COMPARTSON OF THE RENAL' CLEARANCES OF INULIN AND RADIOACTIVE

LABELLED HYPAQUE AB MEASURES OF THE GLOMERULAR FILTRATION RATE
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INTRODUCEION

The standard method of estimating the rate of glomerular filtration
(¢.F.R.) in man has been by the remal clearance of imulin since it was
demonstrated that this plant pblysacohariae is neither secreted nor
reabsorbed by the renal tubules. The criteria which must be satisfied
by a substance for its renal clearance to zive a valid measure of glom-
ernlar filtration rate have been discussed in detail by Smith (1951).
Chemical methods for the determination of inulin in plasma and urine
have been rather unsatisfectory (Smith 1951) and & variety of substances
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have been studied in an &ﬁ&amgt;fb.fiﬁd.é-sﬁbétitﬁté for inulin. The

I '*l'"\ s

en&ogeneus oreatlnlne clearanaé 13 ﬁmdely used for clinical purposes but
the creatinine/iﬁulin-cléarance-rafid:éxcéeds nnity'in'mﬁﬁj'human
subjects indicating a variable dezgree of fﬁgﬁiar 3éér5tion:of ¢reatinihe
(Smith 1951, Berlyne et al 1964) and this cleavance is not a reliable

measure of glomerular Tiltratien in man.

Recently a number of compounds labelled with radicisobopes have
been studied and found to have clearsnces similar to that of inulin.

125

ATyl inulin Tabelled with '“ T has & clearance virtually iderticsl to
that of inulin in the dog (Conecannon et al 1964) but is not read: ly
available and is difficult to sterilise. Radiocactive 5780—labelled
cyanocobalamin gives a satisfactory measure of G.¥.R. if only the free
vitamin in the plasmz is measured (Nelp et al 196k, Cutler and Glatte 1965).
waeéer, even arter a 1arge-10ading dose of unlabelled cyanoﬁobalémin,

plasma protein binding of the labelled compound occurs and is varisble

in extent, nor is it ééﬁj’to determine the proportion of the labelled/

L



1sbelled vitamin which 'is plasma bound in vive (Ekins and Sgherzi 1964,
Donaldson amd Doig unpublishé&.observations)u The most convenient
ipulin substitutes so far available are the radiographic contrast media
sodiunm distrizcate (Hypague) and meglumin diatrizoate (Renografin)
labelied with-131I or 12&1. In man' Hypaque appéars to fulfil many.of
Smith's eriteria; it is not significantly bound to plasma proteins.
(Lasser’ et @l 1962) mor does it readily penetrste red blood cells
(Denneberg et al 1961) ! its renal excretion is complete and its extra-
renal excretion negligible (Dennebers 1965). « fypague and Remografin
have been shown by various authons Lo have elearsnces very similar to
the simultaneous inulin or thiosulphste clearance in man and thg i
literature on these compounds has been well reviewed by Demneberg (1965)
However some authors have mot found the Hypague snd inulin or thiosul-
phate clearances to be identical (Bianchi and Zampieri 1961, Woodruff
and Malvin 4960, Stokes et al 1962, Denneberg 1965) and while some
comparisons were carried out during coutinuous infusion of inulin and
Hypaque (Burbank et al 1963), others were made on the basis of .a.single
injection of Hypaque (Bianchi and Zampieri 15961). The latter are difficult
to' interpret physiologicslly; the difficulties inherent in all "single
injeetion" clearances have been discussed by Smith (1951) and Robson &t

al (1949).

Tt has been variously suggested that Hypague is neither reabsorbed
nor secreted by the renal tubules in man (Burbank et al 1963), nor in

the dog (Woedruff and Malvin 1960), that it is resbsorbed in man (Bianchi/



Bianchi and Zampieri 1961) and in dog (Stokes et al 1962) and that it is
both secreted and reabsorbed in man (Demneberg 1965).

Korris et al (1965) Pfound that the clearance of 1511 Renografin
did not alter when the plasma level was raised by large doses of inactive
Henografin, suggesting that this compound is not handled by the tubules.
However they studied only two subjeects in this way. Hypague would be
expected to behsve in the renal tubules in the same way as Renografin
as it is ‘the azﬁéitfx:izfﬁéftet ion which is estimated in both cases. However
DeAEbENa (1565) ot that Mne b athe /ituin lcarance ratioc Peil, on
average, after the administration of the tubular blocking agent probenecid
and concluded that Hypague is secreted and perhaps also reabsorbed by the

renal tubules in man.

Because of this confusion in the literature about tubular handling
of Hypague in man, the studies described in this paper were carried out
in an attempt to resolve the question of whether or net radioactive
labelled Hypaqué is handled by the venal tubules and to investigzate its
clearence as a measure of the rate of glomerular filtration in humen

subjects.



MATERTAL AND METHODS

Two groups of studies: were carried out.

il PRELIMINARY OBBERVATIONS WITH LABRLLED HYPAQUE ONL¥.

A total of 91 simultaneous clearances of inulin and labelled Hypaoue

were carried out during centinuous infusion of the test substances, 65
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using, T Hypague and 26 with 1251 Hypadgue. 0Of the total§.£5 were

studies in hypertensive patients while the remaining 45 were bledder

olearances in patients with a variety of remal and nom-renal disorders.

The bladder clearances ere carried out as described below in section 2;

the single kidney eclearznces were carried out similarly, using urine
collected f'rom ureteric catheters by & technique similar to that of

Stamey (1961). The isotope count rates were determined as described

below. Inulin was measured in this series by the method of Hyrowsky (1956).
Flasua proteins were precipitated with cadmium sulphate and sodium
hydroxide to give a final dilution in the filtrate of 1:15. TUrines

were precipitated only if protein was presenf and were appropriately
diluted. Five dnulin standards were used and all estimations were carried

out in triplicate. (Clearances were ecalculated as described below.

PROCEDURE:- the subjects were six adult patients, Pive male and
one: female. The procedure was carried out in the morning with the

subject fasting overnight. Bubjects lay supine on a coufortable matiress/



mattress in ‘@ warm room, urine was collected by voluntary voiding
throughout and with the subject standing or sitting up during bladder
emptying. Flastic catheters were inserted percutaneously into forearm
veins, two in one arm and one in the other. Through one catheter =z

‘ 15% solution ‘of mammitol wes dinfused at approximately 10. ml./min.
throughout the procedure to maintain an osmotic diuresis. One of the
reiaining catheters was used for the continuous infusion of a Hypague/
inulin mixture as described below. The other was used for blood sampling.
Blood was always teken from the arm opposite to that receiving the
Hypaque/inulin dnfusion, it was withdrewn into heparinised syringes and
then expelled into plastie tubes eontaining a drop of heparin inywhich

it was immediately centrifuzed and the plasme separated.

B8ix clearances were carried out in each subject, three with tracer
doses of 1&51 labelled:Hypague only and a further three after a single
deose of unlabelled Hypague, in asccordance with a strict programme which

wes identical Tfor sach subjeets

Previous experience had shown that the urine passed at the beginning
of* the procedure was highly concentrated and had a relatively high
inulin-like activity. A blank elearance was therefore carried out under
mennitol diuresis to obtain mrine of a concentration comparable to that
obtained during the inulin and Hypague clearances., This involved a timed
urine collection over 20 minutes during mammitol diuresis with a blood

sample which provided the plasma inulin blank taken at the mid time/



time. Under these conditions the urine inulin blank was always less
than 0.5% of the averaze urine level during the clearances.

25I

Hollowing the blark clearance priming doses of inulin and !
Hypaque were injected and followed by a continuous infusion containing
inulin and 1251 Hypague administered at & constant rate 'of 1 wml./min,
by an infusion pump. The priming doses were calculated on the basis of
body weight to give a plasma inulin level of about 25DJpg;/ﬁl. and 2
total count for plasma 125 I activity of not Tess than 10 ,000 counts
above ha.;slcgrouma urider the :aa*aﬁﬁﬁﬁgéaﬁﬁai{ﬁians described below. The
concentration of the=s&b%ﬁiﬁing infusion was caleulated on the basis of
expected G, F.R. to mgintain these.leveIS‘ﬂhﬁnninfﬁseﬁiatff~ml,fmin. The
total dose of radiosctive material varied from 5 to 25 mc of 1251. After
15 to 20 minutes for equilibration the bladder was enptied and the urine
discarded andithe first elearance period was started.  The duration of
‘the elearance periods depended upon the rate of urine flow but was
usually & to 10 minutes between ‘urine coliections with blood withdrawn
‘at the mid clearsnce time. (Chree'consecutive clearances were carried
out in this way. Immediaﬁely following the urine colleection for the third
clearance 4O mls. of a 45% solution of unlabelled Hypagque (Bayer Products)
was injected over a period of oene minute into the mennitol infusion
catheter. No adverse reactions to the dinjection occurred in any subject.
Ihe consecutive clearances continued without interruptioen until another
three had been carried out (making & total of six) when the procedure was
stopped and ‘the catheters removed.

The/



The urine volumes flor each clearance Wwere measured immediaftely and
were always large enough to allow measurements to the nearest 1 ml,
using a measuring cylinder. Rates of urine flow were obtained by

dividing these volumes by the clearance times.

ANALYPICAL METHODS 0 7 By

114 Inullh Tnulin concentretion in alasma and.urlne was measured
using a mmﬁlflgatlnn oﬂ-the resovcingl m;$hod'adapteﬂﬁfor use on the
Auto- Analyser ﬁreehnicenj Exﬂthe Qgpartment df Blochemistry, University
of Edinburgh. ?Protelnj;%ee ?iltr@tes weﬂe prep&red by the zine sulphate
precipitation method ofh Somogyl (1930) frcm Z;ml s&mples of plasma to
give a final dilution of 1:15 for Bl sa;vle&. The ufine in this series
was found to be:v1ruu 1iy protein free anﬂ urine samnles were s5imply
diluted 1:50 oxr.1:100 excent for the “blank (UO) which swas: not diluted.
Inulin stan&ar&% containing 40, 20 and 30}#g2}ml. of inulin were used.
The following method of runni#g the %ampreé gﬁ? of-cai?uféﬁion.of the
unknown concentrations %&3 dévelopﬁd;by ﬁroféﬁsor R. ﬁ_ fisher The
samples were run on theriuto ﬁnalyser accordlng to a lgthlca in which
corresponding plasma aﬁé urine sanples were adjacent (Tahle 1) This
lattice wes designed to minimise the effects of base line drift of the
instrument and to provide Ffreguent estimations of the standards. As
shown in Table 1 the samples were run in groups in forward then in

reverse order brackested between sets of standards run first in ascending

then in deseending order of concentration. A.duplicate-set of samples/
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samples was then run with the order of the groups and the order of
samples within each group reversed. The percentage optical transmission
at k80 M Was recorded on & strip chaert and the values were read from
this to three signifieant fizures. The inulin concentrations were
caleulated by 2 digital computer for each group of samples separately.
The principles of this ecaleulation are as follows:- the peresentage
transmissions were converted to optical densities and the best line
relating eoncentration to optiecal density was calculated from the three
pairs of standard determinations which bracketed each group of urknowns.
Frbh*%hé«éﬁéfﬁ%ﬁiéﬁﬁ%J6£f%§i§'ﬁiﬂéfﬁhe best estimates of the unknown.
concentrations were cé__let;laﬁgﬁ_ giving & pair of estimates foriveach
sample in each group. The mean of each of these pairs was treated as

a single observation of that sample. Thus from each group one mean
value was obtained for each of two adjacent palrs of urine and plasng
samples. As the whole procedure was run in duplicate but in reverse
order the eventual vesult was two mean values for each plasma and urine
filtrate. The gverage of thesé TWo mean vélues was: used as the best
estimate of concentration in all furthsr calculations. (Under these
conditions the deviation of the two mean valiles from their averasze did
not exceed 1%). Multiplicetion by the appropriate dilution factor and
subtraction of the appropriate blank gave the inulin concéntration in
,ué-/ﬁl;.ﬁi plesma or urine. Studies of inulin recovery from huméﬁ
serum over the range of 100 to 400 us./ml. of added inulin gave a mean

recovery of 99.54 F 0.94% (S.E.) using this method.
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was caleculated from the urine/plasma concentration ratios thus:-

U Hy/P Hy

G Byy/C By Seiemma e
U In/P In

which avoids rounding off errors due to multiplying then dividing by

the rate of urine flow.

RESULTS

L =l ] " i i

S

L ‘I‘ c

1.  Preliminsry observations. o

The values 'of the cleérances and their ratiﬁ in the preliminary
: < g
series are not tebulated in detail. Figure 1 shows the liéqéi regression
125 | PR

of* I Hypagque clearance against the:aimultaneous clearance 'of inulin

caleculated by the method of least squéﬁgs and Figure 2 show§ the corres-

1511 Hypague and inulin, Alls statistical ealculations

ponding line for
were performed_ﬁy standard techniques as described by Mathéf-(1951) and
in each case the values of the clearances from which the liﬁe was calcul~
ated are plotted. gﬁé gedg_va;uéfbf ﬁhézrﬁiio @ybéﬁﬁéécieérance/inulin
clearance is shown togeéh&fiwifh-%ﬁé'?ahgé of'the Ydtio. However these

mean values must be interpreted with caution, as discussed below.

The equation of the regression line for 125-1 Hypaque on inulin is
€ Hy =’Oi§5i@”in§ + 7.35 (Fig.1). The standard error (3.E.) of the slope
is £ 0.0256. Testing the difference of the slope from unity gives a
value of t (for 24 dezrees of freedom) of 2.072 for which the corres-

ponding value of p-is-bétween'O‘OB and 0.025. The value of t for the//
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the difference of the intercept from zero is 1.226 giving p between

0.30 and 0.20. The correlation coefficient (r) is 0.922 for which

p< 0.001. The corresponding equation for 1311 Hypaque (Fig.2) is

C Hy = 0.9% (C In) + 9,67 with standard errors of slope gnd intercept

of T 0.0317 and T 2,2388 respectively. Testing the difference of the
.lePe from unity and the intercept from zero as before, the values of

t (for 63 degrescs of freedom) are 2,308 for the slope and 3.768 for

the intercept, giving corresponding values of p bebween 0.02 and 0.01

for the difference of the slope from unity and p< 0.001 for the difference
of the intercept from zero. The correlation coefficient (r) is 0.965
with pl 0.001. The mean value of the ratio was 1.11 for both isotope
lzbels. These mean values of the ratio are derived from groups of
patients in each of whom a number of determinations of the ratio was

made and the guestion arises whethér the groups of observations for
either isotope can be considered as a single population with a mean of
111 to which a variance can be assigned. The hypoethesis that all of

the observations for each isotope have a common variance was tested by
Bartlett's test for each group (Bartlett 1937). For the 1251.data a
value for the heterogeneity )(%of 59.72 for 6 degrees of freedom was
obtained with a corresponding value of p< 0.0005. For the 1311 data the
results were }<#=-210_9? for 15 degrees of Preedom giving p< 0.0005.

Thus in each case the hetetogeneity 7(zis highly significant and neither
group of data can be considered as a single population nor can a variance
be assigned to the mean of either group. The significance of the differ-

ence of' the means from unity camnot therefore be assessed. The impliecations/
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implications of these findings/ are discussed more fully below.

"y

2 Studies with tracer and unlabelied 1251 Hypagque.

Phe results of these studies are presented in full. In each table
tpow’ refers to the first three clearancgg which were carried out with
tracer Hypague only and “"High" refers tolfhe Tast three clearances
after injection of unlebelled Hypague. Table 2 shows the rate of urine
flow in each clearance period. In most patients there.is no abruot
chenge in urine flow from period %o ﬁeridﬁ bu%;in.patiénts 2 and 6
bladder emptying was probably incomplete on at lTezst one occasion,
resulting in sSudden changes in the apparaﬁt u@ins}fioﬁ; Such errors in
grine flaﬁ affect the values of the clearénces-but'not the ratio of
Hypague clearance/inulin clearance. The Plasna ard urine inulin
cOnceﬁtratiﬁns are showi in Table 3 aﬁd tﬂe t6£a1-;ouﬁts above background
of 1251, indieating relative concentration of labelled Hypague, in Table L.
Count rates between patients are not compasrable as the counts were not
reflerved to & standard; within each patient all counts are expressed as
totals for a @ommon counting period (ﬁSuaily'1,000 secs.). The plasma
levels of Hypague and inulin show slight fluctuation between consecutive
clearance periods but this is only approximately 6.5% at its greatest
during: the first three:ciﬁarance periods and the levels tend to become
steadier in the latter pégt of the experiment, The clearances of inulin
and Hypaque and the ratio Hypague clearance/inulin clearance are shown
for each period in Table 5 a, b and ¢. There are abrupt changes in both

clearances during "Low" in subject 6 and "High" in subject 2 which correspond/
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Subject

(o NN § ) B - UUR U (o SURIG ) ERRY - UV ST

oy b b Wonv

LOW -

1

125.5
85.2
84.4
140.7
83.6
121.3

126.6
95.5
91.3
131.9
87.5
120.5

1.01
1.12
1.08
0.94
1.05
0.99

clearances with tracer

LOW
2

a) Inulin Clearance ml/min.

111.8
78,1
89.3
120.8
70.8
53.4

TABLE 5

Clearance Period

3

105.6
92.8
87.8
147.5
720
128.0

4

1205
81.8
92.8
118.6
76.6
7351

HIGH

104.9
51.3
92.1
127.7
68.2
80.6

b)I{YPaque Clearance ml/min.

106.6
90.5
95.7
118.9
74,1
57.4

c) Ratio C Hypaque/C

0.95
1.16
1.07
0.98
1.05
1.07

110. 7
103.1
98.9
147.9
T7.2
143.9

1.05
1.11
1.13
1.00
1. 07
1l.12

109.9
90.4
98.3
115.5
86.7
83.6

Inulin
0.91
1.11
1.06
0.97
1.13
1.14

ZSII{ypaque only

101.9
53.6
90.5
118.9
70,2
86.1

0.97
1.05
0.98
0.93
1.03
1.07

110.1
87.2
91.0

114.9
72.5
65.8

104.9
89.0
92,2
107.8
64.0
68.9

0.95
1.02
1.01

0.94
0.88
1.05

HIGH - clearances after injection of 18 gm. of unlabelled Hypaque



correspond to the bladder emptying errors noted above, However Table 5(c)
shows that there were no changes of corresponding magnitude in the »ratio
at these times. It is also apparent that the ratio remains close to

unity at both "Low"™ and "High" Hypaaue levels.

The effect of the injection of unlabelled Hypaque on the ¢learances
of inulin and Hypague and on the ratio Hypague clearance/inulin cléarance
was studied by subjecting the data from this series of experiments to an
analysis of variance. The ealculations were carried out by standard
nethods similar to those described by Mather'(1951)-and the results of
the analysis are shown in Tables 6, 7 and 8. The main findings are a
significant fall in the mean value of the ratio between "Low" and "High"
accompanied by significant falls in the mean clearances of both inulin

and- Hypague.

DISCUSSTON

Analysis of the results of the preliminary studies with tracer dosea
of labelled Hypague showed that there was an excellent linear correlation

between the simultaneous clesrances of Hypagque labelled with either-’25i

or 1511 and inulin 'Fig5.1 and 2). If Hypaque were excreted only by
glomerular filtration the regression for Hypaque clearance on inulin

clearance would be expected to diffler from a line of slope unity and

intercept zero only by the errors inherent in the methods of making the//
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the observations. The slope of the regression for Hypague labelled with

5 13
1258 30598 For 2 UT). though

either isotope is close to unity (0.95 for
in both cases the difference from unity is sSuggestively large and is
significant at the 5? but net the 1%'level of probability. The intercept

in each case exceeds"aero; the velue of 7.35 for 1251 is not significant

but that of 9.67 for 11

I is statistically significant. The overall
result is that the Hypaque clearance tends to be greater than the simul-
taneous inulin clearance suggesting that Hypayue may be secreted by thé
tubules tq & small extent. As the slopes of both regreSSioné-gre close
to unity the ratio of Hypague clearance to inulin clearance ("the ratio")
should provide an adeguate medsure of the behéviaur of the Hypague
¢clearance relative to that of inulin with the additional ad#antage_bf
avoiding errors due to inaceurscies in measurament of urine flow. The
medn value of" 1.11 for the ratio for both isotope labels confirms the
tendency to a higher Hypaque clearance then is likely if Hypague were
excreted by filtration alorie. Unflertunately these preliminary experi-
ments were not well designed for statistical &nalysis and &s ha® been
shown sbove, the dsta camnot supply a valid estimate of the variance of
the mean Patic for either label and thus it 1s imp&sﬂible to test the
signifieaﬁcb qf”the difference of the mean ratio from unity. In summary
the results.of éhe_preliﬁinary observations show that the Hypague clearance
dis, on average, somewhat higher than the inulin clearance and sugzest
that a small proportion of the excreted Hypague may be secreted by the
renal tubules. A4 further series of experiments was designed to test the

hypothesis that there is some tubular secretion of Hypaque by studying/
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studying the effecton thé;cleéranae ratio of a large dose of unlabelled
Hypaque. If a mechanism for tubular secretion of Hypague exists it
should be poééible to saturate this by raising the plasma Hypague level
sufficiently and the Hypague clearance should then approach that of
inulin with a’consequent fall in the ratio towards unity. The 1ZSI'la.bel
o1

was used as this hai proved more convenient for storage than I and

gave & smﬁller 1ad1ap ion dose to the subject. The Auto Analyser method

for- inulin isnconsiigrably more precise than the manual method used for
the e&ri?er-é%udies;: However, it is apparent that'#he_vaﬁiahi;ity_between
subjectﬁgis é@nsiderable and as it is not practicable to éarryﬁauﬁ;mare
than about sii congecutive clearances on any one sgﬁjeﬁt,fa considerable
varisnce: between subjects cannot be avoided. The techﬁiqﬁe ef?Analysis
of Variince allows the desired effect {(that lof addeﬁﬁﬂgﬁagﬁe)j?e'he
isolate&:frcmﬁthe effeets on the ratio bf v;fiance'bétﬁ;en suhjects and
any effect dﬁe to the order in which clearances are performed. The
experiments were designed to be analysed in this way and each of the six
subjects was gtudie& in identical fashion before an@ after an intravenous
dose of appr&@imataly 18 gé. of unlabelled Hypague.~ A single dose was
used as it is‘not esﬁentlarl to know the precise level of ihlabelled
Hypague ahdiiﬁ anyréése tﬁéﬁ would be difficult to ﬁeaéﬁré?ehééically
with the preeision necessany To! allow clearances mf unldbéile&‘nypaque

to be determined, “he dose of 18 . 1s sufflclant to.ralse tﬁe total

plasma level of Hypaque several thousand fold. & F 3

The results of the stuﬁy with unlabelled Hypague have already been/
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been described but the analysis of variance performed on them will now
be presented in more detail. The total of 36 clearance periods provides
55 degrees of freedom for estimation of the total variance. TheSe are
partitioned as follows:- 5 degrees of freedom for the variance between
the 'six subjects, 2 for variance due to order within the three "Low"™
plasma level clearances and 2 for the corresponding "High" clearances
making 4 for the *within treatment! variance; there is 1 degree of
freedom for comparison between the treatments (Low and High) accounting
in all for 10 degrees of freedom and leavinz 25 for the inbteraction,
subjects X treatment X order, which supplies the estimate of error.

The total sum of sguares is partitioned in corresponding fashion.

Teble 6 shows the results for the ratio and Table 7 and Table 8 the
results of performing the same spalysis on the actual clesrances of
inulin and Hypaque respectively. The effect of unlabelled Hypaque on the
ratio is the most important result. Referring to Table 6 it is clear
that all the effects are significant at 1% or less, that is the variance
between subjects, that due to order, and the effect of" Hypague are all
significant compared to the error variance. The mean value of the ratio
before added Hypaque is 1.05 while after unlabelled Hypaque it 45 1.01 and
the change is éigﬁificéht-dt‘ﬂﬁ. Although the data when analysed in
this way allows the conclusion that a significant change in the ratio
has ocecurred after Hypaoue there is no such satisfactory means of
testing the difference of the ratio from unity. To' perform such a test
‘the only estimete available of the variance of the lower ratio (expressed

here as percentage, 101%) is that derived from the total mesn sguare/
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square which ineludes all the sources of variation. The variance derived
in this way of the ratio after Hypague is z 1.2% malcing it clear that a
ratio of 101% cannot be distinguished from & ratio of 100% (corresponding
to unity) on the basis of the data aveileble. This being so, as it has
been clearly established that there is, s significant difference in the
ratio before and after Hypadue, it is reasonzble to conclude that the
effect of adding unlabelled Hypaque is to signiflicantly depress the
ratio to a value indistinguishable from unity. This result agrees with
the prediction on the hypothesis that when only tracer doses of Hypague
are used, a small proportion is secreted by the tubules and that the
tubular secretory mechanism can be sa$nr&teﬁ by?elevating the plasma
Hypague level. The hypothesis of tubular secretion provi&es the simplest
and most probable explanstion of the results. Mean vialues of the ratio
of less than unity were not found in either of the groups of studies and
the present data does not support the suggestion that reabsorption of

Hypague ocecurs in man.

It is of interest that s similar analysis of the actual clearances
(Tgbles 7 and 8) shows significgnt falls in both inulin and Hypaque
clearances af'ter administration of Hypaque. 4s it is hardly possible
that Hypegque could depress the inulin clearance while the rate of
glomerular filtration remained unchanged the G.F.R. must have fallen,
on average, during the latter half of the study. This is probably an
effect unrelated to the administration of Hypaque but may be related to

loss of sodium and water due to the continuouvus osmotic diuresis maintained/f
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maintained throughout the experiments.

The small amount of tubular secretion of Hypague when tracer levels
are used is unlikely to be of sigrnificance in most situations where a
measure of G.F.R. is reguired in.man, &, on average, it amounts to only
about: 5% of the simultaneous imulin clearance and in any event inulin
clearances are difficult to determine with errors less than 5%. Labelled
Hypagque is easily estimated in plasma and urine, no protein precipitation
is required and the technigue is much less exacting than that required
for inulin estimation, and,if necessary, there should be no difficulty
in reducing the effect of tubular seeretion by adding unlabelled Hypague
to the infusion, It would appeaxr thet for most purposes the: inulin
clearance in man could be replaced by tie clearance of radiocactive labelled

Hypague without any loss and with a considerable Saving in laboratory time.



SOMMARY

1. Studies in man of the simultaneous renal clearances of Hypaque

Ehei #etidte L XL :
I or I and inulin over a total 6f 91 clearance

ST i s
Perid&s'indiOated that there was a iinear correlation between the
clearances and slso that the Hypaque clearances tended to be highér than
that of imulin suggesting that there was some tubular secretion.of'ﬁ?éaéu&.

2. The effest of umlabelled Hypaque on the ratic Hypaque clearznce/
ihulin clearance was studied in 6 subjécta.

3. 'The mean ratio with tracer H&paque'aﬁiy was 1.05 But-ﬁftef
unlahelled Hypaque it fell to 1.01 and this change is statistiocally
sigificant (p< 0.01). This supports the hypothesis thet although
Hypague. 1s maiuly'excreté& by;glemefular fiitf&tiéﬁ;SbﬁB tubular
secretion also occurs resulting in clearances éhOut 5% higher than the
simultaneous inulin clearance.

4. There was no evidence to suggeést tubular reabsorption of Hypague.

5. The dinulin clearance in man can be replaced for many purposes
by the clearance of radioactive labelled Hypaque, in critieal studies the
effect of tubular secretion can be minimised by adding unlabelled

Hyoaque to the infusion.
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