 

+ .01L. 64.2 

r o . , - v11 

of C 

2.6 

4.9 

7.7 

12.9 

13.1 

17.8 

18.1 

23.1 

24.o 

27.5' 

"'9,.. ~ .~ 



.6P 
(C - ' ) 

~ .Cll 

• OC.C· 

+ • OOt: 

- .o f 
.017 

- .un.7 

+ .078 

; • v7 3 

"' • 09".> 

+ .072 

+ .095 

+ . 102 

1 .117 

+ .114 

+ • Ol>6 

+ . 090 

.. . 090 

+ .100 

+ .oa~ .., 

+ .080 

+ .069 

+ . Ot'.l 

+ .039 

+ .018 

- .~001 

- .017 

- .033 

- .060 

;.u . otal lntra- ubular 

of 

66.9 

69.2 

71.3 

7h.6 

?t.l 

79.5 

c3 1 . 0 

• 1 6 l ~ • 

85. 7 

89.6 

90.l 

95. 0 

99 . 0 

100.0 

10L..1 

105.1 

100.3 

llu.4 

112.? 

115.4 

116. 8 

120.4 

121.6 

12'5 .2 

125. ( 

lJ0.1 

130.5 

~O !! - Viii 

ot C 

31.9 

34. 2 

36 . 3 

39.6 

41 . 1 

u. ... ., 
46 . o 

49 . 6 

50. 7 

54.6 

55.1 

60.0 

64. o 

65. 0 

69.1 

?D.li-

72-3 

7~ l· .; • t 

77.7 

80.4 

81.8 

5.4 

86.6 

90.2 

90.6 

95.1 
/ 

95. , 
1~5.0 100.1 



00 I 

xp ri nt 10 

lntgsion: (1), d xtro e- tr. 

( ) • or l' lin cont inin 1.0 G. er tinin 

pr litr. c enc d t 8.30 • • 

....-;;;.;;.;;::..,;.g........, ....... ot 0.5 o. er atinin, given I.V. t .30 • • 

.....,.......,.......,_.......,........., ___ ......_e .... r1 .... o ... d .... : 45 inute • 

Bl od 
sa 1 s: ~ Q) 

Urin s: 9.15 10.00 
to to to to to 
9.19 

@ 
9.23 

@ 9.27(3) 10.o4@ 10.08 
~ 

400 u. ar thor on 
giv n I.V. 9.28 a. • 

Blood 
s ples: 

® 
Urin • • 10.08 

to 
10.12 ___ uV/Ju __ ulVlu ___ u Y. to 3~B1 to ~/ /\ C1 to c30 __ ___;;~,..___._ 

Blood 
1 : ® @ 

Urin • • 10.40 
to 
10. ® to to 

10.4~ 10.;~ 

ote: (1) Bloods pl t n t ct idp riod in 
ti of corr onding urin coll ction. 

(2) Urin coll c ion tollo 
att r c30. 
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RESUL'l'S 

' ) Obser11ed ,Result§: 

Sera: ' -

o. 1 2 3 4 ' Cr (mg/100 ml.) 6.31 6.48 6.42 ;.90 5.96 
p (mg/100 ml.) 3.90 3.84 3.81 3.49 3.44 

a ( q/1.) 131 129 129 121+ 123 

No. 6 7 8 9 10 

Cr ( ·g/100 ml.) 5.84 $.84 ,.96 5.72 5.72 

P (mg/100 ml.) 3.41 3.22 3.11 3.03 3.11+ 

Na ( q/1.) 123 124 122 121 121 

CQnl.tQl U1 ;lgem: 

o. 1 2 1 4 5 .., 

Vol. (ml.) 14.o 13.0 12.5 15.8 15.0 

Cr (mg/100 ml.) 3,.2 35.8 35.6 27.9 27.8 

p (m_g/100 ml.) 8.18 8.36 7.73 9.09 9.36 

a (mEq/1.) 12.0 8.8 6.4 4.4 3.9 

o. 6 7 8 9 

Vol.(ml.) lf.O 16.0 15.; 11t., 

Or {rng/100 ml.} 27.; 23.1 23.4 23.1 

p { g/100 ml.) 8.86 6.2? 6.21 6.09 

Na {mEq/1.) 3.4 2.6 2.2 1.7 

Sto-p-Flov Urines 



o I -111 

ube Urine Cr N Cumul tive 

o. We1gbt(G .. ) mg/100 1. q/1. Volum (ml.) 

Al .;25 32.9 10.18 4.9 0.525 
A2 .428 33.0 10.26 4.3 0.9;3 

3 .348 35.0 10.80 6.4 1.301 

A4 .409 35. 9.9 4.2 1.710 

A5 .611 35.1 11.17 3.; 2.321 

A6 .658 35.9 11.90 3.3 2.979 
A7 .524 37.4 11.15 2.8 3.503 
A8 .719 33.7 10.29 2.2 4.222 

9 .663 31.8 9.85 1.6 4.885 

AlO .65t 30.9 1 .16 1.4 ,.536 
11 .610 30.6 9.73 2.2 6.146 

Al2 .610 29.9 8.94 3.4 6.756 

13 .619 29.4 6.99 5.1 7.375 
14 .;61 29.6 9.28 6.7 7.936 

.U5 .5;2 29.6 9.16 8.5 8.488 

16 .595 30.0 7.73 . 10.5 9.083 

Al7 .516 30.1 7.39 9.2 9.599 

Al8 .;24 30.6 7.69 10.4 10.123 

19 .5 .1 30.7 7.22 11.3 10.664 

A20 .535 32.5 7.13 12. 11.199 

A21 .582 33.2 5.90 12.7 11.7 1 

22 .529 33. 5.75 12.1 12.310 

A23 .,3 35.; 5.24 12.4 12.841 

A24 .;72 36.0 5.32 11.3 13.413 

A25 .500 37.5 5.1 10.2 13.913 

A26 .; 4 36.? .94 8.2 11+.447 

A2? .543 3 .3 4.11 7.6 14.990 

28 .;4o 39.s 5.60 6.7 1; .. 530 
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ub Urine Cr p Cumulati e 

o. 1 ht{G.) mg/1 0 l . m q/1 . Volume(ml.) . 

A29 .525 39.1 ;.18 6.0 16.055 

30 . ;37 38. 3 5.49 5'. 9 16. 592 

Bl .560 32 . 0 8.27 3.3 0.560 

B2 . 385' 32. 8 8.14 4. 2 0.94; 

B3 . 61; 33.2 8.71 3. 5 1.560 

BL- .600 36.0 9. 77 5.6 2.160 

B5 . 800 36 . l. 10. ,1 3. 2 2 •. 960 

B6 . 774 36 . 0 10.56 1. 6 3.734 

Cl .• 550 36.1 10. 1 0.9 0. 550 

C2 . 431 35.3 9 . 21 1. 3 0 . 9 1 

C3 ~,47 35.1 8 . 52 3.3 1 . ,28 

C4 .• 471 34.9 9.18 2. 3 1. 999 

C5 ·.816 34.6 10. 1 . 1. 6 2 . 815 

C6 . ?26 34. 9 10. 68 1.6 3.,43 

C7 . 628 35. 7 9. 95 1 . 1 l+ .171 

cs .• ,51 3,.1 8. 89 o.8 4.722 

C9 . 584 33.3 8.46 0. 9 5. 306 

ClO . ,20 33 .2 8.1? 1. 0 5. 826 

cu . ,ao 32.3 7.8; 1.1+ 6.406 

Cl2 . 6 4 ~., 8 ..i• • 7.68 2.s 7.050 

c13 .527 32.1 7.61 3.4 7. 577 

Cl4 .598 31.9 7. 32 5.2 8 .. 175 

Cl5 .565 32.0 1.13 5.6 8.740 

Cl6 .46 32.4 7.21 6.5 9.2oi+ 

Cl? .510 32.2 7.16 6.5' 9.714 

Cl8 .$42 32.0 7.03 6 .. 9 10.2;6 
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Tube Urine Cr p Cumul tive 

o. Weigbt(O.) mg/100 ml. 'q/1. olume(ml.} 

Cl9 ..1+65 32.4 6.74 7.4 10.721 

C20 .5'33 32.1 6.50 8.2 11.2,4 

C21 .,oo 32.4 6.52 9.2 1.1.754 

C22 .49; 33.1 6.20 9.6 12 .. 249 
c23 .493 32.6 6.13 10.9 12.742 

C24 .487 32.8 ;.77 12.7 13.229 

c2; .~9 32.7 5.58 12.2 13.778 

C26 .511 33.2 5.35 11.3 14.289 

C27 .;12 33.5 ;.28 9.9 14.801 

C28 .;12 33.1 ;;.55 11.7 15.313 

C29 .515 34:.8 ;.52 7.9 1;.828 

c30 .516 31t.3 ;. 1 7.5 16 • .341+ 

~ . 

ggt:rol Urines: 

o. 1 2 3 4 ; 

Vol . (m1./m1n.) 3.50 3.25 3.13 3.95 3.75 

Ccr (ml./min.) 19.5 18 .. 0 17.1 18.'7 17.5 

;• excr tion P: 37.7 39.4 36.6 55.2 ,a.3 

No. 6 7 s 9 

Vol .. (ml ./min.) 3.75 4.oo 3.88 3.63 

Ccr (ml./m1n.) 17.6 15.5 15.8 14.7 
6 excretion P: 55.2 51.2 50.4 48.2 



Dog I vi. 

top- Flow U ins: 

crub Tub % 'rot 1 Urin ry s 
traction ot 

o. olume o. olum th t filtered. 

Al 3.5 .536 29 107.1 .230 

A2 6.4 .539 30 110.7 .248 

A3 8.? .535 
,4 . 11.4 .li86 Bl 3.4 .469 

A5 15.5 .551 B2 !).8 .450 

A6 19.9 .;74 3 9., .476 

7 23.4 • 517 Bl+ 13.2 .492 

AB 28.2 .529 B5' 1 .1 .528 

9 32.6 .;37 6 22.8 .;32 

10 36.9 .,70 

11 41.0 .551 Cl J.4 .. ;10 

Al2 45.l .518 C2 6.0 .479 

13 49.2 .530 c3 9.3 .446 

A14 52.9 .543 C 12.2 .483 

15' 56.6 .536 c; 17.2 .539 

Alf. 60.6 .447 C6 21.7 .562 

17 4.o 11425 C? 25.; .512 

Al8 67 .. 5 .~36 ca 2 .9 .465 

9 71.1 .408 C9 32.5 • 67 

20 ?4.? .380 Cl 35.6 .452 

21 78.6 .308 Cll 39.2 .447 

22 82.1 .295 Cl2 L.3.1 ,.444 

23 a,.1 .25 Cl3 1+6.4 .'136 

2 89.5' 41256 Cl4 50.0 .422 

A25 92.8 .236 ·c15 53.5 .409 

A2 96.4 .233 Cl6 56.3 .409 

A27 100.0 .186 Cl7 ;9.4 .410 

A28 103.6 .2 4 c18 62.7 • 0 

Cl9 65.6 .382 
c,0 



Tube j: otal Urinary P as 
fraction of 

No . VolUllie that tilt Ped. 

C20 68.9 "372 

C21 71.9 .370 

C22 74.9 .338 

c23 78.o .345 
C24 80.9 .338 

c2; 84.~ .., .313 

C26 87.4 .296 

c27 90.6 .290 

C28 93 .. 7 .303 

C29 96.8 .291 

C30 100.0 .290 

Dog I - Vii 

ote: C30 t ken s lOOj o! total intra-tubul r volume 
despite vague end-point, as (1} this is in fact 
the most proximal and lowest P concentration present , 
and (ii) this gives the site or inimal u 
concentration as 3,.6~ of the 1ntr -tubul r · 
volum, which care ponds very closely.to that 
of 36.9j: in A. 

6 P % Tot 1 Intra-Tubular Volume 

(C - A} of A of C 

- .007 22.8 to 23.4 0.6 

- .019 26.2 3.4 

- .o;o 28.2 ;.4 
- .o;a 28.8 6.0 

- .091 32.1 9.3 

- .054 32.6 9. 

- .087 35.0 12.2 

- .031 36 .. 9 14.1 

- .012 40.0 17.2 



Dog I - viii 

D. p 

(C - A) or ot C 

+ .011 41.0 1 .2 

+ .o44 44.; 21.7 

- .006 5.1 22.3 

- .008 48.3 2,., 
- .065 49.2 26 .. 4 

- .07 ;1.7 2 .9 

- .076 52.9 30.1 

- .069 ;,.3 32.; 

- .08>+ 5'6.6 33.8 

+ .oo; 58.4 35.6 

0. 000 60.6 37.8 

+ .022 62.0 39.2 

+ .019 64.o 41.2 

+ .o 65.9 1 3.1 

0.000 67.5 44.7 

+ .028 69.2 46.4 

+ .014 71.1 48.3 

... .o 2 72.B 50.0 

+ .029 74.7 51 .9 

+ .11 7 . 3 53.5 
+ .101 78.6 55.8 
+ .114 ?9.1 5 .3 
+ .115 82.l ;9.3 

+ .154 82 . 2 ;9.4 

+ .148 85.5 62.7 

+ .126 85.7 62.9 

+ .126 88. 65.6 

... 116 89. 5 66.7 



~ p 

(C - A) 

+ .136 

+ .134 

+ .137 

+ .105 

+ .152 

+ .159 

+ .101 

+ .094 

+ .108 

+ . 0?3 

+ .048 

+ .o 2 

% Total 

of 

9.17 

92.8 

9~·.? 

96.l+ 

97.7 

100.0 

100.8 

103.6 

103.7 

107.1 

110. 2 

110.7 

I -

of C 

68.9 

70.0 

71.9 

73.6 

74.9 

77.2 

7 .o 
80.8 

80.9 

84.3 

87.4 

87.9 



DOO J 

•xperiment 11 

Intus1ogs: (1) 5 dextro -wat r 

(2) 'Nor al' saline, containin 1.0 G. 

er atin1ne per litre . Com nc d at 8.40 • • 

Priming Do§i or o., G. er tinine, giv n I.V. 

Egu111brat1on tiod: 78 inut s. 

log<J and Urin collections: 

Blood 
CD ® <w s 1 • . 

Urin 

1 
9.59 10.31 
to to . to to 
10.o~ 10.07_ 10.11® 0.3@ 

® 

ratho one, 
400 u., gi n I.V. 

10.11 • • 

Blood 
© CV pl s: 

Urin • 10.39 • 
to 

~ 
3c~ 

10.43© 

1 to 1 to 

lood 
® ® @ pl • • 

Uri s: 11.1 
to to to 
11.1® 11.18® 11.22 

® 
. 
0 : (1) Urin collection 7 be 1 edi tely 

(~) loo s ple 5 broken oon tter coll 

t 8.41 • • 

to 
10.39© 

Cl to C30 

1'lr c30. 
ction. 



SULT 

(A) Observed @Sult§: 

Ser • . 
o. l 

Cr (mg/100 ml.) 4.91 

p ( /100 ml.) 3.3; 

. o. 7 

Cr ( g/100 ml.) ;.03 

P (mg/100 ml.) 3.03 

Cggtrol Urines:, 

o . 1 

Vol. ( -1.) 22.0 

Cr ( g/100 ml.) 14.3 
p (mg/100 rnl.) 1.60 

Na (m.!.q/1.) 6.6 

·o. 6 

Vol. ( 1.) 22., 

Cr ( g/100 ml.) 11.0 

p (mg/100 l.) 2.79 

a ( q/1.) 1.9 

Stop-Flo Urines: 

Tube Urine Cr 

2 

4.91 

3.33 

2 

24.o 

13.2 

1.62 

6.8 

7 

21.0 

10.2 

3.66 

2.; 

p 

Dog J - 11 

~ .., 

4.73 

3.14 

9 

5.03 

3.16 

3 

27.0 

12.6 

1.62 

1.2 

8 

19.0 

10.4 

4 6 
5.03 5.03 

3.10 3.06 

-
4 ; 

22.5 22.; 

12.0 11.; 

2.53 2.68 

2.1 1.9 

9 

17.5 

10.7 

. 3.83 .o4 

2.2 l.'7 

a Cumulativ 
Bo. Weight(G.) g/100 1. q/1. Volnnte{ l.) 

l .841 1,.1 2.73 1.8 .841 

A2 .696 18.3 2.90 2.7 1.;37 



og J - 111 

Tube rine Cr p Ila Cumulative 

o. Weight(tf.) m /100 1. ·q/1. Volume(anl .) 

3 . 6c4 18.4 2.91 3.8 2.141 

A .510 J8.l 2.89 5.0 2.651 

t,. 5 . 623 l?.9 2.90 f.6 3.274 
A6 • 67 17.6 2.73 8.o 3.741 
A7 .;12 17.7 3.06 7.5 ~.253 
AB .546 20.0 3.66 7.2 ~.799 
A9 . 597 21 .2 4.02 2.8 5.396 
10 r.:' r1 9 • .J' V 21.; 3.86 1.7 ,.905 
11 . 634 20.5 3·. a1 t.2 6.539 

Al2 .549 20. 2 3.70 1 • ?.08& 
~13 • ti99 20. 0 3.63 1.7 7.587 
A14 .;;7 18.9 3.52 8.144 

Al5' .591 19.0 3.57 1.8 8.735 
Al6 .544 18.8 3.~2 1.7 9. 279 

17 .496 18.5 3.21+ 1.9 9.775 
Al8 . 5?6 18.3 3. 3 2.2 10.351 

Al9 ·.1 .. es 17.9 3. 28 ·2.8 10.839 

120 • 531 17.? 3.18 2.9 11. 370 

A21 .569 l?.3 3.21 3. 0 11.939 
A22 • 90 16.8 2.9 2.2 12.429 

A23 .528 16.7 2. 5 2.3 12.957 
24 .;o 16.9 2.76 2.2 13.l.61 

A25 . 565 16.5 2.63 · 2.3 14.026 

26 • 89 16.2 2.£0 2.8 14.515 

A27 .52? 16.4 2. 6 2.2 15.o42 
A28 • 88 20.4 3.07 .7 lJ.530 
!29 . 523 1,.~ 2.37 · 2.5 16.053 
)O:spilt. 



Dog J - iv 

Tub Urine Cr p N Cu ulativ 
o. ieight (Ci.) mg/100 l . . m q/1. Volume (ml.) 

1 • 78l+ 1;.6 2.77 0.7"4 
B2 .782 18.; 2.65 1.566 
B3 .683 18.6 3.13 - 2.249 

.628 17.5 2.48 2.877 
B5 .587 18.1 2.13 -- 3.4t4 ,. 

6 .512 17.9 2.75 3.976 

Cl .?78 18.4 3. 50 6.1 0.??8 
C2 .705 22.3 3 .. 32 3.4 1.483 
c3 .749 22.0 3.;8 2.5 2.232 

C .551 22.2 3.96 2.1 2.783 c, .,40 22.6 3.33 3.4- 3.323 
C6 .5?5 21.8 3.48 3.8 3.898 
C7 .646 22.0 4.03 4.4 4. 544 

ca • 576 22.8 4·.08 3.8 5.120 

C9 .615 23.7 L..26 2.0 ;.735 
ClO .535 23.6 1.t.31 1.4 6.270 
Cll .578 22.4 4.08 0.9 6.848 
Cl2 .568 22.2 11- .05 o.8 ?.416 
Cl3 .525 22.0 4.1 0.7 7 • .,41 

Cl4 .;37 22.6 3.94 1.0 8.ti-78 

Cl5' .495 21.6 3.75 a.973 
C16 .538 21.8 3.71 - 9.511 
C17 .532 21.6 3.66 10.043 

Cl8 .559 19.6 3.09 l0.602 

Cl9 -~90 21.8 3.66 -:a 11.092 
C20 .502 21.8 3.36 l l. 594 

C21 .571 21.4 !.87 - 12.165 



Dog J - V 

Tube Urin Cr p a Cumulative 
o. -• ight(G.) mg/100 l . q/l. Volume (ml.) 

C22 .515 21.3 3.40 12.680 
c23 .523 21.l 2.g2 13 .. 203 
C2 .;71 20.8 3.02 13.774 
C25 .561 14.335 
C26 .481 19.8 3.23 14.816 
C27 • 5(9 19.8 3.05 15.385 
C28 .489 18.3 3.07 - 15.671+ 
C29 • 52, 19.6 ~.10 - 16.399 
c30 .522 19.3 3. 01. 16.921 

(Bl De~ived Results: 

Control Urines: 
l+ 5 ·o. l 2 3 

Vol(ml./min.) 5.50 6.00 6.?5 5.63 ;.63 
Ccr ( 1./min.) 16.0 16.1 17.9 13.1+ 12.8 

1v excr tion F: 1 .4 1.., .1 19.4 34.2 38.1 

No. 6 7 8. 9 

Vol.{ml./min.) 5. 'l 5.25 4.75 4.37 ..> 

Ccr ( 1./min.) 12.3 10.6 9.8 9.2 
% excretion . 41.7 57.6 5 .7 62.1 . 

o : Ser Cr and concentr tions or blood sa ple 5 a um d inter edi b t·een those ot s ples 4 nd 6. 



rog J - vi 

St op-Flow rine 

ub % Tot al Ur1n ry P tub 'Jo Total Urinary f 
fraction or fract ion or 

o. Volu th·t filtere. o. Vol e that tilt rd. 

1 , .6 . 298 Bl 5. 9 . 295 

A2 10. 2 . 261 B.2 11.9 . 238 
".l 14.2 . 261 B3 17.0 . 276 .., 

4 17. 6 .263 B4 21 . 8 .235 

A5 21 . 8 . 26? B5 26.2 .19; 

6 24. 9 . 256 6 30. 1 .255 

A7 28. 3 . 28, 

AB 31 .9 . 302 Cl 5.9 . 312 

9 35.9 .313 C2 11. 2 . 21+4 

10 39. 3 .296 C3 16.9 . 267 

All 43.5 . 307 c4 21.l . 292 

A12 47.1 . 302 c; 25'.2 . 22+1 

Al3 ;o.4 . 299 C6 29.5 . 261 

Al4 $4.J .307 C7 34.4 .300 

Al5 58. l . 310 C8 3 . 8 . 293 

Al6 61.7 .300 C9 43 .4 . 291t 

Al7 65'.0 .289 Cl 47 . 5 . 299 

A_8 68.8 .309 Cll 51.9 . 29 

A19 72.1 .302 Cl2 56.2 . 299 

,20 75.6 .296 c13 6 . 1 . 311 

21 79.4 .306 Cllt 64. 2 . 2 6 

22 82.6 .289 c1, 68.0 . 284 

A2] 86.1 .262 Cl6 72 . 0 .279 

A24 69.5 .269 Cl? 76 .1 . 268 

·25 93 . 2 .263 Cl8 80. 3 .258 

A26 96.; . 265 Cl9 84. o . 275 

A27 100. 0 .24? C20 87.8 . 252 

A28 103.2 . 248 C21 92.l . 296 

29 106 . 7 . 254 22 96.u . 261 



- v11 

u , ot l Urin ry a 
rracti n of 

o. th i"ilt rd. 

C23 l o.o .227 

C2 104.3 .238 

C25 10 .6 -
C2e 1 2.2 .267 

C27 11£., .252 

C28 .275 

C29 .. .259 

c30 - .2~8 

L1 

( - ) of of C 

.. .010 30.1 to _l. 9 1.8 

- . uOl 35 .. 9 5.8 
+ .01 3 .o 5.9 

- .052 39.3 9.2 

- . 63 1.3 J 1.2 

- .o 0 43.; 13. 

- . 035 4?.ti 16.9 

- .010 4?. 1?.0 

- .o 7 50.4 20.3 

- ac015 5,.2 22.1 

- . 06 s .1 2 .o 
- .069 55;3 2,.2 

- • - 9 58.1 28 • 

- .039 59.6 29.5 
. 000 61.7 31.6 



nog J - v111 

Li .l-' Total Intr · -tubular Volume 

(C - ) of A of C 

+ .011 64.5 34.4 

+ .011 65.0 34.9 

+ .016 68.8 38.7 

- .009 68.9 38.8 

- .008 ?2.1 42.0 

- .002 73.; 43.4 

- .003 75 6 45., 

- .007 77.6 47.5 

- .008 ?9.4 49.3 

+ .009 82.c ,1.9 

+ .010 82.6 52.5 

+ .017 86.1 56.0 

+ .030 86.3 56.2 

+ .o ·2 89.5 59. 4 

+ .048 90.2 60.l 

+ . 023 93.2 £3.1 

+ .021 94.3 61+.2 

+ .019 96 .. 5 66.4 

+ .037 98.1 · 68.1 

'4 .032 100.0 69.9 

+ .031 102.1 72.0 

+ . 020 103 .2 73.1 

+ . 014 106.2 76.1 

+ .004 106.7 ?6.6 

-------------
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Os olar/ Sp. rt In rr lationships in 

random normal wrines. - S ction 5 

Osmol lity as m sm./kg water; Sp. Krt as rru-.bos/em. 

rAbnormal ' Urines -Section 3 . 

Details of t he analyses of these urines are not 
given here, as equa tions were not derived from these 
figures. The ac tua l data can be inspected a t any time 

.u 
in the Endocrine Laboratories' records. 

66 2 . 0 58 2 . 07 72 4. 24 

91 3. ,3 812 20 . 80 411 15.15 

125 4.98 357 11.84 860 22 . 30 

l?O 5.90 221 ? . 66 ?98 23.40 

298 10. 91 81 4.15 879 30 . 00 

252 8.83 4 2.02 652 17. 67 

92 3.85 510 15.37 ?03 20 . 00 

286 9.3t 229 '7.44 332 12.02 

239 7.06 106 4. 24 429 14.46 

:;;20 7.79 42 1.94 926 31 . 4, 

154 6. 05 864 26. 45 689 25. 70 

149 4.81 469 1£ .9; 559 19. 60 

926 27. 70 248 9 . 63 252 7 . 66 

i..10 13. 43 120 5.3.7 295 9.10 

195 ? . 06 56 3 . 02 443 16. 34 

98 4. 32 477 13. 6 332 10. 64 

lt-8 2 . 42 193 6. 05 551 lli-. 40 

928 29. 7P. 106 4.08 25? ?. 66 

402 1 .93. 41 1.78 804 21. 'i2 

.,, 

~ 



Sec 5 - 11 

Osm. Sp.Krt Osm. Sp.Krt Osm Sp . rt 

251 8. 35 479 19. 85 :.'16 6. 5 
130 4.98 225 10. 11 690 17. 50 
982 34.95 389 9. 5'£ 794 23 .90 
1160 37.90 904 23.50 93 26 . 70 
288 10. 15' 1.to2 11 . 23 ?9 19. 30 
661 18 . 10 946 25. 61 7?8 20. 70 

927 30.00 791 20. 70 47 1 . 62 

644 29 . 20 918 25. ?0 982 27 . 91 

? 24 . 80 971 30. 20 

982 23 . 16 5'0 1 . • 47 

420 14. 70 662 23 .82 

660 18. 75 99? 20. 40 

103? 19 .40 124 5. 10 

352 14. 11 106 3. 92 

410 13. 05 695 15. 1 

282 8 . ]8 l61 .,. 11 . 20 

153 6. 05 ?67 15. 11 

202 8. 62 126 4 . 24 

387 10.95 562 15. 87 

;20 1S . 1 966 35. 30 

656 2v . 96 606 18. JO 

579 18 . 01 819 21 . 60 

15 3. 14 380 9. 25 

118 3. 62 221 7. 06 

389 12. 70 1146 29 . 00 

162 ; . 88 92? 31 . 40 

123 3. 75 86 24. 85 
. 

357 10 . 7 85'1 24.85' 



Section 5 . 

TABLE 2 

Progressive Dilution of Individual Urines. 

No . Osm . Sp . Resist . Sp . IC Log . Osm . Log . Sp • Res is t • 
(mOsm,IKg {Ohms/cm.) (mMhos/ 
water) cm . ) 

1 387 84 . 34 11 . 87 2 . 588 1 . 9260 
246 130. 5 7 . 719 2 . 391 2 . 1154 

60 494 . 8 2 . 027 1. 786 2 . 694 

2 510 73 . 04 13. 71 2 . 708 1 . 864 
215 164 . 9 6 . 131 2 . 333 2 . 217 

61 560 . 7 1 . 788 1 . 786 2 . 749 

3 512 50 . 18 19 . 99 2 . 709 1 . 701 
249 98.72 10 . 13 2 . 396 1 . 994 

46 530 . 1 1 . 887 1 . 662 2 . 724 

4 457 91 . 18 10 . 99 2 . 660 1 . 960 
283 141 . 4 7 . 111 2 . 452 2 . 150 

78 483 . 0 2 . 070 1 . 892 2 . 684 

5 998 36 . 05 27 . 40 2 . 999 1 . 557 
441 74 . 21 13 . 48 2 . 634 1 . 937 
218 141 . 4 7 . 111 2 . 339 2 . 150 

67 412 . 3 2 . 429 1 . 826 2.615 



Seetion 8 

0 olar / Sp. 20 Interrelationships !n 

random normal urines. -bection 8 

Osmolality in mOsm/kg. water; Sp.K20 in hos/cm . 

Osm. Sp. 20 Osm. Sp.K20 Osm. p. 20 

908 21.o6 804 20.19 61+5 16.99 
10 ,8 28 .10 613 16.,4 838 21.02 

443 10.73 11i4 .., 27.80 9q8 23.36 

881 2,.22 1172 26.41 1000 24.97 
860 23.?1 791 2 0. 5'2 928 16. 03 

910 24.80 900 24. 74 387 10. 0 

896 22 . 41 991+ 23.91 ,46 13.20 

846 21.75 877 21.59 930 22 .40 

1070 26 . 25 1158 27.14 510 11.,1 

130 3.80 190 5.09 512 16.88 

851 21 . 41 1000 29 . 53 ?29 22.55 
695 18.60 480 7.54 
874 25. 0? 48? 10.72 

550 13.18 703 22.78 

291 9.21 1018 25.03 

5 12. 75 982 25.14 

679 14.64 830 2 ·"7 
681 15.59 1200 29.12 

793 18.19 110 27.7? 
1080 3 .oo 1150 23.91 

1048 27.69 735 22.70 

662 19.93 596 15.16 

1290 23 . 32 617 16.63 

81~ 16.94 656 15.03 
o_ .. --- --c. L- -- -
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Subj ct 

A 

B 

C 

A 

B M 

24-Hour Urinary Osmolar- Creatin1n flelat1onsh1ps 

Weight 
(lbs.) 

7.5 

1.1 

5.9 

7.9 

165 

165 

(A) Nor al n ants 

Volume Cr 
(ml.) Cm /100 . 1.) 

124 14.8 

198 11.0 

242 12.1 

198 9 • . .., 
166 12.1 

167 12.lt-

208 9.3 

352 5., 
125 13.4 

10, 16. 

81 19.0 

136 16.9 

100 20.4 

126 16.5 

21 11+., 

108 10.2 

247 13.5 

223 11.1 

(B) or al dult t 

1421 

1797 

89 

99 

Section 18 

Os. 
(mos /kg 

ater.) 

2.7 

187 

142 

10; 

168 

160 

105' 

63 

206 

285 

3 2 

2?8 

305 

166 

142 

82 

145 

116 

Os /Cr 

1.1;7 

1.70 

1.17 

1.13 

1 .. 39 

1 .29 

1 .. 13 

1.15' 

l.;4 

1.74 

1.80 

1.64· 

1.50 

1.01 

0.98 

0 . 80 

1.07 

1.0, 

o.65 
o.64 



S etion 18 - 11 

ubjact wight Volume Cr Osm. sm/Cr 
(lbs.) ( 1.) (mg/100 1 .. ) ( Osm . /kg 

water . ) 

C M 165 2461 ?l 431 0.61 

D 1·1 163 182~ .., 90 458 0. 51 

155 1074 140 841+ 0 . 60 

F ( ) 130 1215' 96 508 o.;3 
G ( ) 153 1266 125 669 0. 51+ 
H (F} 112 1020 80 368 o.46 
I ( ) 11+1 895 161 ?79 o.48 
J (F) 140 454 2G6 1098 0.,3 
K (ri) 155 656 270 117? o.44 
L ( ) 1'78 831 11+3 752 0.53 

(M) 166 809 25'7 1162 o.4; 
( ) 13; 673 193 985 0. 51 

0(0 150 915 148 929 0.63 
p ( ) 160 1100 191 872 o.46 

1010 211 1058 o.,.o 
1440 117 ;72 0.49 

Q ( 1) 119 1402 115" bgg 0.60 

( ) 159 1527 2 34- /00 0 o.43 

s ( ) 17; 186? I 4-7 Cf /0 0. 62 

T ( ) 165' 1245' 117 586 o.,o 
2?50 57 316 o.·55 
1820 94 435' o.46 
1225 140 638 v. 46 

u ( ) 145 1620 136 73 o.;4 
V ( ) 148 - 80 417 0 . 52 

W CM) 160 1120 1 0 851 0.61 

X {M) 153 1560 132 727 o.,; 



Section 18 - iii 

(C) Obe se Adults 

Subjec t Weight Volume Cr Osm Osm/Cr 
(lbs.) (ml . ) (mg/100 ml . ) (mOsm . /kg 

water.) 

1 (M) 
( 5' ,3") 161 - 130 874 0.67 
2 (M) 196 1650 37 252 0. 69 

3 (F) 
(4 1 10'') 205 2150 56 432 0. 77 
4 (F) 205 - 147 1000 o.68 

5 (F) 18 1480 99 894 0.90 

6 (F) 240 82 750 0.92 

7 (F) 
(5 ' 3°) 192 1350 64 509 0. 80 



ction 18 - iv 

(D) Di\1 rse Clinical Conditions 

Diagnosis ·eight Vol. Cr s • Osm/Cr 
(lbs : ) ( l.} C g/100 ml . ) {rnOsm/kg} 

wat r) 

(F) Thyrotox1cos1s. 
Losing w ig};t 

spite enh need 
'624 appetite 120 795 83 O.?, 

( ) Thyroto 1cos1s. 
Obese. Lost 10 lbs 
1n weight. 290 1670 64.8 568 o.88 
( ) 43 y ars old. 
Di tary tadd1 t. 
Ve ctarian. 
Ca orie intake 
est! ated at 1000 
cals. per d y 
by dietiti n. 105 1260 37.6 132 0.35 
( ) D 1 yed 
developnent ; one 33 42.5 6,o 1.;3 

ge 8 y(<lars; 
chronological a e 

340 13 year. H 1ght 29.2 560 1.99 
41 inches. 

{M)? Hypopituit ry 
Unde cended te t s; 
absent pubic nd 
axillary hair. Bone 
a e 14 y ars, 
Chronological ge 
20 year • Rei ht 
;•2n 116 - 129 890 0.69 

( ) Heavy manual 
labour. Quarry-

1~ 1575 832 0.7; orker 110 

(M) Heavy manual 
labour. Dock-
work r. Stout. - 550 125 lo69 o.86 

{M) 12 year old 
child. Ascending 

64 628 Paraly is.I mobile. 1.3 2 . 01 .. , 

( ) arasmus. 
3 onths old. 9i 558 6.8 ,19 7.60 

Infected Bronch-
1 ctasis. Adult male 
arked anor xi • 90 257 313 910 0.29 



S ction 18 - v 

D1ptnt1 Variation in Urin ry Osmol r/Cr ataatne l ttg 

in .. 9 orma1 Adults, 

Subject Urine 1m , of Vol . Cr Os. Osm/Cr 
1cturit1on { 1.) 1.) 0 (mg/100 ( · osm/kg 

v ter) 

A 1 .1100 284 84 721 .86 

2 1230 176 64 506 .79 

3 1410 236 55 389 .71 
4 171 0 252 90 ,28 .59 
; ' 2v45' 251 84 472 .88 

6 0645 200 158 819 .52 

7 0715 22 136 786 • 58 
B l 0810 2,7 91 5'14 . 56 

2 11 .. 1, 16? 138 626 .45 
3 1945 383 88 728 .83 
4 0015' 465 90 617 .68 

5 0720 525 94 568 .61 
C 1 900 121 8 3c,1+ .64 

2 1015 161 82 500 .61 

3 2200 192 71 49 .63 
4 2':liO ,.J.., l 9 39 250 .64 

5 0100 213 60 383 .64 

6 0430 364 66 440 .66 

7 0800 265 109 629 • 5'B 
8 lJl; 156 1?2 7115 -~3 

9 1400 221 52 394 .76 

10 11,30 211 37 260 .70 
11 1520 208 42 298 .71 

12 16~5 133 7, 36 .;a 
13 1730 6? 81 5'C2 .62 

2i.-
our 

s /Cr 

0.65 

.06lt 

0.61 



ecti on 18 - vi 

Subject Urine T 1 ., of Vol. Cr 0 • Osm/Cr 24-
l,o ictur i t1on C m1 . ) < /100 l . ) ( Osm/kg . Hour 

wa r) Osm/Clt 

D 1 11+10 283 71 512 . ?2 

2 1725 327 7lt L5'0 . 61 

3 2115 323 51 317 . 62 

I+ 2320 382 51 326 .64 

' 0830 3;1 .. 58 ,,- .35 

6 1120 157 180 752 . 42 0.51 

1 1201 206 140 991 .71 

2 1730 31~ 98 602 . 61 

~ 2">48 2 0 151 800 .53 .., .., 

4 0715 114 .., 164 963 .59 

F 1 1 00 260 73 450 .614 

2 1 00 360 51 261 .510 

3 1900 170 109 613 .,60 

4 2310 165 125 696 .,,6 
5 0800 240 165 759 .461 0. 53 

G 1 1310 222 84 394 .47 

2 1620 145 136 551 .41 

3 170, 156 42 228 .55 
4 1900 166 73 396 .54 

5 2245 178 169 773 .46 

6 0655 211 206 96 .43 

7 0920 115' 139 836 .60 

8 1110 73 158 875 .56 0. 54 

H l 1405 420 50 293 .,8 
2 2300 280 95 412 .43 

3 0815 320 105 427 .41 .46 

I 1 1220 1 0 234 90 .39 

2 1545 70 246 8~8 .., .34 

3 2115 235 157 750 .48 
4 0800 490 134 744 .;, o.48 



Section 18 - v11 

ubj ct Urine Time or Vol . Cr Os • Osm/Cr 24-
lo. M1cturition (ml.) ( g/100 1.} {mos /kg our 

water) Os /Cr 

J 1 0925' 21 234 958 .l+l 

2 1250 74 210 1092 .52 

3 1600 72 213 1092 .,1 
4 1'715 32 90 106t: .56 
; 0800 255 204 1112 .55 0.53 

K 1 2625 86 311 1183 .38 
2 0730 159 387 1~26 -' .34 

3 123J 200 190 1038 .5; 
4 18~0 - 211 " ..... 3 c~ 1116 .50 o.44 

L 1 085 72 131 71+0 .,7 
2 1450 69 152 6?8 .45 

3 1730 154 138 739 .. 54 
4 0150 216 158 827 • 52 
; 0810 320 13, 739 • 53 0. 53 

J. 1 0910 255 292 115'1+ .40 

2 164, 272 241 1172 .49 

3 1945 119 241 11?8 .49 

4 2345 163 223 110 .,o o.45 

1 1312 190 189 101 .54 

2 1700 93 204 9 2 .46 
l 2315' 220 196 982 .50 .., 

4 0614 170 188 974 • 52 0.?l 

0 1 115'5 168 147 990 .6? 
2 1710 238 126 850 .68 

3 2110 161 142 899 .63 
4 080 348 1(.lt 1070 .65 0.63 




