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The Adaptation of Kidr1ey Tests to Small Laboratory Rodents 

by 

Const~nce A.Livingstone. 

~ethods of estimhtin~ the excretory capacity of the kidney 

by the administration of variou_s compom1ds ar1d the àetermir10.tion 

of their concentration in tl1e urine have long been in use. The 

specifici ty of the sE: -._.tests has increased to the point, vvhere, 

today,we are able ta âetermine not only the efficiency of the 

kidney as a whole,but of th8 various parts of that organ. 

Sorne of the earliest tests were performed on man and among 

these were the observations of Todd (69) and Charcot (5), · 

Roberts (56),Duckworth (13) and Chauvet (7) who publisheci 

accounts of the excretion,in disease, of various drugs, among 

which were mercury,iodides,quinine and nléiny others.In 1897 

Achard and Castaigne (1) introducea the methylene blue test 

which enjoyed extensive popularity. They administered the drug 

intra.muscula.rly and noted tl1e time of the first ë.ppearance in 

the urine,the time of maximum intensity of excretion and the 

time required for its complete elimination.In kidney disease, 

the time of appearance was delayed, aS was étlso the time of 

maximum excretion, while the duration of exGretion was prolonged. 

The test was quite rough,however, and the intramuscular 

administration of the d~te caused pain. 

Indigocarmine was introduced into this field by Heidenhain 

(21). He also administered the dye intramuscularly and found 

that the elimination was prolonged and delayed in disease.This 

test was considered more accura.te than the methylene blue test, 

because indigocarmine was excreted more rapidly. 
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Lepine(28),Dreyfus(l2) and Pu6nat ànd hevillioû(47)worked 

with rosaniline. Klemperer(25),in 1895,introduced an import&nt 

drug into tLis work v1hen he used phlorizin to prove the 

existence of renal diabetes.Carrying t~is further,Achard and 

Delamere(2) found a diminution or absence of phlorizin 

glycosuria in kidney disease.The value of these tests in giving 

an accurate picture of the kidney seemed somewhat dubious, 

however, when it was found that in acute or subacute nephritis, 

the glycosuria iuight be absent, ~vhile the methylene blue test 

sho'~.red a normal or even hyperfunctioning kiàney. 

In l9lO,Geraghty and Rowntree(55)introduced phenolsulphone­

phthalein and suggested that it possessed advantages over the 

tests previously employed because of the coepleteness of its 

excretion by the kidney and because it is easily determined 

quantitatively.Their work seemed ta show th&t the excretion of 

this dye paralleled the functional capacity of the kidney and 

was decreased in the presence of renal àisease,and further,th&t 

it would bring to light in1pending uremia which might otherwise 

go unnoticed.But since this test was influenced by cardiac 

decompensation,slight impairment of renal function was difficult 

to judge with certainty. 

Folin introduced the use of blood creatinine and this work 

was carried on by Myers,Fine and Lough(41,4G 1 43,44,45,46).The 

retention of urie acid was also ueed as an index of renal 

insufficiency. 

The excretion of urea as an estimate of the co~dition of the 

kidney was used from early times.The vvork follow·ea several lines 
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or approach of whi.ch one vvas the estimation of olood ·urca and 

non-protein nitrogen by Folin,Marshall and Rowntree,and another 

the study of the rate of excretion of urea.The ldtter led to the 

formulation or Ambard' s constant (D) wh.ich is a matl1e1üatica.l 

expression for the relationship between the concentration in 

blood and urine of urea and other substances.The rule states tr~t 

the ratio:::. of tl'le concentration of urea in the blood to the square 

root of the urea output in twenty four l1ours is constant .Another 

result of this work w·as the Van Slyke urea clearance test vvlli«hft 

was,and still is, of great clinical value.Van Slyke(40) defines 

"clearancen as the volume of blood clea.red of 1;.rea per j~üi11.ute, 

corrected for urine volume when the latter i5 below 2 cà. per 

minute.It is determined by dividing the 4uantity of urea 

excreted per minute by the quantity contE~.ined in each cc. of 

blood,i.e.,C(max.):.'Q.Y,or,belovv ~ cc per minute,C(stand)= Q«, 
B B 

where U=concentration of urea in urine,V=cc. of urine formed per 

minute and B=concentration of urea in blood. 

All of the above tests, vvhile tll.ey ·were of some use, 

particularly ;it the time tl1ey 'Nere introduced,did not give an 

accurate or truly quantitative picture of ~el'lal activity,with the 

exceptmon of. the Van Slyke urea clearance and ever1 t.L1.a.t does not 

give strictly quantitative and repeatable results • .As knowledge 

of kidney physiology ha.s increa.sea,it has become obvious that 

more exact methods of measuring excretory function are necessary. 

After mùch experimentatiqn and years of contradictory 

tl1eories ,kidney physiology has reached i ts present status ,·,.rv·here 

the theory now accepted is that there are three distinct .f'rocesses 

concerned in excretion by the kidney(29).These are glomerul~r 

filtration together with tubular reabsorption and tubular 

excl_,etion.Glo·merular filtration has been thoroushl~· investibated 
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by tl~e micropipette technique of Plich&.rds(4:9,50,51,70) ,\~vl'1ich 

ha.s deraonstra.ted beyond doubt that glornerular urine is an ultra­

fil~rate of pl&sma containing all the constituents of plasma 

in the same concentration as they appear there,except ~he plasma 

proteins.The proof of tubular reabsorption lies in t~is same 

work,since certain substances,such as glucose and chloride,which 

are present in the capsular fluid,may ue nearly or wholly absent 

fror.a the utine as finally excreted.Tubul;3.r excretion -uas first 

demonstre;.ted in the kidney of tl1.e o.glomerular fish(l4,00,6~~) .This 

fish kià.ney consists of tissue ar.to.logous tû t~J.a.t of the tu_bulc-_._r 

tissue of other ar.1.i~ùals, but none bearing t-J..rtJ resemolance to t:he 

tissue oî the gloraeruli,r~nd since it is ca1.o.ble of excreting all 

the more important constituents of normal fish urine,it must do so 

by tu-bular excretion alone. In the higher a.llima.ls i t l1a.s been shown 

th&t substances appear in the urine in mmch higher concentr~tion 

than could possibly be accounted for by glomerular fi-'-tro.tion alor1e. 

Since these three processes are involve6 in ren&l excretion, 

and since each can be separately affected by the action of drugs 

and disease,it vvould obviously be of value ta be a.Gle to measure 

thepart played oy each s€parate function in the final elaboration 

of the urine .It is along these lines that recent 'Norl-t has probres-

sed. 
As a result of the participat1on by the tu-bules in the process 

of excretion,it becomes difficult to estimate '-iuantitatively 

w·hat happens to any particular substa.nce as it is excrectd.For 

example ,a substance may c..fJpear in t~-:..e urine in tv-;ice GiS concentra.ted 

a form a.s it does in the plaslna(o.rld ht;nce il1 -che olomerular f _i_ltra0t:l 

due to water reaosorption and not necessarilJ to tubular excretion. 

s tS-:r- i c r- h . .t e 



-5-

a basis for any test to rueasure the separc...te 1-jrocesses involved, 

it wou.là be necessary to t1ave sorne sta.nciard substance knov1n to be 

fil tere<i tb.rough the glomerulus and then to _fJas.s inertly .t-Ja.st the 

tubules and into the urine.Any change in concentration which tlds 

substance undergoes in passing down the tu-bules will ir1dicate tne 

extent of wo.ter reabsorption, '~hile if any other substance preser1t 

in the urine at the same time is concentrated to ~ lesser or 

greater extent,it can only be due to tubular reabsorption or 

tubular excretion of this second substance. 

This standard would have to be physiologically inert so that 

subjects as nearly normal as possi-ble could be examined;it woulà 

have to be complet~ly filterable from plasma;and it would h&ve to 

be sorne substance whicr1 eould be accurately determined in bath 

plasma and urine.With these criteria in w.ind,the search was begun 

for a suitable substance.It had been shown(G9,64,14)that the tubules 

of the aglomerular kidney can excrete magnesium,sulphate, 

creatinine,chloride etc.,therefore,probably the tubules of other 

animals would also ûe anle to excrete these dlld pernaps similar 

substances.But,on the other hand,Marshall and Grafflin had shawn 

(31,33,34)that while glucose may appear in the urine of the 

glomerular fish and hi6 her animals,it is never pressnt in the 

urine of the aglomerular fish.'Ihis seemed ta indicate that 

kidney tissue never actually secretes glucose,because it is of 

value to the organism,and since no glucose appears in the urine 

norrnally,it must be reabsorbed by the tubules; while, 1lihen,under 

abnormal circUII.stances ,glucose does afJpear in the urine, i t is 

because it is not adequately re~bsorbed from the blomerular 

filtrate.If this is so,it was suggested that~other sugars might 
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o.lso not oe secreted by the kidney ,and perhaps tb.ose ViLJ.ich are not 

metabolic products might not be rea-bsorbed either. A.s a result of 

this reasoning,much work was carries out on xylose(lO,ll,l7,20, 

38,39)and sucrose(20,24,36,37).Creatinine was also studied,since 

Rehberg had advocated and used the creatinine clearance as a 

measure of glomerular filtration in lùal1(48). 

The dogfish,dog and man were thoroughly investig~ted.In brief, 

the results seemed to indicate that in the dogfish,creatinine is 

excreted by tubular secretion as well as 6lomerular filtration(8, 

55,34)and that xylose and sucrose are excreted exclusively by 

filtration,without any part being taken by the reabsorptive 

process which is normally present for glucose.The results in the 

dog, wl1ich seerns to resen1ble man. more close::L:r vvi th respect to renal 

function than any other animal studied,again indicated that xylose 

anu sucrose are excreted independently of the tubules,and that 

creatinlne,whose clearance is higher tl1an that of these two sugars, 

is removed from tr1e blood by tubular secretion o.s viell as by 

fil~ration(60).In man,as in the dog and dogfish,~t ap~eared that 

xylose and sucrose are neither secreted nor reabsorbed,while 

Jolliffe and Chasis(23)showed that the creatinine clearance 

exceeds the xylose clearance by an average of 74%,indicating that 

creatinine is secreted. 
Further vvork by the same investigators shovved these conc-

lusions to be false,because the reasons for oelieving th&t these 

sugars are not actively reabsorbed,as is glucose, were based on a 

comparison of their concentration ratios with the concentr&tion 

ratioft of urea before and after tne administration of phlorizin, 
~0\lf\à 

and it was later~that urea is excreted in a variable manner, 

and is hence an unreliable standard of referen~e.Neverthele~s, 

tl1is w·ork was very val ua ble ûeco.-c;.se i t v~' as in t.LJ.e r 1.~ht ùircct iùn 

and vva~ the link to the next phase of the -vvork, Wf~ich v~ as the 
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use of inulin. 

Inulin was first introduced here by Shannon(56) and 

independently by Richards,Westfall and Bott(52).As in the case of 

xylose and sucrose,inulin was chosen because it is a non­

metabolized sugar;anâ in adüition,because the large size of the 

molecule would tend to minimize anJ{ possiole diffusion across the 

tubules. It is a starch-like polysaccharide composed of hexose 

molecules ,mostly fructose, and because of tl1e elongate na. ture of 

the polysaccharide molecule,its difussion coefficient is 

considerably les·s than would oe expecteà from its molecular size 

(4).Inulin is completely filterable from pla.sma through collodion, 

although it is about as large r- molecule as could be expected to 

filter through the glomeruli.Physiologivally inactive,it is rapidly 

and quantitatively excreted in the urine. 

Since the inulin clearance is widely used and accepted to-day 

as a measure of the rate of &lomerular fitration,it would be well 

to re-examine briefly the specifications which Smith(64)has 

formulated for a substance suitable for measuring this datum,with 

special reference to inulin. 

1. To be completely filterable through the glomeruli,the 

substance must be complerely filteraûle from plasma through 

artificial merillbranes permeable ta smaller moleculee,but not to 

plasma proteins. 

Inulin is completçly filterable in the &mphioia and is not 

bound oy plas111cl. proteins (88, 56j. 

2. As presumptive evidence against tubular excretion,the 

substance should not be excreted ·by tne aglomerular fish kidney. 

Inulin is not excreted by the tubules of several species 

of aglomerular fish(5~,56). 
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3. The rate of excretion of the substance(UV)should increase 

over wide lirnite in simple,direct proportion to the plasma 

concentration(P), i.e., the clearance UV Should be inde pendent of tl1e 
p 

plasma concentration.This condition in large measure excludes the 

possibility of tubular excretion ~d tubular reabsorption. 

Inulin has oeen shown to follow tDis condition in the dog 

(57) and man(61). 

4. Assuming that adequate doses of phlorizin completely block 

the tubular reabsorption of glucose(which is knovm to be excreted 

by filtration plus reabsorption v\ithout any tubulo.r excretion), 

then,in the phlorizinized animal,the clearance of the substance 

should be eq~al to the glucose clearance. 

Inulin sl10\VS t11is over a ·viide r~n6 e of species(56,67,ül). 

5. ~here the simu~taneous clearances of two or more substances 

are icientical under a v~ ide variety of conditions, this rnay be 

taken as evidence that both substances are excr8teû bi the 

6lomeruli without interference from the variable tubular factors. 

Thé inulin &nd creatinine clearances are identical over a 

wide range where creatinine is kno~~ to be only filtereü(53,57,59, 

63) and,~fter phlorizin,over a wide range where creatinine is 

known to ·oe ej~creteü b:y- filtration plus tubulétr excretion(65). 

6. Where a completely filterable substance is excreted in part 

by tubular activity,its clearance,when depressed oy elevating the 

plasma level, sho-u.ld approac.b the clearance of t~ne test substance 

a.s the limiting asymptote. 

The creatinine cleo.rance in the d.ogfish(5ô), -oir<i(65) E .. 11d 

rnan(58)approaches the inulin clearance â~ tr1e lirnitin6 as,lmptote, 

as the pl~~llia level of creatinine is r~ised. 
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On the 0asis of all ti1is evidence,it seems redsonable to 

assume as a starting point for clearance work that inulin is 

filtered through the glo1neruli in the same concentration per 

unit of water as it is present in the ~lasma,and then passes 

inertly doivn the tubules rernaining in the Séi~!le CiUantity, being 

neither excreted further from the blood coming to the tubules,not 

being reabsorbed.Since tl1is odeurs, the degree of wa.ter reab­

sorption can be determined by the rd.tio of the concentration 

of inulin in urine to the concentration of inulin in plasma, U. 
p 

In addition, the rate of glomerular filtration is ~iven by the 

quantity of inulin excreted per minute,divided by the concentration 

of inulin in plasma,]Y.Using inulin to measure the filtration 
p 

rate,it has been found that in the ëog and man,it is fairly 

steady,regardless of the rate of urine formation except at great 

extremes, indicating that regulation of the rate of ~vc=_:.ter excretion 

is effected prmmarily by regulation of the fr&ction of water 

reéosorbed,not by the filtration rate.Since the reabsorption of 

water varies,inulin and other subst~nces appear in the urine 

in varying concentrations,but this does not necessarily mean ~ny 

variation in the filtration rate itself.(6). 

Inulin thus becon1es an extre1uely v&lua-ole .~t<indd.rd,o.s n.ow, 

anything whicl1 has a clearance less tha.n ttlét t of inulin, such as 

glucose or Vita1nin C ,rnay be assumed to be reabsorbeci ùJ the 

tubules;while anything which has a clearance greater than trllit of 

inulin,such as diodrast o~ phenol red,may be assumed ta be 

excreted by the tubules,as well as filtered through the glomeruli. 

For exainple,it has oeen shawn that the creatil1=i_ne cleëïrance is 

grea ter than the invlin clearance in man(58), tb.e apes (66), th.e 
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chicken(65),the teleost fishes(65)and the ëogfish(5o),indicating 

that in the se animals, creati:nine must oe exc1·eteci in part.tby the 

tubules .On the other hand, the evidence is that the re is no 

tubular excretion of creatinine in tl1e dog (52a,57 ,59 ,69a), the 

rab-bit(~3a),the sheep or seal(63).Henêe,the creatin.ine clearance 

cannot be used to measure the filtrati.on ro.te in r11an as was so long 

believed, but it ban be u.sed for this purpose in the dog. (this 

clears up the false evidence which w&s accumulated when the cre&t-

inine clearance wa.s tested against the xylose and sucrose 

clearances as a standard of filtration.) 

Changing pléiSnla concentrations of ir1ulin have 110 effect on the 

inulin clearance ,for a high plasma concentration will rnean a l1igh 

uri11e concentrat1on,and the ratio uv will re1uain tr1e san1e .T.!Jis is 
p 

contrary to the effect of changing tt1e pl&sr:~& concentration of 

substances which &re excreteci or reabsorbed by the tu-oules ,&s v1ill 

be seen in the case of diodrast. 

In all this work,the term "clearance" is used with a meaning 

slightly different to thQt ori~inally proposed by Van 8lyke for 

urea .Clearance is 11ere defined ctS tl1e virtual volume of blood which 

is cleared of a particu.lar substa.nce in one n1inute' s time, and is 

given by the formula C = UV where tl1ese terms have the sanle rileaning 
B 

as defined above for u.rea(U=concentrati.on of t!1e substance in the 

urine,V:::cc.of u..rine formed per n1inute and. B=-concentratj_on of the 

substa.nce in the blood.) The important d_iffere11ce is that i"iere, tl1e 

volume of u_rine ruô.kes no àifference to the calculation and 

clearance can be detern1ined -by the same formula at any ttrine flow. 

In n1ost cases now ,plaSHla is used ratl1er thar1 whole blo'od, since it 

is only the plasraa which is filtered throu~gh the glomerl,_li,and 
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much error is saved by not introd_ucing t:ne hàernatocrit.Thu_s,t~ne 

formula becomes C: UV, and "plasm.o." is substituted for "blood" in 
p 

the definition. 

As an exarnple,if the an1ount of a particular su.bstance vrhich 

appears in the urine is 1000 mg. o minute and the plasma 

concentratj on is 10~ mg ./cc., then the arnount of plasma cleared of 

this substance per minute is lOOcc.In the case of inulin,this 

figure would give not only the volume of plasma cleared of inulin, 

but also the glorrterulo.r filtration rate, since here tl1ese two are 

identical. In the case of a substance excr-eted ir1 part by the tuoules, 

the value would be 5reater by an amount propor0ioual to the part 

played by the tubules.If there were some substance for wnich the 

tu_bules had such a hit{b~y developed excretory capacity trili.t tl1ey 

completely removed it from the blood coming to them,then the 

clear~nce of tl1is substance vvould be a "complete clearance" ,since 

in one circulation through the kidneys ,part of i t f~ould be 

removed by filtration and all the res~ by tubular excret~on,with 

tl1e resu.lt tl1at each cc. of blood vv-ould be vvholly cleared. 

ObVJiou_sly, the volume of plasma cleared of tb.at substance per 

minute would -be equal to the a mount of plas~aa circulating through ....... 

the kidneys,provided the substance were meither synthesized nor 

destroyed by the kidneys ,and provided it viere concurrentl~y 

transferred to tl1e urine. That is, this value ~vould give tl1.e renal 

plasma flow,and once the renal f)la.srna flovv is d.eterrained,it is a 

simp..Le matter ,knov~ing the perce11.tage of l=·lasma ln \\'hole olood, to 

esti2;.ate the renal blood flow.The renal blooà. flow constitu_tes the 

highest possible figure which the clearance of any substance not 

synthesized by the kidney can have.Since it is often of breat value 

to know the volume of blood flowing throu-ch the kià_neys, such a 
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substance ivould be very useful. 

Phenol red has a much higher clearance than inulin wherever 

it has been studieà and is known to be excreted by the tubules. 

Marshall and Crane(32),studying the excretion of phenol red in the 

dog,noticed that whereas raising the pla5ma level of inulin caused 

the clearance to increase proportionally,raising the plasma level 

of phenol red above certain values caused a progressive decreasei 

in the clearance.This observation has since been extended and 

shawn to apply in all clearamces which involve either tu.-bv.lar 

excretior1 or tubular reabsorption.It has been interpreted to mean 

that a given mass of renal tubular tissue can transport from blood 

to urine - or from the urine to blood in the case of active 

reabsorption - only a fixed,m.axima.l quantity of a substance per 

unit time(62).Thus,as the plasma comcentration of phenol redis 

raised,the phenol red clearance is depressed,approaching the inulin 

clearance as a limi ting factor, bec o. use & bove tl1e ll1a.ximum ainount 

vfhich the tubules can handle, the amount which t.ùey excrete stayst.. 

the same,and althou~h the amount filtered through the glomeruli 

rises parallel to the plasma concer1tration of free ,filttl·c;_-ole 

phenol red,in the ratio UV ,u does not increase as rapidly with 
p 

re6ard to P as i t did at lower plas111a levels ,o.nd tr.te net result 

is a lowered ratio, and hence a lowe red clearance valu.e .This is 

refeJ.-red to as "self-depression of the clearancen anci was fiirst 

demonstrated ir1 ~lian for phenül red by Goldring ,Clarke a.r1d Srnith 

(19) ,a.nd in the dog for d.iodrast and !-.1.ippuran ·oy Elsom,Bott and 

Shiels(l5). 

Observati.ons on the clearances of other substances saon 

show~reéi that tr1e clearance of phenol red is not the hi0hest kno"'Nl1 
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and ti1us not complete; as a resült it cannat be used to rneasure 

renal blood flow.Elsom,Bott and Shiels (15) and Landis,Elsom,Bott 

and Shiels (26) shovved that tl:1e organic ioàine conlpounds,àiod_rast 

and hippuran,are copiously excreted by the tubules in dog,man and 

rabbit (16) ,are completely filterable frou1 plasüla, and t11a-c bath 

the hippuran and diodrast clearances approach more nearly a cornplete 

clearance than does phenol red. Actually, it appears that for all 

practical purposes, the diodrast clear&nce approaches closely 

enoug:~1 a CC.hYlpl~te clearance to be considered iàentical with the 

effective renal plasma flow. The term "effectiven is used because 

this vallle does not measure the total amou11t of blood flowing 

through the kidney,but that part which flows to active excretory 

tissue. Studying these clearances in man with relation to the 

simultaneous inulin and phenol red clearances,Smith (67) found 

that incrsasing tne ~lasma concentration of these iodine compounds 

not only depresses tl-.Leir own clearances, but it a.lso de _presses 

the simultaneous clearance of phenol red,indicating that the 

iodine compounds and pher1ol red are excreteci by a corllilion tubular 

rnechanism. 

Diodrast, or neo-skiodan,is 2,5 diiodo-4-pyridon-N acetic acid, 

dissolved with the aid of diethanolamine.It contains 49.8% iodine, 

is clear a11à almost colourless.Com.rnercial diodrast (vVintbrop) 

is 35% weight by volume. 

Because of the phenomenon of self-depression, the plasma 

level of dioârast must be kept below tr.Le range where self -cie pres sion 

occurs,if diodrast is to be used as a measure of effective renal 

plasma flow.In this range,the kidney actually excretes all the 
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diodrast which is brou_ght ta it in tl'.~.e plasrna,a11d the clearance is 

"complete" and hence equal to the effective renal plasma flow. 

In man~self-depression dües not begin until a level of about 

5 mg% iodine (67) and here tl1e renal olood flow as n1easured by 

the âiodrast clearance constitutes about l/3 of the total cardiac 

output.It is not probable that the actual total renal blood flow 

can be much in excess of this. 

Ivlany of tl1e above facts now known about tl1e mechanism ofi 

tubular excretion might lead to error in the interpretation of 

renal blood flow using the clearance 1üetl1od, tr.Lerefore Smith 

has ag ain propounded certain rules \vhich illust .. be follovved (97). 

Liodrast,if properly controlled will fol~ow all these rules, 

and is,therefore,widely used for this purpose.In urief, the rules 

are: 

1. The substance should have the hi5hest possible clearance, 

since tl1e highest clearance v-.rill approach most nearly tb.e true 

blood flow (synthesis oy renal tissue is exclu_ded in the case of 

diodrast on the grounds that it is not likely that a substance 

foreign to the body should be synthesiseà). 

In this respect,diodrast approaches more nearly a complete 

clearance than phenol red,as has been seen, and has the adv~ntage 

tl1at it is to a. lesser extent bound by plasma proteins ,a fact 

which is important in th8 c&lculation of Tm (v.infra) and in 

addition does not penetrate the red blood cells (19).Thus, as 

already sta.ted the diodra.st clearar1ce approaches closely enough a 

complete clearance to be considereà identical vJittl renal ~lEJsma 

flow (63). 

2. The plasma concentration of t.:1e ~u.bsta11ce must be kept 

l>elow· t.he level where the clearance is si;nificantly self-depressed. 

There are availoble methods of measuring àiodrast a.t 
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sufficiently low plasma levels. 

3. It must be ascertained whether other solutes in the olasma 
~ 

and particularly substances which are themselves excreted by the 

tubules, can interfere ~rv·ith tl1e tubular excretion of tt1e su_ôstance 

in question. 

vVhile phenol red and hip1Juran, if present ,depress the 

diodrast clearance (67) no other substances are known which 

specifically affect tl1ese clearances anà it is probable t.c1at there 

is nothing normally present in plasma in concentrations sufficient 

to have an effect of this kind. 

4. It must be shown that the substance is concurrently 

transferred to the urine and not stored in the kidney. 

Golàring,Clarke étnd Smith have shawn in man (19) that t:he 

clearance of phenol reu, diodrast and hippuran, has the same 

value on rising and falling concentration curves which wou.ld 

indicate that they are not stored but are transferred iu1liLediately 

to the tubula.r urine. 

Diodrast,following these specifications,can hence be used to 

measure effective renal blood flow. 

Dividing the filtr~tion r&te (inulin clearance) by the 

renal plasma flow (diodrast clearance) it is possible to calculate 

the fraction of the plasma which is filtered tliTough tfie 5lomeruli, 

i.e.,the Filtration Fraction or F.F.Thus,if the afferent arterioles 

are constricted,the glollierular pressure is reduced and F.F. tends 

to decrease;while,on the other hand,if the efferent arterioles are 

constricted, the glomerular pressure increases and hence the F.F. 

tends to increase.Actually,the construction of the 6 lomeruli is 

such that when the renal blood flow is altered as a result of changœ 

in arteriœlar tone, a simultaneous oppo5ite change in glomerular 
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pressure tends ta maintain the filtration rate at & const~nt 

level. 

When dlo6r~st excretion is at its highest v~lue,the rate of 

tu.bular excretion,T,is of course,1naximal also.This maximum value 

of tubular excretion has been tern1ed T~.This datum is independent 

of glomerular activity and renal blood flow and is proportional 

to the number or mass of normal,active excretory tubules.The breater 

the number of functional tubules,the more diodrast wil~ be excreted, 

and_ the higher Tm'l> will be, i.e. ,Tm1> measures tl1e tubular excretory 

mass.Diodr&st Tm,unlike renal blood flow,is independent of the 

plasma concentration of diodrast so long as tl1at concentration is 

adeQuate at the existing blood flow to supply a sufficient quantity 

of diodrast per unit time to maintain a maximum rate of excretion; 

it is similarly inàependent of renal blood flow so long as that 

blood flo·w is adequate at the existing 1~~lasma concentréition to 

maintain tt1e rnaximllill rate of excretion.Thus,Tm-:s> can actually oe 

measurea at levels where the clearance is depressed, -becf._u_se the 

tu.bules arE: still excreting to the ir full capacity .Diocirast Till as 

an index of the resiàual quantity of fnnctional tubular tis~ue is 

an e:xtremely important value ,especially v;hen it is assumed, as is 

usually done,that tubular functions related to excretion vary in 

a manner closely paralleling Tm-y .It is possible ta speak of "glucog; 

Tm" also, referring here to tubular réabsorptive mass.Recent work 

has shown that Tm determined by reabsorption,or ~lucose,and Tm 

determined by excretion, or diodrast, do not necessarily parallel & 

one another ~uantitatively (18). 

T, the rate of tubular excretion,is detern1ined (67) by sub-

tracting from the total excretion of diodro.st per rnir1ute, the 

quantity excreted by filtration alone: 
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T:::: T_T\T - PT, ,,F 

where TJ = COilCP{ltra.tion of tl1e solute per cc. of urine, 

V= the rate of urine fo-_~_~,iîr:~tion in cc. per minvte, 

P~ the (_.J,.uantity of sol11te in each cc. of 1._~1.-j_suta, 

I-= the concurr-ent rate of glo-rnerular filtration as reasu.red 

o~r the sitnultaneous pla.sma inulin clear;=Jnce, 

X~ the 1)l&srna clear8.~~-1-ce of diodr;:;.st, 

\~::::..the frc;.ction of water in tite plasma, 

F-==- tl1e fraction of solute· which is free in tl1e pi.t:--4~J:ü8 

ana therefore availaole for filtration. 

VFF co1.nes in-co t ile calcul~tion he re, becal~_se diod.ro.st, lti..J{e )henol 

red, and unliA.e inulin, is bound oy plasjna 2roteins; hence ,not c..ll 

trle ciiodrast in t~ne plas:ma is free for filtration c .. l1Q excretion. 

The ;~-~-~-olJ.I1t of diodrast which is excreted tliTo'l~~gh the ~lor{leruli 

is deterrn-L~''1eo by t!·le extent to which diodro.st is IJound by .Jlas cft;; .... -~ 

proteins,anü hence this latter ciaturn is nece~sary in the 

calcula.tion of Tm. The fraction of free soll_:;te in t1-le pl,-;_sma, o-r 

F, can be deterfni~~ed o~r ultrafi.1 tration tn.rou6 h colloci ion 

mPîn~::;ranes at 37°C. ,and 40 mm. pCO .Since it is ,~sual to express 
~ 

the observeo co-mposition of the ultra.filtrc..te in cor1cer1tro..tions 

oer unit of vJater ,3-llowance must be _Tl;~~-cie for t}~le water cor1ter1t 
.L. 

of the plasma tn ca.Iculating t ,'JE: c.!.uan.tit~r of sol1.1.te filtered 

thro1;:;h tb.e gl(J,(Leruli, ~V., siilce t~ne ir1ulin cle;-:-.. r;:..l1Ce is 

conventionally expressed as cc. of .,lasma ar1d not as cc. of wate.e. 



-18-

In all cases ;~;·here tl1e <i~odrast e~nd inulin clearances of 

one individual are being compared,they must be determined 

simultaneously.By the simultaneous use of inulin dlld diodrast, 

it is possible to learn raany tb.ings about the kidney, i:{lcluding 

the rate of glomerular filtration,the fraction of substance which 

is oeing filtered,the effective renal olood flow,and the 

amount of funftional tubular tissue.These tests have oeen Nidely 

applied in the clinlc and it ha.s been found that the average 

renal ulood f lovv in an adult 1uo.le of 1. 73 so. m. is d.ùout 
~ 

1300 cc.per minute or about one-third of the averdge6arâiac 

output;t~1is is reduced by adrenalin and similar acting drugs, 

through constriction uf the efîerent art er iole, Vfhi]J certa.in 

disturoances of the autonomie nervous system tend to increase 

the renal olood flo·w tr~ough l'"elaxation of the efferent arteriole. 

Because of tb.e inany â.dvanto.e:;es possessed by tl1e S;fl:-.3~11 

rodent as an ex~erimental animal,it seemed advanta5eous to 

attempt an adaptation of the ~~uethods which r-4-ave -oeen devisen 

for larger animals,to the rat."~l~j-ith. trlis end in vievv,the vvork to 

be describeâ. was underta.teen. 

The ~ener~l plan describeQ by Smith(ti7) was usea ctS a basis, 

althougb. 0eca.use of the obvious liiüitations of t!1e rat, 

considerable 1uo<iifica.tion of the L1ethod i1o.d. to ·oe introduced. 

For exan11;le, in ;.:.~an, inulin and dioàras:t are ad~-I!inistered o~-.-

constant intravenous infusion,and num~rous urine sawples are 

collected by a11 inlying catheter ,vfhile blood sa1nples are taken 

at the beginiling,end,and severa! times during the inf1.1sio11X 

period,and the mid point value determined by interpolating 

semi-logarithmically.In the rat,by contrast,infusions 

cannot be given to a.m unanaesthetized éi11imEtl, urine cannot be 
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collected over tao short a .:-eriod of t.L.tlJ.t:, bec ct use tlut enou0 h 

is formed,a.nd only relu.tively Sü.~.a.ll d.ù~ounts of blovd can -be 

dravvn if the animal is to be considered ;)nysiological.1.v.lan_;/ 

dif~'erent ïnodifications to circumvent these difficlllties were 

tried anci discarded, until. a satisfactory raethod ViELS evolved. It 

-was lîoped tl1at 011ce the metl1od vvas established, it would serve 

as a oasis of co1nparison of the functional efficiency of ti1e 

kidneys in rats treated in different ways,since it was felt 

tr~t a picture of how the kidneys are functioning is 

preferable to a gross or even histological examination. 
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Experimental. 

The following is a detailed account of the steps ta.ken 

in evolving a method suitable for estimating renal function in 

the rat by the simultaneous use of inulin and diodrast. 

As it is obviously i!ïlpossible to col lect any 11rine from 

tl1e rat in one minute, urine was collected over a longer peri ad, 

and the urine concentration was divided by the number of minutes 

of collection time in the calculation of clearance.I~~ediately 

after it was drawn the blood was centrifuged at high speed for 

one half hour,the plasma drawn off and the proteins precipitated. 

Inulin was determined according to the method of Corcoran and 

Page (9) using 0.% cc. of yeast treated filtrate.Diodrast was 

determined according to the method of White and Rolfe (72) using 

0.5 cc. of filtrate and 0.0005 N sodium thiosulphate in the 

determination of plasma diodrast and,in most cases,l cc. aliquots 

of urine which had oeen made up to 50 cc. with water iŒtJ1edid.tely 

after collection and 0.0025 1J thiosulphate in the determination 

of urine diodrast.All determinations were carried out at least 

in duplicate. 

Work was begun on diodrast alone,then inulin alone was 

investigated,then both together.Essentially the same procedure was 

followed for each substance indiviàually: a) determination of 

known quantity in aqueous solution, b) determination of known 

quantity added to plasma, c) determination of the actual clearance 

of the substance in the rat. 

Diodrast. a) Determination of known quantity in aqueous solution. 

Diodrast is obtained in solution 35% weisht/volume,containing 

49.8% iodine .From this, solutions of different strength '.~w'sre made 

on the basis of 174.3 mg. of iodine per cc. of the origir1c.~l solution. 
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Solution Content Recoverv 2f R.ecover~ 
A 1.743 mg%I 1.625 mg%I 93.2 

* B 12.201 12.190 99.8 

c 17.430 17.013 97.3 

D 24.402 24.~21 99.2 

E 34.860 33.019 94.7 

The above is on the basis of numerous determination (at least 

twelve in each case) and was considered a sufficiently good 

recovery to warrant proceeding to work on plasma. 

b) Determination of known ~uantity added to plasma. 

Solution 

A 

B 

Content 

17.43 mg%! 

24.90 

R_ecovery 

15.992 mg%I 

24.337 

c) Determination of àiodrast clearance. 

% Recovery 

91.6 

98.0 

The adaptation of a method which had been originated for the 
~ 

dog and man to a such a small animal as the rat presented certain 

probler11s. ~~rany rnodifications were made in the handline;; of t11e 

animais as work progressed,since only by continued trial was it 

possi-ble to deterraine ho·w much and hov; often to draw blood,how to 

collect urine,how long to wait oefore colj_ectin5 urine,how bes-c 

to administer the diuretic,what strength sodimr1 thiosulphate to use 

and so on. Nlany animals Twere lost and raany were carried through 

with no result bef ore the 1nethod was finally standard.ised. Tl1ese 

latter are included,as they give an indication of how the final 

method was arrived at. 

Male albino rats in apparently good condition were used in 

all cases. In general, the routine used at t:nis sta.ge was: l)fluids 

and diodrast administered, 2) 1.2 cc. of blood dr&wn from femoral 

artery and concentration of diodrast in plasma determined,3) urine 
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collected,diluted, and t!1e arHOUI1t of diodrast preser1t detern1ined, 

4) 1.2 cc. of blood drawn from carotid artery anà the concentration 

of diodrast mn plasma ùetermined. 

Animal #Dl 

Zero time - 10 cc. of 2% sodium sulphate administereci oy sto1nach 

tube with 1 cc. of diodrast (Viinthrop) in 5 cc. of water 

subcutaneously (fluids were here admini.~tered as approximately 

7% of body weight.) 

60 min. - 1.2 cc. of blood drawn from femoral artery under ether 

anaesthesia. Five cc. sodium sulphate aàministered by stomach 

tube. Animal placed over metabolism funnel for urine collection 

during next hour. 

120 min. - Blood dra~n from carotid artery and jugular vein (it was 

here attempted to determine the arterio-venous difference but 

this was much too small to be estimated). 0.7 cc. urine 

collected and diluted to 1.4 cc. with water. 

The blood and urine were bath titrated with 0.0005 N thiosulphate. 

This was found ta· be much too weak for tl1e urine. 

The first blood gave a plasma value of 43.167 mg%I. 

The second blood (arterial) gave a plasma value of 18.868 mg%!. 

The second blood(venous) gave a plasma value of 20.988 mg%I. 

The urine was not known accurately but was estimated to contain 

about 5 mg. I. 

No calculation of clearance was attempted. 

Animal #D2 - 255 gm. 

Procedure sarne as for tiDl, but no venous blood taken. 0.1 cc. of 

urine collected and diluted ta 25 cc. 

Blood 1.- 30.19 mg%! in plasma.Blood 2.- 14.92 mg%!. 

The urine was still too concentrated for the strength of thio­

sulphate used.The amount of iodine present was estimated as 



roughly 21.2 mg. 

No calculation of clearance vvas o.tteu1pteGi. 

Animal#D3 - 245 gm., #D4- 310 gm. 

These two animals were done on the same day using the same hlethod 

for each. 

Zero ti~ne - 7cc. of 2% &odiurn sulphate by stomach tube with 1 cc. 

diodrast in 5cc.soàium sulphate subcutaneously. 

15 min. 

rz.o . v m1n. -

60 min. -

7cc. 2% sodium sulphate by stomach tube • 

6cc. ~% sodium sulphate by stomach tube. 

Blood dravvn from femoral artery and arli,üal f;laced over 

furu'lel. 

120 min. - Urine colleted(O .5 cc. from each arlimal,!llade up to 

10 cc. with water.) Blooù drawn from carotid &rtery. 

#3 F:4 

·urine diodrast 1.99 mg. 1,246 rng. 

Plasma I 

Plasma II 

Mid point 

Clearance 

66.14 mg.% 
23.76 mg o1 • /0 

39.0 mg.% 

0.085 cc./min. 

50 .45b mg .;;o 

45.15 mg.% 

47.7 mg.% 
0.043 cc~/min., 

Clearance is àetermined oy the formula, 

c = ~uv....:...---
60 x p 

vJ"here, UV~ total aruount of â.iodrast excreted in oO min. 

p~ plasma concentration of dlodr~st in mg./cc. at the 

mid point. The lilid ~oint is determineü. GJ- ~e;L.i-lot;cirithlnic 

interpolation fro1ü tl1e first and second pla;:Jilla Vd.lu.es,ds 

this is considered to oe t:he lTiost accu.rc..te 1ne-cl1od(bi:i:). 

It was felt at tl1is point tha.t the method of urine col-Lection v .. -~s 

not sufficiently ac cura te ,and this is very i1nportant, since the loss 

of even one drop van make a large aifference in the clearance 

value.The following operation was hence adopted and is used in 



all animo.ls hereo.fter, V·Ti th slme;ht modifications o.s to tirning. The 

bladder is expressed,then the urethra is lig~ted at the be6inning of 

the urine collection period by o. purse-strinb suture 'Nl-.i.ich is passed 

tb.rough the llenis foreskin wit:h a fine needle and tig.btly tieà.To 

facilitate rernoval of the ligature, a small L-srJ.élped piece of copper 

wire is includeà in the li~ a ture as s.r~etc11ed;originél.lly ,orlqesthetic 

vvas a.dmir1istered for this operation, but wa.s lé. ter found to be 

unnecessary. 

At the enà vf the collection perioà, the ar1imal is held over a large 

funnel leading into a grad.uated centrifuge tu-be ,and., ~-~t1ile in this 

position, the ligature is ren1oved and -che oladder expressed. -oy gentle 

pressure. In this way ,no urine is lost .Col:.Lection tlrne is reckoned 

from the tying of the ligatu~e to the end of urine collection.The 

u.rine as collected was made u.p to 50cc. with v1ater and deter.c_:inations 

<ione on lee .aliquots of tl1is solution using 0.0025 N. tb_iosulprlate in 

all cases from this point on. 

P.nirna.ls #D5, D6, fl7, D8, D9, DlO. 

Using the aoove method of urine collection and with blood 

collection and fluid admin::tstratton the s.srne as alrea<iy descri.bed 

for animals D4 and D5,the following results vvere obteined_: 

No. vvt. Time. Urine Urine Dioéirast c le arance - , 
.Y.Q.!.. oio. PlhSlüal Plo.saj~II ccjmin cc/c;m/1nin 

D5 S50 62min. l.Occ 18. ?oa1~ '±~ .• 5Dmes 0 6 • 8 :.:Lfig o.7o O.C030 

D6 250 60 0.5 lü .fJO 29.25 12.08 0.80 0.CGo0 

D7 270 60 0.5 14.7 20.14 22.05 l.lC o.uv~o 

DB 315 60 0.4 13.4 27.34 1-, 1 /! -u. '± 1.05 0.0033 



No. Wt. Time 

D9 250 60 

DlO 320 60 

Urine 
vol. 

0.36 

0.5 

Urine 
dio. 

15.1 

20.6 

c-5 -G -

Diodrast Clearanc e 
Plasma! Plasma II cc/rain cc/gm/min 

53.00 19.08 0.78 0.0031 

46.21 16.74 1.18 0.0036 

This was considered sufficient w·ork on the ôiodro.st clear&,nce of 

normal animals for that time. 

Animal #Dll 

As a mes.ns of checking the relation of clearance to kidney 

mass,one kiàney was removed in this animal one hour before the 

above procedure was st&rted.The rest of the procedure was the same. 

vvt. Time 

Dll 250gm 65 

Urine 
~. 

0.35 

Urine 
dio. 

12.45 

Dioàrast 
Plasma! Plasmaii 

58.93 58.30 

Clearance 
cc/min cc/gm/min 

0.33 0.0013 

The diodrast clearance expressed per gram of body weight is here 

slightly less than ~ that obta.ined in the normal animals. 

With the se facts abou_t the diodrast clearance, it V\ras decmded 

to begin introductory work on inulin. 

Inulin. 

Inulin contains a pyrogen 1}\:hich causes undesir& ble 

physiological changes and v:hich, therefore ,must be rernoved bef ore 

administration.This was done at this tirne by suction filtering a 

hot solution of inulin trœough a Seitz filter using an EK asbestos 

pad. It was later founà that this is insufficient treatment and 

certain disprepancies in the followin5 work may be due to the 

presence of pyrogen in the inulin. 

Since the quantitative determination of ir1ulin involves the 

use of the photoelectric colorimeter,percent recovery was not 

calculated, but curves were drawn up and tl1e results of all 

determinations calibrated against these.Numerous determinations 
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were made at each concentration level, and curves were plotted 

for a) aqueous solutions of inulin, b) inulin added. to urine, 

c) inulin added to plasma. 

The determination of inulin clearance proved to oe somewhat 

more difficult than that of diodrast and involved several further 

changes in methos as will be seen. 

Plasma determina.tions were done on 0.2 cc. of yeast treated 

filtrate.Urine,col:ected as already described,was made up to 50 cc. 

with water and determinations were done on 0.2 cc. aliquots of 

this solution after treatment with yeast. 

Inulin is known to be pocrly absorbed from subcutaneous 

injection (67).For this reason,it was decided to sive inulin 

intravenou_sly by injection into the jugular vein. At this point 

in the work,several animals were lost while the preliminary fluiàs 

were being admir1istered b.t ston1ac:h tube,due to rupture of the 

oesophagus,consequently,fluids were administered subcutaneously 

henceforth. 

Animals #Inl,In2 

zero tirne ,- 0. 7 cc. 2% sodiwn sulrhate subcuataneously. 

15 minutes,- repeated. 

30 min.- repeated 

60 min.- Bla.dûer expressed and urethra ligated, then 2 cc. of 2:{ 

inulin injected into the jugular vein under ether 

ana.set:hesia .Blood taken frorn femoral artery. The v1hole 

operation took about twenty r.ainutes witl:1 5 minutes betvieen 

the injection of inulin and the urawing of blood. 

120 min.(60 mins. after ligation) -1igature removed.Urine collected 

and made up to 50 cc.Immeàiately after all the urine 

was collecteà blood ~as taken from the carotid artery. 
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Time. Clearance Urine 
vol. 

tTrine 
!nul in 

Inulin 
Plasmai Plasmaii cc/min cc/gm/min 

Inl 280 

In2 290 

70 

70 

1.3 

1.7 

10.0 

27.5 

125.0 

100.0 

17.5 0.32 C.OOll 

20.0 0.92 0.0031 

The first plasma values here are too low considering that 40 mg. of 

inulin had just been administered.The difference bet~~veen the first 

and second plasma value was very great which shows that the time 

interval between the first and second blood could be shortened. 

In addition, 20 minutes under anaesthesia is too long if the 

animal is to be considered normal.On the assumption that inulin 

falls shs.rply frorJ a peak irrrrnediately after intravenous 

administration and that the curve then declines more slowly, it 

was decided to let 15 to 20 minutes elapse betvveen tl1e time of 

administration and_ the drawing of the fir5t blood. If the 

assurnption were cor1:·ect then the plasma va.lues would represent 

a period of slowly declining concentration and the mio-point 

interpolation would represent more nearly a true mean. For the 

above reasons the procedure was modified as follows: 

Animals #In3,In4,In5,In6,In7. 

Zero time.- 7 cc. 2% sodium sulphate suocutaneously. 

15 mins.- repeated. 
30 
30 mins.- repeated. 

60 mins.- .Animal was placed in a special holder as illustrb.ted, 

and 2 cc. of 2% ir1ulin in physiological saline injected 

into the jugular vein without anaesthesia. 

75 mins.- Bladder expressed,anaesthesia given,the urethra lig~ted 

and blood ~rawn from the femoral artery.The ~nole time 

under the anaesthetic was less than 10 minutes. 

105 mins.-The ligature w&s removed,urine collected and timed to the 

last drop.An~sthetic 6 iven anâ second blood taken from ., 

the carotid artery. 
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No. Wt. Time Urine Urine Inulin Clearc..nce 

In3 235 30 

In4 236 30 

In5 280 30 

In6 252 30 

In7 250 30 

vol. 

0.9 

0.4 

0.3 

0.2 

0.2 

Inulin Plasma! 

~.5 30.0 

2.75 32.5 

5.25 55.0 

2.25 25.0 

3.75 41.0 

Plasma II cc/rnin 

18.5 0.33 

27.5 0.305 

32.5 0.42 

17.5 0.35 

26.0 0.38 

Work was nov1 conrrnenced on tl1e simultaneous inulin and 

diodrast clearances. 

Diodrast and Inulin Clearances. 

cc/gm/1nin 

0.0014 

0.0013 

0.0015 

0.0014 

0.0015 

As a compromise,i~ was necessary to arrange the timing so that 

the urine collection period began not more than 60 minutes a~ter 

the giving of diodrast ,and also so that the second blood \iv as 

collected not more than 60 minutes after the intravenous injection 

of inulin.This necessitated slit:ht cl12..nt:;es in tr1e tifning of the 

administration of fluids.Modifications are noted as they were 

introduced. 

Animals #1,2. 

zero time.- 6 cc. 2% sodmum sulphate with l cc. dioârast subcutaneoœr 

ly and 4 cc. sodium sulphate intraperitoneally. 

20 mins.- 4 cc. sodium sulphate subcutaneously ann 4 cc. intra-

peritoneally. 

40 mins.- 1~ cc. 2% inulin in saline injected intravenously using 

holder .Operation lasted about 5 mint1tes. 
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50 mins. - Animal anaesthetised, uretl1ra lig&te<i,and bloo<i dr&vt"n 

from femoral artery.Operation too~ about 10 minutes, 

hence the blood was taken about 20 minutes after the 

injection of inulin. 

95 mins. (45 minutes after ligation)- urine collected and tirned to 

the last drop.Anirnal then anaesthetised and carotid 

blood taken. 

No. Wt. Time Urine 
vol. 

1 273 

2 265 

45 

60 

0.4 

0.7 

Urine 
Inulin Diodr. 

1.5 3.97 

7.25 5.56 

Inulin 
Plasma! Plasmaii 

56.0 

lOS.5 

35.0 

26.0 

Inulin clearance 
cc]min Qc/gm/min 

Diodrast clearance 
cc/min cc/gm/min 

0.08 

0.23 

0.0003 

0.0009 

0.47 

0.17 

0.0017 

0.0007 

Diodrast 
Pl.l Pl.2 

18.86 17. 8 

39.44 ô3.4 

In t:he case of è:ini1na.l #1, urine collection w~s prooablJ 

incornplete, be cause although the plasma levels were falling, little 

inulin or diodrast was found in the urine.Moreover the urine volrune 

was small and was obtained with difficulty.Animal #~ had frank blood 

in the urine and the diodrast clearance was less than the inulin 

clearance indicationg kiàney damage.Neither of these aniruals can, 

therefore,be considered standard normals. 

Animais #3,4,5,6,7,8,9. 

It was àecided to return to a 60 minute collection period to 

ensure adequate urine collection.To do this,and still keep clo~e to 

a 60 minute interval between the intravenous injection of inulin and 

the drawing of the second blood, it was necessary to 1erform the 

injection of inulin,urethra ligation and first blood collection as 

close together as possible. 
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Zero time .- 1 cc. diodrast with 4 cc. 2% sodium sulphate su'u­

cutaneously,4 cc. sodium sulphate intraperitoneally, 

and an additional 3 cc. subcutaneously. 

20 mins.- 4 cc. sodium sulphate subcut.aneously and 4 cc. intra­

peritoneally. 

55 mins.- Intravenous injection of 1.5 cc. of 2% inulin in saline 

using holder ( finished 1 ho1.1r from the giving of 

diodras~.Urethra ligated i~ûediately after intravenous 

injection,anirnal anaesthetised and first blood taken ... 
from femoral artery. In all the se aniruals, the takin~ of 

the first blood was completed in from 6 to 9 minutes 

after the injection of inulin. 

115 mins.(60 minutes after ligation)- urine collected,timed to the 

last drop and second blood drawn froiu carotid artery. 

The results are surnw1arised in Chart I,page 31. 

Diodrast Tm was here determined for the first time because 

both clearances were done simultaneously.These animals (#3 - 9) 

are not at all in good agreement,considering the values previously 

obtained for inulin and diodrast alone.An alteration in method was 

hence introduced and the following points were considered,a) the 

leve! of the first plasma inulin in the above animals is not very 

high considering the amount injected,therefore it was felt that a 

smaller injection might give a truer first plasma value, b)the urine 

volurue is very large,therefore it was thought advisable to eut 

down on the amount of fluids and thus obtain~ a truer urine flow, 

rather than such a great diuresis. 

Anirnals #10 - 1~ 

zero time.- 1 cc. diodrast in 4 cc. 2% sodium sulphate subcutaneously 

with 3 cc. sodium sulphate intraperitoneally and an 

additional 3 cc. subcutaneously. 
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Inulin 1 Diodrast Urine Urine 
No. Nt. Time vol. inul. diod. pl.l pl.2 pl.l pl.2 

oc. mg. mg. mg% mg% · mg%! mg%I 
, 

3 240 60 17.7 ·21.12 82.5 25.0 50.03 36.88 
. 

4:-'~ ~38 60 3.0 8.49 126.0 26.0 42.4 11.23 

5: ~80 60 16.25 18.8 205.0 15.0 31.95 8.48 . 
. 

6 ~23 60 1.2 7.8 15.1 90.0 17.a 43.03 55.22 
1 

7~~ ~20 60 1.8 21.25 39.5 56.5 10.0 49.4 38.16 

8 ~25 60 1 18.7 35.7 72.5 37.5 35.61 24.38 

9 ~35 60 1 1.2 10.25 28.5 50.0 7.5 50.03 40.7 
1 

* Right kidney found to be hydronephrotio 

~~t-Figurea indicate no tubular excretion 

CHART - I ~ 

Inulin clearance 
co/ co/ oo/ 
min gto/ gm.ky/ 

min min 

o.s 0.0025 0.30 

0.09 

0.49 0.0014 0.21 

0.32 0.0014 0.17 

1.4 0.0063 

0.59 0.0026 0.3·0 

0.65 0.0028 0.34 
1 

Diodrast clearance 
oo/ oo/ J cc/ 
min gro/ ~-ky/ 

min min 

0.81 0.0034 0.41 

0.64 ' 

1.9 0.0067 0.82 

0.51 0.0023 0.28 

1.5 0.0067 

2.0 o.oosa 1.0 

1.05 , 0.0044 o.55 

Diodrast Tm 
mg/ mg/ 1 mg/ 
min rio/ gm.Icy/ · · · 

min 

0.10 0.0004 

0.24 0.0009 

0.091 0.0004 

·0.41 0.0018 

0.183 o.oooa 

min 

0.05 

0.10 

o.os 

0.21 

0.09 

1 
\)') 

....... 
1 

1 

1 

1 

1 
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20 mins.- 2 cc. sodium sulphate subcutaneously, G cc. intra-

permtoneally (this step was omitted in animals #13 - 18) 

55 mins.- Intravenous injection of 0.8 cc. of 2% inulin in saline. 

Remainder of procedure as described é.bove for animals #3 - 9. 

Results are summarised in Chart II,page 33. 

The clearance ranges.of inulin and diodrast are too large 

here to be useful for compo.rison.The <iiodrast clearances ·v~-o~ld be 

expected to vary over a wide range due to differences in self­

depression at different plasma levels,but the inulin clearance 

should be more constant.Even diourast Tm,which should 6ive a 

steady value over a series of r1ormal animals, varies more tl-.Làn is l-. 

desirable. 

The range in the ur1ilaterally nephrectomised animals was 

determined. 

Animals #19 - 24. 

One hour before the procedure was started,the left kidney was 

removed through a left lumbar incision.The remainder of the 

procedure was as already de~cribed for animals ~13 - 18.The results 

are sUffiillarised in Chart III,page 34. 

Diodrast Tm here is in all cases lower than in the normal 

animals and falls in a fairly definite range.The results in Charts 

II and III indicated that the method was not suffici·~ntly accurate 

in giving a picture of the functioning rat kidney.In addition,two 

drawbacks were a) because of the total amount of blood which had to 

be drawn,it was necessary to use very large rats which were often 

beginning to show senility changes, b) the procedure was rather 

long and cumbersome and,as a result,not more than 2 animals could 

easily be assessed on one day. 



U-l'iae 
Urine Urine Inulin 

No. Wt. Tim~ vol. inul. l diod. pl.l pl.2 
oc. mg. mg. mg% mg% 

10. 233 60 o.a 6.75 16.50 65.0 17.6 

11. 235 64 12.5 36.0 37.5 5.0 

1~. 225 66 4.26 18.55 57.6 7.5 

13 228 60 0.4 0.5 13.20 62.6 17.5 

14: 228 60 0.4 5.25 19.21 62.5 17.5 

15 ~20 60 1.0 10.25 29.1 82.5 22.5 

16 237 60 9.5 35.6 so.o 15.0 

17 ~20 65 1.2 15.0 26.2 60.0 15.0 

18 237 65 8.75 33.3 50.0 o.o 

Diodrast Inulin olearance 
pl.l pl.2 oo/ co/ boo/ 
mg%r mg%! min grD/ .ky/ 

min min 

26.07 16.11 0.33 o.oo1• 0.19 

50.88 29.04 0.81 0.0034 

68.01 51.09 0.29 0.0013 0.15 

84.8 53.0 o.o2 0.0001 

55.12 27.56 0.26 0.0012 0.14 

62.96 51.72 0.38 0.0017 0.20 

49.8 26.28 0.52 0.0021 0.96 

47.27 29.46 0.76 0.0034 0.45 

33.49 17.69 0.59 0.0024 0.35 

CHART - II -

Diodrast clearance Diodrast Tm 
oo/ oc/ oc/ mg/ ~ km~; min gny gm.ky/ min 

min min min min 

1.011 0.0043 o.sa 0.21 0.0009 0.12 

0.25 0.0010 1.5 0.0063 
l 
i 

0.52 0.0023 0.27 0.14 o.ooo6 l o.oa 

0.0009 10.12 0.40 0.0017 0.22 

0.82 0.0036 0.45 0.22 0.0009 0.12 

o.oon l o.13 0.84 0.0038 0.44 0.26 

1.60 0.0066 0.89 0.39 0.0016 0.20 

1.07 0.0048 0.63 0.12 0.0006 o.o7 

2.08 0.0087 1.2 0.36 0.0015 0.121 
~- -- -- -- ---

1 
t:N 
:N 
1 



hrine Urine Inulin Diodrast Inulin clearance. ~ Diodrast clearanoe 
No. Yft. Time vol. inul. diod. pl.l 1 pl.2 pl.l pl.2 oc/ oc/ oo/ oo/i oo/ oo/ co. mg. mg. mg% !mg% mg%I mg%I min gny gm.ky; min gny gm.ky/ 

1 min min J min min 
i 

l 

' 
19 215 60 Oe3· 1.5 8.9 65.0 17.5 87.78 53.84 o.o1 1 o.ooo3 0.07 0.22 0.0010 0.23 

; 
20 j 210. 

1 
0.47 0.53 0.0025 0.65 60 o.s 10.0 21.8 75.0 25.0 77.53 58.51 0.38 0.0013 

i 
! 

1 
21* 225 60 0.3 5.0 6.3 56.0 32.5 61.48 59.26 1 0.19 o.ooos 0.19 o.ooos 

25.0 1 48.54 ' 22 235 60 o.s 2.5 10.6 85.0 44.09 l 0.09 0.0004 [ 
0.391 0.0016 

23 250 60 o.s 10.0 21.5 100.0 22.6 52.15 65.12 0.35 0.0014 0.61 0.0024 

1 24 250 60 0.5 7.0 19.74 87.5 25.0 48.76 53.84 0.25 0.0010 0.65 0.0026 
1 
1 - ~ '-

~~- Figures indiaate no tubular excretion. 

CHART - III -

Diodrast Tm 
mg/ 
min · 

0.09 

0.107 

0.134 

0.157 

0.205 

mg/ 
rio/ 

mg/ 
gm.ky/ 

min min 

o.oo04 , o.og 

o.ooos 

o.ooos 

o.ooos 

o.oooa 
1 
1 

0.1~ 

1 
~.N 
~~ 
1 



-35-

A radical cha11ge in _procedure was hence introduced c:...t this 

point .The resulting method was si1orter, could be used in smaller 

r~ts,and yielded more consistent results.One blood only,at the 

mid-point,was drawn. 

Animals #25 - 35. 

Zero time.- 0.6 cc. diodrast in 3.4 cc. 2% sodium sulphate 

subcutaneously. 

20 mins.- 2 cc. 2% inulin in saline subcutaneously and 1.5 cc. 

intraperitoneally ( although inulin is slowly absorbed 

from these routes,enough was absorbed in the required 

time to give a colorimetrie reading on a 0.2 cc. sample 

of filtrate.This change may account partially for the 

more consistent results obtained ·oecause it annroaches 
..L • 

more nearly the infusion method.) 

60 mins.- Bladder expressed (this must be thoroughly done,so that no 

urine is left to dilute the urine formed in the next 

60 minutes) .Urethra ligated without anaestllesia.This is 
usually 

done in holder, which itself /causes voluntary m.icturition. 

85 mins.- Blood taken from carotid artery under anaesthesia.This is 

completed 30 minutes from the time of ligation. 

110 mins.(50 minutes from ligation) - ligature removed and urine 

collected.Total collection time was estimated to the 

end of urine collection and the time was usually not 

greater than 60 minutes. 

The results are sumrr1arised in Chart IV,page 36. These results 

show more consistent diodrast T1n values. As a check,the clearances 

of a series of unilaterally nephrectoraised ani'11als Vfere determined. 

Animals #36 - 40. 

One hour before the start of the experiment,the left kidney was 

rernoved.The rest of the procedure was the same as that described 

for animals #25 - 35. The results are surnn1arieed in ChG.rt V,page 37. 



Urine Urine 
No4 Wt. Time vol. inul. diod. 

oo. mg. mg. 

25 160 60 0.4 16.75 21.5 

26 195 57 1.0 27.5 42.1 

27 150 70 o.4 15.0 23.85 

2 8 165 65 o.s s.o 26.75 

29 150 60 0.3 12.5 17.49 

30 180 55 

' 
o.e 18.75 33.39 

1 
31 . 148 60 0.7 18.5 30.7 

32 166 59 0.7 8 .o 22.5 

33 1 150 .56 0.7 16.25 23.8 

34 1 175 Iso 0.5 11.75 21.73 
1 

35 176 151 o.s 10.6 1 22.52 
i i 

Plasma Inulin oleare.noe 
inul. diod. oo/ oo/ 
mg% mg%I min gxo/ 

min 

50.0 30.74 ~ 0.56 0.0036 

45.0 46.44 1.0 o.ooso 

42.5 33.92 0.604 0.0033 

20.0 25.44 0.61 o.0036 

45.0 28.77 0.45 o.oo~o 

37.5 36.04 0.90 0.0050 

47.5 57.24 0.64 0.0043 

42.5 61.48 0.31 0.0018 

32.5 27.56 0.89 0.0059 
l 

35.0 18.86 0.56 0.0032 

36.0 17.808 0.478 0.0027 

CHA.RT - IV -

Diodrast clearanoJ Diodrast Tm 
oo/ 

1 
oo/ mg/ mg/ mg/ 

min ' gxo/ min gto/ ~·ky/ 
min min . nu.n 

f 1.10 0.0070 0.179 0.0011 0.139 

1.50 o.ooso 0.265 0.0013 0.177 

1.04 0.0069 0.170 0.0011 0.126 

1.6 0.0096 0.225 0.0013 0.125 

1.01 0.0067 0.161 0.0010 0.122 

1.68 0.0092 0.282 0.0015 0.170 
().OC)\~ 

0.89 o.ooso 0.150 0.0011 0.103 

0.62 0.0037 0.185 0.0011 0.145 

1.5 0.0100 0.175 0.0011 0.128 

~~·à o.o1o9 0.255 0.0014 0.180 

2.07 0.0117 0.274 0.0015 0.186 

1 
\ ,N 
OJ 
1 



\ Urine Urine Plasma Inulin clearance 
No. ~rt. ~im1 vol. inul. diod. inul. diod. co/ oo/ oo/ 

co. mg. mg. mg% mg%! min gto/ gm.ky/ 
1 

Il min min 

36 175 61 1.5 12.75 23.58 37.5 56.81 0.557 0.0031 0.78 

37 158 59 1.1 17.25 29.41 45.0 

1 

59.78 0.649 0.0041 1.0 

38 180 58 o.e 13.26 25.8ô 35.0 58.088 0.652 o.oo34 1.0 

39 170 57 0.7 10.37 17.49 42.5 61.586 0.428 0.0025 0.71 

40 168 1 54 0.8 9.5 14.04 50.0 67.628 0.351 0.0021 0.58 
1 

Mean 0.81 

ky.l. is extirpated kidney. 
kyo2e i• surviving hyperaemic kidney 

CHART - V -

Diod. Clearance 
oo/ 
min/ 

oo/ 
gto/ 
min 

o. sa 0.0038 

0.834 0.0052 

0.767 0.0043 

0.498 0.0029 

0.380 0.0022 

1 

Diodrast Tm 
mg/ ~ mg/ mg/ 
min gm.k:yl/ gm.lcy~ 

min min min 

0.070 0.0004 0.098 0.074 

0.111 o.ooos 0.222 0.154 

0.083 0.0004 0.137 0.087 

0.044 0.0002 o.073 1 0.052 

0.030 0.0002 0.049 0.037 

0.0003 0.116 0.081 

' ~N ....J 
1 
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These dioàrast Tm's all fell in a range well oelow that of the 

normal animals and showed consistency. 

In bath the se grou_ps (Charts IV anü. V) inulin clearance still 

varies considera-oly and seems high.This may be due to a h.i~eraemia 

caused by the inulin since it was learned o.t tr.d.s time tl1o.t Seitz 

filtration alone is not enou6 l1 tu reillove tb.e P~lrogen C01ü1Jletely; 

the inulil1 1nust also be treated ~vith charcoal. 

The very large variation in diodrast clearance values is,of 

course,due to differences of self-depression because of the wide 

range of plasma levels .As a result, t::-lese diodrast> clearance v:::.lues 

are,per se,meaningless.Although Tm~can be determined above the 

level of rnaximum clearance, the true value of ti:is datum here is 

rendered questionable,particularly without t.ne calculd.tj_on of 

FW. Abov~ plasma levels where the tubules ~re saturated,any futther 

increment in excretion is due solely to filtnation,hence at the 

plasrna levels used aoove a large fraction of the total excretion 

is pro-ba-..;ly by 'Nay of filtration.It tr1us becomes very iril:portant to 

k.novi wj:-1at per cent of diodrast is not oouncl to 1;lasma ~~ru teins, but is 
... 

freely filtera.ble. Any atteülpt to estiulùte T acura.tely at such widely 

different plaSüla levels is of little use,without FW. 

The next step in the work should have oeen to sacrifice a lar~e 

number of rats and determine,by ultrafiltration,the adsorption 

isotherm for diodrast in rat blood in relation ta albumin content, 

and then to corredt the above Tm figures for F-::;. For various 

rea sons, i t was impossible to undertake a syste~11atic investigation of 

FW at this time.As a su"ostitute!}l a large series of anin1als Nas 

observe6 at lower plasma 6iodr~st levels,and with ~ smaller rcinge 

of plasma àiodrast.This has given an indication of the concentration 

of diodrast ln viaSit~a at which tr1e clearance is 6red.test - a11.d ~1ence 

of renal blo06 flow.In addition,F was deterili~ned rouglüy on s~;ar&te 
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animals by an ap;lication of the ultrafiltration method descrioed 

by Smith and Sr.aith (68) ,anà a mean value was a!J.t.llied in the 

calcula.tion of Tm"'Daltl1ougl1 at t:hese lower ;~lasma .levels,F does 

not contribute such a lar6 e factor. 

Tr.te ai_)~:aratus used for ultrafiltration is that ~lJ.o·.-;-n in 

Fig. 3. 

1 

' 

!If~ 
,r 

- 1 "' "'c.~ \.~ '(<U~e.. 
~=========~' il ===--~] bi: 

,, 

( 

r1 
- l~r-~Q.~ 

~ 
.. 

~~ :') 

L C.'{ ,-, t\~c::_< ,-

A pres sure tank containing CO~ 25 vols.%, and 0~ 75 vols .• %, 

with an outflow needle valve,is connected through an inverted 

litre flask to a mercury ruanometer and a mercury pressure valve. 
"-- - ~ 

The otflow of baS is directed into a smo..ll collodion sac made in ,... 

a centrifuge tube and tl1e ultrafiltrate is collected in a stoppered 

centrifuge tube which is placed in an aven at a constant teillperature 
0 

of 37 Centigrade .The collodion is prepared accoruing to t~1e ate Giiod 

of ~1arshall and Vickers (35) .Gas fro1n tl1e taru:c is slovJly buboled 

through the apparo.tus until tl1e pressure in the ma.noraeter reac.nes 

166 mm Hg., which,-with t11e ~as mixture used,gives pCO~ 40 mm Hg. 
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Const 8r1t pre s sure at this lev el is maintàirted by adj -Listing the 

mercury valve so tbat excess pressure is released in tl-le fort~1 of 

bub-~Jles . Filtration is &.llovieci to proceed for abou_t 3 hours. 

The blooà for u_ltrafiltration is taken in1 ~ i·.eôlately dt tY1e 

end of the clearance period and hence represents a t:~lasma level 

somewhat lovver than the mid- point . The blood is centrifuged in a 

capped tuoe to i.Jr·ev ~nt eer&tion ond after one-ha lf :hour , the l=·lasma 

is caref ully transferred to a collodion sac , 0 . 3 cc . ~eing reserved( 

for diodrast a11alysis . At tl1e end of filtration , the arnount of dioèi;: 

rast in the filtrate is deterrnined , and F is calcu.lEtted frorJ 

th.e formula Concentra.tion diodrast in thf~ ultra.filtrë.te .. 
Concentration diodrast in plasma 

This rnerely gives &. rovsh idea. of F and is by no :means accurate 

since the removal of a second blooà sa.rfl_t-Jle 30 minutes aftér t~ne 

f irst probably means tr~t the blood is hyoraemic . In addition , 

diodr&st is at a lower concentration in t~ne pl::isma tha:n at tiH:: 

time the clearance is o_etertnined and furtl1er , with such small 

amounts of plasn1a, changes in pH can llrou~_ bly not be avoided . At the 

low plasma levels used here , however , a variation in F does not 

contribute a great fb.ctor to the cale ulation of Tm . 

In a:r1 effort to obt21irt a r ~_,ugh idea of the e;orrelation betv~een 

plasma proteir1 concentr;-_;;_tiol1 a_nü. the &mount of diodrél_st -oound , 

orotein was determined by the falling drop method (71) . This msthod , 
~ 

although not accurate , v"-as t ·oe only one which could be useà on the 

small aHlount of pl&sma availa.ble . The resulta are sl1ov·1n in 0raph I . 

/~ 
•'\o d-'1100 S 

'oo'->C"'\~ 

~e...< ~con . L 

\0 \\ '~ \'i 

~'~~<4 \~~'("~"'t" \.<:) ..... Q. ~ 
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There is sorne indication of & linear correlation bet~een the 

percent of diod~ast bound per gram of protein and the plasma 

concentr::ttion of diodrast ; in generP~.l more dioàrast is bound. at 

lower plasma levels. 

Charts VI, VII and VIII surmnarise the fj_nal results obtained in 

this work. Chart VI gives a SUiili!lary of the complete findings on 

a series of 31 animals (3 ani1nals previously sho·wn are included in 

this table because their range of plasma level is within the desired 

limits).Chart VII is a statistical analysis of the aiodr&st clear~nce 

with relation to plasma level,dividing the clearance values into 

~roups. Chart VIII gives the values for T~ in groups treated 

statistically. 

Cho.rt VI (p.42). 

Inulin clearance shows a rnean value of 0.0027 ccjgm/1nin 

i}lith a deviation fro1n tl1e mean of ..!' 0.0006 • 

... ~ certain difficult~r was encountered in 3 anima.ls in 1~b.ich it 

was found at autopsy that the bla.dder had not been corapletely 

emutied.These animals <~re not inclv.ried.This c;: .. n be avoided in • 

further work -by drawing the urine directly out of tl1e bladder unoer 

anaest:hesia at tl1e en.d of tl1e col_ .. ection perioà. 

Cl-lB.rt VII (p.43). 

The clearances a.re here gro11ped for comparisor1 i:n units 

representing a spread of 2mg% in 1.Jlasma level, except for Group 6 

in which a s.l)re&d of 3 ~u~:)6 is useà because of tl1e fwwer da.ta at 

this lAvel, dnd Group 7,which cont~ins the higher values.The 

analysis sho~TS no significant .difference oetween Groups 1,2 or 3, 

and 4 or 5, while there is a difference between 1,2 and 3 on the 

one hand and 4 and 5 on the ether. Group 6 pro-oably represents 

an intermediate between 5 and 7 since there are only 5 chances in 
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Urine Plasma Inulin clearence Diodrast clearance t r 
No. t. Time vol. inul. diod. eo/gm/min ce/gm/min mg/gm,/min 

co. mg% mg/Or 

41 160 60 0.3 37.6 4.4 0.0022 Oe010l 0.00036 
42 167 58 0.1 31.0 s.o 0.0026 o.ooao 0.00032 
45 154 58 0.1 36.0 5.7 0.0034 0.0095 o.oo046 
44 180 60 0.2 46.0 5.9 0.0029 0.0140 0.00072 
45 178 60 0.2 31.0 6.3 0.0024 0.0096 0.00046 
46 126 60 o.l 37.5 7.4 0.0028 o.ooao 0.00052 
47 162 60 0.3 47.5 7.6 0.0026 0.0110 0.00072 
48 133 60 o.1 so.o 7.8 0.0037 0.0109 0.00068 
49 152 58 0.2 12.5 a.o 0.0011 0.0119 o.oooa2 o.s 
50 150 60 o.s 40.0 8.9 o.oo2a 0.0112 0.00082 
51 181 60 0.2 31.0 9.1 o.0044 o.ooas o.oooss 
52 155 60 0.1 40.0 9.5 0.0016 0.0079 o.oooss 
53 176 58 o.s 25.0 10.1 0.0027 o.olr/1 0.00158 
54 180 55 0.2 35.0 10.1 0.0017 o.o111 0.00110 Oe7ô 
65 135 68 0.2 52.5 10.8 o.oo2s 0.0120 o.ooua 
56 185 60 o.s 30.0 10.8 0.0024 0.0142 0.00138 
57 195 60 o.e 42e5 10.9 0.0023 o.o120 o.00170 0.66 
58 200 60 o.s 42.5 11.2 0.0031 0.0133 0.00150 o.s 
59 200 60 0.7 37.5 11.5 0.0034 0.0160 0.00160 0.46 
60 178 58 0.4 25.0 13.0 o.oos4 0.0149 0.00160 0.69 
61 205 56 o.4 26.0 13.3" o.oo32 0.0114 0.01110 0.53 
62 195 60 o.s 25.0 14.6 0.0024 0.0143 0.00180 0.84 
63 185 63 o.s 31.0 16.1 o.oo2s 0.0104 0.00140 0.71 
64 176 51 0.6 36.0 17.8 0.0027 o.Oll7 0.00170 
65 175 60 0.5 35.0 18.8 o.oo32 0.0109 0.00160 
66 192 62 o.s 33.3 23.3 0.0022 0.0070 0.00120 0.77 
67 200 60 o.s 30.0 21.3 o.oo2s o.oos3 0.00120 Oe70 
28 165 65 o.e 20.0 25.4 o.oosa 0.0096 
25 160 60 0.4 so.o 30.7 0.0035 0.0070 
27 150 10 0.4 42.5 33.9 0.0033 0.0069 
68 180 58 0.4 25.0 35.6 o.oos.2 o.oos1 0.00140 o.s 

Mean o.oo27 Oeô.2.. 
.. 

0' + o.ooos -

CHART - VI -
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Plasma Clearance Group Mean Proba.bility Group Probe.bility Mean cr F.F. 
diod. ce/gm/min -bet'ween gps • between gps,. Xx 100 

4.4 OeOlOl 
5.0 o.ooso 1 o.o104 1-2 p)0.05 
5.7 0.0095 1-3 p)0.05 
5.9 o.o14o 1-4 p<0.05 

6.3 o.oogs 2-3 p')0.05 
7.4 o.ooao 2 0.0099 2-4 p<0.05 I 0.0101 
1eê OeOllO 
7.8 0.0109 

s.o 0.0119 ~ p<O.Ol 
8.9 0.0112 3 0.0100 
9.1 o.oosa 
9.5 0.0079 

10.1 0.0171 1-S p)0.05 15.7 
10.1 o.o111 4-6 p(0.05 15.3 
10.8 0.0120 4 0.0137 II-I p(O.Ol 20.8 
10.8 o.Ol42 II-III p(O.Ol 16.9 
10.9 0.0120 II 0.0133 +Oe0021 15.8 19.1 -11.2 0.0133 23.3 
11.5 o.o1so 21.2 

13.0 
o · C \"\q o.o111 5-6 p\0.05 II 22.8 

13.5- o.oll4 5 0.0135 28.0 
14.8 o.ol43 16.7 

16.1 0.0104 
17.8 o.ol17 6 OeOllO 6-7 p(OeOl 
18.8 0.0109 

23.3 0.0070 
23.3 0.0063 
25.4 o.oo96 7 0.0071 III 0.0090 
30.7 o.oo7o 
33.9 0.0069 
35.6 o.oos1 
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a hundred that it is part of Group 5 and less th~n 1 chance that 

it is part of Group 7 .There are really too fev; dat::k here to co1ne 

to a definite conclusion about this. 

On regrouping into broader units,further analysis shows that 

there is significant difference bevveen groups I, II and III. 

According to these data,it is possible to plot only 3 points on 

the curve of diodrast clearance a6ainst plasma concentr~tion; 

a) a low clearar.1ce range ·below 10 mg%!, b) a range of tnaxidllli11 

clearance certainly between 10 and 14 mg;~I arid possii)ly üetvveen 

10 and 18 mg%I, and c) a depressed clearance range beyond this level. 

The data are too few to a~tempt any further correlation. 

From tb.e datë-l in the group with :uaxiŒi.U;ü clearance, it &ppes.rs 

that the mean renal blood flow is 6.03 cc/gm/min,using an average 

haematocrit of 60% for cells. This is ap~roximately l/3 of the 

total circulating blood vol11me in tl1e rat if 77"a of boày 1,veight is 

used to determine blood volurne.This roughly a.:.~ .... roximA_tes tl1e v~lue 

in man which is 1/3 of the average cardiac output. 

Fro1n the maxi1nunl diodrast clearance i t is also possible to 

calculate Filtr~tion Fraction, inulin clearance x 166 
diodrast clearânce 

This shows what proportion of tüe total excretion is due to 

glorner-ular filt.cc..tion. The raean value here is 20.02% with a standard 

deviation of .:!: 3.99%. This illéi:Y. be co1npared ~~~-ith the data for man (18) 

where F.F. is 18.9% ~ 2.4%, on a larger series. 

Chart VIII (p.45). 

The rate of tubular excretion,T, is the difference between the 

total excretion per mi11ute and the quant ity excreted by filtration, 

that is, 
T ::- diodrast ex cret ion 

time 
PrvvF 
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Plasma T Group Mee..n Probability Group Probability Mean ô ~ 

mg/gm/min - lOg diod. between gps. between gps. Xx 

4. 4 0.00036 1-2 p>o.os 
s.o o.ooo32 1 0.00046 1-3 p<0.05 
5.7 0.00046 1-4 p<OeOl 
5.9 o.ooo72 

6.3 0.00046 
7.4 o.ooos2 2 0.00059 2-3 p) 0.05 
7.6 0.00072 2-4 p<O.Ol I I-II p(O.Ol 
7.8 0.00068 

a.o- o.oooa2 
8. 9 0.00082 3 0.00075 3-4 p(OoOl 
9.1 o.ooosa 
9.5 0.00068 

10.1 o.oo1sa 4-5 p )0.05 
10.1 0.00110 4-6 p) 0.05 
10.8 0.00118 4-7 p )0.05 
10.8 o.ool38 4 0.00143 
10.9 0.00170 
11.2 o.ool50 
11.5 Oe00l60 

13.0 0.00160 5-6 p"-> 0.05 II 0.00145 +J.00021 13.7 -13.3 0.00130 5 0.00156 5-7 p) 0e05 
14.6 0.00180 

16.1 0.00140 6-7 p) 0.05 
17.8 o.ool70 6 0.00156 
la. a 0.00160 • --- .. ft ft. 
23.3 
23.3 Oe00l20 
23.3 0.00120 
35.4 7 0.00129 
30.7 
33.9 
35.6 .. . ·- -· ........... 

CHART - VIII -



-46-

where P is the quantity of solute in each cc. of plasma, I the 

concurrent rate of glomerular filtration as measured by tl1e 

simultaneous inulin clearance, W the fraction of water in the 

plasma, and F the fraction of solute which is free in the· plasma 

and therefore available for filtration. Free diodrast was rou~hly 

determined in sotne of the animals by t11e iü8tl:1od already described, 

and in the se cases, the result is tabulated in Chart I. For ethers 

a mean value of 0.62 was used and is incorporateà into the value 

for T. The fraction 0.62 was considered valid only at the lower 

plasma levels where a difference of ~0.2 in F would give a 

maxitnum difference of only:;. 0.0001 mg. in tl1e result for T 

expressed in terms of body weight. 

W is determined by the formula 1 percent plasma. protein 
100 

(18).Since the average plasma protein value was 5.6% with a 

deviation from the mean oft6.4 , this would give a value for W of 

0.944 ~ 0.004 which would influence the calculation of T maxirnally 

by ~ 0.00002. Since éi variation of this raagnituàe woulr;. n~ve a 

negligible effect on the net result, W is consiàered ~s unity in the 

calculation. 

The data for T are grouped in a sirailar maru1er to the clearance 

data in Chart VII. Again, there is no statistical difference between 

Groups 1,2 amd 3 on the one hand, and 4,5 ,6 and 7 on t11e other. _4.cove 

10 mg%I the tubular excretion is significantly r1ig~:er than below 

this level. Renee it appears that above this plasma level the 

calculation yields Tm~. In these animals ~is ± 0.00021 or 13.7% 

which compares favourably with the variation found in man (18) 

of 18.2%. 
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Conclusions. 

Thus, in a range of diodrast plosma level of 10 to 14 mg%I, 

rna.ximwn à.iodrast clearance can be calclJlated in the rat. Frorn this, 

together with the siraultaneous inulin clearance, it is possi-ble to 

deduce effective renal blood flow,glomerular filtration rate, 

filtration fraction,urine concentration, and diodrast Tm, all of 

which give further information about the kidney. In view of the 

fact that these results show no greater variation than that encounter­

ed by other investigators in the dog and man it is felt that the 

clearance method may be applied satisfactorily to a study of the 

function of the rat kidney under various experimental conâitions. 

S11mmary. 

1. A brief historical survey of the methods of investigating 

renal function by clearance tests is presented. 

2. The essential features of the simultaneous inulin and 

diodrast clearance test as currently applied to lar~er animals 

is outlined. 

3. Experir.nental work is presented to show a) the steps by-

which the inulin-diodrast method was adapted to the rat. b) The 

results obtained with the method as finally devised. 

_iiddendum 

It ha.s recently been shown that ,-amino-hippuric acid can be 

used as a substitute for diodrast in this work but the preparation 

has not as yet been made av~ilable. (Finklestein,N., Aliminosa,L.M. 

and Smith,H.W. 1941. Am. J. Physiol., 133, 276.) 



-48-

:Bibliography. 

1. Acbard,Ch., and Cast aigne ,J .1897 .Die;,gnostic ae 10. per.tne.s. bi li te 
, ~ ,..~ " 

renale. ,Bull. et rnern. Soc .rned .d'hop. de Paris., 14,637-651. 

2. Acl1ard,Ch. ,and Delar11ere, 1l.1899.L~~exploration cliniqlJ.e des 

fonctions rénales par la glycosurie phloridzi(lue. ,Bull.et mém. 

Soc.med.d'hÜp.de Paris.,p.379.(April 7). 

3. Ambard,L.l910 .Le Taux de 1 tu_ré"e dans le sang et 1 t_ é'limination de 
/ 

l'uree da11s l'urj_ne.,Compt.rend.Soc.d.biol.,69,Part 2,411-506. 

4. Bunim,J.J.,Sülith,W.W.and Smith,H.W.l937.The diffusion coefficient 

of inulin and other su~stances of interest in renal physiology. 

J.Biol.Chem.,ll8,667-677. 

5. Charcot,J.M.,l878.Lectures on Bright's Disease of the Kidney,trans 

by Millard,New York. 

6. Chasis,Herbert,c:tnd Smith,H.-vv.l938 •. The excretion of urea in norn1al 

man and in subjects with glomerulonephritis.J.Clin.Invest.,l7, 

347-358. 

7. Chauvet ,Ch.l877 .Du danger des 1uedicaments actifs aans o_es cas o.e 

lesions rén&les.,Paris,Thèse. 

8. Cla,r\je,R.~J. and Smith,H.W.l932.A bsorption. and excretion of water 

and salts by the ela.smobranch fislïes.III.The use of Àylose as a 

measure of t:he glomerular t•iltrate in squalu_s acar1t~nias. ,J .Cell. 

and Comp. Physiol.,!,l3l-143. 

8. Corcoran,A.C.and Page,I.H.l939.Applications of diphenylamine in t~ 

deterraination of L evu.lose in biological media.J.Biol.C hem.,l27, 

601-608. 

lO.Corley,R.C.l926.Pentose 1vletEjbolism.I.The disposal of intravenously 

aâ.n1inistered xylose in the rabbi t .J .Biol.Chem., 70 ,52.l-5~~i). 

12.Corley,F.C.l928.Pentose Metabolism.II.Factors affectin~ the 

disposal of 1-arabinose and 6-xylose in t~e r~bbit.J.Biol.Chem., 

76,d:3-00. 



-49-

12. Dreyfus.l898.Contribution ~ L~étude de la perméabilite r~nale., 
...... 

These de Lyon. 

13. Duckworth,D.l867.0bservations on the pas0age of cert&in 

substances into the urine in healthy anà diseased states of the 

kidney.Saint Bartholomew's Hosp.Rep.,3,2l6-~27. 

14. Edwards,J.G.,and Condorelli,L.l928.Stucties on ag~merul~r and 

glomerular kidneys. II .Ph.ys iolo6 ica.l •. A.m.J .Ph~,~siol. ,86,383-398. 

15. Elsem,K.A.,Bott,P.A.,and Shiels,E.H.l936.0n the excretion of 

skiodan,diodr&st and hi.r!puran by t:he dog.Am.J .Physiol.,ll5, 

548-555. 

16. Elsom,K.A.,Bott,P.A. and Walker,A.M.l937.The simulnaneous 

measurement of renal olood flow and the excretion of hippuran ànd 

phenol re' by the kidney.ru~.J.Physiol.,ll8,739-742. 

17. Fishberg,E.H.l930.The r&te of disappearance of foreign sugar from 

the blood stream.J.Biol.Chem.,86,665-670. 

{18. Goldring, Wm., Cha sis, H. ,Ranges, H •. A. ;-~_nd Sffii th, H. ~hi .1940. ReJtat ions of 

effective renal blood flow and glomerular filtration to tubular 

excretory n1ass in norillal man.J.Clin.Invest.,l9,739-750. 

19. Goldring,Wm.,Clarke,R.w.and Smith,H.W.l936.The phenol red 

clearance in normal 1nan.J .Clin.Invest.,l5,~~.21-228. 

20. Greeawald,I.,lS3l.The possiole significance of l-xyloketose 

(urine pentose) in nor1;1&l ~Jetabolism.J .Biol.Chem., 91,731-734. 

21. Heidenhain,R.l883.Herman' s Handbucr1 der Pl1~rsioloE;ie,!,348. 

28. Hendrix, J. P., Westfall,B. B., and Richards ,A .1~ .1936 •'iUëJnt i tati ve 

studies of the coraposition of glon1erular urine .XIV .The glotnerular 

excretion of YP4Be inulin in frogs and Necturi.J.Blol.Chem., 

116,735-747. 



-50-

23. Jolliffe,N.,Chasis,H.l933.The filtratjon and secretion of 

exogenous cr·eatinine in D1aB.f!Jn.J .Physiol. ,104,677-680. 

23a .Kapla.n,B. I .andHrni th, H. vV .1935 .Excretion of inulin, cr~a.tinine ,:AJ·lose 

and urea_ in tl1e norrflal r&o-oit.Am.J .Physiol,llD,b54-360. 

24. Eeith,N.îv1.,vVakefiels,E.G.a.nd PovTer,lr!.H.l932.Tb.e excretjor1 ana 

utilisation of sucrose when inJected intra_venously in man. 

AM.J.Physiol,l01,63-64. 

25. Klernperer ,G .1895 .Zur Pathologie und ,Therar~ie ë~er Gicht ,Deutsh 

med Wchnschr,21,655-657. 

~6. Landis ,E .ïV1., Elsorr1,K.F .• , Bott, P. P .• anà Shiels ,E. H.l936 .Simul taneou.s 

plasrna cleara.nces of cre;;t1nil1e and certr. in orga.nic cornpounds of 

iodine in relatl.on to hurua.n kidney ftmction.J .Clin. Invest. ,15, 

397-410. 

27. Lee,M.O.l929.Deterlnina.tion of the surface arec. of tr1e vv1-;ite rat 

with its a1)plication to the expression of iuetcbolic resu_lts. 

Aro. J. Physiol., 89, ~-4. 

28. Lepine .1898. Sur la;~ perrnéabili té rénale, Lyon jnéa, 87, 251--~53. 

29. Marshall,EK Jr.,l934.The cornp&ro.tive ph~}rsiology of t11e }~iùr1ey in 

rel a.t ion to tl-J.eories of renal secretion.Physiol.Bev., 14,133. 

30. Marshall,E.K.Jr.,l929.The aglomerular kidne::· of the toacifish 

(opsanu.s tau) .Johns Hopkins Hosp .Bv.ll. Balt. ,45, 95-101. 

31. Marshall,E.K.l930 •. A comparison of the function of tne gl.ornerlJ.lar 

and é!.~lomerular kidney.Am.J.Physiol.,94,l-10. 

32. Marshall,E.K.Jr. ,and Crane,M.rv1.1924.The secretory function of the 

renal tubules.fl~.J.Physiol,70,465-488. 

33. IVIarshall,E.K.lQeQ.&nd Grafflin,A.L.l9~:8.Tbe structure c11o fu.nctim 

of th.e kidney of Lophius piscatorius. ,Bull.Jobns Hopkins Hosp. 

Ba1 t. ,43 ,205-~1.35. 



-51-

34. Marshall,E.K.Jr. ,and Grafflin,il~.L.l932.The functio11 of tJ.1e 

proximal convolu_-ced segment of the renal tubule .J .Cell.and 

Camp. Physiol.l,l61-176. 

35. Marshall,E.K.Jr.,a.nd Vj_ckers,J.L.l9~~z~.Tbe mechanisïn of the 

elimination of phenolesu_lphonephthalein oy the kidneys .A proof 

of secretion ùy the convoluted tubules.Bull Johns Hopkins 

Hosp.Balt.,34,1-7. 

36. Mendel,L.B.a.nd Kleiner,I.S.l910.The fate of saccharose after 

parenteral introduction in anime.ls.Arn.J.Pbysiol.,26,396-406. 

37. Mendel,L.B.and Mitchell,P.H.l905.0n the utilisation of various 

Carbohydrates without the intervention of the aliment&ry 

digestive processes.Am.J.Physiol.,l4,239-247. 

38. !viiller,r/.IJ.&.nd Lewis,H.B,l932.Pentose Metélbolism !.The rate of 

absorption of d-xylose and tt1e formation of glycogen in tl1e 

organism of the white rat after oral administration o~ d-xylose. 

J.Riol.Chem.,98, 1D3-140. 

39. Miller,M.~.and Lewis,H.B.l932.Pentose Metabolism II. The pentose 

content of the tissues of the white rat after the oral administ­

ration of d- xylose .J .Biol.Cb.em.98 ,141-150. 

40. ~ler,E.,Mcintosh,J.F.,and Van Slyke,D.D. l928.Studies of urea 

excretion.II .Fela.tionship betv1een u_rine volu.me and tl1e rate of ~ 

urea excretion by normal adults.J.Clin.Invest.,~,427-465. 

41. Myers,V.C.and Fine,M.S.l914-15.The non-prœein nitrogenous 

compounds of the blood in nephritis,-vvith special reference to 

creatlhine and u_ric a cid .J .Biol. Chem. ,20,391-402. 

42. M:y-ers,V.C.and Fine,rù.S.l915.Tpe ~Eeta.bolislil of creatine and 

creatinine VII.The fate of creatine v\11en a.cin1ir1iste1·eu to :..uar1. 

J.Biol.Che~.,21,377-381. 



-52-

43. Myers,V.C.antl Fine,M.S.l915.Tbe n1eta.bollsm. of creG.tine B.nd 
. 

creatinine.X.The r8lationship betvieerJ. creatine and creati.riê in 
" 

autolyzing tissue.J.Biol.Chem.,21,583- 599. 

44. Myers,V.C.a.n.dl Fine,h~.S.l919.Comparitive ciistribution of urea, 

creatinine,uric acid a.nd su~ar in blooà and spinal fluiâ. J. 

Biol. Chem., 37, ~39-~:44. 

45. Myers,v.c.,Fine,1I.S. o.nd Lough,v;.G.l916.The significance of tl1e 

urie ac id, urea and creatin.ine of thfJ blood in nepmitis. Arch. 

Int.Med.l7,570-583. 

46. Myers,V.C.and Lougb.,Vv.G.l915.The creatinine of the b:J,ood in 

nephritis. Its diagnostic value .Arch. Int 11ed, 16,536-546. 

47. Pugnat,A.a.nd Revi,lliod,H.l902.Etude critique des procédés 

cliniques d'appreciation de la pern1éabilité rénale.Arch.gen 

de méd.,2,19-78. 

48. Fèhberg,P.B.l926.Studies on kidney function.I.Tbe rate of 

filtration and reabsorption in tt.e human kiùney .Biochem.J. ,gç_, 

447-460. 

49. Bichards,A.N.and Walker,A.~.l930. Quantitative studies of the 

glomerular elimin&tion of phenol red and indigocarmine in frogs. 

J.Biol.Chem.,87,479-498. 

50. Ricbards,A.N.and Vvo.lker,A.M .• l935.Urine forrüattoil in the 

Amphibiam kidney.P~er.J.Me~.sc.,i9ü,727-746. 

51. Fic harets ,A .N· and Vfa.lker ,.h .1~1:.1936 .lV1etl1ods of collecting fluid from 

knowm regions of the renal tmbules of ampnibia anQ of perfmsing 

the lumen of a single tubule .Am.J .Phys:bl., 71,209-2~.7. 

52. Richards,A.N.,Westfall,B.B.and Bott,P.A.l934.Rerlal excretion of 

inulin, creatinine ancl xylose in norrnal àog s, Froc. Soc • .r..:xper. 

Biol.a.nd Iv1ed.,32,73-75. 



-53-

52a .Richards ,A.N., vVestfall,B.:C~.and Bott ,P .b .l93n. Inulin o.nd 

cr~atinine clearo.r1ces in üogs, 'JIIith notes on so1ne lote effscts 

of uranium poisoning.J.Biol.Che~.,ll6,74~-~55. 

54. Rovrntree,L.G.and Geraghty,J.Y.l910.An experimental anû clinical 

stuày of the functiona.l activity of tJ.~e kicineys by 1uecns oî 

phenolsulphonephthalein.J. PhétrJnacol. end EXI)er. Tr1ero.p. ,1, 579-661. 

55. Shannon,J .A .1934.Absorption and excretion of v~ater and salts ofx 

the elasmobranch fishes.IV.The secretion of exogenous 

creatinine by the dogfieh,Sq_ualus acanthias.J.Cell.and Camp. 

Physiol.,1,2ll-220. 

5ô. Shannon,J.A.l934.The excretion of inulin by the dogfish,Squalus 

acantbias.J.Cell.and Comp.Physiol.,~,30l-3l0. 

67. Shannon,J.A.l935. The excretion of inulin by the dog. Am.J. 

Physiol.,ll2,405-413. 

58. Shannon,J.A.l935.The renal excretion of creatinine in man.J. 

Clin.Invest.,l4,403-410. 

59. Shannon,J.F-.1936.The excretion of inulin anà creatinine at low 

i'~a&ma urine flows by tl1e normal dog .Arn.J .Physiol. ,114,062-365. 

60. Sha.nnon,JA,Jolliffe,N.,and Smith,H.~V.l90~.The excretion of urine 
; 

inthe dog.VI.The filtration and secretion of éxogenous 
) 

creatinine.Am.J.Physiol.,l02,534-550. 

61. Shannon,J .P.:..and Smith,H.VV.l935.The excretion of inulin,x:ilose 

and urea by normal anà phlorizinized ma.n.J.Clin.Invest.,l4, 

393-401. 

62. Smith.,H.V'i.Studies in the Physiology of the Kidney.Porter Lecture 

Series.IX.pp.l9-23. 

63. Smith,H.N.l936. The composition of urine in tl1e seal.J.C_..ell. &no. 

Comp.Physiol.,2,465-474. 

64. Smith,H.W .1937 .The Physiology of t11e Kidney .Oxforü ivleoicE..l 

Publications.pp53 and 135. 



-54-

65. Smith,H.Vi. l937.The Physiology of tl1e l(idney.Oxforéi .üJ.edical 

Publications.p.l37 • 
.. 

66. s •th u m1 ,n.v·i and Cla.rke,R.V\· .1937. The excretior1 of inulin c..n.d 
• 

creatinine by tJ:1e antrœopoid a.pes.Am.J.Physiol.,l2~,102-l39. 

67. Smith,H.-J:.,Goldring,vlfm.,and Chasis,H.l938.The meo,su.re~Hent of the 

tubular excretory mass,effective blood flow a.nd filtro.tion rate 

in tJ:-1e norrnal l'lUllléiJl kianey .J .Clin. Invest. ,17 ,G6D-~78. 

68. Smith,VJillie W.,and Smith,Homer.l968.Protein binding of phenol 

red, diodrast ,a.nd otb.er substances in _plasma .J • .biol.Ch~m., 1~4, 

107-113. 

69. Todd,R·B.l857.Clinical lectures on certain diseases of the nrinary 

organs and on dropsies. 

69a.Van Slyke,D.D.,Hiller,A.,and Miller,B.F.l905.The clearance,extra~ 

tian % and estimated filtration of sodium ferrocy~.nid_e in the 

marr.unalian kidney. Comparison with inulin, creatinine e.nd urea. 

Am.J.Physiol.,113,611-628. 

70. 'Nearn,J .T. :::.no_ RichQrds,.h?-l~·.1924.0bservat.ions on tl1e composition 

of glomerular urine, with p,s_rticular reference to the problern. of 

reabsorption in the renal tubules.Am.J.Physiol,71,209-227. 

71. Weech,A.A. ,Reeves ,E. B. ar1d Goett sch,E. The rElc~t ~onsr1ip oet\1\reen 

Specifie Gravity and protein content ir1 plaSüla,serurn b.llci trans-

udate from dogs.l936.J.Biol.Chem.,ll3,167-174. 

72. Vlhite,:a.I. .• and Rolf,D.l940. Modified method for the deterJ.üinat~on 

of certain organic ioà.ine compounds, inorganic iodine in r:l;s.snla 

and urine .Proc .Soc .Exper .Biol.and _'.i·ed. ,45,433-437. 







• 


	_0001
	_0002
	_0003
	_0004
	_0005
	_0006
	_0007
	_0008
	_0009
	_0010
	_0011
	_0012
	_0013
	_0014
	_0015
	_0016
	_0017
	_0018
	_0019
	_0020
	_0021
	_0022
	_0023
	_0024
	_0025
	_0026
	_0027
	_0028
	_0029
	_0030
	_0031
	_0032
	_0033
	_0034
	_0035
	_0036
	_0037
	_0038
	_0039
	_0040
	_0041
	_0042
	_0043
	_0044
	_0045
	_0046
	_0047
	_0048
	_0049
	_0050
	_0051
	_0052
	_0053
	_0054
	_0055
	_0056
	_0057
	_0058
	_0059
	_0060
	_0061



