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The pablicatlon in 12579 of the results of a study by Alfred Gilman
and his assoclates in whic sodiuw telrathionabte was found to produce
damage bo the Jdog and rabbit neplwron led the Council on Pharnacy and

Chanvisbry of the American ledical Association to »
of tides drug In wodicine Le abandoned. *i‘ha leading proponent of the
use of sodiun tetratiionate in the breatment of peripheral vascular
disordors, Ure Crank Ve Theis, protested this

bagis that the doses used by Cilman were far in excess of those used
clinieally, and that these low clinical doses had been used for mauy
years without serious complications. The Council on Pharmacy and
Chowdstry thereupon amended ites lirst statoment so that it did not cone
demmn the use of tetrathionzte bubt emphasized that it be used with
caution in the kmowledge of its possible effects on renal function.

In view of the great differonce betwoen the dosage range used by
Cilman in his animel studies (100 - SO0 mgr./kgme) and that used by
Thols 4in his clinical work (7 - & mgme/kgn.), it scemed desirable to
investigote the nephrotoxic action of sodiun tetrathionate in the
intormediate dosage range {10 = 100 mzmie/Kie) o
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HISTURICAL

The development of modern concepts of renal physiology owes 1ts
indtial zain to Malpighils discovery in 15666 that the medul ary striae
are not fibers, but ere actually mimube tubes conbinvons with the
Zlobular "glandular® structures or glowmeruli. Some 200 years later,
fGowman was able to offer proof of Malpichi's early discovery (1).
fowmen assused that urinary wastes are sxcereted through the epithelium
inbo the tubular lLumens, The function of the glomerylus was supposed
%o lie solely in providing waber to flush down the contents of the
tubules. Ilater, Heidenhaln postulsted that in addition to water there
are salts that pass through the glomerular membrane into the tubules (2).
1 » however, (3) favored the theory that urine is composed solsly
of glomeruler filtrebte, with concentration occurring vis tubular
reabsorpbion of water. These conllicting views were more or less
adhered to by different rendl physislogists unbil Cushey postulated
his theory of filtrstionereabsorption (L). Iriefly stated, this theory
proposed that weine is composed of the glomerular filtrate minus those
components which mre reabsorbed selectively soross the tubular epie
thelium into ihe peritubular eazpillsriess. The new premise of this theory

was that the Zlomerular filtrate is identical in composition with the
plassa except for the absence of the plasma proteins, to whizh the
glomernlar capillaries were presumed o be impermeable. Richards and
his co-workers have investigated the composition of the glomerular fluid
in the frog and otber cold-blooded animals (5,6,7), and have produced
evidence that in these specics the ouly important constituentz of the
plasma that do not pass freely through the gloseruler mepbrane are fabts



and plasma proteins, or substances chemically combined with these.
Further, by comparing the compesition of tbe capsular fluid with that
of the urine, these investigators demonstrated the reabsorption of
substances such as Flucose and chloride as evidence for the actuality
of tubular reabsorption. The evidence for excrstion by tubuies has
been reviewed by Shamon (8) and it has been established that in men,
tubavlar excretion plays a2 very important part in the excretion of
phenol red (9), diodrast, hippuran (10,11) amxi creabinine (12,13) to
menbion a few of the compounds uwhilch have been studied.

unee it has boen rocognized that tubular excretion does in fact
occur, it is obvious that in order to ilnvestigate further the
guantitative aspects of rengl function it is neccocssary to have a
subgitance avallable which is lnmown for certain to be ncither excreted
nor absorbed by tubular processes. With this substance as a standard
of reflevence, tubular reabsorption of water could be measured ad,
consequently, the path of exerction of any other substance could be
identified, A long series of studies has led to the use of imulin (i),
a starchelilks nolysacchawride coaposed of 32 hexose moleoules with a
total moleoonlar weight of 5200 (15). Thia substance is completely
filtrable from plasma through 2 collodion mombrane awd iz excroted Ly
most animals by lomerular filtration without tubular csxbticinabion.
This being true, it then follows that the exterd of wator reasbsorpgtion
is piven by the ratio botween the lnulin concentrations in urine and
plasma (U/P), and that the glomerular filtration rate is equivalent to
the quantity of ifnulin exoreted per mizube (UV) divided by the cone
centration in cach miliiliter of plasss (F).



In seeking an empirical means of deseribing rate of excretion of
ures (Whilch varies with the rate of urine flow) Foller, Helnbosh and
Yan Clyke inbroduced the term “clearanca® in 1520 (7). This term
was used by these aathors to denote the volume of blood depleted of
ures by one wlrubte's excretion of urine, This concent was foond so
uwseful that since the orvipgingd work by Ven Slyke and his assoclates
the term “clesrence” has besn applied Lo many covpounds amd, in
general, denobes the virtusl volwse of Llood (or mors sirictly, plasme)
eoppdeteldy cloared ol the reforvence subsbance by urinary exsretion sach
nimte. From what has been sald ahove 14 is clear that the imuiin
clearanse 15 egqual to the glomerular filtration rate ((FR). 3iallarly
it follows thebt substances,; the clearances of which are less than that
of fmulin (such as My K, O, amino aclds, glucose snd ascorbic acid),
17 filterable through the gloveruli, mst be reabsorbed hy the tubuless
substances with ¢legrance values higher than that of imilin (such asm
phanal red, hippuran and diodrast) sust e excrebed by ihe tubules (10},

Changas in the plasma concentration of ifnulin have no effect on
the imalin clearance (16}, since no mabter how little or how great the
asount of lmulin present in the glemerular filtrate, it is passed on
into the urine {(19,20). Hul this does not hold for substances which
are excretod or resbsorbed Ly the bubules. In the case of glucoese, foo
exanple, there Lo a maximal rate ab which the tubular colls can remove

glucose from tubular weins. 4s the concentration of glucose in the

gloneralar filirate is increased, more and more glucose is presented
Lo thoe abules lop reabsopplion wldil o point L8 reached when the
reabaorption rabe il natinal. Sueperer gducose is Jiltered more rapidly

than its meximel rate of tubuliar reabeorption, it apposrs in voided



urine. The maximal reabsorptisa rate (Ta) bas been weasu

aniral specics; in man it averages 375 rpwme glucose per wimmte (18).
Sledlariy, for substances Lhal are exereted by ths tubules, thors is
a2 axcisal guantlity which can be handled Uy the tubnle colls por wnit
time AS a corellary to thosc observations, il should bo apparent
that once the meximal tubular reabsorption o excretion values have
beon reached for a glven substance, then the clearance of this
substance becomes independent of its concentration in the plasia.
From the forcgoing prisciples it can be scen that by ostlaating
valzoz of glomorular filtration, tubular rosbsorption and tuitadar
auoretion of cartain substances, it should be possible to evaluste
the romal activity of the aniwal kidney tefors and alber application
oil any stress. Such 'aﬁwiiass on the rabbdt alter polsoning with sodium
totrabhlonato will constitubte the aain there of this paper.



THTRGDTGTION

2eube vonol fallure mey ocovr in o wide varlety of cwrowmptances,
arony wWidoh roy be included shooly, distwrbeness in clectrilyie
halance, ploment eimvetisn, allergy ond eherical intoxication {Z1).
The nepiroboxic acticn of chevdeals can be areribed lorgely %o domage
to the proxicsd segments of lidnsy tubnvdes. Hayman, “hwway, Duske,
and 1 er (22) found that in dozs, uranjum poisonin: cmises a decroase
in the imdin, orcetinine, and wrea clearsas. The anthors atlwibubed
these redustionz in clecrancos to back diffusion of 511 wrinery cooe
spituenta. Laske (23) exzamined the effocts of wranydl nitrate in
rabiits aed obserynd revorsitle reductions in Ipalin ond dlodrast
elesroness in surviving anile,. The mihor ceoncluded that uranbm
impadrs the function of the proximal tabmle, and 1f sufficisat Jamape
iz incurred it is accompanied b reshsorpilon of Lmaldn pnd 222 othor
eonstituents of the tubnlor urine,

Falts of tartaric peld oroduce domags to the proxipmad buiade

without affecting the gloveraii (2h). Tartresbte indomisation is
ageevemanied by a reduction of the wrea, wlose, creatladne, inalin,
ad phenpl red learances {25). lereury also sroducss necrosiz of the
mreostivel tubmla, the lawest portlen belng most affecled in the human,
rebidt or rab Xidney (2h). “ewere intexication with meenuwry induzes
Zlucosuria (26}, az doer uranium and hichrosabe selsening, Dichronabe
mroducss a noplrotoxic olfect similer o that of cercury and uraiim
b alfecting the apper rather than the lower sorbion of the proximsl
tubnle, In rabbits polsoncd with bictwomate, Schou (27) observed

1

reduebions in creatinine clegrance and in the ereatinine U/ ratio.



Potassium chlorate and potassiun izxousate also produce meerosis of the
proximgl tubule (2).

In 1936, Rabinowits (31) and Rabinowits and EKalm (32) introduced
the use of thiosulfates in the treatmont of thromboangiitis oblibterans.
Baneroft, Stanley-irewn, and Chargaff (33) studied the effect of sodium
thiogullate on the clolting index of the plasma wnd fibrinogon content
of the blood and concluded that worbldiity due to postoperative throne
bophlebitis oould e reduced by the prophylactic injectisn of sodium
thiosulfate (combined with a low fat and protein diet),

in 1939, Theis and Freeland (34-37) jroposed the use of sodium
tetrathionsbe in place of sodium thiosulfate in the trestment of
thromboangiitis oblitorans on the assuspbtion that the boxielly of
tetrathionate and that of thilosuifate were esscntially the mame. The
usual intravencus doses used were 1.0 pme of sodium thiosulfate and
Ui pm. of sodium tetrathionate and no signs of toxicily were re-
aorbod,.

In a study of the mechanissn of exerotdon of podiuvn tetrztivionste
by the dop kidnoy it was discovered by udilman, Philigs, Keelle, Allen
and Ste Jolm (23) that tetrathionszte is rapldly reduced to thiosulfate
in vivo and that tetragbhicnate is suificiently toxic to the rensl
tabule for moderats doses to produce complete amuarla within less than
an hvur. These muthors injected scdium tetrathionabe {in doses ranging
from 100 ngme to 500 mume per kilogram body wedght) imbo anosthobized,
catheterized dogs and found thad amaris develops within 30 4o 60 minubes.
Pathological exsmination of the kidneys rovealed sewvere necrolising
lesions of the proxizal tubule, In view of thelr experisonisl evidence
that tetrathionate can be reduced in vitro with 2,3=dinmcreaptonropancsl,



i-thiogsorbibol, cystedne, and Jdutsthione, with the steoichioretric

forsambion of the corresponding disulfides, and that the prophylaetic

administration of l-thiosorbitol or cysteine protects against the

nephyotaxic action of tetrathionste, these avthors postulated thab I,

totrathlionate selectively permeates the eells of the proximgd tutule

to axert a direct toxic action on catalybtic systess dependent on the

prosence of sulfbydryl sroups, or 2, the cells of the proximal tubules

are selectively damaged by the respval of diffusible sulilypdryl compouis.
Goffart and Fiacher (29) have studied the rate of reaction of

sodion bebrathionate with the sulfhydryl groups of glutsthione, cysteline,

and proteins in vilro as well as the reaction with the sulllydryl

Panetions of ravbit kidney and mscle. 45 a result of these studies

the authors concluded that tetrathionate intoxdcestion produces a

(77%) then in

the blocd (28%), the liwver (3037) or muscle {20%). Gilman's hypothesis

{20} that diffusibvle, reduced glubathione is drained from the tissues

groater depletion of reduced glutathions in the kidney

into the blood was confireed, In addition, it was found that since
tetrathionate passes throug

X

- the glomorular membrane, the consequen

high goncentration in tulndar uwrine affects the cells of the convolubted
tubules. The findings of Gilman (20) were also confirmed by Sloan (30)
who produced urenls in dogs by the intravenous administration of sodium
tetratidonate in doses of 100500 sgme/kigme of body weight. Slogn also
showed bthat renal lesions reswiting froo tetrathionate polsoning
inwlved the distal conwvoluted and colleecting tuibnles @5 well as the
proviously reported (28) proslmal tubules,

In view of the work of Gilman arxd his associates (28) the Cowncil
on Pharsacy aod Chemdstry of the Americsn Pedical Assocliation (38)



recommended that the use of sodlius tetrathiomalte in sediclne be
shandoned., Following this recomendation, Theis (39) protested bo
the Couneil and pointed cub that the doses used in his work (approxie
mately T reme/Kgme) were mich lower than those wsed by Gilman in his
experimental studies (100-500 mgme/kzme)s From an analysis of Cilmant's
reported observations, Theis stabed that tetrathionszte, when used in
doses comparable to those used ¢linleally, is not toxic bo experimsated
animsls, and that the delay in eliminating tetrathionate {rom the body
{as opposed to the relatively short time required for thiosuifate
slimination) is not sufficiently delayed to produce g toxic cumlative
affect from daily injections, Thels concluded his protest by advisiog
the Council to reconsider its recoveendation that the use of tetrsthionate
in medicine be abandoned, in view of the absence of aay ¢linical or
laboratory evidence of toxicily in the doses recommended. 4 stabesent to
the same offect was also submitted by de Takats (40). In view of these
twoe protests, the Comncll on Pharsacy and Chemistry amonded 1ts
previously published recommendation (38) by printing the following
statement (h1)s

Ho nephrotoxic effects were observed in the patlents

treated by r. Thels and his assoclates and spparently

these investigators feel that there 1s little if aoy

danger of such effects Irom the doses that they have

used clinically. Fovever, when an agent iz capadile of

interfering with the important bt insufficiently known

i functions, a word of caution is not amles, It should

Le reglized abt least that the dosage mmst be kept ab a

mindeon gnd the rengl functisn kept under close cbsorvation.

Furthar observations nay rovesl additiomal valuable

inforaation.

Zines the publicabion of this statement, there have been at least
two roports of the use of sodium tetrathlonabe in humaans. winsor (L2)

studied the rate of blood flow to the digits in normal subjects and in



thase with srtordiosclorotic chlitarative disecase afier injoecbion of
D% gme Sodivs tebrebhionate. e concluded from this siudy thab
tadirect heating 1s woro sfficacions in inercasing the flow rate and
akin temperature than sodiun betrathionate. o studies were made of
the possible effecte of sodiom tetrathlonate on renal fancticn,

Bloom, Torbes and Policoff (43), in an sffort to detervdne the
toxicity of tetrathlonate ciinleally, sdministersd 0.0 gume of the
godivn salt twlee daily Tor a poeriod of seven doys to a group of 30
patients, some with peripheral vascular discase and othwrs with various
other maladies. Jtudies of noneprotein nitrogen, loscathal concentration,
and phernolsullonphthalelin exercbion wers nade before and after the
gourse of treatmenbt. After subjecting thelir data to statiastical
analysis the authors ecoocluded that for the dosage used, sodium
tetrathicnate does not materially alfect ikddoey functlon as regamds the
moneprotein mdtrogen and Hosenthal tesis. Howevar, it was admitted that
the resulis oblained in the phenclsuifonphihalein excrebion tosts might
be InSarpreted as deflinitely rellecting sose changes in kidnsy funection.
im the bagis of these clinical studies the authors state that it would
seem thabl sodiu tetrathdonate probably should not be used if there is
ay pro-gxisting ronal discaze'.

i view of the great difference bestwesn the dosage range used by
Gilman (20) in hie ani
by Theis (3%) in his studies on bumans (T=8 mgme/kgme), it scemed

experisents (100-500 mgm./kome) and that used

deslrable Lo investigate the nephrotoxic action of sodium ¢ etrathionaste
in rabbits in the intermediabe dosage range (10=-100 ngwme/Kgme),
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EXPERTHENTAL

Prelicinary ?.:x?wimnts. The findings of Ireedis, Flory and
Parth (4h) that urenyl nitrate injection resulted in clevation of the

urinary concenbratisn of slkaline phosphabase and in depression of the
renal concentration sugzested to vounce (45) that breaskdown of kidney
tubular cells in uwranium poisoning shouwld result in the sppearance in
the urine of many or aill of the intracellular enzymes of the tubular
cells. Hecause catalase ccours in the kidney in high concentration,

it seomed that its appearsnce in the urine wmight constitute z very
sengitive and early indicator of uranium zetion on the nephwone If the
uringry proteln is also studied dlong with the catalasuria, an
indication of the eflect of anmy toxic agent on the nephron nay be
sbtained, According to bounce (L5): "4 substance having a direct
offect on the glomerulus would be expected to produce proteinuria
before catalasuriay il the effect wers conflinoed to the PDomsralus there
would be no appreciable cstalasuria in the absence of hemoslobin fros
the urine. 4 substmwe affecting both glomerulus and tubule, such as
dichromate, would have a high ratio between the simultanccous urinary
levels of protein and ratalase, whereas more purely tubular poisons,
guch as uranyl galis, mercuric salts, arsenicals, and tartrates would
bave low values of this ratio®,

In vicw of this, wills (LG) swggested that if, as Gilman (23) has
reporued, sodium letrathionate exorts ite action primarily on the
tubules, determinations of urinary catalase and protein in tetrathionate
polisoned rabiits should reveal an early appearance of catalase followed



Accordingly, exploratory studies were made of catalasuria and
nrotelmuria in rablits after polsoning with sodium tetrathionate.
Rabbits of mdxed breed and sex were used for these studies., It was
soon found that many of the rabbits avallable for these experdzents
possessed varying degress of catalasurda end proteiourds, so therefore,
an attempt was nade to selest anlmale withoul pre-expirimmial
proteimuria. Cetalasuris was el-ost mniversal im our rattifs, this

findinz Isading to abandonment of this line of Iavestlizaldon.

Five rabbils, selectad as Jdeseribod above, werae Jlven by
injections of sodium tetrathionate (sen Anpendix 1) Inte 2 =aeginal
ear vein., Four apinalz reccived 7% ungme/Kime, and ousy 25 agne/Reme
At various times afer the injectiong sawples of wrine were oblalned
by manual salpetion of the hladder, thoe urlse eing collected In g
clean beakere The urine so obtalned was then analyzoed Lfor catzlase
by the nethod of Jounce (47) and lor proteoin by e methol of
Eingsbury, olark, Villiams and Poot {40). A descriplion of ithe ODounce
mebhod for catalase is given in appendiz C.

snp rabbit wes glven mitiple lajections of sodium Letrathionate
aver s pericd of seven days, 75 mgme/kzme being given on the first
and fourth days, and 100 ngme/kome on the {ifth and seveath doys.
Protein and catalase dederminatlions were done on the urine after eagh
injection. The anluel was sacrificcd at the end of the eighlh daye.

Ciearance Luperiments. iecause the resulis of the preliminary

experiments cutlined above wore ineonciusive, it was declied to employ
clearance techniques Jor the further analyeils of the nephrobtoxic action
of sodium tetrathiomate. To thdls end, inulis clesrance was used 88 2

measuwre of glowemdar filiration rate, pare-asuisshippurate clegrance as
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a measure of tubular excrotory mass and glucose and chiloride clearances
a8 a messure of tubular funetion.

The anisal was infused intravencusly tlwough a polyethylenc tube
inserted into a foemoral vein with 25 nl. of infusion fluld per kilogram
of body welght given in a period of 30 ninutes. The [luld consisted of
a8 049 per cent solubtion of sodium chloride containing D.25 ser cent of
imlin and 1.5 per cent of sodium para=aminohippurate (¥all). After 30
minubes the infusion rate was reduced %o ong sl. por rmimute and continued
at this rate throughout the experiment. The infueion fluid was driven
by a calibrated Irewer pipetting machine {A. 3. sloe and Companyle &
short inedwelling catheter wes placed in the bladder (under local
mrocaine anesthesia) and tied ip place. Urine was collected comtinuously
without resort to washing. Blood samples were sbtained frow a
polyetiyilene cannula fixed in a feroral artery.

Clearance pericds were Tifteen mimabtes in duration. The urine was
collected in a 10 ml. graduated cylinder [rom lhe inedwelling catheter,

2 blood sasple bedng withdraun from the femordl artery at the alcepoint

ol the clearance period. Two clearances were deberudned at 30 minutes

and 15 mirmbes, respectively, before injection of the sodium tetrabhionate.
Clearonices were then determined at 30 minutes and one hour aft&r
injection, Additionel deterwinations were made at 2 and 3 hours after
injection of the druge. In some sxperiments, additional clearances were
done. A swesary of the experiments is given in table 6.

samples were analywed for immlin by the method

of Hoe, Epstein and Goldstein (49). Corrections for bloed glucose were

The blood and wrins

made by deducting blank values obbained with the aninmal bloocd before
infusion of imulin was begun. Para-aminobippurate was determined by
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the cothod of Tmibh, ot al. (S0)3 slucose, Ly the methed of Nelsom (51)
and Somopyi (52)3 and chlarids, hy the sethod of Fister (53},

=4 KA 4 PP S TGP, S SV R a2
Sobobol of 19 ralblts of ixed teeod and 2oz owore voed in this

studye i theoe, three rueeived g o

2y 0 mime/Kimey

tetratnionatoy sae, 90 Cme/ione; one

e ek il e - PR ‘f"
o, T mie/Biite) 005, S0 mime e tloes, 50 e /Xome: ove, 395
e/ igrie Lour, 25 I'Mw“‘ﬁw*; and two, 10 wovia/kime

satouiation of various mearurce of reasl functione. The anslytical

3 e T SN S F R % . P < 2P Yy £ par y [ PR S
daba and the fioures for rabe of wrine flow wero used Yo caddowlzic the

P

various clearauces o other soesurss »f tubular functicn. o swwnrmry

wge calowlgbicons f01llous.
uioceruiar filtestion rate (CIR). Inacuueh ae Lomulin is nelthor
A o
excroted nop sbsorbed by tnlalor procccszes (1), the PRoserular

fidtration rave i Ziven Ly bthe imulia cloaranue, which iz the quantity
i dnalin amreled per mipmte divided Ly the concentrallon in cach
M uw# «"Sﬁ &s&v}&, ﬁ%“’

VY

B
Pere Uy is the concentration of imulin in the wrine, ¥ is the rate of
nedne low, and PY in the concentration of inudin in the plasva.
Florerular Mltration rate iz given in teras of miliiliters por slmte.
Similerly, the clesrances of nsrg-suinchinmrate, chleoride, and zlucose
wore oaleulabed by dividing the guantity of substance sxereted per
wmite by the concentration in cach milliliter of nlasra.

Para=aminchipourate clesrance, Sodium para-aminohippurate (Pall)

is the sodium sall of the psrs-awino homolog of hippuric acid and is
excretod by the tubular epitheliuws in additlon to being filtered hy
the flomerulus (50). At low plasma concentrations (1.0 10 240 =gne/100 mie),
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83 por eemt of this compound ils reweoved from the renal blood stream In
man by the kldneys in a single cureulation (50,5%h), and the °All
clearance is a rough measure of effective renal plasue {low, Ia the
experizents reported hisre, however, il was anecessary to msintain the
plasma PAH at concentrations in excess of 0e5 ngne/wl. Tor the
determination of tubular excretory mass (see below), so that clearances
at these bigh concentrations do nol represent renal plasma [low.
Hevertheless, the clearances were calcoulated as an adaitional overall
measure of renal funciion.

Tubglar exereto

ciass (TZi)}. Az a measure of the functional
capacity of the tubular excretory mechanlsm PAH is used at plasea
concentrations above the level gt which the maximpl capaclty of the
tubule cells to excrete PAl is reached (50). In addition to being
exoreted by the tubules, FAH is Tilteresd tleough the gloserulus, so in
ardéz* to determine the amount of tubular exgretion of PAH, the ancund
which is {iltered must be subtractsd from the tobal amound of AN
excrelod. The quantity of PAN filtered through the Deoweradl 1s given
by ibe product
GFR X Ppan X 0.83

vhere GFR iz the filtration rabe, or imlin clearancey Pppy is the
concentration of PAH in the ;léﬂ:ﬁa; aad 0483 iz a factor that takes into
sceoomt the circumstances thal some PAM is bound %o plasme protein and
hence 1s not available for filtestion (50). The total rate of a3
axcretion is given Ly the product of the urdnary FAHI concentration and
the rete of urine flow (UpapV), bsuce

TES 2 UpauV - GFRsPpag Ga83
Tubuler excretory mess is expressed in sdlligrass per minube.



Gtber messures of tubular funcbion. The amount of cidorlde or

Zlucose cxcrebed in the urine is caleulgbed froxm the sxpression
vy
where U is the concentration of chloride or glucese in the urine, and
V iz the rabe of urine flow; while the mmound [iltered through the
glomerwil is calowlagbed from the expresesion
P = GFR
where P and GFY heve ihe ususl significance. It follows thabt the
amount of materigl reabsorbed iz glver by the difference between the
amourt filtored and the amount excreted in the uriae, or
?x FR - UV

A mors compact usasure of tubular function is the ratio of the

amound of substance transferred across the tulnder sembrane to that

transierred across the glowerular once This i designabed as IT1 or

£g3 (55}« il the exprescion for imulin elearasnee {UIV) is used ia
(1)
place of GFR the expreasion for fU1 (or £gl) can be derived as follows:

£C1 w Po1eUg¥ - UV
4 A
TV .+ Paa
Fr

£Gl & 1 - Uy P
U% Py
For substances that are nearly complelaly

reabsorbed by the
tubules, the £ value should approach 1, In this case, a decresse in
the I value would denote intorflerence with tubnlar funetion.
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A ar y ; o~ % : ; 3. L, ] v 4 5 Y wgerry
Sebelasuria and wrotoimaris sbudics. The urinsry cabalase and

proteda values in rabbits 2fter polsoning with tebralhionate apre given

3
b

in table l-He 48 ean be sesn, 211 the

5 uzed, with the possidle
sxceybion of rabblt J1A contalined relatively larpe asmounnte of urinaey
catalase prior bo the injectina of sodius totrathionaisz, which aakes 1t
sxtresoly difficudl bo lniarpret the data. In the cooc of rabbld 14,
the urinary cabzlasse rose fron a pro-injeochion vaiue of LY mm¥i2 per
Te2 mla of urine to 21 in L hourse 5% Phis time e urine resmined
mrotein frec. After £ hours, the wdnary cabtalase hadl increazed to a
value of 2540, i by this tize srotein had appeared in the uriae

(35 ryune per 100 nle)s In racbit #5, albor a dose of 75 mgm./Kime
tetrathionate, the uwrinary cabalase inercased over a huxired foid
within J bhoursy in thls salwal weinary protelns alse reached a ulgh
level (300 wgme/100 rle) witiin the same tivc.

A% a lower doso ol tolrabliionste (20 ngme/4ume), srolein nover
appeared in the urlae i m.,;u.*mc ot amouats, ik dhe catalase values
ware actually less than the pre-inectioa fipgurss. Rabbil #3 receiwed
malbipic uoses of tebrebhionabe over a seven day periods un the first
day, siter an injection of 75 mgad/kgme teiratidonate, bolh uwwisary
vebalase and probeln ineregscd Vo bigh levels bub reburned (o normal
alber TieH hourse Un the fourth day, the same dosc of Lebrabulonate
wab slven, aud bhls time Lhere was a decresse in wrinary catalase to

.

28r0 aad onLy & very slipght dancroase in wrlsary Lrobein. Lo the £ifth
day, altor 0.0 hours, the uringy probedn remeinsd ab 25 igue/10 mle

At 977 hours (on the fi0bh day), 170 some/kume belrathionabe was glvan,



tob
g

which alicibed no imaedicle Inerease in exerpbion of cabaiave wwl
seobein.  After 1D hours, lowewer, the urinary probein had inoroased
treesndonsly (over 1 gran per 100 zmle.), altbough the wisery catalase

had iucpessed only olightldy owr the ppovious days' walus. - furbher

injection of 100 uome/krne bobrathionate did ned shawge Whe pro-

Clearsace experimenta. The results of clearance studies oo 19
rabbits are given in tables T=03. These tables are oreanced in sobs
of 3 tables for cach rabbit. The Piret table in cach set {(tades 7,
10y 13 c.ehel) gives the smnelytical values for pate of urine flow and
for plaswa snd wrinary congentrations of fowiin and Pa¥, wxiy vhare
dong, the plamue and winary @ucose and chloride valuso. The oecond
taile in each set (tailes J, 11, 1h ..obc.) shows the caloulated data
ohibained Sros the analytleal values. These inelude 0FR {(Possrdlar
filtrotion rate or foulin clearance, FAY clearancs, T00 (Luiuades
emretory nass), glucose clearasce, plucese excreildon, glucose

sorpbion, £22 (the ratio of the amsunt of subsiance teranalerred
ross Lhe tabalar sesbeasze W that transferred across the gleserular
one), shloride clearance, clloride exgretion, chloride resbsorpting,
and f0L. The third table in cach set (taldes 7, 12, 15 ..otc.) shous
e dats for the varicus ronel fusctions caleulabed in terms of ser
senb +f the sean cendrel {jme-injection) welucs. Thoes values wore

s

erpmbed In apder %o laciiitele g

arison amsug revoils Jdven Ui loreat
dogos of bobtrabidorabe.

cxoept for gl and UL, the range of valuss of the various orow
injection renal funciinn rabios was guite wide and thisn was snother
reason Wy Ve deba were caloulated in tores of sop cent of Lthe nree

injection values, cach animal bedng considered as an Lndividnal with
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a undgue "normal” rensl function.

In erder to evaluabte the neplirotoxic effect i tetrabbionate &b
varicus dosasces, it was decided to compare some ol the clesramce daba
obbtained 2 hours altcr injection with the data obtzxined in the
clearzace determinations made prieor lo the injecllon ol letrathiionabey
the urine rates Zor thesce two periods bein oof waleriaily dillsrent.
To make tiis mwgwiscm,x ;,:flmfﬁ ol £ lesul vaiue X Aol agalash Gose wore

contrel vaiye
sade for GFR, Tod, fgl, and ICl. Ihese are shown in [lgures le-k.

Pigare 1 portrays the roduction in GFR as the dose of tetrathlonabe
is increassde Thers is some indication that even al a dose o 10
e /Rhey 2 reduction in OF1 cccurs; as the dose is inereased the OFR
fails repldly %o levels of aboub 15 ;g:mr cont of the pre-injection valus
at 100 agme/kem. tolrathionate,.

A sirdlar picture is seen when T0¥ is considered, excepb that the
gepression in T¥H iz so much more merked that it resches values of
around 10«5 per ceat of the pre-injection value at 60 ngm.flme
totratbionate (figure 2).

shen the tubular function with respect to glucosse transport iz
cengidered, slightly different behavior is geen. This is shows in
Pigure 3. Here the 10 mgne/kom. dose of tetrathionate appears to have
little offect, and the progressive depression of fzi is much rore
groadual then that of elthor GFR or TEM. In one animal (rabbit #68)
where was an exceptional decrease in gl at a dese of 50 mom./Ko%e

In the case of chloride transport, there is seon an even nore
gragdual decline in £C1 (figure L)a. Here no appreciable depression is
soen unbil the 75 mpgme/X m. dose is rosched, and even then the depression
ia onily 50 por cent of the ore-injection value. The 10 and 2% ngm.
tetrathionate dosos spparently produce no significant change in £UL,



iy

BIBSUSTION

The variability of the data obtained in the catalasuris and
orotelmria sbudics is such bhat little can be concdluded from this
work. Thore is sowme indication that in one or two cases, calziasuria
gecurs belore proteinuria {rabbits 1 ad 14}, but the evidence is not
good encush for any conclusions to be drawm. In wranium polisondng,
catalaguria resches its peak more proaptly than protelyuria and reburns
to normal more guicikdly, also the urinary calalase increases to a
relabively groster degrec than does urisary protein .(L*,‘?) « Predominantly
tubular poiscons such as morcuric chlordide and sodium tartrate produce
a similar relation betweon the increments of wrinary cstalase and
protein (L7). In one of the animals studied here (rabiit #8), 26 hours
aftor the injection of 25 mgme/ktom. of tebrathionate, the urinary
catalase was 2% btimes the preeinjection value, while the urinary protein
wos 2Ero. This gpparently represents a @dld action on the tuimles
causing a sligzht escape of catalase froa the tubular epithelium wibhoud
a concomibtant release of protein.

Althoush the data cblained were not clear-cut, the cifect on the
cabalase and probein cwerelion was sore or less equal. This fiading is
not incensistent with the view that the Jomeruili and proximel tubules
are alrost equally affected by low doses of tetrathionate.

From an examinatlon of the clearance dats, 1t is apparent that
doses of sodium tobrathionate as low as 25 mume/kom. effect some chonges
W the renal funetlons of the rebbit. At this dose, the Jdowruiar
filtration rate and tuladlar cxeretory mass appear to Le depressed

to approximately the same depgree, widle the tubular transfer of ducose



1g oniy =ildly affected snd the trensfer of chloride, not abt all., At
doses of tetrathionaste of 35 rgme/kgme and above the T84 becomes
drastically affectud, much wmore so than the (PR which culy reaches
ginilar depressed levels at a dose of 79 mume/kgme Ihess data

surgest that at low doses of telrabhionate, the glomeyulil and bhe
proximal tubules are aboul equally affscted. is Lhe dosage is gradually
increascd, the primary site of damage iz the proximal tubule.

The data on tubdlar traneport of chiloride and glucose may indicate
the locus operandi of tetrathionate as the dosage is increased Iurther.
The fact that abt doses up to 50 megme/kKome the resbsorption of chlloride
is oniy wildly affectod as coxzpared with the reabsorption of glucose
sugpests that the action of tebrathionsie at low doses ig restricted to
the oroximal conwvolutlon of the nephron. 4s the dosapge iz increased,
however, the reabsorption of chloride decreases markedly, which is
indicative, perhaps, of a2 gradval involvement of the rest of the
nophron. These conclusions are based on evidence that chlaorides arve
partly reagbsorbed in the disbal segment ol the tulule and that glocose
is recabsorbed almost completely in ihe first haddl of the proximal
corwolubion (56). additional evidence for gradudl involwement of the
distal tubules is the finding of Sloan (30) that renal losions
resuliting fron tetratbdonate polsoning iovelve the distal convaluted
aul collecting tubules sz well as the proxisml tubules.

It io desirable st this time to point out that in rabbit 775
{tanles (le53) an extrenely low pre-injection value for urinary PAH
was obtaineds Thore was no gpparent oxwplanation for this fact. The
sther pre-injection valucs Jor thds animal were within the usual rampe

except that the chloride clesrance was rabhar high and the P81 sonevhabt
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low. in thiz case onge can only invoke the sotoricus veriability of itk
rabbit in eperimental procedures, whieh Zadth (24) ascrives to the high
degree of awtonomle instability of that animal.

in three ceses {(tables 1k, 25, 30), T 211 to a negative value,
inddecating the corplete replacesent of tubular secretisn by some Lack
tubular diffusion (57). Ihe negative values of £g) {(tanles 8, 11, 1k,
33) and of £01 (taniss 11, 1h) obtained in some radbits indicate that
tubular resbsorpbion of giucose and chlorlide has bsen tlocked completely,
and some other phenomenon ocours which apposrs to represent sosretion
of these compounds. This does not imply ey dynamic acbivity of the
tubules, but ratler sose process of revorse diffusion through the
tubnlar spitheliun anslegous to the back diffuzion of IEM mentioned
above.

In view of the data presented here it soons degirsble o ro-
examine the guestion of the use of tebtrathionate in hmmans for the
treatment »f veripheral vascular disorders. At the lowest dose used
in this study (10 sgme/kgm.) there wes only a moderste decrease in
Inulin clsarance and in tubular cocrebory mass as defermined with pars-
aminchippurate. That this s orobably a transitory rhenomensn isg
attested Yo by the fact that rabiibts injected intravencusly with 100
igme of btetrathionate {vody welght unstated) daily for twelve days
{a total dose of 1.2 gue) showsed no 111 effects, thrived s galned
welght (3%). ‘futopsy study revealed no evidencs of nephrotoxic or
any obher toxic effect., luoee bLhe average dose of tebtrathionate
recommended by Theds (39) is omly 7 ngne/keme, it would secm that no
perasnent nephrotexic astbion cowld be expected in the nornal olindecal
use of this compound, provided thal, as iloom, Forbes, and Policoff

have pointed out (L3), there is no evidence of pre-sxwisting ronal disease.



le Renal funetion teste wore performed on rabbits belore axd after

intravencus adsdnistration of doses of sodiuz tobratiionate ranging frem

5

10 to 100 ngme/kune Preliminary studies on the appearance of catalasuria |
and protelmiria altor tetratilonete poisoning wore alvo aade.

2. The 10 rigme/kzm. dose had no apprecishle effects on tubuler
transport of glucose and on tubuler transport of chleride, It did
decresse the tubular cxeretory izazs (hippurste) and slomsrulay
Piitration rate (iomlin) o some exbent.

3. iiigher doszs of tetratblonate produced decresses in all these
vavigbles. The 100 mgm./¥ore dose lovered mmiin clearance to about
10 per cent of the control value, tubnlar transport of chlorides to
soout 20 sur cont, tumdsr excretory mass bto 5 por cent and tubular
transport of slucose to zere.

Ge 4ihie data obtalned Wy reanal clearance Lechnlgues suggest thab
low doses of tetrathlonsivc allsct the glomerwlus and tle proxi-al
tumle avoul equally. At Ligher doses of tetrathionate, the proximal
tubwle becoses awre seriously aflcoted. 4 the doge of tebrathionate
is inereassd still lurbner, the distel tubuic Locomes dnvolved alsoe
The Jew studies of urinary cabslsse and protein excretious are not

"

ingonsistent with this idea.
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Table 1

Catelasuria and Protelrmria in Rabbits
Rabbit #1 3ex -~ Male Welght ~ 2.7 kga.

Tine
(barm. )
o (tetruthionate injected)
0.5 700 o
1.25 3400 30
1.0 A7 15




“Tahle 2

Catalasurisa snd Proteimria in Rabbits

Rabbit #14  Sex - Male

-

75 mgm. /kgm.  WapS 06 L.v.

Vedght - 2.7 kga.

Time
(hrs.)

- 0,25
0
1.6
2,0

Protein

m.)

hﬂm&h&ﬂiﬂwﬁﬁ

igmaaaﬂ o}
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Table 4

Gatalasurds and Probeinuris in Babblits
fabbit #§ Sex - Female Heizht - 2.5 kpne

25 mm. fegm. HepS,0g  1.v.

Time Urinary Catalose Urinary Protein
{hrs. ) (m302/0.2 ml, ) {mgm, /100 =1, )

0 (totrathionate injected)

Cub 237 0

1.0 57 O

20 85 a

3.0 68 s

4e0 90 G

5.0 iR 0

5.5 260 trace

70 5‘ 1‘;2 trace

26,0 250 , 0




Table 5§

Cztealaguria and Proteinurda in Rabbits
Rabbit #3 Sex - Male Weleht - 2.7 keme
i.v. injections of Na;5,0¢ as indicated

Time Urinary Catalzse Urd Protein
(hrs. ) (m20p/0,2 ml. ) {mgm. /100 ml.)
- 245 o G
o (75 ngu. /kem. 5,06™)
1.0 3,280 - 30
2.0 9,150 400
3.0 17,000 50
4eC 106,200 450
5.0 Ly 400 206
6.0 45400 400
71l.5 510 - o
72.0 {75 mgm. fheme 84087 )
T2e5 266 trace
73.0 203 5
74.0 5 5
75.0 Q trace
76.0 0 trace
77.0 0 AC
78.0 ] 40
.5 34.0 = 25
97.5 (100 mgm./kgm. 5206 )
9840 2.0 35
8.5 6.5 75
FTe 5 6.5 50
100.5 6.5 40
10l.5 6.5 35
144,.5 75.6 1000
145.5 47.5 1000
148.5 8.6 o. 1000
149.25 57.5 1000
14375 48.0 1000
169.0 82.5 1000

1710 97,0 1000




Sumnary of (lesrance HExperiments

Table &

Rabbit No. Hapt 06 Clearance Times Clearances Uone
injected (hrz. after £406)
l‘%‘@a mnle
65 100 0.5,1.0,2.0,3.0 Tn, FAH,G1,C1
64 100 0.5,1.0,2.0,3.0,4.0  In,rall,Gl,01
&0 100 ‘3-5,109,200,E.6;2&.5 In,?&ﬂ,ﬁl
59 20 0e5,1.0,2.0,3.0 In,r Al
53 20 0.5,1.9,2.0,390 Iﬂ,?ﬁﬂ
6? ?. Oc 5,1.8,293,3'0,2&.0 In_’?}&ii;,el’cl
66 75 Ce59140032.0,340,3.5  In,2AlL,G1,01
57 7C 005,1.0,200’300,4.5 Iﬂ,?ﬁﬁ
% 60 0.5,1.0,1-5,2.9,3.6 :{D;,Pﬁﬁ
?3. 50 Ql 5’100,240,306;[5'0 IR,EA}{,QI,CJ.
62 50 0.5,1.(3,2.0,3.0,4.(} In,;ﬂﬁ;Gl,Cl
53 50 0e5,100,1.5,240 D AH
55 35 0.5,1.0,1.5,2.0,3.0 In,PAH
75 25 0:5,140,2:05440,5.C In,PAH,G1,C1
73 25 O‘ 5’1’6’200’3 vG,‘}.G In;;’tk‘{ ,Gl ’Cl
54, 25 0.5,1.0,1.5,2.0 In,Pan
52 25 005;100’1. 5’2-OO’B¢Q In,f:iﬁ
77 10 0.5,1.0,32.0,3.0,4.0  In,Pai,Gl,Cl
76 10 0-5’,1.0,2‘0,3'9,4.0 In,?ﬁ.ﬁ,al,(}l
Symbols In =z inulin

FAlIl = pera-sninohippurate

Gl g glucose

€l = chlorides

33



Table 7

Clearance Studles in Rablits
dnalyticel Date
Rabbit #65 Sex = Hale delght = 2.5 kegm,
100 mgm./kgm. HapSg0¢ 1.v. at O hrs,

Time Urine Flow Inulin FaH Glucose Chloride
(hre, ) (mpm, /md, ) , " (mgm./ml, ) ,
(nl,/min, } Plasma Urine Plasma Urine Plasma Urine Plasma Urine
e 005 1.0 0&31 2&04 lq& 2102 1«10 0008 ' 6070 6180
- 0025 1:1 . Qa32 2018 lnu 2204 1.14 0.08 6040 6.90
0 - L - L4 End - - - -
0.5 0.09 C.52 2.48 2.24 13.8 1.36 0,90 6.77 6.65
1.0 0.21 0.66 1.38 2.76 740 1.36 1.04 6.85 7.10
2.0 0.53 .21 1.15 3.84 8. 404 1.08 1.60 6,65 6.90
3.0 .24, 1.04 1.36 44 50 5.68 1.00 1.46 6.93 6.95




Table 8

Clearance Studies in Rabblts

Rabbit #65

Sex - Mals

Caleulated Data

35

100 mgn./kgm.  NapSz0¢ 1.v. et O hre.
Time GFR PAH TEM _ gl Chloride Tl
(hrs. ) cleared cleared excreted reabsorbed cleared excreted  reabsorbed
(ml./min.) (mlo/miﬂ' ) (W'/MQ ) (mlo/miﬂo) (m@mo/miﬂc ) (%@t/mn« ) (m}.’[&na ) (t&%m.ﬁnin. ) {mgﬁa/minﬁ )

Rt 0.5 5;8 3’.1.0 1603 Oow D-w 6»30 0.9? 1001 60 80 3200 0«: 85
- 0.25 6.5 21.0 17.8 .08 0.08 7.40 0.99 1.1¢0 740 3442 0. 84
o - - - - - L ] -t - - - -
0.5 0,43 0.56 O.4 0.006 0,08 0«51 0.86 0.09 0.60 2.31 0.79
1,0 Qelid, 0.56 0.5 0.16 0.22 0.38 0.63 0.22 1.49 1.53 0.50
2.0 G.75 075 Ceb 0.78 0.85 e 4 (o 04 0.55 3.66 1.33 0.27
3.0 1.1 1.1 0.7 1.22 1l.21 -0,11 -0,12 0. 84, 5.84 1.78 0.23




Tablie G

Clesranco Stucies dn Habbits
Caleculated Data in Termg of Por Cent of Mean Control Values
Rabbit #65 Sex = Mule weight = 2.5 wom,

100 mgiikgne  BagiyOp Leve at O hirse

s

36

I Ll AR 2o

Time GFR Fall TEM | _ Glugose gl Ghloride £l
{tirse ) cleared clearei exereted reabsorbed , eleoared excroted reabsorbed
T o2 (£.15)  (21.0) (17.05) (0.075) (0.08) (6.85) (0.99) (1.05) (7.10) (33.1) (0.85)
O L L - - - - - - - -y -y
0.5 7.0 2,7 2.3 g 100 7ok 87 8.6 Bed 7.0 93
1.0 7.2 2.7 2.9 210 278 5.7 64 21 i} 4.6 59
2.0 12.2 3.6 2.9 1040 1060 0 0 52 51,5 4.0 32
3.0 18,0 5.2 4ol 1630 1510 0 0 80 82,3 5.4, 27

Fipures in parentheses indlcete mean control values, All other figures dencte per cent of mean control values



Table 10

(lesrance Studies in Rabbits
Analytical Lata
Rabbit #64 Sex - Male Weight = 2.5 kgm.
100 mgm./kgn. NagS;0¢ 1.v. at O hrs.

(Tima) Urine Flow Toulin T paH Glucoge ‘ Chloride
hrs. ¢ .2 0 N _{meme/el,) gy il ) o mgm, e, )
(nl./min, ) Plagma Uring Plagne _ Urine Plagma Urine Plasma _ Urine
- 0.5 0.25 0011 4.& 0‘33 5506 lo52 1‘10 6;75 5»80
- 0'25 9025 0017 5.24 Gtél 5604 1-80 Oi% 6&40 6.85
0 - - - - - - L - -
0u5 0.03 * 1.31 * 6.80 1.74 0.80 ® 4e25
1.0 0.01 0.37 2,44 1.60 14.0 1.54 0.8 6.45 w
2.0 0.39 0.48 0.54 2,20 2,90 1.48 .26 640 6.60
3.0 0.40 0. 59 0.58 2,78 3,30 1.42 2,20 6,40 6.75
4.0 0.33 0.60 0.70 3,28 3,86 1.36 2,06 6.55 6,70

¥ Sample lost



Table 11

Clearance Studies in Eabblte

Calonlated Data

38

Rabbit #64 Sex - Male Weipht « 2.5 kgn,
100 mgm, fkgm, lienS,0¢ 4.ve at O hrs.
Time GFR PAH " TEM Glueose | el ) _ 61
(hra., ) cleared cleared excraeted reabsorbed oleared axpreted reabsorbed
(ml./min. ) (ml./min. ) (Wq/&ﬁiﬂl ) (mlq/rﬂiﬂa ) (ﬁl’ﬂo/ﬂﬁl‘h ) (m@./minm ) 4 (nﬂ-o/mjfh ) (mﬁ@ﬁb/m‘ ) (m@;/ﬂiﬂo )

- 0.5 11.3 4201 19'7 0018 0'2? 16!7 0.*9%3 9021 1145 7407 0;98
had 0.25 7.9 BAQIQ 11.4 6012 0.21 14,.0 009’9 0027 1071 52.8 0.?7
o - - - - - - R4 L3 - - L]
05 # # i 0.0 0,24 hd * # 0.13 b b
1.0 .08 0.06 0,02 0. 005 0,005 0.07 Q.92 & ® # #
2.0 0ed3 G.51 0.30 Q.59 0,848 =, 25 -(.36 0.40 2.58 0.18 0.08
3.0 .39 0.48 0.40 D.62 0,88 =}y 33 (3, 59 0ad2 2.70 ()4 20 -, 08
4o .39 0.39 0.10 Qud9 0.68 -0,16 Q¢34 0,34 2,21 0.35 0.13

# Sample lost



Table 12

Cleurance Studies in Rabblts
Caleulated Data in Terms of Per Cent of Mean Control Values
Rabbit #64 Sex - Male Walght -~ 2,5 kpa.
100 mgmn./kgm. Hap8 04 1.v. at O hrs,

39

.
Time GFR PAH TEM Glugose fgl £1

{hrs. ) cleared , cleared excreted reabsorbed eloared excroted reabsorbed

- 0,

- a.gs {(9.6) (38.3) (11.1) (0.15) (0.24) (15.4) (0.99) (0e24) (1.58) (63.8) (0.98)
0 . - - - - -y - - - - -~
0.5 ® & * 6.7 100 ® ® * 82 * ¥
1.0 0.5 0.2 0.2 3.3 2.1 0.5 93 ® ® ol ®
3.0 Lel 1.3 3.6 410 367 0 0 170 17 0 o
40 4ol 1.0 0.9 330 283 0 0 170 140 5.5 1.3

% Sample lost

Figures in parentheses indleste mean control values. All other fijures dencte per cent of mean control values.



Clearance

Yt & T Then g
Analytical Dots

ReoLit 760

S e, A BT Y
100 LiTTle faTie NN

[P i
Sex - Hale

Studies in Babbites

at O lrs.

wediht - 2.9 koa.

Pl

(hrs.)

Urine Mlow

(ml,/mir. )

Inulin
(e /ml, )

197 . !
&40V

Hrine

(M}“ﬂ:ﬂc/!_ﬁl*a )

Tlngmn

Urine

Glucose

ﬁv/mlo )

Y
(men

Sloans

Urine

- 015
L 0.25
O
05
1
2
3
4.5

O‘él
0.65
C. 07
0,15
¢, 69
Ce91
R

Oa 5:’;&*‘
A
G.53
Ue79
0.91
1.02

2e2
245
2.37
1,17
1.11
1.7

66

e 2
2341

De62
PR
5.34
6.00
7.70

1.3C
1.36

103‘13-
1.34
1.14
0,582
.64

022
.12
0.33
L.22
1.7%
1.20
0.78




Table 14

Clearance Studies in Rabbits
Calculated Data
Rabbit #60 Sex - Male lieight - 2.5 kga,

100 mgm./kgm.  NapSz0¢ 1.v. at O hrs.

Time GFR PAH TEM , v Glucose gl

(hrs.) cleared c¢loared excreted reabsorbed
(ml./min, ) (ml./min, ) (mgm. /min. ) (ml./min.) (mgm./min.) (mgm./min.)

had 005 309 2803 13.1. 0.10 0012 409& 0.97

- 3.25 307 2806 13-5 9006 0008 4'95 0!98

0.5 0.32 0.02 =05 0.02 0,02 0.41 0.95

1l Uudb 0.48 0.1 G. Gl 019 0.43 0.70

2 0,89 1.0 1.0 1.5 1.2 ~0.17 -0.18

3 1.0 1.2 1.7 1.3 1.1 =0,28 ~0s35

be5 1.2 1.1 0.8 1.1 0.70 0.07 0.09




Table 15

Clearance Studies in Rabbite
Calculated Data in Terms of Per Cent of ¥ean Control Values
Rabbit #60 Sex - Male Weight = 2.5 kgm.
100 mgm, fkgm. NepS406 1.v. at O hra,

Time GFR PAH TEM Glucoge . £el

(hrs, ) cleared cleared excroted reabsorbed

- 2:55 (3.2) (22.5) (13.3) (0.08) (0.10) (4+95) (0.98)
o - - - - - - -
0.5 844 0.07 o 25 20 8.3 97
1 12 1.7 0.75 13 19 8.7 72
2 23 3.5 7.5 1880 1200 &) Q
3 26 4.2 13 1620 1100 0 4]
beb 32 3.9 6,0 1380 700 1.4 Feld

Figures in paventheses indicatie mean control values. 411 other figures denote ‘pe,r cent of mean control values.



Table 17

Clearance Studies in Rabbits
Calculated Data
Rebbit #59  Sex = Male  Weight — 2.5 kgm.
90 mgm./kgm. NagS,0¢ 1.v. at O hrs.

Time GFR PAH ecleared CTEM
(brs. ) (ml,/min.) (wl./win.)  (mgm./min.)
ad 0.75 6QA 18g6 12&6
- Ot 50 6- 5 1900 13 . 5

9 - - -

0.5 0.33 C.56 0.6
1 0.54 C.75 0.8
2 1.0 1.10 1.0

3 0,98 1,70 2.5




Table 18

Clearance Studies in Rabbits
Caleulated Data in Terms of Per Cent of Mean Contrel Values
Rabbit #%59 Sex - Male Welght = 2,5 kgn,
90 mgme/kgm. HNazS;06 3.v. at O hrs.

Time GFR PAH TEM

{(hrs. ) cleared

- G.' "

T 645 (8.8)  (13.1)
Q - - -
0.5 5.1 3.0 Leb
1 8.4 40 6.1
2 15 5.9 7.7
3 15 2.0 19

Figures in parentheses indicate mean control values.
A1l other figures demote per cent of ween control walues.



Tahle 19

Clearence Studies in Rabbits
Analytical Data
Rabbit #58 Sex = Male Welght = 3.0 kgm.

80 mgm./kgm. 3325406 i.ve at O hrs.

(Ti.m@ ) ‘({!rin? F’.’Lm}t ( In/u;;lin) ( PAH )
hrs. (ml,/min. BEhe . .
Plasma ~ Urine asma 3
- 0;?5 0.1&0 0033 5.71 0.63 4.1.5
- O. 50 0032 00 28 7.26 00 63 54 5
0 0.32% 0.26* T85% 0.64% 61,5%
0.5 0.17 0.37 5.83 1.G3 31.9
1 0e29 043 482 1,56 18,7
2 0.45 0.63 40O 2.30 17.4
3 0.53 0.59 4ol 2.54 18,7

#* glserance period coincided with tetrathionate injection.



Rabbit #58 Sex - Male
80 mgm./kgm. BapS;06 3L.v. at O hrs.

Table 20

Clearance Studies in Rabbits

Calculated Data
Wedght ~ 3.0 kgm,

Time GFR PAH clemred TE¥
{(bre.)  (ml./min.) (xl./min.) (mem. /uin. )
- 0.7% 9.8 26.6 11.6
- 01 m 8 '3 2‘? 09 130‘1

0 9.6% 31.0% 14.2%
C.5 2.7 S5 3.2
1 3.3 3.5 1.2
2 3.0 3.4 2.2
3 3.9 3.9 1.6

¥ glecrance period coincided with tetrathionate injection.

&



Table 21

Clesrance Studies in Rabbtits
Calculated Data in Terms of Per Cent of Mean Control Values
Rabbit #52 Sex - HMale Welght = 2.5 kom.
80 mgm./kim. NapS8;0g 1.v. at O hrs.

Tine GFR PAH TEM

{hre.) eleared

- 6075 @

- o050 (6+45)  (28.5)  (13.2)
0O L ® ®
0«5 29 19 25
1 36 12 943
2 33 12 17
3 42 1 12

¥ clearance periocd coincided with tetrathionate injectiong
data were included in caleulation of mean control values.

Figures in parentheses indicate mean control values. All
other Tigures denote per cent of mean control values.



Clearance Studies in Rabbits
Analytical Dates

Table 22

Rabbit #67 Sex ~ Male Weight - 2.5 kgm.
75 mgm./kgm. Nag8;06 1.v. at O hrs.
Time Urine Flow Inulin PaH Glucose Chloride
(hrs. ) (mgm, /w1, ) ; (mem, /ml, ) o, /10l
(ml,/min, ) Plagma Urine Plagma Urine Plesma Urine Plagma Urine
- Q;5 0.36 0036 1-83 1.0‘9 3.708 2.56 0056 60(37 4.7G
- 0.25 0.36 0.38 1.84 1,10 18,0 2.65 0.48 6.53 4.38
0 Lod Ld L L od - - -~ - -
0.5 0.16 0.46 1,30 1.54 6.24 2.50 1.46 6.27 WA
1 0.16 0.51 1.15 1.86 4el0 2,56 2.92 6.87 6.77
2 «29 0.63 1.04 2.18 3.70 245 3.88 6.35 6,50
3 0.26 0,70 1.15 2.69 4el5 2.47 3.96 7.00 6.77
4 0.21 0.66 1,21 2.94 4,80 2,56 3.80 6440 6,20

49



Table 23

Clesrance Studies in Rsbbits

Calculated Data

82
O

Iiabbit #67 Sex - Maule Welght = 2.5 kgm.
76 mgm. fkgn,  Nag5 06 1.ve at O hrs.

Tine GFR PAH THM Glucose fel chloride .

(hrs, ) cleared cleared sxcreted reabsorbed cleared exereted reabsorbed

(ml, /min.-) (ml./min, ) (mgm, /min, ) (mle/min.) (mgm./min.) (mem./min.) (ml./min,) (mgm./min.) (mgm./min, )
had OQS 1.8 509 4.5; Guw 0.29 4!31 0‘% 6-25 1169 902 0085
- 0925 1.8 5.6 4;8 0.0‘7 6017 4.66 0.% Ouu 1,58 10.2 O.gé

0 - - . - - L] Ll - - - -

0.5 0.46 0.64 0.93 0.09 0423 0.92 .80 0.16 1.02 1.86 0.64
1 0.36 0.38 C.13 0.18 o7 0.45 0.49 0.15 1.08 2.40 0.56
2 0.48 0.49 0.18 0.46 1.16 0.02 0.05 0.30 1.89 1.16 0.38
3 0.42 0.40 .13 0.42 1.3 G.01 .02 0.25 1.76 1.18 0.41
4 0,39 0.32 0,02 0,31 .80 0420 0,19 0.20 1.31 1.19 0.48




Table 24

Clearance Studies in Rabbits
Caleulated Data in Terms of Per Cent of Hean Control Values
Rabbit #67 Sex - Male Weight - 2.5 kgn.
75 ngm./kgm.  NagS,0¢ 1.v. at O hes,

Tize GFR PAH  °  TEM Glucose T gl  chloride £01
(hra, ) cleared cleared oxareted reabsorbed cleared exoreted  resbsorbed

0.5 26 1 1% 120 121 21 g3 6l &2 19 75

1 20 6.6 2.7 240 247 10 51 58 &6 25 66

2 27 VA 3.8 10 610 0.4 562 120 115 12 &

3 23 6.9 2.7 560 540 0.2 2.1 96 107 12 48

4 22 5.5 Ouh 410 421 e 19 77 80 12 56

Figures in parentheses indicate mean control wvalues., All other figures denote imr cant of mean control values,



Table 25

Clearaence Studies in Rabbits
Analytical Data
Rabbtdt #66 Sex - Male Weilrht - 3.5 kgm.
75 mgm, fkgm. NepSs06 4i.v. at O hre,

Urine Flow Inulin PAH Glucose Chloride
4 . ) (mgmm, /1, ) (mgm, /ml, )

(ml, /min, ) Plasma Urine Plegma Urine Plagma Urine Plagma Urine
Qe84 0.24 2.62 0.65 k2.0 2.22 0.28 6.50 7.07
0.87 0.25 3.21 0.65 27.6 2.27 0.28 7.15 7.90
0.69 0.37 1.55 1.45 6.55 R.66 2.60 6.90 8,40
0.60 0.51 1.89 1.86 6.10 2.88 6,88 7.60 6,70
1.4 0.60 1.34 2.76 5.52 2.83 5edidy 7.15 7.25
1.7 0.63 1.38 34 5.62 2496 4428 7.03 7.60
2,0 0.67 1.20 3.5 5¢55 2.64 4,.06 6.95 6.93




Table 26

Clearance Studlies in Rabbltis
Caleculated Data
Rabbit #66 Sex - Hale Welght - 3.5 kgm.

?5 ﬂl&m;/}iﬁ?ﬂ. ﬁa;gﬁ4ﬁ6 i.v. 8t O hrs.

Time CFR PAH TEM Glucose gl Chloride £C1
(hrs.) cleared cleared excreted reabsorbed cleared excreted reabsorbed
(ml./min.) {(ml./min.) {mgm, /min, ) (ml./min.) (wgme/min.) (mm./min.) (ml./min,) (mgm./min.) (mgm,/min.)

- 0.5 9.1 25.7 13.6 0,11 Geld, 20.0 G.99 0.1 594 53.2 0.90
Al 0.25 ll;j 3?;0 1719 9016 0'24 2.%-4 00?9 Oo% 6.88 7357 0-92
o - - - - - - - - - - -
0.5 2.9 3.1 1.0 0.93 248 5.24 0.68 0,83 5.80 14.2 0.71
1 2e2 2,0 0.3 1.43 4413 2.21 0.36 0.52 4£.02 12,7 0.76
2 3.1 2.8 Ce5 2.60 7.61 1.32 0.16 1.40 10,1 12.1 0.55
3_ 307 2'8 ‘0.5 2'8 7.27 3073 0-34 1:80 12-9 13.1 * 0o5l
3.5 3.6 3.1 0.6 3.1 8.12 1.38 0.14 1.90 13.9 11.1 0.4dy




Table 27

Clearance Studies in Rabbits
Caleulated fata in Terms of Per Qent of Mean Control Values
Rabbit #66 Sax - Hale Welght = 3,5 kgm,

75 mgmo fhgm.  BagS;06 1.v. at O hre.

Time GFR PAN TEM Glncoge fgl Chlordde £C1

- 0

- ng (20.2) (32.9) (15.8) (0.11) (0.24) (22.7) (0.99) (0.94) (6.41) (63,5) (0.,91)
D - - . - - - - - - - -
0.5 28 9eds 6.4 290 1030 23.0 2 £9 90 22 78
1l 21 6.1 1.9 13 1720 9.7 36 56 & 20 84
P4 3¢ Be5 3.2 2480 3170 5.8 16 150 157 19 60
3 36 8¢5 4} 2670 3030 16,4 34 190 201 a1 56
308 35 Dedy 3.8 2950 3380 6.1 14 200 : 27 17 48

Figuras’ in payentheses indlente mesn contrel wvalues. 41l other figures demote per cent of mean control values,



Table 28

(learance Studies in Habbils
Analytical ata
Rabbit #57 Sex - Male Weight = 2,5 kgn,

70 mgme//kgm, NegS,0g i.ve at O hrs.

Tinme Urine flow Inulin Pad

(brs.) (ml./min. ) o, /1.
Plasna Urine Plasma Urine

- 0,50 0,28 C.7C PRSP 2.17 3le4

hadd 0.25 6.42 0.69 4071; 2-17 3.1.4
Q Q. 39% 0. 71% 3.94% 2e35% 30.6*

D5 Ce 25 0,98 331 259 2040

i 0,15 1.11 3.65 3.63 20.0

2 0.13 1.32 3622 L84, 21.0

3 G35 1.32 3.94 e 54 i8.9

4 Oed2 1.57 5.05 649 23.0

# slearance period coincided with tetrathionste injectione.

35



Teble 29

Clearance Studies in Rabbits
Calculated Data
Rabbit #57 Sex - Male Weight - 2.5 kgm,
70 mgnm. /kgn. NaS406 1i.v. at O hrs.

Time GFR PAR cleared TEM
{hrs.) (ml./min. ) (ml./min. ) (mgm, /min. )
- 0'5 106 6.1 509
- 3-25 2.9 6.2 301

0 Re2% 5.0% 7.6%
0. 5 0.86 10 8 3 00
1 048 0.21 1.5
2 G.32 .58 1.5
3 1.0 1.2 1.9
4 0.39 Q.43 0.70

¥ clearance period coineided with tetrathionate injection.



Table 30

Clearance Studies in Rabbits
Caleulated lata in Terms of Per Cent of Mean Control Values
Rabbit #57 Sex -~ Male Welght = 2.5 kem.

7O mgsm ./k@l' 148.234{36 ieve at Q hrs.

Time GFR PAH TEM
(hrs.) cleared
- 0.5 ' .
205 ) () (2)
0 ¥ % s
0.5 39 35 42
1 22 16 21
2 14 11 21
3 45 24 26
4 17 Bed 9.7

¥ elearance period coincided with tetrathionate injectiocng
data were included in caleulation of mean control values,

Figures in parentheses indicate mean control values. All
other {igures denote per cent of mean control values.



Glearance Studies in Rabbits

Table 31

Analytical Data

Rabbit #56 Sex = Male deight = 2.7 kgn.
60 mgm.fkgm. NaogS0¢ 1.v. at O brs.
Time Urine Flow Inuiia PaH
(hI‘SC) (ml.fﬂlin.) . ,__lm’__.
Plagma Urine Plaswa Urine
haed 6075 0&61 6027 4&4.3 0093 3006
- 0.56 0.65 6029 30!}1 8&93 23¢8
0 - i - E -
045 0,07 0. 39 1.75 1.48 e b
1 Jel5 S IAS) 1.73 1.98 T
1.5 0.65 0.50 225 2.36 2.8
2 0,91 052 3.1 2.56 14.3
3 0,89 Q.52 3.31 3.08 17.8




Table 32

Clesrance Studies in Rabblits
Calculated Data
Rebbit #56  Sex - Male  Weight - 2,7 kgn.
60 ngm./kgm.  HapS,;05 1.v. 2t O hrs.

Timo GFR PaXl cleared TEM
(brs.) - (ml,/min.) (ml,/min. ) (mgm. /min, )
- 0'75 8q8 3.3;1. 9&9
-~ Q; m 16.9 210’7 12‘ 5

0 - - -

0o5 201 3'0 1'8
X 3,0 3.3 1.6
1.5 3.5 3.3 0.9
2 3 3 2 3.0 a‘?

3 3.1 2.8 0.9




Table 33

{leasrance Studies in Rabbits

Calculated Data in Terms ol Per Cent of Mean Control Values
Rabbit #56 Sex -~ HMale Wolght = 2.7 kmme
60 mgm./kpm. HagS,0q 1.v. at O brs.

Time
{(hrs. )

GFR FaH T8
cleared

- 9'75
- 0‘.50
o
0.5
1
1.5
2
3

(9.4) (19.9) {(11.2)

22 15 16
32 17 14
37 17 8
34 15 8
33 14 &

Figures in parentheses indicate mesn contrel values, All
other figures denote per cent of mean control values,



Clearance Studies in Rebbits

Table 34

Analytical Data

Rabbit #71 Sex - Male Welght - 2.9 kgm,
50 mgm./kgm. NapS0¢ 1.v. at O hrs.
Time Urine Flow Tnulin Panl Glucose Chloride
(hrs, ) ngm, /il (mgm /ml. ) (mpm, /md, ) (mem, /ml, )
(ml./min. ) Plasma Urine Plagms Urine FPlapma Urine Plagma Urine
O - - - . - - - - -
0.5 0.12 0.32 2,00 0.80 22.9 247 0.34 745 1.80
2 0.55 0.38 2,03 1.40 984 1.54 2432 Y20 5,60
3 0,69 0.33 1.69 1.78 3,10 1.14 1.74 6.95 €.75
4 0.63 0.36 1.79 1.86 9.50 1.18 1.80 6,95 €.65




Table 35

Clearanes Studies in Rabbits N
Caloulsted Loata
Rabbit 771 Sex ~ Male Welght « 2,9 kgm.

50 mgm./kgne  NagiyOg 1.v. &t O hws.

Tine GFR PR TEM Glucose fgl Chloride fe1
{hrs.) cleared eleared exereted roabsorbed cleared exoreted reabsorbed
{ml,/min. ) (ml./min, ) (mgm, fuin, ) (ml./min,) (mgm./min,) (mo;m./min, ) (ml./mdn.) (mgm./min.) (mgm,/min, )

b 0.5 3;6 32.8 10.3 0006 0120 9016 {}’98 0.10 0.67 23.9 0.93
- 0.25 3.1 2307 8.1 G.Gé 0-1& 7:72 Gg‘)f? 0-11 00?&- 19.7 0«96
0 - L] - - L - e L ] - - -
0.5 .75 3edy Rei 0.02 0. 04 1.80 0.98 0.03 G.22 5.37 0.96
1 0e23 0. 54 0.38 0.02 0.36 Geld 0.93 0.04 0.28 1.36 0.8
2 2.9 3.8 1.9 Q.83 1.28 3.19 0.72 0.42 3.08 17.8 0.86
3 3.4 3.5 1.2 1.1 1.20 2.68 0,70 0.67 bbb 18.9 0.81
4 3.1 3.2 1.1 - 0.96 1,13 2.53 0.70 0.60 4419 17.4 0.81




Table 36

Clearance Studies in Rabbits

Calculated Data in Terms of Per Cent of Mean Control Values

Rabbit #71 Sex - Male Weight - 2.9 kem.
50 mgm. fkgm,e  NapS,06 1.v. at O hrs,
Time GFR PAH TEM Glucose , fgl Chloride £C1
(rs. ) oleared clsared excreted reabsorbed cleared exoreted reabsorbed
: g:gﬁ (3'35) (23.3) (9.2) {(0.07) (0.17) (8.44) (0.9&) (0.,11) (Gv?l_) (21.8) (0.,97)
o - L ] - - - - - - had E ] -
0.5 22 12 24 29 23 21 100 29 31 25 99
1l 6.9 1.9 4ol 29 210 1.7 95 38 39 6.2 87
2 26 13 21 1190 750 38 74 400 430 82 89
3 1 12 13 1570 710 32 71 640 660 87 83
4 ‘33 11 12 1370 670 30 71 580 590 80 83

Pigures in parentheses

indicate mean control values.

All other figures denote per cent of mean control values.



Clesrance Studies in Habbits

Analyticsl DLata

Table 37

Rabbit #62 Sex - Male Weight « 2,5 ken,
50 mgm./kgme  NapSz06 i.v. at O hrs.
Time Urine Flow Inulin PAH Glucose Chloride
(hrso ) : /12l ) Iy ’ f%}gl f__}&lﬂ(. 2 A
(ml./min, ) Plasme Urine Plaema Urdne Plasma Urine Plugma Urine
- G.s 1.80 094«&‘ 099‘1 2.00 7.20 2052 0.98 7003 6070
haad ngs 1.73 00&1 0177 2.0‘3 aoéc 206& Cn% 7. 53 6.73
G -y - - - - - - - -~
0.5 0.48 0.47 0.89 2.58 5,65 2.76 .72 .26 TR
l 1-16 00 56 1.67 3.94 5000 2:32 3 084 7.92 7010
2 1.06 0.64 1.00 3.56 6.25 1.60 294 7.75 7.30
3 1.11 0.64 1.08 400 7.35 1.00 2,00 7.95 T.L2
A 1,10 0.70 1,39 4e32 £.16 0.80 1.54 7.95 750




65
Table 3%

Clearance Studies in Rabbits
Calculated Data
HRabbit #65 Sex -~ Male

50 wgm./kgm.  NapSu0¢ 1.v. at O hrs.

Weight ~ 2.5 kgnm.

Tine GFR PAH TEM , Glucose £zl Chloride £c1
{hrs. ) cloared cleared excreted reabsorbed cleared excrated reabsorbed
(ml,/min, ) {(ml,/min, ) (mgm, /min, ) {ml./min,) (mem./min,) (mem./min,) (ml./min.) (mgm./min.)  (mgm./min.)

- 0.50 3.3 6.5 Teds 0,70 1.77 6.55 0.79 1.7 12.1 1.1 0449
- 0,25 3.2 7.3 Fe3 0.60 1.5 6.89 0.82 1.5 11.7 12.4 0.53
0 - - Red - - - W 08 - - -
0.5 0.9 1.1 1.4 0‘&7 1030 1'18 0‘48 G. 52 3.80 2073 0043
1l 3.6 2.0 -2e? 1.9 A 3.59 045 1.1 8.25 2042 0.70
2 1.7 1.9 1.8 2.0 3.12 =0, 40 ~0.18 1.0 7.75 5e45 0,40
3 1.3 2,0 2.1 2.2 222 042 -0.18 1.0 8.24 6.06 Qe4b
FA 2l 21 1.5 2.1 1.70 .06 0,03 1,0 8.25 9,25 0. 52




Table 39

Clearence Studies in Rabbits
Caleulated Data in Terms of Per Cent of Mean Control Values
Rabbit #68 Sex - Male Weight - 2.5 kgm,

50 mgm,/kgme NopSi06 i.v. at O hrs.

Time GFR PAH TEM Glucose fgl Chioride fc1
(hrs. ) cleared cleared excreted reabsorbed clearad exoreted reabsorbed
- 8:25 (3.25) (6.9) (8.35) (0.65) (1.67) (6.72) (0.81) (1.6) (11.9) (11.8) (0.51)
O - - - - - - - - - - ™
0.5 28 16 17 72 78 18 60 32 32 23 84
1l 110 29 0 290 270 58 56 €9 69 170 137
2 52 28 22 310 190 0 C 63 65 46 78
3 55 29 25 340 130 0 0 63 69 5 8¢
v 4 68 30 18 320 100 4 4 63 69 78 102

Figures in parentheses indicate mean control values. All other figures denote per cent of mean control values,



)
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Table 40

Y

Claarance Studies in Sabbilis

Analytical Lata

]

fabbit #9593 Sex - Male deicht w 245 ki

50 mrme [l T, ieVe abt O hrs.

Time Urine low Inulin PAL
{hrs. ) {rl./min, (men. il o § g find e )
Plasma Urine Flasma Urine
- 0,50 Coh5 Qg2 5675 Je4 41.G
- 6025 00:&2 Go;:;? g@’.ﬁﬁ Q.?l 1,.:}.3
G R Ed . L -

Cab Q30 U 27 S5eG5 Ve iz 3ol
1 Go:}’:} 0-3‘} 5. L7 Ce'72 gﬁo‘{{v
1.5 Ca37 0.33 5e37 o3 27 el
2 Ce34 .36 663 1.25 341t




Table 41

Clearance Studies in Rabbits
Calculated Data
Rabbit #53  Sex — Male  Weight = 2.5 kgn.
50 wgn. flkgm.  NapS,;0¢ 1.v. at O hrs.

Time GFR PAH cleared TEM
(hrs.) {ml./min.) (ml./min.) {(mgm. /min. )
had 0050 901 29.0 13.8
- 3025 9.3 %05 13-1

0.5 6.7 14.5 6.4
1 7.0 10.0 bl
1.5 6.0 9.2 4.6

2 6.2 9.5 5.3

’4(‘.} o



Table 42

Clearance Studies in Rabbits
Calculated Data in Terms of Per Cent of Mean Control Values
Rabbit #53 Sex - Male Weight = 2.5 km.

50 mgm./keme NayS;0g 1.ve at O hrs.

Time GFR PAH TEM

{brs.) eleared

- 0»5
0 i - - -
0.5 73 52 42
1 76 36 30
1.5 65 33 34
2 67 34 39

Pigares in parentheses indicate mean control values.
All other figures denote per cent of mean control valueos.



Table 43

Cleargnce Studies in Rabblitls
Analytieal Date
Rabbit #55 Sex - Male Weight - 2.1 kgm.

35 m»/kﬁmc 3&234{:‘6 i.ve 8% O hrs.

Time Urine #low Inualin PAH

{hrs.) (ml./min.) (meme/m3.) (mgm, fl, )

Plasmae Urine Plasma Urine

- 1.2 Qujn?- 0027 50?9 007}. 56.1{-

- G.? Gow 0;29 Stéo 0.5‘9 52;9
0 - - - - -
0.5 0.21 Q.32 3.14 1,07 23 o4
1 0.61 0429 1.72 1.22 Gel
1.5 059 0.33 1.94 1.52 1.6
2 0.63 C.36 1.79 1.60 11.8

3 0.53 Ca 42 2.1/ 2.16 15.2

70



Teble 44

Clesrance Studiss in Rabbits
Caleulated Datae
Babbit #55  Sex - Male  Weight - 2.1 kem.
35 mgm,/kgm. FKagS;0¢ i.v. at O hrs.

Tine GFR PAR clsared TEM
{brs.)  (mi./min.) (ml,/min, ) {mgm. fmin. )
- Q.? 7.8 30@‘ 16:4
o - - -
U5 2.0 45 3.0
1 3.8 4.6 1.8
1.5 3.5 4.6 1.6
2 3.1 4ol 3.0

3 2'8 3.3 }_.G




Table 45

Clearance Studies in Rabbits
Caloulated Dats in Temms of Per Cent of Mean Control Values
Rabbit 55 Sex -~ Male deight = 2,1 kgn.
35 mgm./kgm. WayS,0¢ 1.v. at O hrs.

Time GFR PR TRM

(brs.) cleared

- 102

- 0.7 (7.3)  (28.0) (15.3)
Q -~ -~ -
Ce5 27 16 20
1 52 16 1z
1.5 48 16 10
2 42 16 20
3 38 14 20

Figares in parentheses indicate mean control values.
All cther figures denote per cent of mean control values.



Tatle 46

Cleerance Studies in Rubbits
fnalytical Data
RBabbit #75 Sox - Femsle Holght - 2.6 kga.
25 mgm. /kgm. WopB,0¢ 1.v. at O brs,

Tine Urine Flow Inulin PAH Glucose Chloride
(m') !m:tmlgl , !%}ﬁp:ul* 2 ‘B:m ‘{mlz 2 (Wa .-}

o {m1, /min, ) Plagma Urire Plegma Urine Plasms Urine Flasns Urine
had 005 0.39 O.% 3-?6 0.36 3&-6 1.60 0032 1:“ 2.%
- 3.25 0.32 0.21 hLedB 0.35 32.4 1.76 0.36 1.43 2.38

Oos G.u 0.12 5-66 0'20 46.8 ’ 1.80 0442 1.50 l. 56
1 0.25 0.27 GaR2 0. 54 4.6 1.85 4088 1.50 0.94,
2 G.29 0.25 5.60 .52 38.0 1.88 Todds 1.49 1.30
4 0.25 0.19 5,60 0.55 46.8 1.80 6.84 1.54 1.40
5 0.20 0,17 6.66 0.52 53,4, 1.80 6.84 1. 1.24




T4

Table 47

Clearance Studies in Rabbits
Caleulated Data
Rebbit #75 Sex - Female Weight = 2.6 kgm.

25 mgm,/kgm.  Hap8406 1.v. at O hrs.

Time GFR PAH TEM Glucose fgl oride 1
{hrs.) cleared cleared exoreted reabsorbecd cleared exereted reabsorbed
(ml./min, ) (ml./min, ) (mpm, /min. ) (ml./min,)  (mgm,/min,) (mem./min,) (ml./min,) (mgm./min,) (mgm,/min,)

- 0.5 6.5 37.2 11.6 0.08 0.13 10.3 0.99 055 0.80 8455 0.91
haad 0025 609 BGDQ E:“}.? Opm 0012 1240 0099 0053 9'76 9012 0!92
0 -~ - - - - - - - - - -
0.5 11.5 56,0 Tedy 0.06 0,10 20,6 0.39 0.25 0.37 16.9 0.9
1 59 19.3 7.8 0.65 1.22 97 0.89 0.15 0.33 8452 0.97
2 6.6 i8.6 TeQ 1.10 2.16 10.2 0.83 0.25 0.38 .46 0.96
4 7.5 21.1 Bedy 0.95 .71 11.8 0.87 0.22 0.35 1.2 0,97
5 7.8 22,6 8.4 0.76 1.37 12.7 0.90 0.16 0.25 11.7 0,98




Table 48

Clearsnce Studies in Rabbits

Coloulated Data in Terms of Per Cent of Mean Control Values

75

Rabbit #75 Sex - Female Welght - 2.6 kegm.
25 mgmm/k{xw. N&gS&ﬁé i.V. at 0 hl‘ﬁ.
Time GFR PAH TEM Glugose £l Chloride iC1
{bre.) clenred cleared  excreted  reabsorbed _gleared pxcreted baorbec
- 00
- 0,25 (6.7) (34.1) (10.2) (0.08) (0.13) (11.2) (0.99) (0.54) (0.78) (8.84) (0.92)
) - - - - - - - - - - -
0.5 172 164 93 80 77 184 100 46 47 191 107
1 88 57 77 870 940 87 90 28 42 96 106
2 99 55 78 1470 1660 91 84, 46 49 107 105
4 112 62 83 1270 1320 105 a8 41 45 127 106
— 116 66 8 1010 1050 113 2% 20 32 132 107

Figures in porentheses indieate mean control values. All other figures denote per cent of mean control values.



Table 49

Clearance Studies in Rabbits
Analytical Deta
Rebbit #73 Sex =~ Male Welght - 2.5 kgm.

25 mgm. /kgm. NapSz0¢ 1.ve at O hra,

Time Urine Flow Inulin PAH Glucoss Chloride
(hX‘S.) ’,mﬂg&,) (Mg/mlq) ] . mzﬂg
(ml,/min, ) Plasma Urine Plasms Urine Plasong Urine Plagng Urine
hnd 0;5 Oo 59 0.36 2'31 1970 21.2 llgg 0.72 7.30 6090
- 0;25 9. 52 0.3& 2;92 1070 25.0 2010 00% 6;?0 ?.38
0 L - - - - L - - -
0.5 C.4d Cad2 2,92 1.86 24.0 2.30 2.32 7.85 6. 57
1 0.39 0e46 AN 2 1.92 27.6 2.20 .74 7.15 6.35
2 0.20 0.52 4.29 2.18 28,0 1.78 2452 7.15 7.57
3 0,43 0.55 3.99 2,52 2.2 1.46 2.58 7438 6.90
4 0.45 0.64, 2.29 2,82 2042 1.08 1.78 7.38 7.70




Teble 50

Clearance Studies in Habblts

Galoulated Data

Rabbit #73 Sex -~ Male deight - 2.5 kgm.
25 mgne/lgm.  N=pS406 1.ve at O hrs.
Time GFR PAR TEM Glucoge fgl Chloride £C1
(hrs. ) cleared cleared excreted reabsorbed cleared excreted reabsorbed
(ml-/mrh ) (Iﬂl./min. ) (ﬁ”ﬁmo/mnc ) (mlﬂ/miﬂo ) (mff;"zn./min. ) (Wﬁ/ﬁiﬂa ) (mla/miﬂn ) (mg;m./min. ) (mﬁmq/mith )

- Oo§ 308 7;4 7.1 9'23 0.42 6‘73 0.94‘ ga 56 4.96 3:18 0085
- 0.25 *-4 ?06 6.8 0923 0'-67 8.7‘? 0&95 0056 30& 4.06 Qem
0 - - - s - - - - - - -
Ceb 2.8 5¢3 5.4 C.41 0.95 5.50 0.85 034 2,70 3.07 0.8
1 34 5.6 Eody C.49 1.07 6.41 C.86 .35 448 3.86 0.90
2 2.5 3.8 3.8 042 0,76 2.0 0.83 0.32 .27 2.38 G.87
3 3,0 Lal L2 0.62 1.11 3.27 0.75 .39 2,96 2,80 .87
4 1.6 302 5.4 3074 0081 0092 0.54 0-‘.‘06 30‘6 ‘0.39 O.?l
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Table 51

Clearance Studies in Rabbltis

Caleculated Data in Terms of Per Cent of Mean Control Values

Rabblt #73 Sex - Male Welght - 2.5 kgm.

25 mgm./kgm, NapS;0¢ 1.v. at O brs,

Time GFR PAH TEM , | £g1 o £1

(hrs. ) clearsd cleared exoreted reabsorbed cleared excreted reabsorbed

Z o3 (401 (7.5) (6.95) (0.23) (0.45) (0,95  (0.56) (3.95) (3.62) (0.86)
0 - - -— - - - - — - -
0.5 68 7n 78 180 211 90 61 68 85 102
1 83 75 73 220 238 91 €3 63 107 105
2 €1 8 55 190 169 88 57 57 66 10l
3 73 55 60 280 247 79 70 75 (4 101
4 39 43 78 330 180 57 82 88 0 &

Figures in parentheses indicate mean

contyrol velues,

All other {igures denote per cent of mesn control wvalues.



Table 52

Clearance Studles in febbits
Analytical lsta
Rabbit #54 Sex - Male Waight « 2.7 kgm.

25 mgm. /kgm. Nays,ig ieve at O hrs.

Time drine Flow Ioulin PaH
(hra.) (ml./nin.) B L 0 ] (mgmefml.) .. .
P;am Urine Plasma {rine
- 1033- 004\3 002{»3 3.75 0.61 Blog
- 909 103 0023 l. {3‘9 0.553 6«2
O - - - - -l
0.5 0.43 Q23 Le61 D40 “lalds
1 043 Oe25 S5e54 Gl 3740
1.5 0.35 0.26 6.16 1.08 31.4

2 0.30 Cu26 5486 1.62 L7.8




Table 53

Clearance Studies in Rabbits
Calculated Data
Rabbit #54  Sex ~ Male  Weight - 2.7 kgm.
25 mgm, /kgm. HNapS0¢ i.v. at O hrs.

PAH cleared

Time GFR TEM
(hrs. ) (ml./min. ) (ml,/min, ) (mgm. /min. )
- 009 31.2 1«3-8 &al

0 - - -

05 8.5 30.5 Sl
1 9e5 15.9 12.1
1.5 8.4 10.2 3.5

2 6.8 8.9 5.2




Table 54

Mmh%ﬁ g
mmmunmarmwtoxmmmnm

mtis& - X - W mi&?m
ﬁm %3436 £v. 8t 0 bwse |

{hrs. )  eleared

TTE e (%a)  (8.9)
G L - L
0.5 88 2 10
| 98 a 41
1.5 a8y 29 g:
2 R 34

All other figures demote per cent of mean contrul values.



Clearsnce Studies in Rabhits

Table 55

Anglytical Data

Rabbit #52 Sex = Male Weight = 2,3 kgn.
25 mm./iigm. ;‘E&in&{}é i.v. at O hrs.
Time Urine ilow Imalin PAH
(hrs.) (1ul../min. ) : (mmi,{:___,l
Plasma Urine Plasna

- 0‘59 0. 31 GQRG 7086 0. 55 ézts

- 0025 003& 0020 7.2‘ ’0(4(5‘ 6{#0 5
0 - - - - -
G. 5 OQAG 0.20 6'74 OOZPS 4}40 5
1 040 D20 Seddy Ouddy 37.5
1.5 0.45 0.19 5416 0.53 37.5
2 Qb3 0.12 5.68 Ca47 5143
3 0. 50 0e20 550 0.50 4245




Table 56

Clesrance Studies in Rabbite
Celculated Data
Rabbit #52  Sex - Male  Velght = 2.3 kgm.
25 mgm. /kgm. NagS;04 1.v. at O hrs.

Time GFR PAH cleared TEM
(hes. ) (ml./min, ) (z1./min. ) (mem. /min, )
- 0.5 12.3 36.0 14.0

{3 - - -

0.5 13.5 37.5 12.5
1 13.4 Ll3 13.3
1.5 12.0 323 11.8
2 13.2 £7.1 17.0

3 2.9 425 15.5




Table 57

Clearance Studies in Rabbits
Caleulated Date in Terms of Fer Cent of Mean Control Values
Rabbit #52 Sex - Hale Welght = 2.3 kgm.
25 m@l/k&‘ . ﬁazsé{)é i.ve at O hrs.

Time CFR PA# p—
{bre.) cleared
- 0.5
0 - - -
1 109 100 86
2 107 114, 109
3 113 103 100

Figures in parentheses indicate mean control values.
All other flgures denote per cent of mean control values.



Table 58

Clearance Studles in Rabbits
Analytical Data
Rabbit #77 Sex ~ Mzle Helght = 2.8 kgn,

10 mgm, /kgm. HapS;0g 1i.v. at O hrs.

Time Urine Flow T Inalin PAH Glucose Chloride
(hre. ) o (mgmo/md,) —{mgm./ml,) —fmgme/rde) —(mgm./ml,)
(ml,/min, ) Plasma Urine Plasma Urine Plaama Urine Flasma Urine
- Qos 6029 0-33 5018 . ﬂcfﬁ 3702 10106 0064 6020 4088
- 6025 0#23 0.31 6.34 Onﬂ 45.3 1.“ Ot?A 5.43 3030
0 - - - - - - - - -
G5 0.25 032 7.75 0.51 46.8 1.46 0.70 592 435

1 0,24, 0,30 7.50 052 45.0 1.68 0.70 7.87 6.00
2 0.33 0.34 5480 0.56 29.4 1.54 0.66 5.40 9.60
3 AL 0.40 6.00 0.77 38,0 1.38 O.44 6.35 8,60
L 0,39 Qsdd 6,00 1,04 2346 131 0,30 852 6,85




Table 59

Caleulated Data

Clearance Studiss in Rabbits

Rabbit #77 Sex -~ MHale Welcht « 2.8 kgm.
Time GFR PAH TEM | Glucgse £l Chloride £C1
(hrs.) cleared cleared excreted reabsorbed cleared excreted reabsorbed
(ml,/min, ) (=l./min,) (mgm. /min. ) (ml./min.) (mgm./min.) (mgm,/min.) (ml./min,) (mem./min.) (mgm. /min., )

- Ocﬁ ét? 18*3 9.0 0113 9.19 606& 0097 0.23 1.42 27-8 0095
- 0,25 L7 20.3 8,5 0,12 Q.17 6.61 0.98 0.14 0.76 2447 0.97
o - - - L - - -0 - - - -

0.5 6.1 23.0 el 0.12 ¢.18 8.72 0,98 0.18 1.9 35.0 0.97
1 6.0 20.8 8,0 .10 0.17 9.84 .98 0.18 l.44 45.8 0.97
2 5.7 17.3 7.1 C.14 0.16 8,63 0.58 0.59 3.17 27.6 0.90
3 6.0 20,0 11,5 0.11 0.18 8.0 0,98 0.56 3.52 346 0,91
_4 5,3 11,0 7.1 0.09 0,12 6.83 0,98 0.32 2. 68 124 G 9%




Table 60

Clearance Studies in Rabbits
Caleoulated Deta in Terms of Per Cent of Mean Control Values
Rabbit #77 Sex - Male Welght - 2.8 kgm,
10 mgnm, fkgm.  NagS0¢ 1.v. at O hrs.

Time GFR PAH TR Glugose £gl Chloride _ fe1

(hrs. ) cleared elesred axcreted reabeorbed ecleared exoreted reabsorbed

- 0.

- 0,25 (0.47) (19.3) (8.75) (0.13) (0.18) (6.65) (0.98) (0.19) (1.09) (26.3) (0.96)
O - - - - - - - - - o -
0.5 130 119 105 96 100 131 100 97 100 133 101
1 128 108 91 80 94 148 100 97 32 17 ia
2 122 90 g1 110 29 130 100 320 291 108 9,

3 128 104 131 88 100 122 100 300 323 132 95
4 113 57 81 72 &7 103 100 170 246 141 98

Figures in varentheses

indicate mean contrel values, All other figures denote per cent of mean control values.



Clearance Studies in Rabbits

Table 61

Analytical ista

Rabbit #76 Sex -~ lMale Welght - 2.6 kgn.
10 mgm. fkem.  Ha$06 1.v. &t O hrs.
Time Urine Flow Inulin PAH Glueose Chloride
(hrs,) m, /ml ;
(mly/min, ) Plagma  Urine _ Plasma  Urine Plagua Uring Plaame Urine
- 0n5 0-66 0040 3-34 1v30 9040 301-G 0192 1448 l.w
- 0.25 G.M 0.4.6 4.30 1.35 1206 3-24 0"?3 1.75 1‘27
0 - - - hacd - - - - -
05 0.34 0.46 5.88 1.4l 17.6 2.94 0.61 0.66 1.04
1 Q27 0.49 6,02 l.44 16.6 2.67 0.40 1.40 1.51
2 0.20 Q.47 6.25 ledd 31.4 1.98 Co 54 1.54 0.91
3 0.22 Cud9 4.85 1.46 24.0 1.52 0.32 1.79 1.16
4 0.15 0.46 7.92 1,36 39.6 14 0458 1.59 0.48




Table 62

Clearance Studies Iin Rabbits

Calculated Data

Rabbit #76 Sex - Male Height - 2.6 kgn.
10 mgm./kgm.  Bagti06 i.v. &t O hrs.
Time GFR PAH TEM Glucose fel Chloride 1
(hra. ) cleared cleared excreted reabsorbed eleared excroted reabsorbed
(ml./min. ) (ml./md.n. ) {Wo/m: ) (ml*/min. ) (gﬂa.[m’ln; ) (m@ﬂo/mm- ) (!ﬁlg/m- )‘ (m@'ﬂ'/mino ) (m@u/mo ) ‘

- 045 5.5 Le8 0.4 0.20 0.6 1645 0.96 0.66 0.98 7.17 .88
- 0425 5.1 5.0 1.0 Q.12 0.39 16.1 0.98 0.39 C.69 Bozd, 0.92
0 - - - - o - - - R - -

05 bk 42 1,0 0,07 0.21 12.7 0.98 054 0.35 2.55 c.88
1 3.3 3.1 0.8 0.04 0.1l .70 0.99 0.29 0.41 3.92 .91
2 2,6 4e3 3.4 0.05 0.11 5.04 0.98 0,11 0,18 3.82 0.95
3 242 3.6 2.2 0.05 0.71 2.64 0.98 O.14 0.26 3.68 0.93
4 2.6 43 3.2 0.06 0.87 2.87 0.98 0,05 0,07 4,07 0.98




Table 63

Glosrance Studies in Rabbilis
Galoulated Data in Terme of Per Cent of YMean Control Values
Rabbit #76 Sex - Male Helght ~ 2.6 kgn.

10 mgm./kem,  NagSg06 4i.v. at O hrs.

Tine GFR PAH TEM Glucose £g1 ~ £01

(hrs. ) cleared cleared excreted reabsorbed ___cleared excreted reabsorbed

~ o3 (5.3) (4+9) (0.70) (0.16) (0. 50) (16.3) (0.97) (0.53) (0.84) (7.71) (0.90)
o - -~ - - - L - - - - o
0.5 83 86 140 44, 42 78 101 102 42 33 o8
1 62 é3 114 25 22 5 102 55 49 51 101
2 49 g8 490 31 22 31 101 21 21 50 105
3 42 %, 315 31 142 16 101 26 3 48 103
4 49 88 460 37 174 18 101 9 8 53 109

Figures in parentheses indicate mean control values., All other figures denote per cent of nean control values.
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Glomerular filtration rate (iaulin clearanecce) for various doses
tobrathionate.
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Tubular transport of glucosse for variocus doses of tetrathionate.
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Tubular transport of chloride for various doses of tetrathionate.
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Sherdstry of sodium tetrathionate. ure samples of sodiun teblra~

thionate {2‘5323&?;‘36«"5}23} were prepared by the dropwize addition of a
concontrated solubion of E%azﬁacyﬁzgﬁ {250 grams in 150 l. lpl) to an
aleoholic solution of iodins (127 grams I, and 50 grams lal in 500 ml.
of §0 per cont ebhancl)({58). The reaction mixture was stirred vigore
ously and maintained below 207 C during the addition of thiosulfate.
Completion of the reaction was indicated when the color of the lodine
solubion attained a slraw-lile uo. Une liter of absolube ethiancl and
500G mle of anhydrous etlyl obhor were bthon alded to the reaction miz-
ture., AfSer procipltation appeared complete, the tetrathiocnate was
collected on a Duchney Swmel and washed with small portions of obsow
lube etianol in order to remows exdess ilodine. The prociplitabe was
than air-dried with suction and dissolved in an equal woisht of waber.
The solution was filtered and e filtrate allowed to fall directly
into I liter of absolute ethanol. The precipliabe so forsed waz cole
locted on a Duchner funnel, washed well with sbsclute ethar

ol aod
dried ab room temporsture to constant weight in vacuo over calciunm
ciloride. The yisld wos aboub 100 grams of white, crystalline materi-
al wihich was readily soluble in an equal welight of water to form a
clear solubtion with no iodine uptake. OSodliw tetrathionate crystale
1izos out of ethanol-watcr as the hydrated salt, DapgS)(4-Zip0 (59)e
The compound prepared by this procodure alse appears to contain two
moleculos of water since on cautious drying ab 80° G, a 11l.h 6o 118
per cent weight loss occowrs (28). The thoorctical value for the loss
of two moleculoes of water ig 11.0 per cont.
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The btebrgbldonate conlent o0 tuc hydrated salt may be doberuined

y the reaction of the tetrathionate ion with cyanide (60, 61}, which

w’ s / L P *-m* w, B *4‘
+ U7 4+ 0 =9 S2037 4 COUD & 3OLT 4 20
I roachion, one mol of thisselfate iz quantibatively formed from

each ol of tebrathdonabc gnd the upbake of foddne Yy the reactiocn pro-

duet orovidos & divech seavare of the orisingd conbent of tobrotlhiocnatbe.

€3

The zasple of totrabhlionabe used in this sbudy was Jowxd analyzoe by

the cyanlds mrocedure as 100.) por cent of L2l Uge2ila0e

}
4 Fourd
(SRS
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tho gobapainavion of cobelege in arine. cabalace reacto will “inhn

%o Lot cabtalase povoxide sud wabter. Yoe cabalase peroxide tien reacts

will & second wolecule of Un'p Lo form regencrabed catalase, wabor, and

Sh

VOLGCUALEER OXyren. The preacblion can be ploltured aoccording to oo Joilioue

ing achewe (02):
Cab + 2l0p = Oatl) + ik
'_\‘ - fw‘e
Qab(y + digly -« Wab ¢ L + 30

o

Accordingly, &y mazcwbric mothod which determines the rate of
oxyoen produellon fn Lhds roostion would glve aa estiuate of the gt
ol cabalase activilty of a given saple. Two manometric melhods are
availavle for this purpose; bhe Jarburg gpparatus for measoring gas
production (63), and bhe manometric apparatus devised by Dounce (47)e
The advactage ol the Dounce apparabus over that of Varburp is that the
forser 18 more compact and poriteble, anxd reguires less time for an

anaiyoiss

The essentlal parts of the Dounce apparatus are tie manorolor and
talh assasbly {(fizure 5), and sowe device for osclliabing the nmnonoter
avaotly about a hordizonbal odis st its upper end at & rate of about
250 omcillations per mimube (L7).

4 cican glass bead iz placed in the bottom of the bulb, and 0.2
rii. of urine is moasured into the bulb. Then enough 2.04 I lals in
0.066 7 phogphate buffor at pil G.7 is added to the buld bo raise the
1iguid Ilevwel 1 Lo 2 wie above tue bottom of tho ground jJoint.

e agoompter block, held in the left hand, is turned on edpoe with
the grounxd joint down, and the capdlliary £illed with water by oponing
the stopeock. hen water runs from the end of the ground Jjoint, one



finger of the leld bhand i ohascd ovor the top of the mgnonetor to
block the lumen, and tho stopeock is closed. The bulb ig then raised

Rl

E T T 5 Y oy .
caros iy up uver bho muio sumbion of

o opeound Jolab il e Lol
tom of the joixd barely clears tho surface of the 1lgueid i the aock
5 Ui budbe Then tho Jeint is scabod Ly a sudden Jausdng togoiler of
the Lo parts. Yo olr Dutlles should be introduced inte the cepiilaxy
Qapizy bhis procodurc.

Tha bl ig fastencd o thoe manoncter with circlos of rasbor tu
ing. wal a glop walch is starbed. The level of the liguid in the n@o-
mebor is beoaght €0 zoro Ly usze of the levelling bull, and shaking of
he apparsbus 1o started. After 15 miavtes by the stop wabch the shalee

iz stopped, anxd the nenoncter is read. The reading in i12iliters
rtdbinlied by 1.13 gives the eubic nillimeters of oxgyoen evolved in 15
mirptos, provided thwgbt the machine is operated at a teuporabare osar
257 2 and that the eapillary hos a bore of 1 ime

The badb of tho gpparatus 1o cleaned after cach usc with 1 : 5
:?ft“”" oliowed by thorough minsing with distillcd waler. The manoe
motor s also flushoed out with distiiled uator. ISvery weak or two the
ranomotors and bulbs are cleancd with hot chromic acld cleaning 50w

Iubion and rinsod exhaustivoly. The glass beads used in the apparaltus
are cleaned in tho saw wxys as the bulbs (U7).

LA
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