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12 Renal Funchion

exceeded when water foaded antmals are mven extrn amounts of
cortical hormone(4) This effect occurs without essential elevation
m the filtration rate and hence 15 due to an mlubited tubnlc
reabsorption of water

While these effects of cortical hormones on water excretion are
presumably not entirely independent of sodum excretion they
cannot be 1 many imnstances correlated with sodwum everchon i
any way to suggest casual relationships(4 13 14 15)

What then 15 the ciuse of this enhanced tubular reabsorption of
water after adrenalectomy — 1 defect of such magmtude that an
anumal may be thrown 1nto a state of lethal water intonication at
relatwely small water Joads? For vanous rewsons we have been
favorably disposed to the rdea that 1t 15 due to a hypersensitity
to or m ccumulation of antidiuretic humoral agents perhaps of
postenior prtwitary ongm

This brings us to the concept of 1 functional antagonism betw een
the hormones of the posterior pituitary and adrenal cortex —a con
cept that was first elaborated by Silvette Britton and Corey (16)
some ten years ago This hypothesis in ies simplest form states that
the cortical hormones enhance water excretion and mlibit sodmm
excretion and that antiduwetic hormone of the posterior pitwitary
(ADH) has precisely opposite actions There are many of us who
would now accept this 1s 1 general rule with certan defimte
exceptions It might be mentioned that both cortical and posterior
pituttary hormones enhance the excretion of potassium probably
acting m a supplementarv rather than an antagorustic fashion(17)

1 think there 1s httle doubt that a hypersensitivity to ADH can
be demonstrated 1n the adrenalectomized ammal(18 19} but such
ammals are probably hyy we to any diwretic wnfl
Vanous workers including our gioup have found evidence of the
accumulation of some antidiuretic substance m the body flwds of
adrenalectomized amimals(20 1921) Pitts and tus co workers{1}
hise elborated the iden thit the wncreased sodmm evercthion of
adrenal insufficiency 1s due to an ~ction of ADIT unntgomzed by
cortic1l hormones Therefore 1t m1y be suggested that the un
ntagomzed Action of ADH or some simfar antidiuretic 1gent 15
at Jeast one cause of the fulure to excrete water and to retun
sodium 1n adrenal msufficiency

If thns be acceptable at least ns 1 working hypothesis the ques
tion anses s to the wlentity of the antidwretic substince that
accumulates or 15 hyperactive after adrenlectomy
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16 Renal Tunctton

Gaunt shahen and Green(83 used pCA We used both extract
and DCA and found \ncreased antiduretic actvaty of serum but at
the time ®€ were looking for something else and we do not have
enough data to establisht the significance of the results

More precis® qunnmntwe mformation s been ohhmed by the
opposite approach to the pro lem n WOT conducted vy Dr
Nng:\rcda(in) 1 our aborntory She tred t0 determne whether
an excess of pitressin would cause & compensitory activationt of the
adrennl cortex She had the advantage of a sensitiv® method, pamely,
the Sayers ascorbic 2 1d depletion test for adrenal stunulation
She found, M bref, thit large doses of pitressit 100 or 4 !
would causeé mar by
acid depletion, tost This may hne bee
Ble reaction 1n any € st but p\\ysxo\ngncn\\y effective doses
5 mU ) of pitressin produced no evidence of adreml stimulation
Tius leaves W with no convincing reason for g that
yanations M the arcnlating Jevels of erther ADH or cortictt ‘hormont
1

per s¢ causes compens wory ypersecr® n of the other

There 15 howevers another appmnch to the problem It s 0
accord with all e nt theo! that exce of water nhibit the
secretion ¢ ADH d thus allow such exc r to be excrete

yaprdly R water exerction € oceurs Tiowevers al
sence me effectty® am f co el horm When exeess
water 15 P! nt & 11 secrets s Mot less alted, 18 &
mcrc'\sed amount of cortical ho cle help were,
ush the excess WV out? edn b vestig e thus by
Gnding, W at wate ad ¥ uld cause wrable @€ letion @
adrend 88 bic ac and therefort T mably, adrenal timuld
non found that where 1o mim 20 gm
rat) would 1 cause adre 1 st amoud (10 ml
in 1 220 £@ yw uld d Thart allihters of water gven 10
three doses: was still mor 3 ncluded from this that
whereas small watet Joads pxcsum'\b y are handled stP ly educ
A utpu! h r londs chiert adrenl shmu\ahon

cess Watet ent, 1 encrally peherved that the
sqmulus which nabits the postenor pmut:\ry ys a B

15 the stnulus 10 which the adrentl corte¥
water 102d? (wht
ever 115 1 might be expecte! to a
patuttary and thus yndarec! n
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16 Renal Cunction

Gaunt Shahen and Green(33) used DCA We used both extract
and DCA and found mereased antidiretic activaty of serum but at
the time we were looking for something else and we do not have
enough data to establish the significance of the results

More precise quantitative mformation has been obtaned by the
opposite approach to the problem in work conducted by Dr
Nagared1(34) i our laboratory She tried to determine whether
an excess of pitressin would cause a compensatary activation of the
adrenat cortex She had the advantage of a sensitive method, namely,
the Sayers ascorbic acxd deplebion test for adrenal stimulabon
She found, 1n buef, that lurge doses of pitressin (100 or 460 mU )
would cause marked adrenal shmulation as judged by the ascorbie
acid depletion test Tlus may have heen due to a nonspecific stress
Iihe reaction In any case smnll but physwologeally effectve doses
{5 mU ) of pitressin produced no evidence of adrena) shmulshon
This leaves us with no convincing reason for stymg that shight
variations in the circulating levels of either ADI or cortical hormone
per se canses compensatory bypersecretion of the other

There 15 h , another approach to the problem It 15 m
accord with all cwrrent theory that excesses of water mhibit the
secretion of ADH and thus allow such excess water to be excreted
rapidly Rapid water excretion caunot occur, however, n the ab
sence of some cffective amount of corticil hormone When excess
water 15 present and ADH secretion 1s more or less hnlted, 1s an
mnerevsed amount of cortical harmone released to help, as it were,
push the excess water out? Dr Nagaredn has mvestigited this by
finding what water Joad wonld canse a measurable depletion of
adrena) ascorbic acid and therefore, presumably, adrenal stmuh
tion She found that whereas a small water foad (5 ml in a 220 gm
rat) would n - oot e ' - - amount (10 ml
i a 220 gm water, given n
three doses, 1 Fram Hus that
whereas small water loads presumably are handled simply by reduc-
g the output of ADH, heavier loads eheit adrenal stimulation
which contributes to the dwretic process

SWhen excess water 1s present, 1t is generally heheved that the
stimulus which infubits the postenior pitwitary 15 a fall 1n plasma
osmatic pressure What 15 the stimulus to which the adrenal cortex

ds when tt 18 lated to actsvity by a water Jord? {What
everat 15, 1t mught be expected to be one that acts on the antenor
prtvitary and thus ndirectly on the adrenal cortex Whether that
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16 Renal T'unction

Gaunt. Skahen and Green(83) used DGA We used both extract
and DCA and found mcreased antidretic activity of serum but at
the time_we were looking for something else and we do not have
enough data to estabhsh the significance of the results

More precise quantitative mnformation has been obtamed by the
opposite approach to the problem m work conducted by Dr
Nagareda(34) m our laboratory She tred to deternine whether
an excess of ptressin would cause a compensatory activation of the
adrenal cortex She had the advantage of a sensitive method, namely,
the Sayers ascorbic acid depletion test for adrenal sttmulation
She found, i brief, that large doses of pitressin (100 or 400 mU )
would cause marked adienal stimulation as judged by the ascorbre
acid depletion test This may have been due to a nonspeaific stress
Like reaction In any case, small but phystologically effective doses
(5 mU ) of pitressin produced no evidence of adrenal stimulition
This leaves us with no convincing reason for swymg that shght
variations m the arrculating Jevels of either ADH or cortical hormane
per se causes compensatory hypersecretion of the other

There 15, howeter, another approach to the problem It 15 m
accord with all current theory that excesses of water mhibit the
secretion of ADH and thus aliow such excess water to be excreted
rapidly Rapid water excretion cannot oceur, however, 1n the ab
sence of some effective amount of cortical hormone When excess
water 1s present and ADH secretion 15 more or less halted, 15 an
mcreased amount of cortical hormone released to help, as 1t were,
push the excess water out? Dr Nagareda has mveshgated this by
finding what water load would cause a measurable depletion of
adrenal ascorbic acid and therefore, presumably, adrenal stimula-
tion She found that whereas a small water load (5 ml 1n a 220 gm
rat) would not cause adrenal shmulation a larger amount (10 m!
i a 220 gm rat} would do so Thirty milliliters of water, given i
three doses, was still more effective We concluded from this that
whereas small water loads presumably are handled simply by reduc-
mg the output of ADH, heavier loads ehert adrena) stimulation
which contributes to the dretic process

When excess water 1s present, it 1s generally believed that the
stimulus which mhubits the posterior pitwitary 15 a fall m plasma
osmotic pressure What 1s the stmulus to which the adrenal cortex
responds when 1t 1s stimulated to actwvity by a water load? (What-
ever 1t 1s, 1t ight be expected to be one that acts on 71}10 :mte;:o;'
pitwtary and thus mdirectly on the adrennl cortex Whether tha
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18 Renal Function

cortical hormone would produce a greater diuresis than with the
water alone

Gaunt Much greater

Tremont-Smith What, roughly speahing, 1s the maxunum amount
that you can get with water alone? A 100 percent mcre 1se?

Gaunt 1t 1s closer to 50 or 75 percent
Tyemont-Smith  That 1s without an increase m glomerular rate?

Gaunt In water intosicatton it has not been measured There is
no rise when diresss 1s imereased followmg smaller water Joads(9)
1t 15 almost 1mpassible to produce water intoxication v hen cortical
extract 15 given with the water We have given up to twenty of our
standard doses at half-hour mtervals — at the end of which time the
myestigator 15 worn out and the rat is stll going strong

Fremont-Smuth  Was there any major difference 1 the compost
tion of that urne than «f they were getting straight wates?

Gaunt  As far as sodwm chioride 1s concerned it was ruuch the
same but the expeniments were complieated by the fact that the
ammal going into water mtoxication develops severe diarrher We
had no means of separating completely the stestnal and renal
electrolytes The total overall Joss was about the same m treated
and control anmmals Salt itself, of course, will prevent water mtov-
cation The cortreal hormones da nat give pratectian as a result af
salt conservation

Thorn There are four genersl comments which mught be ap-
proprate at tns trme Farst, 1t 1s pmportant to bear in mind the fact
that the zona glomerulosa of the rat has been shown to persist after
hypophysectomy and that m rats, therefare this atea of the adrenal
cortex may not be under control of ACTH It 15 assumed generlly
that the zona glomerulosa secretes the desoxycorticosteronc like
steroids I contrast, m man 3¢ appears that all Anown functrons of
the adrenal cortey are stmulated by hog beef, and sheep ACTH
preparations The second pomt which must be bome m mmnd m
attemphing to mterpret experiments carned out » 1th whole extract
is that s most instances the exact content of sterords m such extracts
1s ot known The third pomt to consider 1s the general prinaple
that whicre s one obtams 3 certa effect suith small doses of sterord
hormones, these may be a complete reversal of this effect wath veny
Jarge quantitses of hormones Thercfore, i evaluating amnal expen-
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20 Renal Tunction

Gaunt Yes

White  Admmmstration of the cortict] hormone simultancomnsh
with the water cruses the water to be cxcreted fastes?

Gount Yes With sl water loads one sometimes sees 1t with
DCA and sometimes not We have never faded to see 1t with extract

Wlite Arc huge doses of DCA required to iere ise rte of w wer
exeretion?

Gaunt Thatis 1 relitive matter again
Winte Does at trke a milligram or less than o mihgram?

Gaunt The dosages we hwve gnen huve been generlly more
than that We don t know the mimmal effectine dose

White Mare than a milligram 1s a rather Iwge dose for a rat

Gaunt I used to think so In terms of what the adrenal cortex
itself ean do I dont know what 2 big dose 13 iy mose

White Compared to what 15 P

Gaunt You cannot go by that Certunly what it takes just to
maintam bfe say that shght restdunl amount wiich the «drenal
of the hypophysectormzed anmmal can put out bews no guantitt
tive relation to what the normal adrenal dous anywty I think the
work with whole extract ss more meamngful Here 2 mt or so of the
Upyehn product will give 1 good response and that 1s not an exces
sne amount Dy ny cntenon

Thorn It 15 umportant to consider the dosage employed m these
€xp In an s 1 qmumal ewch snurement of
adren] hormone adi 1 may be dered to be an actmal
sncrease 1n effective hormonal dose whierers swhen adren sl prepara
tions tre admumstered to wumals with 1n antet adrentd st s well
known that an minbition of pitwtary ACTH production by the
adnunistered hormone will resalt m subsequent atrophy of the
adrenal corter Under these cirenmstances the net effect of am
gnen quantity of adrenal hormone 1dmmistered will hue to be
caleultted as the difference betwcen the tial secretory actvity
of the glhnd and the total dosage mrven It 15 obysous that 1t @
certun dosage level the administered hormone will do no more than
rephee endogenous hormone This 15 most Jhely fo be a senous
frctor in considenng the results of the expenments when the adrentl
1 lready at 4 hugh Jevel of actnsty before subshitution of hormone
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Luetscher Cortisone or ACTH ¥n Figuse 2, let us confine our
attention to the bottom two cunves, representing urme volume and
sodwm and to the weight curve, which 15 the continuous tme at
the top The patient, 2 five year old gir wath nephrosts, was bemg
treated with cortisone Dunng the imtal stage, there was a gam
m weght wiich was app ly selated to a d both 1

urme flow and 19 the everetion of sodium

In contrast to that, Figure 8 shows the course of a patient whose
tnne sodim was virtually zero nght from the start and m whom
the action of corhsone apparently was not mediated through the
setenfion of sodium At the same time, honeser, the unine volume
fell and a gam i werght occurred The serum sodium concentration
fell dunng this stage Then after the Hfth day there was  tendency
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Luetscher Cortisone or ACTH In Figure 2, let us confine our
attention 1o the bottom two curies representing unne volume and
sedium and to the werght curve which is the continuous hne at
the top The pattent a five-yerr old gul with nephrosis was beng
treated with cortisone Dunng the imtial stage there was 1 gun
m weight which was apparently related to a diminution hoth w
unne fow and m the evcretion of sodum

In contrast to that Figure 3 shows the conrse of a patient whose
unne sodim wis virtually zera nght from the start and 1 whom
the action of cortisone apparently was not mediated through the
retention of sodmm At the same time however the unne volume
fell and 1 gam 1n werght occursed The serum sodimm concentration
fell dunng tins stage Then after the fifth day there was a tendency
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for the body weight to decrense agam, s the urme volume m
creased, agam with very small changes i sodsum excretion Duning
thus stage, the serum sodium concentration mereased.

In answer to Dr Thow's guestion about ACTH, Figure 4 shows
the course of a patient treated first with cortisone, and later with
ACTH Both with cortisone and ACTH, we sce a tendency for the
wesght 1o ncrease dunng the imbal stage of treatment and to £l
duning the later stage of treatment with the expected changes w
urme volume Yet the urine sodiam at all these stages 15 tsignificant
unti} the onset of the final draresss at the end of ACTH admumstra
tion The fall m serum sodivm concentration dunng the mutid
water retention, and the nise dunng the phase of duresis are evident
both with cortisone and with ACTH These findmgs suggest that
corhisone and ACTH mmy have some form of antidmretic actinty
not mediated through the retention of sodwm alone

Thorn Would you say that theie s a rough clmicnl pirillelism
between the degree of edema and the effectneness of a gnen
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this 1espect Thete does appear to be the possibility that under
certam canditions 11 17 hydroxysterord compounds compete
action with 11 desoxy compounds under wlhich circumstances less
sodium retention will occur In our expenence 1t 18 not possible to
matntan patients with Addisons disease on 95 mg of cortisone
datly 1 a normal salt balance without the addition of large quant
ties of sodium chlonde or a small mamtenance dose of desoxy corty
costerone acetate whereas this quantity of cortisone will usually
result 1n restoration of the electroencephilogram toward normal
and reversil of the abnormal water test It 1s true that adequate salt
tetention may be obtamed i patients with Addison's disease given
100 mg of cortisone dardy hut this dose 15 excessive and results
m hypercorticism The majonty of our patients have done extremely
well over Tang perods of ime on 1 dose of cortisone of 125 to 25
me duly with 1 to 2 mg of desoxycorticosterone duly Dunng
periods of stress much larger quantities of cortisone are needed
1e 100 mg duly

In pitients whom we have studied with complete bilatera) adre-
mlectomy for hypertension 1t 15 noteworthy that a normal sodwm
chloride balance cannot be mamtuned with 25 to 50 mg of cortisone
daily and thit ulumately supplementury sodmun chlonde or small
doses of desoxycoiticosterone e required These studies ruse three
mteresting pomts Furst 1t would appear that 11 17 hydroxysteroids
are not the only hormonal secretions of the adrenal cortex since
they are incapable of mnducmg sufficient sodium retention 1 most
patients with Addion's disease and 1n bilaterally adrenalectormzed
hypertensive subjects when given m a quantity adequate to reverse
the other known distmbances This fact suggests that other sub
stances secreted by the adrenal with greater salt retamng capacity
are essential for normal function These could be erther 11 desoxy
or 11 oxy pounds such 15 pounds A and B Second an the
treatment of patients with adrenal msufficiency there ippears tg
be an optimum rato between the guantities of cortisone 'm‘
desoxycorticosterone which are employed requirng apprm\m?’te d)
5 to 10 mg of corhsone to 1 mg of desoyycorticosterone Thure
1n relation to Dr Gaunts cxpeniments 1t may mterest you to know
that 1n comparison to cortisone the adrenal extracts such as Cschatm
of Parke Davis and Co and Upjohns Adrenal Cortex F(tract‘are
salt retamng mdicating the presence of substances other than

compounds E or F
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g severe hypoglycemic mamfestations, b) abnormal electioen
cephdogram(36,38) and electrocardiogram, and, ¢) excessive ant-
duretic activity with a positive Robimson-Kepler-Power water test
Cortisone, m adequate doses, will 1 almost all mstances correct
these metabolic defects The effect of cortisone may be houted m
the presence of hypothyraidism and obviously cortisone therapy
n muntenance doses will not restore msulin sensitivity smce n a
large measure this 13 dependent upon the intact adrenal medully
as well as upon mtact hiver glycogen stores

White That 1s what I really wanted to ash How does the add
tion of cortisone to DCA regimen change the salt balance? 1f the
patient was 1n salt balance on DCA alone does adding § mg of
cottisone per gram of DCA change that salt balance?

Thorn Definitely, and we liave seen patients admitted m nea-
cnsis when they weie gven 125 me of cortisone, although on the
same dose of DCA which had been adequate in the preceding yeu

Burnett 1f the cortisone 15 mereased 1s the process reversed?

Thorn If you go to the larger dose With 100 mg of cortisone,
1 would assume that such a patient mght remun in adequate sit
balance but would show signs of hypercorhaism We have no
ptients carned for a long penod

Gidman Do you have any ider what metabohe defect you are
correcting with corhisone when you are changing the abnormil
electroencephalograrm to normal? Is 1t related to water metabolsm
or carbohy drate metabolism?

Thom We have no idea as to the mechamsm of cortisone m
conechng the abnormal electroencephalogram

tan Dyke What are the electroencephalographic changes Dr
Thom?

Thorn We are using the changes m the ek phal 4
as evidence for a metabolic disturbance 1 bramn tissue The Addr-
soman presents a psttern which s duphcated m our experence
onlv 0 certan hypothyroid ptients This 1 charactenzed by a) the
presence of oscillations which are slower than the normal nllnh;
thythm, have a predilechon for the frontal area of the cerehral

cortex, and are relatn ely refractory to the uswl effect of opeming
the eves b) an unusnnl sensitinty of the eleclroenccphalngmn]\ to
volantary hypers entilition, and ¢) a reduction m medence of Tow-
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Gaunt I dont know

. var Dyke It would seem that the continued hberation of it
L;urchc principle despite a fall in the osmotically active constituents
of phisma mples 1 derangement of the neurohypophy st system

Gaunt It would seem to me that the pont we mentsoned v ould
not explun all that eccurs I dont hnow

van Dyke Certunly important wformation concerning the source
of the mbidwretic substance of adrenalectomized 1nimls could be
obtuned after removal of the adrenals from ammals with dibetes
wsiprdus

Gaunt We borrowed a few diabetes msymdus ammals from
Dy Pitts while he was i Syracuse to start a collbaratne praject
on that Dr Bume and Dr Capps did this work and what hitle
data they obtamed mdicited that the serum of ditbetes msipidas
dogs contuned less mudmretic activty than normal

Shorr Would you refresh me Dr Gaunt about the specificity
of the mactny atrion mechamsm s far 1s general tissues n the body
are concerned? Is it confined to the liver?

Gaunt No It 15 1lso present m whole blood and skelet! muscle
for instance It muy well be present i il tissues

Shorr In the hdney?
Gatnt Yes but the Iner 1s most effecttie

Thorn We have carried on one experiment which might be of
mterest m relation to the possible site of action of the ntrgonsm
between cortisone and postertor pitmtary antidiuretic activity In 2
patient with dibetes msipidus guven pitressin cortisone failed to
mlubit the antidwretic activity of the ltter Although obnviously
one should not attach sigmficance to a single expeniment it does
suggest the fact that the most likely sije of action of cortisone m
inhibtting antidiuretic actity 1s at the hvpothahwmie or postenor

pitwmtary fevel

Rall: 'Wehaye an unusual case — 1 patient suth dibetes msiprdus
due to 1 chromophobie tumor of the pitwitary —~ who ofter eighteen
months of observation developed adrenal cortical msufficiency and
went mto Addisomn ensis Prior to the development of the adrenal
1nsuffictency we studied the effect of injecting pitressn in this pabent
on the everetion of antidmretie substance A normal subject was
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having token 20 pressor umts of pitressm at mdmght The sold
curcles represent the assiy of the unne vorded 1 hour after the
mjection of 1 second dose of 20 pressor umits of pitressn The
trrngles are the assay of the unne voded from the first to the third
hour after this dose of pitressin It 15 interesting that the unne
sample that temamed m the bladder overnight had no anttd urebie
effect nor did the swmple voded m the second and third hours
after another dose of pitressn The nrne sample voided m the first
hour after pitressin was mjected had a marhed antidwretic effect

One may nfer that whatever pitressin 15 excreted n the urme 18
excreted prmaipally w1 hun the first hour after the mjection and that
¥ the urine remuns 1 the bladder the antidwretic prmeiple e

creted 1s destroyed This patient with dibetes msipdus has now
also adrenal cortical wsufficiency and has been m Addsonan crisis
three times The serum sodm has been at very low lesels and he
has required very lrge doses of whole adreni ‘cortical extract and
salt to return Iim to sodmm balance He 15 now controlled on
hpoadrenl extract DCA  salt about 16 gm duly and pitressin
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hters per day Sodium concentration of the unine 1 the latter con-
dition was essentially that of the mgested Huid(4041)

An eximination of the experimental data collected 1n these expen-
ments suggests that followmg the begmning mgestion of the salne
there were progressive mcreases 1 the amount of sodum localized
m the body, progressne increases m the volume of extracellular
fluid, accompamed by a progressive expansion of plasma volume
Presumably as a result of the latter there were mereases 1 glomeru
lar filtration rate of roughly 100 percent as compared to the control
levels The physiological defect which permstted this sequence of
events was possibly due m part to an enhanced ability on the part
of the renal tubules to reabsorb sodium and certamly to a diminshed
ability to reabsorb water agamst a concentration gradient

The second set of observations were those reported by Ragan
Ferrebee Phyfe Atchley, and Loeb(42) wherem a syndrome of
polydipsta and polyuna was produced by the admmstration of
DCA and the polyuna enhanced by the further addition of sodium
chlonide 1n the diet

The detailed data presented 1n relation to the latter studies give
httle indication of any marked retention of sodium and a concurrent
expansion of evtracellular flnd and plasma volume, although 1t 15
possible that these things did occur to a minor degree In any case,
the wtial polvuna m the diabetes msipidus ammal was due to 2
specihic absence of posterior prtwitary hormones, and the enhance-
ment of the polyuna was dve to the admmstration of sodm and
the physiological consequences of the pnmarv defimency Polyuria
m the Jatter series of obserations was presumably due to the specific
admmstration of DCA and 1ts effect m enbancing sodiom retes
tion the latter having more dramatic effects when the sodum
mtahe was high than when the sodsum mtake was Jow

Qualitately then one must conclude that the same net effect
1s obtanable from the admimstration of sodiem m the diabetes
msipidus antmal, on the one hand, and the normal ammal recening
DCA. on the other There 15 no necessary relationship hetween the
two evpenmental preparations other than the hmited number
mechamsms available to the kidnes with which to accomplsh 2
phy stol ] task Consequenth, ol g the same net effect
under two different circumstances can by no means be taken as an
mndication that the same pnman controlling factors are ymvohed
n producing a gnen evpentmental effect
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There 1s ittle information available on the rat which will perrmt
the defimtion of how this species accomplshes overall salt and
water adjustment mn terms of the discrete renal mechanisms which
are mvolved We do have a farr amount of information 1bout the
human The human has a rather ngid rate of glomerular filtratton
When 1sotome salt solution 15 admmstered  there 1s httle change m
glomerular filtration rate and hittle immediate change mn the amount
of sodium excreted It would appear that the human orgamsm does
not have the capacity to incresse salt and water excretion acutely
as a result of a ssmple expansion of extracellular fud It could be
that this results from an inability on the part of the human to expand
glomerular filtration rate

Janeuay T think some expeniments thw Dr Gamble and Dr
Wallace(43) did in children durtng the last two or three years
showed that 1t takes about four days to reach equilibrium as you
described for sodiom salts On the fourth dav they begin to excrete
the excess sodium

Shannon We have comparable studies i the young adult
Dock The dog will come 1nto equiltbrium yery quickly
Shannon Yes gmte qmehly

Thorn Why do you state that 1n the intact ammnl one can ¢is
regard the possibiitv of reciprocal changes i posterior pituitary
secretion 1n response to salt loading?

Shannon I do not mean to say that the two preparations increase
unne flow by two ¢ letely chff } Rather as the
result of two distinct physiological vanbles the same net renal
effect 1s obtammed

Large doses of DCA to a dog do not consistently produce a
diabetes msipsdus ke state Nonetheless one must suppose that
there 15 an mterplay of vanous hormones s the result of DCA
admmstration The dwbetes msipidus only appears consistently
:\hcn one increases the salt intake above normal One could argue

— ) 1

tomaty of the flud reaching the gland From another point of :ulc“
1t would be unlikelv to suppose that the stmple absence of postenor

pituitary as 1n the diabetes msipidus ammal would produce 1
marked tncrease mn salt h nndar 1

af cals
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loading since the physiologieal defect 1n diabetes msiprdus ammals
1s apparent with very moderate salt loads

Dock The salt load 15 tlways given with a lot of water

Shannon The experments I have described were all with hypo
tonic salne The ammal comes quickly mto equibbrium n such 2
situation If the normal dog 15 loaded with 1sotome s1lme and not
too rapidly he also will come mto equlibnum rather rapidly
whereas the normal human does not come mto equilibrium 1 any
measurable period of time duning an acute expenment

Gaunt There 15 no question about the hmitations of the rat for
detuled considerations of pure renal physiology I tned to make
1t clear in my mtroductory remarks that we 4t least had not at
tempted any detailed analyses of renal function in these vanous
endoerine mmbalances T think 1t could be done if that were ones
primary mterest For other aspects of the problem the rat can
supply useful information with great ease and economy

Bott 1 should like to know how much water balance vanes from
ammal to ammal and from species to species I received the impres
sion that adrenalectomized rats reabsorb more water from the
tubules than do normal ones Is this due to 4 difference m the
state of hydration? The blood volume 1s low 1n the adrenalectomized
rat wsnt it Dr Grunt?

Gaunt Yes If one follows daily water intake m the adrenalecto-
mmzed nmal during the time when the anmal 1s relatively healthy
there 1s 1 lugher than normal unne volume In some cases 1 nega
tie water balince Adrenalectomuized animals can excrete water
1 hugher than normal amounts What they eannot do 1s to mcrease
their urme volume i response to a water lord anything Iike normd!
ammnls They will get nd of 1t in twenty four hours not n two

As to the state of dehydration that evsts i the ammal as 2
whole Dr Darrow has done work on that(44) I beleve he found
that there was no difference from normal in the total body water
of ~drennd 3 1ats tdenlated on a fat free basis Such tissues
as shan and muscle show a lagher than normal water content There
15 extracellular dehydration and mtracellular hydration

Thorn There 1s one important pomt which Dr Shnnnml]hﬂ;
brought up 1n relation to the great load of sodium d\londcd\v hich
the dog can tolerate It might be that the large mtake of mtar}s’
potasstum 1ngested by dogs and therr Inrge potassium reserte:
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might be important factors m enhancing this apparent species
difference

Putts 1 thik there 15 real species difference here at least 1 a
quantitative sense Ladd and Rawsz(45) demonstrated most con
vincngly that the normal dog can tolerate a phenomenal amount
of sodium chlonde n the diet without appreciable gain i body
weight As salt load increases, glomerular filtration increases and
the ammal attams salt balance by exereting a faur proportion of the
extra filtered load The situation n man 15 at least quantitatively
different We studied some ten convalescent patients loaded with
27 gm of sodium chlonde ntranvenously each day for three days
The salt was admnistered as 8 liters of 1sotonic salne Before dur
mg and after this loading procedure we studied filtration rate and
renal blood flow These patients came 1 to equilibnium with the
elevated salt intake after three or four days with a weight gam of
5 to 18 Ibs Thesc patents did not show any umform and cer
tamly no impressne increase m filtration rate or renal bload flow
T would infer that the greater capacity of the dog to handle sodium
loads with rmmmal weight gamn 15 m some way relted to the
capacity of this ammal to mcrease the filtered sodium load

Burnett Yet in some humans the filtration rate 1s rased by acute
loadmg

Pitts Ve gave five pitients 1500 ml of 09 percent salne
thirty minutes at 1 rate of 50 ml per minute Clearances were
measured before dunng and after this acute loading procedure
Not infrequently did we find a fall m filtration rate dunng the
mfusion no nise afterwards yet a fairly significant increase 1n sodium
excretion

Burnett Hypertonic?

Pitts Tsotornic

Shannon We have done much the same expenment only giving
8 liters in the course of a comparable period of time That 1s about
twice the rate of Dr Pitts experiments Towards the end of saline
admimistration one obseres a shght disturbance 1 renal plasma
flow and glomerular filtration rate but this 1s transient Shortlv
thereafter these functions have returned to the control level

Burnett Admumstration of hypertonic saline solution has meon
stantly caused mereases m glomeruler filtration rates i our hands
yet Dr Leiter and Dr McCance have been able to increase filtra
tion rate with hypertonic saline solutions(46 47)
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difficult to demonstrate this labibty 1 some patients whose filtriion
yate on an ordinary diet 1s subnormal The Jmman bemg certamly
can change hus glomerular filtration rate or urea clerance at least
by means of drastie changes m protem mntike even m the adult
QOne expenment that 1 hue in mind 15 that of Longley m Cleve
1and(50) who by greatly resincnng protemn minhe reduced hus wrea
clearances I beheve by 80 percent or more It 15 nmecessany to
reduce ntake drastically to get much of 1 decrease On very hagh
proten mtake the urea clearance did not merease very much 1
would ble to return to Dr Pitts expeniments on man m which he
failed te find o umform merease 1n glomerular filtration rate Do
you mean Dr Patts that after equbbration oceurred followmg the
fusion the glomerular Bliration sate did not mesease even by a
hittle or were the expenments confined to measurements made ech
day duning the infusion of the matenal?®

Puts There were two dilferent types of expeniments In the first
type filtration rate and blood fow were metsured prior to and
aftes three days of 2 hydrating pracedure consisting, of the atea
wenous administration of 3 Iiters a day of 1sotonie sahne Subse
quently the mdiadual was dehydrated by the duly admunstration
of 2m! of mercubydem for three days and the measurements were
agam made In the second type of experrment filtration rate and
blood flow were measured before durmg and after the admimstra
tion of 1500 ml of sal ne at 4 rate aF 80 ml nar mn ta Rosh 4 mvae
of
to
ch
would conclude that there is 2 quntitatnve species difference in the
way the dog and man react to hydration and dehydration

Lpuson I remember the expenment of Stewrt and Rourke(51)
which 15 graphed 1a Gambles hook on extracellular flsd 1 think
1t would be desirable to repeat that same espenment They had
a patient presumably normal who had undergone munor surgery
wwham four or five biters of 1sotome s\line a dw produced a seven
liter gun m extracellular fimd wd eventual eqmbbmum of outpnt
to duly intahe of salt I have always felt Dr Shannon that until
prosed otherwise this observation was at least quahtatvely simlar
1o your dog expertment(40} except that unfartunately the fltration
rate was not measured by Stewart and Rourke I wonder if you
would expeet filtration rate to merease somew hat after saline 1cten
tion had become really substintsal as 1 their patient?
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matenal under examinition should be assived by the same method,
thus avording the error into which Heller(20) fell 1 beheving that
he had demonstrated separate antidwretic and pressor hormones
Fraser{21) was able to pomt out that when all of Heller’s estracts
were assayed mtravenously they did not differ i their antidiuretic
and pressor effects The rat recelving an extract subcutaneously
may absorb hormone slowly owing to contammating substances so
that the apparent titer of potency may be deceptively high Noble
Plunkett and Taylor(22) stated that intraperitoneal mjection into
rats may provoke an anhidiuretic effect from toxic matenals

TABLE 1
METHODS OF ASSAYING ANTIDIURETIC PRINCIPLE
[ Quantitative
Ammal Route | Speaificaty Sensitivity* prects on
Rat Subcut |Imperfect] 1 mU /100 gm | Poor with extracts
“ Intraper “ 2mU /100 gm |Better than Subcut
‘ Intraven ! 002mU /rat  |Good
Rabbit Intraven [Poor? (05 mU /rabbitjFair®
Dog Intraven |Imperfect{0 25 mU /dog |Farr
“  (diabetes |[ntraven (Best 025 mU /dog (Fair
msipdus )

*Optimum doses for quantifatine estimates are higher

The following considerations suggest that ntravenous assay
dogs heavily hydrated 1s especially valuable a) the assay ammal
1s 50 senstive that no chemical manipulation of the body fud »s
y before the mtr mjection, b) if there is a gross
renal effect, such as an mterference with glomerular filtration rate
thss can be readuly detected by creatinine clearances or, less exactly,
by determining the rate of excretion of endogenous creatinine,
¢) mactwation of the hypothetical hormone can easily be under
taken with a reduciny agent such as sodim dhoaglyoolele Liswolly
there 15 2 lag of a few mnutes n the antidwretic effect of true
hormone If sympathetic rictors are fated there 1§
2 1aprd supression of the flow of unne Precautions also have to be
taken to avoid an unusual release of neurohumoral transmithng
agents affecting neurohypophysial secrction For example O Coxm}(:r
and Verney(23) found that epmeplrine can mterfere with the
release of antidretic hormone Pickfords numerous expe
ments(24) support her contention that acetvicholine acts on the
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neurons of the supraoptic nucler thus provoking a Liberation of
antidiurette hormone

The posstble types of antidwuretic factors were discussed mn the

st h of this 10n and will again be mentioned
briefly here The specific factor 15 denived from the neurohypophysis
and acts directly on the lidney usually with bttle intesference
with glomerular filtration rate or the rate of plasma flow Some
substances are thought to stmulate the neurohypophysis so that
the hormone 15 liberated In this group belong acetylcholne and
the dervatives of phenylenchonmic acid studied by Marshall and
his colleagues(25 26) * No antidwretic substance physiologically
resemblng the true hormone but not derned from the neuro
hypophysis has been discovered Lastly a tovic effect of an unknown
substance may provoke an apparent antieresis owing to inter
ference with the circulation of the hidney either locally or by
general cardiovascular effects

In Table II are presented the drugs which have been discovered
to have an antidiretic effect Their mechanism of action 15 usnally
to produce a liberation of the neurohvpophystal hormone

When antidiuretic hormone has been thought to have been
sdentified 1 the urme vanous alternative mterpretations are pos
sible Usually one of the following hypotheses has been adopted
on the assumption that true antidiurettc hormone has been
detected a) the rate of hberation of the hormone 1s ncreased
b) the rate of destruction of the hormone has been reduced as mn
hepatic disease c) there 1s a hormonal imbalance so that the rate
of liberation 1s altered as when there 15 a deficiency of adrenal
cortrcal secretion{38) d) true antidiuretic hormone 1s not present
but 1ts 1dentification 15 an assay artifact and e) an abnormahty
of the kudney permuts evceptional amounts of the hormone to
appear m the urme It 1s not possible to speculate on the rate of
secretion of true antidiuretic hormone from the amounts detected
mn the urine All the observations have been made with great quanti
ties (eg 2000 to 5000 mU 1njected ntravenously into man by
Taylor and Noble(39))} after such enormous doses 1n both men
and ammals 5 to 23 percent of the injected dose have been

n are made ly or itrapen
toneally interference with absorption owmng to a contammating
substince may yield an artificially lugh titer Hence ntravenous

*Alo by personal commun cat on
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assays 1n the dog a5 used by, Hare and hys ¢, Workers g, b
Moore and s gy Dyle 2ppear o yield the MOst refiapl, mformahon
e first unequyy gggy dernonstmtxon of antidiureg, hormone m
Urine v 5 Mmade }, Uman ang Goodman m 1937¢, 40) Other
SXPerimengs employmg the rap have been DPerformeq by Ro mson
s well a5 p, 4 number ¢ later MVestigators Usually
ra
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Tayloy and NobIe( 89) are Unusyg]p, Igp d j¢ SEems cergayy that
the authorg Meant ¢, €Xpress theyr Tesults g Microung tather thy,
Ml

EspecxaHy favoreq for Study j¢ hepate disease Whethe, 1n exper
n

Menta] ,, mals ag 1 Tats op high far diet or 1 man v Severe
€patic ¢, such a¢ CiThogg with g, Cites I 0t 1nstances the
ra N used f, Y and e upe. amed 1neg,,
Sistencye, the r S which end o nulhfy, Conclugions
Compare the Tesults of € and R, i(50) with th, Hajt
Tame gy, U(51)) g ver disegge may he ssocrated vy
2 Jow pqp, f urpp clion of vt T and onsiderapl,
Trests as 4 cites 1ecede, Altractyy hyp thesis g been thy
of Ra]] er TS 1n 1945¢. 52) an, 0 postulated
2 decr, ruct, Nhidizey, horm, ne Uch subjects
DPrticy)q, SOc1ation th ascrtes This p, imab} Dart
won lain Tete Q Antitatively 4, IS a wide gyf
erence pe Ween the, results ang those of YAe Ameos ang
Ough( ho foung by s, Vs 1 dogy , Iight bug real incregse
m the tter antid, retic Tineple , € of persong with
uThogis apg Cites a¢ Compared with ¢ IC patients wathout
ascites Y never re able ¢, detect the hyg, titers reported by
Balh ang h hers wp, Perf, 1

Sims (54 ) ako belteyeq that Infectioyg hepatitys could Jead 4,
a du'mmshed destruchon ol antidmyrey,, hormone 3 Ievesled by
ncreqgeq Urinary titers Simg IRewnse used rats for Iug assays

An antidiyrey, effect qye to the hormone relvan fag been
describeq by Z'u'row( 55) He employ eq extracts of go, Ovares or
Pregnang rabbt blood d reporteq that the Yolume of yppe

b

€xtracts None of his obseryay, nclusion gy such
€xtracts nduce Wter Tetentign Since he o, IS 10 record of yhe
Water ingake [ ammals € whole effect could be a toye
reductop, n fooq and v a¢ey consumptyon

Baez Mazyy and Shon-(SG) attnbuted 41 ohguny of mrrho;]xs
infectigyg hepagyys ntephrog,g and Congestyye heart fathure to 4 ;‘
ndirece effect of a Cration of therr ‘asodepreggo, matenaj
(VD ) They considereq VDAL 4, be 1denticq] with femtmo(::'
Apoferrtyy, and beliey g that either of these Protemns aL}xng o

e neumhypop SIS causes gy ncreaseq Iberatigy of antidiure

hormope
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w S a Singla mMirgy €noyg Mection Normal Young Sthyecys
Here "MPareq with Normap old g, Jects ng dxl}'erence n seng,.
ity oo Ound g, the dose of Pitressin for unmnsfal\able threso1g
TCSPonge 5 aboye 0254, 050 myy Per 15 or 99 Lifos of either dog
O man Perhaps A thq of the e son may get o barey, pemephble
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:}es[}:mze with ¢ LT dog v, 4p, dirbeteg Msiprdys g,
Iun there 5 €nough evide, O ndicate that he ensitviteg of
the dog ang the map are aboyy the same
Doc}. Your normg] Subjects here Yere g)f well hydrafed?
van Dyt They Were 5 Cquatel, bydr'xted, the SPecimeng of
"ine v ery Obtaineg m the Mormng before food o Water
Doy They Yere pot Testricteq the Previgyg dayp
tan Dyr, ]
ock 1, Water Testrctio of map how p, h does
concentmhon of AD; go?P h does the o
oursel gg he highest Be
eQuivalens of Ditressy per mylpy

"Mal humap subjects who
orty eyghy hours gpq have obtuneq ,

2
If Y I shoyjq to diseygg Some of theo pomts Mentioned
y Dy ke, but first vould Tike ¢, eplam by, happened
nto ths had p, n fhought fi Y years
actor m g, contro] of , ttes Ptients yyyp,

and dyin
Cirrhogyg nd asepe, and had €IMined the ™ constityeng
mcludmg Serum gy, T At reglar nteryals of 0 four yee},
Dertods of ¢, Ur to tyel, Nerestn, Iy nough e
found that the sery, albumy;, level g, 0L wncregse before the
ascites yyag controfled bu rther g, IIomng HHTesIs ang qpo
assocated decre, I ascites, g, leve] 1buy; 1 the serym
rose gr'ldmlly( 58) 1, dition; Served a5 p, T reported
many timeg m the htemture that Urine output i DPatientg with
‘enly four hour

s
ant role 1 the oduction of the

1ght p) n pr

ate enco, tered 1n Dattents oy, Cirthos,

“as 2 factor m the Production of asertes
¢ of g

and Farr(41) on the Presenc, N ant;.
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EFFECT OF 0 o1 SoDum TH!OGLYCO{[ATE ON Thg
ANTIDMRETIC EFFECT OF F'ITESSW ASSavep N THe Rar

) & PiTRgS sy 100kuscey o sop moaucount 36 aarg,

~ XPITRE S s 0MU7 ¢y M 50y AcETare
g 0~0 o1y 80D vy oaLVl.‘OLLA"E (20 RaTS) 38 harsy
]

120 444 80 249 240
Time 1y MNUTES aprep H¥DRario)

FIGupg 8

freshl) diluteg COMmercyq) Pitressins were gy ep dunng the ag5y
EXPenmeng 11 order g, Qantitate the Wtidirety Potency of g,
treateq Pitressyy, We assy ed COmmercyay Pitressips 5 such i
‘any g dquhons dirlyped Prtressiy and Ditressy treated with
sodium thiogly collate *ccording 4, the Method Teported by py
‘an Dyje nd assocmtes(7) The results gre Hlustrateq m
Figures 78 and 9 fy Te 7 shows the antidireg,, Tesponse 1

to S 0, =060 my 4
also show s the cansxstency of these 88235 1n raps Figure g shous

€ating Pitressip With sodim, lluogl}collate md it 45
quite cleqy that the treatmens with tIuogI) collate d,q 10t ety ate
the antidireg)o effect of the Pitressiy 1y rats Fzgufe'g shou g assay s

ar

of thxogbcnllate treateq DPitressin 1p the dog v the
diretie activty o completely hohsheq icl to
the result Teported by Y Dyke 1y the ra¢
and the dog reqct to thiogls copr itressin
This and other eYpen sted to 5 Trreye
achvity of commercxf n be fl'n r:t tlh
o > when
one substance one e o

mtactve i the dog

& Dms & o
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MINUTE VOLUME OF URINE ML

it o eaces

TIME IN MINUTES

© 0 4 e 80 100 (20 140 160 {80 200 220

FIGURE 9
Antidwretic effect of ptressn treated with 001 A\ sodwm thioglycollate and

Ditressin treated wath 001 M sodium acetate mjected 1v mto a female dog durmg
water diresis

detail 1n a recent paper(58) As far as the antidimretic substwnce
i the unne of patients with hver disease 1s concerned, we have
found the dog much less sensitive than the rat

Lauson What did the thioglycollate alone do n the rat?

Rall: Thioglycollate alone has no appreciable antidiuretie effect
when mjected intrapentoneally m the rat Whenever hydrated rats
are gven any solution intrapentoneally the rate of urme excretion
15 shghtly less than if they were hydrated and no mjection at all
were gnen

tan Dyke 1f you performed assays intravenously 1 the rat what
would you expect®

pe
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ties along these nes Certamly if the dog gets large amounts of
antichuretic hormones he shows no such effect He merely decreases
Ilus water mtake and gets along very well mdeed, and I mague
most of the pattents would have the intelligence of the dog wnsofar
as regulaung theirr water mntake 1s concerned Surely they would
not have much difficulty m getting rid of their electrolytes

Bmhley What 15 the evidence that there 1s an enzyme n the
Liver that destroys the antiduretie hormone?

Raill: I think Dr Gaunt could also discuss that question There
were some experuments by Heller(59) in which pitressin was
cubated with hver shees and they reported that the antidretic
effect of the pitressm was destroyed 1 do not know »f this has
been confirmed There 15 no absolute evidence that the ver of
the patient with currhosis 15 incapable of mactivahing pitressm Ve
have suggested thus as a possibiity but 1t remains to be proved

Gaunt 1 do not have the evidence at hand These were Dr
Burue's(60) expeniments with which I had nothmg to do He
studied the effects of pH, heat, heavy metals, etc on the hepatic
matenal and the evidence convinced hum and others who reviewed
st that he was dealing with an enzyme that mactnated pitresun
1 cannot elaborate the pomt except to say that m alf of its ehemmcal
properties the materral was identical to what has been called
msuhnase

Binkley 'The order of actrity you gave for the concentration
of enzyme 15 exactly the order of achsity for concentration of free
sulfhydsyl tn the lwer suggesting that mactivation occurs as a
result of combmation with sulfhydry] groups rather than by
enzymic activity

Ralh Y would like to suggest another possible explanation f(.;;’
the impured or disordered kidney function m (he patent “:11
severe hver damage Curhosis of the h\er“:s a disease with v{x ‘f-
spread metabolic effects which 1 olve the “nutnbopal” sthte o t‘h e
tissue cells The kadney cells undoubtedly are also affected bs l;
situation and the question anses as to whether the condmt};l r:
the wtracellular constituents of the hidney cells may not be affect-
ing thesr physiological capacity to function normally

Bradley I would like to ash Dr Shannon of he beheves antt
dwretic hormone acts solely on water reabsorption ,

har The facts are not availble I beheve that st 15 purel)
a ‘rgn‘aat(l:: r:)f opuon and speculiion Fust, a pure antidinretic
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hormone 15 not available Second the same preparation when
used m four dogs mmay not produce 1dentical results i all ammals
As Dr van Dyke has pomted out that i1s quite common i any
one series of wmestigations If sodium excretton 15 plotted agamst
dosage of antidretic hormone admmistered continuously i the
range of 5 to 20 mU per hour there 15 no change 1n sodium excre
f1on accompanying the change 1n water excretion At ugher dosage
some dogs progressively increase sodum excretion but on the
bass of our evidence only when the hormone 1s admimstered above
the physiological range

Ralli Is the relationship between hormone admimistration and
sodum excretion roughly a loganthmce one?

Shannon The data would not permut that type of analysis

Dock Did the group m using the artificial ladney on patients
with severe jaundice 1nd anurtt observe a marked nse mn blood
pressure and unne excretion after dialvsis of the patients blood?

Thorn Yes(62)

Dock This dialyzable shock factor can not be either pitressin
or apoferntin neither of which 15 dialyzable?

Thorn No these molecules are too large to pass through our
cellophane membrane

Dock Some substance of that sort may be m Dr Rallis urine
extracts or at any rate a substance not destroved by reducing
substances which mactn ate pitressm Tt probably 1s quite different
from the antidwretic substances apoferntin and pitressin

Shorr At the nisk of introducing another vanable in the problem
of diuresis I would like to present some of the results of our expen
ments on the antidiuretic effects of ferntin(56) Our early expen
ments were run with concentrates of the hwer vasodepressor
material VDM wlich though crude were pure enough to be
Injected intravenousty The ammls were given a continuous mnfu
s510n of 5 percent dextrose until the unmary output became relatiely
constant At this point the addition of VDM to the infusion flnd
caused a sharp curtmiment of unne flow which persisted for some
time after the infusion of dextrose alone was resumed

After the 1dentificition of VDI as ferntin or apoferritin these
evpeniments were repeated using both oral and itravenous hydra
tion Both fermtin and apoferntm were effective m amounts ranging
from about 150 to 500 mucrogrims ferntm N per kilogram
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less sensitve We have been able to utilize 2 combmation of the

} ! and mesoappendix methods to ientify very small
amounts of ferriin The reaction between anbferntin sera and
such munute amounts of ferntm does not produce 1 vistble pre
cipitate but st does abolish the vasodepressor actiaty as measured
by the mesoppendrx test{63)

The liver possesses 1 very netive mechamsm for removing ferntin
from the blood and mactivating st so thit the amount of femttin
mjected 15 much larger than the amount remammng w the blood
strexm to cause ntrdruresrs The discovery that fermtin evsts m
two forms gre us considerable understandmg of this nactn thon
process The actne form which produces 1 1asodepressor response
1 the rat mesoippendix test contuns sulfivdn] groups Whea
these groups are oudized to the dwiulfide form the ferntm 1
inictivated In the normal hver ferntin ss present largely 1f not
entirely 1 the disulfide form The oudation of sulfhvdri] groups
appears to take plice readily in the normal Iner This prompt and
efficient mactn 1tion results 1 1 very low concentration of ferntin
i the blood strexm Rat bioassays of blood samples taken from 2
dog during in mbduretic test reveiled actnities correspondmg
to approvimately D001 to 0002 microgram of femtm N per il
liter In other words ~bout 999 percent of the mected ferntin
15 ymmediately mactivated(64)

Janesway When you talk about active ferntin do you mean s
sasodepressor activty ?

Shorr Yes s measured by the rat mesoappend:x test

Jancway It 1s vasodepressor actvatv?

Shorr 1es

Janeway The achity 15 present only when there are sulfhydryl
groups nd bears no relttion to its abaltty to bind fron?

Shorr That 1s true but 1t 15 also interesting that treatment oi
disulfide ferntin vuth reduced glutathione or cysteme mn\m\st‘:x
to the sulfhydny] form md 1t the swme tme Ibilizes the fernt
ron converting 1t to the ferrous state{65)

Thom Did you say the disulfide form has no mtidietic effect?

Shorr We do not know We haent enongh data so far

T
The norml Iner only releases reduced or active fernttin n;zdcr
b d In 2l crhosis m rats the Ine
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metabohsm 15 disturbed so that actine ferntn 1s released under
both aerobic and anaerobie condittons and s a result fernitm 15
constantly present m the blood stream It was thercfore of interest
to see whether or not the yolenml participation of ferntin m
antrdiuress was supp d by 1t 1 conditions

with antidiuresis 1n man(66) We studied a group of eight enrrhotics
with edema ascites and antidiuresis as measured by the Fremont
Smith water test All had very considerable amounts of ferritin
the blood unopposed by the oppositely acting factor VEM Two
other patrents with cirrhosts but without edema and ascites and
with normal water tests revealed only traces of ferntin The con
centration of ferntin 1n the serym of patients with antidiuresis 1s
of about the same order of magnitude 1s we found 1n the circulation
of the dogs dunng antidiuretic expertments

In seven patients with the nephrotic syndrome ferntin was
present not only m the plasma but also m the edem flnd Here
too the oppositely acting ¥ EM was not present We are 1ery much
indebted to Dr Lauson for permussion to study one of his cases
before dunng and after treatment with mtravenous albummn
There was a significant fall in femtin actnaty 1n the blood dunng
the albumm dsuresis \uth a prompt return to the ongmal high
ralue on the re Intion of edema K cessation of
albumn therapy

Fimally seien cases of congestre heart failure with edema and
ascites were studied None of these cases had hypertension In all
both plsma and edema flwd contamed considerable amounts of
ferntin without admrsture with VEM

The difference between the results mn these cases and 1n hyper
tensne patients 1s that n the latter both ferntin and VEM are
present m the plasma mn amounts which are approamately
equivalent physiologrcally Rat tests of hypertensive plasmas are
neutra] or show 1 shght predommance of fernion or VEM How
ever trentment of the phsmn to mactinate either ferntin or VEM
always unmashs 1 ¢f ttion of the ly act
ing factor Thus the posvbility ewsts that these two factors with
opposite actions on the blood yessels m1y also be oppositely acting
s regards their effect on the posterior pitwitany  however our
punfication of VEM 1s not yet at a stage to permit us to test this
hypothesis

We are still activelh v the ant
i the dog and are sechng more conclusive data to suppost our

1, h
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hypothesis At tus stage m our work it appears at least possible
that ferntin may constitute another element participating in anh
dwrests There are two mechanisms winch conld operate m these
patients In congestive heart failure with edema hypowa might
lead to the continuous release of reduced ferntin from the lver
Protem undernutnibion which leads to the relense of achve ferntn
m curhotic rats may be responsible for its occurrence 1 nephrosis
and decompensated cirrhosis

Thorn You dont thmk that the response m 1 nephrobe 1s just
an uncoverng of ferntin by reduction n the VEM factor?

Shorr In nutntional cirhosis 1p rats there 15 a venal defect s
a result of which the kidney 1s not able to form VEM We are
guessmg that n nephrosis the same defect occurs

Thorn Our dialysis expeniment would support your hypothesis
In the patient n shock we apparently dialyze a factor which does
allow the blood pressure to return to normal levels and to be
mantamed for four to six hours and then return toward a low
level If the lwer particularly has not improved in this ume 2
second run of five or six hours of dralysis 1s done and the patient
becomes responsive agam to vasopressor simuli The interesting
thing along with Dr Shorrs concept 1s that the hypertensive does
exactly the same thing When you dialvze a hypertensive patient 1:
blood pressure goes ever so much higher than the patient wil
normal blood pressure suggesting that possibly a diffuse depressor
substance 15 balanced at a high level and the fact 15 we dont
know whether we are dinlizing off an actiator of ferntin or an
mactivator of renin system but the substance 15 diffusible and goes
through a cellophane membrane

Shorr Ferntin 1s not diffusible

Thorn We have not been able to explam the duresis We
observed it 1 patients run without renal shutdown on thebwis‘zz
solely of improvement n blood pressure It has been pretty (; Vo
from the start that sumething modified the duaresis or accel Erﬂ
the dirests 1n a patient who has heen run on the hidney fiv
six hours if his kidney has capacity to respond

Doch The salt output goes up too?

Thorn Yes )
Janeway Dr Shorr can you charactenze VEM chemieally

¢ or
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Shorr y wish we could Yy, are y orkmg on 3t actinely noy
Ianeu.n_l/ It 35 hot rep,,

Shory So far T, ot doesnt S€em tg b renm \e € dont ¢, nk g will
tum oy to be e hypert, ensiy smce 1t 15 ot mu:cu!otrop
Lauson y would hke ¢, ask Dy Shorr ,f Im has dop, pen

Meats 4, which homclogous ferntn has bey, ontmuuusb adm,
Istered see af 5t 5 chromc:x"y antidiregy

Shorr Homologous ferniting Usualjy cmmmle to be Mtdmyrey

when Tepeatedy, hected 1 g, 085 Houey e, out of 4 AIge seres

of dogg Tecerny, hom, Mologoys ferrng o no o onger T respondeq

with antidiyreg We havo no vphmnon at presmt for the farlyre
nimy,

Whate Is gt Your t thar he o e TPI oductmn of Posteriop
lobe hormop, me 15 c'msa”y el ated to f these ¢, esP

Shorr 15 Tam allow, ed to pecu!a te g t}us Stage i oy knowledge
of thesef ctors | Mould p, tulate thay tmn N nephrogs Cirrhogyg and
heart g, thure aee, mpa; med b Y edema g no; maI Iner Metaholsm,
of fer, T 35 gy Sturbed 4, 2 result of ths de, elect acy e fernyy 15
Teleaseq mto the bIood st €am and ,, ccumulates N amoyngs which
are of thy, Same orde, of m Mgmiyde s those found 1, the Circuly

tion 1 dogs 1, the COUTSE of gy anhdmrehc CXDertmengs with
Mjected ferngy, From prehml Y animg) Studies mfer that

N some 3y up, € Pposterior pztmtary causmg
release of apy ulmreuc factors s from tha(’ gland ¢ aPpers thay the
-'mhdmrehc act ity present m the yy,, € 1 our A, ma} expertments

Shors ne otber posslble effect of the pr csence of
emtin 1y, th bl d ™3y bring 1bout in the ¢ Peripherg)
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vascular bed, a state of vasodepression with reduction of spor
taneous vasomotion and relaxation of the precapulary sphucters
When tlus ocenrs the capiliary bed becomes byperenne with con
tinuous flow through many capillwes wlich ordinasly have only
mntermittent flow These changes would all favor hydrostatic rather
than osmotic forces m the exchange of flmd between the capilines
and the tissues and might contribute to edema in that way Perhaps
both effects on the pituttary and on the peripheral vasewlar bed
are needed to produce edema

Winte That would seem to me more mmportant than overpro
duction of postertor hormone

Lauson Would you say this aircumstance would favor outward
filtration rather than absorption?

Shorr  We do not think of the capillary bed as consisting of
mert endotheltal tubes There are muscular units, the precapillary
sphincters from which the trae capillanes anse These are capable
of vasomotion by which the relaive relations between osmotic
and hy drostatic forces may be altered accordmg to need

Fremont Smith That means you have effecttsie capillary filtra
tion increase

Shorr Yes That would be in cases of edema

Fremont Snuth, As far as we know the effect of caprliary pressure
as measured has not been shown to be effectve

Winte How often has it been satisfactonly measured?

Thorn Does the ferntn Jervel of serum go down after ferntmn
extraction?

Shorr 1 canmnot tell you

Janeway Do all capillavtes behave the same 1n response to this
matenal? What about the capillartes m the Tadney atself?

Shorr We hrve made no direct obsersations on the eapllarv bfed
of the hudney but we nould expect a vanety of factors t(})] met::on
Normilly the renm hypertensin system mught oppose the ?fxder
of fentin or VEM mught have a local action However, W iy
certaw conditions the hidney cannot form VEM and c!cncfg:m
the formation of remm may be simlarly pres enleddm S“Ct h 12“ ces
the vasodepressor action of ferntin could ;’ne Solm;n_a gudws pit
suspect fins may have been the case 1 Dr Van Siyres



4 Uidiirot Factorg 3

bemorrhagxc shock He foy und 5 a stoling alteragyq,, n the fltratio,
3 e,

fraction which ell DProfoung, 5 H‘!e‘[.’l’SlblIlfy dey ], We
e oundl;pm’eacme shocl\ be asso, dated vyp predammance
of fe, tn 1n ¢, blood ith n mab:]uy of e} to £,
VEvf pacxly of th kxd VEM d ed b
prolonged h
am “ondenng, Dr G, aunt, whether , an b:enahon “e have

made May haye 4 bean on youy Proble, When assayed tho
blood of a few adrcnalectom zed anyp,g 's after mthd dwval of Py
e found f, ? predomyp, e IS 15 cong rger
Ties pp be gt | contn}, iting fae, T m the Subseqy, 'nt
zmud:uret

Bu tDey o, man does pop COrrect ghe €Xcessiue gang,.
dmrehe effecy

Shory That 5 rght L had 4 mind the Measurape Atidrureg,
factor 1 such 4

Gaung DCA m Iuses which g, Ot repay g, e defie, 1ent dnureuc
Tespongse to y, H red ¢ the mncentmn of g ™ angy.
Stancy

Shorr In the adrennlec!om:zed Anima) gh, hedy ney loses Rhe
apacrty 4, form VEM This pacity ;¢ restored by Y DCA
COrtica C¥tracts

Shan, Is there any Dossibiyty, of bvperreachwty m thege
tidirey, States?
Shorr Dr Ieo e has obsery oq a unous hvperr, Cictivigy, pme»
1 3 esse Of patieny with cm'Ixosx Ther,

Phripe in the Conjuncyyy,
5 no byperphsm and the vessels are dI ted

Shanngy, Hyperrmctmt vP
Shorr The €Y vessels of eurhotye rents Were I Vpe; Tleacty o
c
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adrenal extract m amounts adequate to keep the adrenalectomzed
dogs hadney funchion normal nor a combmation of the two e
therefore feel that the most reasonable viewpomnt at present 1s
that these falls m renal circulation and m Tm are due to Iack of
growth hormone or to sometling not yet separated from 1t

The situation became less clear however when we found that
the second (8PRS3R) and third (H1902) Armour batches did not
work on normal dogs although thev did on hypophysectomized A
dose of 05 mg per hg per day of the first batch (BPRR3) was
effecive but when amounts of the second and third batches
eqmvalent to 05 mg of the first batch were given no effects were
obtamed on normal dogs although the hypophysectomized dogs
still responded(2) Dr I M Bunding of the Armour Laboratories
has been very land 1 gining us several batches of growth hormone
and 1n supplying data on the bioassays for contammant hormones

Table III shows that when 05 mg per kg per day of Armours
first batch (8PRR3) 15 given subcutineously to a normal dog
there 15 no effect on the clearances by the fifth d1y but a stukmng
effect by the twelfth day Filtrabon fraction pracheally always
falls The lower part of Table III shows the depressant effect of
hypophysectomy on the clearwnces and Tm and the restoration
with growth hormone The effect comes on sooner than with the
normal dog and we will see Iater that the hvpaphysectomized dog
will respond to relatively mnactive preparations whichk hwe no
effect on normals

Table IV shows the effects of growth hormone (3PAR3 actve
on normal and hypophysectomized dogs) and of growth hormone
plus hpoadrenal extract {Upjohn) on the clearances and Tm of a
DCA supported adrenalectomzed dog The DCA support was
adequate m that PAH Tm was essentially normal and clearances
and plasma sodium and potassium levels were normal although
plasma NPN was somewhat elevated T may say that we have never
been able on DCA alone to keep the NPN of adrenalectomized
dogs down completely to normal 1t may not be much above normal
but 1s always shghtly elevated even though the muln clearance

may be quite normal
Thorn How much DCA did yon gne the DCA supported
ammal?

31
White Three pellets of 75 mg ewch That was on January
1948 1arc\d the doi Ined for eighteen months with no subsequent



0 i, LA L T
& (6tny) K o ¢~ .ym_.:i.: n v_w o P
a:c_Eoc Yinarg Jjo S{ep 6 mv\m\m~
m:e:toc Hinosg jo Sfep S m“\mn\:
(8lrygg) S0ty
Hinogg Ny sy S0~ \m.\ﬁ .E:Ei §5/4
o Ig Isr
g 9g a¢ 3
§ 99 98 sy Ieq
§ 88 bE
I3 Ig
5
=
& [Puoy L8179
3 aqﬁguﬁdzo:: T
< e S
®
5
e
S
g
&g T 8k/01/
S
5 3y ay
“ / e/




Renal Function

Arep U3 ¥03:00 [euatprodn sod suowoy yymoid 10 SuouLOY Moz o

8L 18 8¥ 96 281 SSUOULOY Jo SATP BT gy/pg/11
¥L 09 68 635 sauouiioy jo sdvp g grfpy/1y
XIYOD {RUIPY
odif Ju g9 pur (gyyge) ououtoy
Wmors B/ 50 €0 ~gy/pg/T1 yBnomp gp/gr/1T
16 8 o1 oL <98 suouLioy yimoiR jo sAep 71 gy/g/11
STt u o1t £18 suouoy yimos3 3o shep g gy 1/11
(EMdg) awounioq
Waotd B/ Sw g0 gr/g/11 YBnomp gy/pz/o1

<8 9F 43 96 oLE
85/S5/0T
£ 2 ar 98 815 m«\wm\a
Awoiva[euerpe B §F/gT/1
poyuepdu

DIBII0T SU0INSOONI04X0SAP (YoLa
Bur g2) siapied § ‘Awioyodpenaipe 1ol gh/1g/1

Sy mue ) opy g
# Bur ¢ S /8m |/ e/ s/ o/ pu
A
25000]5) NN iy, SuLIEA | eoutiEs
vusstlg _ BuIse[g HYVd _ urnap HYd _

004 AAZINOLIATYNIUAY NV NI
NOLLONNA VNI NO HNOWMOH HLMON) JO SLOILIA

Al THAYL






84 Renal Funchion

therapy, finlly dymg of adrenal msuffictency The growth hormone
experiments were nme to ten months after pellet mnplantation
We cannot say that there 15 no zesponse, but it 1s not comparible
to that of normal or hypophysectomized dogs

Table V shows that our second and thurd batches 1n doses con
taimng amounts of growth hormone equal to or double the amount
1 05 mg of 3PKR3 had no effect on clearances of normaf dogs
except once on the mulm The following table, Table VI, shows
that these same preparations were active on hypophysectomized
dogs evcept for a farlure with mulm 1n K42 on 4/18 the hypophy
sectomized dog 1s much more sensiive than the normal

Bradley Dhd the body temperature remmmn constant?

Winte Yes There 1s an mereise 1 oxygen consumption Ve
have never seen a renotropically active preparation that did not
mcrease the oxygen consumption, this merease 1s not doe to s
thyrotropin content An amount of thyrotropm equvalent to the
amount contamed 1n these preg 10N Sives No MNCTeRse i oxygen
consumptron or clearances 1n erther normal or by pophysectomized
dogs While we have not gnen these preparations to thyrordec
tormzed dogs we have m the past gnen crude antenior Jobe
preparations ta thyrod: 1 dogs with tent m
oxygen consumption This has some diect effect on tssues m
general though presumably it 1s not thyrotropin and does not act
through the thyrod gland

Dock  Are there any effects on the hidney with this?

White Within the time that these were given ten to twelie
days there has been no change 1 the dogs body weight These
are all adult dogs We have not hilled these dogs at the end of
tnehe duys to see whother or mot therr hidneys were hyper
trophied we would hne to hill many dogs to find out 1 do net
believe that these dases of growth hormone for this short penod
of time will produce any significant merease m hidney size Ve
have postive mformation bout that n the rat obtamed by Dr
Bunding m the Armour Liboratones Ruts were Ty pophy sec
tomized at 50 grams Two weeks later they were sh:‘(cd on growth
hormone one gronp secewing 125 and the other 50 gamma pe;
rat per day continued for fourteen days The body weight mcreased
between 09 and 1 gm per da whide Irver per body wesght zmd
kidney per body werght ratos remained the same 15 1 untreate
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86 Renal Function

ammals 1e the percentage of organ weight mcrease on growth
hormone was no greater than that of body weight merease

Taggart Might not the proumal segment have hypertraphted
out of proportion to the rest of the hidney as reported with the
balance of the adrenal corncords?

White No measurements of nephron segments were made we
do not know whether there was a demonstrable mcrease m proximal
tubule size whether the machinery was larger or yust turming over
more rapidly I do not beleve that growth hormone admimstration
of this duration would produce anvthing like the percentage
increase 1 size of even one segment comparable to that of increase
m PAH Tm which may go up from a third or fourth of normal
to normal

Thorn 1 take 1t the adrenalectommzed ammals did not show
mcrease m oxygen conswmption with this particular preparation

White Unfortunately no otygen determmations were made on
the adrenalectormzed dog The renotropically active preparations
always produced a nse m oxygen tonsumption m normal dogs
and still more so m those hypophvsectormized

Thorn We have shown that cortisone will cause an crease 1
basal metabolic rate which 1s not mediated by the thyrod(3)

Wiute Some preparations have produced a nse in oxygen con
sumption without nises jn clearances but we have never seen 2
nse n clearances not accomparned by a rise i oxygen consumphion

Gilman Will you comment on the filtration factors?

White We not mfrequently see filtration fractions hugher than
usually found —~we had one about 040 Our average 1s about
030 or 031 As does every one else we always find it much higher
than m man T find 1t difficult to believe that a dog ever normally
filters 40 percent of the water gomg through the glomeruli but
this 15 what we sometunes find on PAH and mubn clearances The
extraction of diodrast —the work was done before the days odf
PAH — at low plasma levels 1s the same m the hypophysecmmlﬁ
as 1n the normal dog 1e we believe that diodrast and presumably

flow 1t
PAH clearance 15 just as good a measure of renal plasma

the hypophysectomized dog as 1t 1s in the normal We have n!o
observations as to the behavior in the adrennlectomzed amma{
We have also seen filtration fractions of 04 m normal dogs no
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These are three possibilities one Just as good as the ather from
the standpot of logic but with no evidence so far to permit 2
choice among them

Thorn Were these different ammals w the second assays or the
same amimals?

White Some were the sume and some were different We spent
considerable tme trymg to decrde between these three passibily
ties we are not sure which it 1s T think 1t 15 the last and will
gwe yau buefly some of the evidence One thmg that seemed
worth domg was to get some mtermedate frachons that eceur
the preparation of the punfication of growth hormone 1 the hope
of finding one that would be renotrape but not growth promoting

The other possbihty that one of these fractions contams the
bypothetical infubitor could be tested by adding fractions to active
growth hormone preparation ¥ nbibition occurred 3t could be
argued that it 1s the presence of such postulated inhibitor n the
mactive preparations that makes them mactive

I will make the story bnef by sayng that neither such actmtv
has been found Dr Wilhelmi was kind enongh to send us some
of the fractions that he had obtamed 1 vanous preparations that
he made He sent us some of Ius fractions C D and E and one
which he calls PHSdep those who are acguamted with the process
will recogmze these All we can say 1s that none of these substances
when given to an antmal had much effect on clearances In other
words there was no ewidence that any one of these frictions
wmvestigated contamned the postulated renotropic contammmant in
any concentrated form Of course 1f we tried five more fractions
we mght find one that did The other attempt to see if addmg
any of these fractions to an active preparation would mahke 3t
mactive also has faled to produce evidence of imhibition although
we have not tred all of them yet This work is time consuming
and T think we have spent about 1s much time on 1t as Is justified

Table VIT lustrates what I mean It shows a normal dog that
we tried put to be sure that she did respond to 1 known yeno
tropieally active preparation  22AR2 Armours purest grow th
horrone preparation which 15 almost homogeneous electro
phoretically That produced the expected cffects an clearances
and as you can see the Hltration fraction fell The mmmal was
permitted to resover and six weehs later was gwen 05 mg per
Talogram per day of Wilhelm s fraction D This had pechaps some
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Table VIII shows results with another fraction Here 15 another
normal dog who responded to 22KR2 in the expected fashion
Wilhelmuis fraction E had a possibly sigmficant effect on PAH
2! and 1t app ly had a considerable effect on mulin
clearance here We are suspicious of this muln value however
because 1t was done at unusually low plasma levels and because
the same preparation had no effect on either PAH or iulm clear
ance 1 another dog who responded well to 22KkR2 In other words
the effect 1f any 15 much less than that of the pure growth hormone
preparation In considering the effects of all these fractions
several dogs we obtained no evidence for esther the active con
tamnant or the mhibitor theory We have had two or three more
extracts that were prepared i the Biochemistry Department at
our school and while 1t does not settle the question all we can
say 1s that no evidence has been obtamed n favor of either of
these first two possibilities By exclusion this would perhaps favor
the view of some change 1n the protein molecule which nfluenced
one achivity more than 1t did the other

TABLE VIII
EFFECTS OF AN ACTIVE PREPARATION AND OF FRACTION E
L‘ K49 NORMAL
Date PAH Iln | ¥F ’ o
11/8/49 216 97 ) 045
11/12 through 12/2/49 042 mg /kg /day G H 22KR2
11/21 434 163 038 181
11/23 507 151 030 192
12/2 381 130 034 ’
12/20 236 95 040 us
12/20 through 12/29 05 mg /kg /day Withelnu s fraction E
12/29 270 142 I 052 { 108
1/1/50 Sick not eating died on 1/8/50 cause undetermmed

van Dyke You did not try to alter the ongmal extract whch had

this effect?
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as they were centrnifuged 1 know there was no sigmficant nise or
fall 1n hematoerst We had no reason to think there would be any
change and did not measure 1t We leave the matter then by saymng
that these preparatious do rase the clearances and the Tm n
normal and m hypophysectomized dogs that these effects are not
due to thyrotropin content that the hypophysectomized dog 15
more sensifive than the normal and that the fatlure of some
preparations to show the effect 1n normal dogs may be due to the
fact that there has been differential damage done to the molecule
We offer that simply because we do not have any other explanation
No evidence was obtamed for the mlubitor theorv or the actve
contaminant theory although these possibilities are not excluded
It may be that the active matertal 1s not really growth hormone
but some hutherto undescribed substance which 1s present 1n active
form m some of these growth hormone preparations and not m
others and which has essentially the same electrophoretic mobilits
as the growth hormone

I would Lke to say just a few words about another type of work
1 which we have been mterested We felt that some other hidney
functions which are susceptible to quantitative evaluation 1n addr
tion to the clearances and Tm mught be worth mvestigating as to
their being imfluenced by endocrine factors So we produced acidosis
n normal dogs to stimnlate ammona formation What we wanted
to do was to estabhish conditions which would give us a repro
onia response to acidosis and see whether the hypo

ducible amm

phy 1 and the adrenal d dog responded 1n the

same way We found that when 35 to 5 mEq ammonium chlonde

per Mlogram are given by stomach tube or subcut. ly to
q

normal dogs that the plasma CO falls usually to 16 or 17 m
sthm one or two hours The ammonia production nises at the same
sate 1e rate of ammoma production reaches its maxunum and
Jevels off within about two hours With somewhat larger doses
re 7 to 8 mEq per hilogram the plasma CO drops to 12 to 4
mEq and there 15 usually 2 greater ammoma output than with the
lesser dose On two occasions we have given 10 mEq per kilogram
and seen no greater ammoma output than with the 8 mEq whw]:
we gave as a standard dose In such acidosts 1€ 1n response to 7
or 8 mEq ammomum chlonde per kilogrim with plasma CO
dropping from the normal of 23 or 24 down to perhaps 18 34 or
15 the ammonta output nises from o control value of z:’bout 05 to
15 mEq per hour to 45 to 55 mEq per hour for 12 to 15' Lg(
dogs That will happen within tso hours This happens to be aboul
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m an madequately supported ndrenalectommzed dog shows great
tmpairment of ability to form ammonta 1 response to acute acidosis
Most of you have seen i the September 1950 1ssue of the
Amencan Journal of Medicine that Dr Patts reported somewhat
sumlar find on adrenale d rats and found at least
partial restoration of awmoma forming abiliy on DCA or
cortisone(7)

In Figure 12 1s plotted the hughest ammon a excretion m mEq
per hg per hour agamst the lowest plasma CO, mn a gven exper
ment Usually the lowest plasma CO comcrded with the penod of
lughest ammonia never more than an hours difference most of
the plotted pomnts bemg n the third or fourth hour after the acid
dose When the normal ammal has the plasma CO lowered to
14 to 17 mEq the ammoma output 15 1 the neghborhood of 04
mEq per hilogram per hour With stll greater acidosis where
plasma CO levels are below 13 rate of ammoma cutput 15 usurlly
between 4 and 5 per kilogram per hour The hypophysectomized
dog — one ammal —shows a response not sigmficantly different
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from the normal, whereas 1 two observations on the adrenalec-
tormized dog, even though acidosis was more severe than 1t ha
been i the normal or the hypophy d, there 15 1)}
no nise tn ammoma output We have no obserations on restoration
with adrenal cortical therapy, the only observation bemg on this
dog which 1s already pretty well down Inll
We have known for quite 2 while that the hypophvsectomized
dog on a normal diet handles electrolytes in a quite normal fashion,
muntains normal plasma sodim and potassium, stays m electrolyte
and water balance, and does not develop edema or salt depletion
1t seems then that the formation of the salt-regulating hormone 1s
not under antenior lobe control We also hnow that the zona
glomerulosa of the dog does not atrophy after hypophysectomy,
whatever that may be worth m concluding anythmg as to the site
of formation of the DCA ke hormones as compared with the
others That 1s also true n the rat We 1lso know that ACTH m
human subjects usually produces some salt retention, at least as
the mmtial effect This could mean that there 1s an overlapping of
function, that the hormones not pnmanlv concerned with salt
have some salt effect, or 1t could mean that the
zona glomerulosa, 1f that 1s the place where DCA-hke substances
are formed, 15 a httle bit responsne to ACTH It seemed to us
that the obvious thing to do, 1n order to sce whether the abihty
of the hypophy sectomized dogs” adrenal cortex to form salt regulat-
mg hormones was norml or not, was to put 1t under stress In
other words, the fact thit he mamntams normal plisma sodivm and
stays norml when he 1s on a normal salt intake 1s not a very scvere
test So we put such dogs on a very low sodium ntake, 1 mEq a
day This was done by giving Lonlac, a sodiam free nulk powder,
as the source of protem, plus fat and carbohydrate and added
vitamins On such 1 regimen the hypophysectomized dog does go
mto sodmm deficit a very extensne negative sodum balance The
plisma sodiim dropped to 123 where 1t had been 143, and the
dog would have been dead i another day, I am sure, of we had
not gnen her 1 huge dose of salt and resumed a normal diet In
one cise 1t took only two weeks for this to come on, m another
case 1t took six weehs Tt appears that the adrenal cortex of the
hypophysectomized dog s not completely normal so far as its
ability to form DCA-like hormones 1s concerned, but 1t 15 autono-
mous enough to get along quite well, so far as salt regulating
hormone 1s concerned as long as the ammal 1s on a normal, not
necessirth Tugh, st intake He cannot stand severe salt depriva-
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tion mdefimitely If at this pomt we give these dogs a large dose
of salt, they retamn it We gave them 130 mEq and they did not
put any cut i the next twenty four hours, not more than 2 or
3 mEq, they soak it up It seems as though they hold more salt
than you would think they had room for as calculated an the basis
of our rather madequate calculations of body fluids

Selkurt Does the hypophysectomized dog without prehminary
1salti dggnvahon have a tendency to hold on to salt or lose 1t when
oade:

White He has a perfectly normal salt test, 1€, output response
to loading

Selkurt Only when you imtally deprive them does that
phenomenon come on?

Wihite We give the normal dog 2 big dose of salt, 60, 70, 80
to 100 mEq 1n the form of 09 percent sodim chlonde by stomach
tube and follow the rate at which that comes out in the unne
The normal dog gets nd of 1t m about eighteen to twenty four
hours while 1t takes a man about four days It follows a fauly
reproducible curve, the maximum output being i either the second
or the third three hour period all or most of 1t 15 out 1n eighteen
hours and all 1s out i twenty four The hypophysectomzed anmal
behaves in the same way as the normal, there 15 no evidence that
he loses 1t any faster or any more slowly than the normal Alo,
when the normal dog 1s put on this very restricted salt diet, he
gets along perfectly well He just reduces his output to the level
of lus ntake if there 1s any negatve balance 1t 1s very small The
normal dog we can say can stand at least eight weeks of this
very restricted salt imtake whereas the hypophvsectonized dog
stands 1t from two to six weeks

Shorr You might consider another type of expeniment, that 1s,
rasing the metabolic rate with thyroid Occastonallv, when we
attempt to restore the basal rate of a patient with myxedema by
g@vng thyroid, we find that the myxedema 1s of pitwtary ongmn
As a result of thyroid therapy the relative adrenal mnsufficiency will
now become apparent and the patient will go mto an adrenal erisis

White Yes

Thorn You cannot raise the BMR of the hypophysectomized
ammals with thyrod?

Shorr No, you cannot
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Thorn 1t 5 well known that moderate doses of thyrmd are
i m the hyp bolism of mtmtry-deficter

patients

White 1 cannat speak from expencnee shout the gwing of
thyroud to the hypophysectomized dog but they scem to be even
mote sensitive than the normal dog to thyrotropm

Thorn But the metabohe response 1s very poor to admumstered
thyyosd hormone

White We have no expenence on that I do know that they
will respond to thysotropin We have also found that wuln nd
PAH clearances and PAIl Tm are mncreased by oral thvrod

il m the hypophy d dog even more than in

the normal

1t appears then that the adrenal cortex of the hypophy sectormzed
dog 15 not wmparred 1 its function of mantammg the abihty of the
kidney to form ammonia but that it 1s somewhat smpawed m s
function of mamtammmg the hdneys bilitv to conserve silt,
althaugh st Tins to be put to great stress before «e o demonstrate
such impairment

De Fatts ashed me. fiest 1f § would say something abaut endocrine

1 on fufar tubular p 1 told um I did not
know enough about it to discuss the matter with wny authonty or
confidence

£ mught however pomt out one or two speeulations It s possible
that 1 the sbsence of the adrenal costex the hdney s <bility to
hydealyze gh 1to and gl acid 15 tmpared
Some of you my remember that Jiminez Dinz(8) reported
decrensed ammoma formation mosfro by kidney tissue of adrenalee
tomzed cats 10 a d ¥ slanme medium sndicating fowered ammo
oxidase actinty or concentration 8o far 45 T know that s the only
obsernation on the change i the enzyme content or 1etivity of
hidnes tissue as influcneed by some endocerine factor 1 dont know
that tiis has ever been confrmed or denied and 1 do not hnow
of any obsersations on the glutunmse content of the hidney of
the adrenalectomized ammal as campared with the normal &t may
el be that s i the reson whn 1t does not work s wel) \gain
1 know of no abservabons regard ug amy change in the ammoma
precursars i the blood m any endocrine condition T dont knaw
of amv reason to think that there 5 am defict of ghtrnune sup-
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1 mght say this, we had one hypophysectomuzed dog which
never did go nto salt defimency, and about the time we were
becommg concerned abont that she came 1nto heat and we found
at autopsy that there was some anterior labe left That 13, of course,
always a possibiity Any conclusion that the antenor lobe was not
necessary must be held m abeyance until the autopsy shows com-
plete absence of anterior lobe We have repeatedly seen small
fragments of anterior lobe regenerate I don't mean we have
watched it We have seen females that would come mto heat after
two years This may sound fantastic, but one of those dogs was
bred and did not become pregnant, sit months fater she came 1
agam and was hred and did become pregnant but miscarned, six
months fater she was bred again and carned her pups to term but
catkd not nurse them six months later she had pups at term and
mursed them normally We interpret that as a small Int of antenor
Tohe growmg larger Just such isolated observations as that show
that 1t can and does happen

Shock Do you have any ideas about the mechamsm whereby
the Tm cwn be mereased in normal ammals?

Winte T don't know except that 1t must hawve something to do
with enzymatic processes, which 1s another way of swing 1 don't
fnow It makes the wheels go around faster I think rather than
making them igger although thus 15 only a guess

Taggart We have a himted amonnt of iwnformation winch may
have some bearng on this pomt Last year T deseribed our tech-
maque for studymg PAH transport 1n hidney shees Since then we
have treated a number of rabbuts wath ether testosterone or
thyroun for six davs before they were sunficed for the prepwa
tion of fadney shees The doses admumstered were essentiafly the
same as those which have previously beun found to produce
signmficant mereases w diodrast Tm in dogs(1L,12)  Thyroun
admimstration mereased the vespiration of fadney shees to approv.
mately 30 pereent above the normal controls, whereas testosterone
had no appreciible effect on respiration. Neather agent sygmficantly
altered the 1 ite of PAI transport Certawnly m the case of thyroan,
the wachinery of axidative mettholism was tuming oser faster than
normlhy, but ths was not reflected an the rate at which PAH was
trnsported m the shee

White Had thowe doses mcreased the Tm mn the Ynng rabbnt?
Taggart We do not hoow

.
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ralzgi’?tgl You du:; not }clletexmme that? 1 don t remember about the
remember that testosterone 1s sud t
dog(11) but not 1 man(13) o e ot an the

hTaggart The pomt which I wished to emphasize was stmply
that a speeding up of the metabolic machinery as observed with
thyroun apparently does not merease the transport capacity

White The enzymologists pomt out nstances where the oxygen
consumption 1s not mmparred and still the transfer mechamsm 1s
imparred

Taggart A good example 15 dimtrophenol which can ncrease the
respiration of kidney shices up to 100 percent above normal but 1t
the sime time markedly depresses PAH transport

Winte Aninstance where an agent 1s known to produce increased
transfer i the hving ammal but not incrensed transfer per umt
weight of kidney tn vitro would favor of course the view which
you no doubt hold that maybe this 15 merely n incretse m mass of
tubular tissue wnd not a faster turnover

Taggart 1 was wondenng whether the effects which you have
observed with growth hormone were associated with any morpho
logical alteration of the nephron

White We have no observations on that It mught be possible
to detect whether there 15 1 change i kidney size through x ray
obsens ations 1s Dr Dock suggests I did not rehize you could do
that

Taggart An overall measurement of kidney size would not be
entirely satisfactory 1 am more mterested in knowing what happens
to the various portions of the nephron

Grafflin Acromegaly as 15 well known from the work of Cushing
and Davidoff(14) and others 1s usually charactenized by hept
tomegaly and nephromegaly Cushing and Davidoff reported that
the enlarged ladneys (and hver) were lustologically well within
normal lumts and T beheve this has been the general expenence
of wterested pithologsts I should like to eall attention to the
work of Turley who around 1916 made an entirely unique wax
reconstruchion of the glomerulus and proumal convoluted tubule
m acvomegaly(15) In this case the weight of the lidneys was
approumately twice the normal and no abnormal lustologte change
was observed The essentinl facts contributed bv the model are
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that the pars convoluta of the proumal tubule of the parbieular
nephron seconstructed had undergone 2 stniking mcrease i length
but not i diameter, and that the merease mn length was roughly
propartional to the enlargement of the kadney as a whole (appron
mately twice normal) The uize of the glomerulus was within the
normal range |

Taggost Selye has desenbed the effect of testosterone adms
tration 30 muce( 163 The hadneys of treated amumals suereased thew
weight by 50 percent or more but essentially all of the mcrease
was ttnbutable to hypertrophy of the proomal and distal con
voluted tubnles

Thom To chech the growth hormone work on the dog you
would hike to hnow the Tm1s very lugh ;n the acromegalic would
you not? Has not anybody ever reported one?

Grafflin T dont know of one

Selhurt May I sk a question in regard to the change m plasma
flow relative to Tm® Does the Tm increase to a greater degree
than the effective plasma flow or does 1t go up proportionately?
It mght throw some hght on whether this 1s reat growth or
whether the linetic mechanism 1s speeded up You would expect
that the vaseulir channels would grow in proportion 1if the effect
15 due to hypertrophy

White The Tm in the hypophy sectomized dog is lowered more
than the plasma flow 15 and they are both rased essenually o
normal by growth hormone so that the Tm is raised more than
the PAH clearances i the hypophysectomzed ammal In the
normal dog the Tm 15 nsually not raised quite as much as the
clearance as we frequently double the PAH clearance in the normal
dog and usually somewhat Jess than donble the Tm In the hypo
physectomized dog we agmn double the clearance and inple the
Tm it has been down to a third of normal and 15 rused to about
normal

Shannon One thought occurs to ne that aught be pertinent to
this d fon We are d whether d abihty to
trisport PAR is sepresentative of hypertrophy or representatne
of wereased activity Possbfy Dr Toggart might comment on Jus
expericnce with the simple admumstration of acctate  Acetate
inercases transport yapidly and abont as stafungly a5 Dr Wihates
grow th hormone
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Taggert Naturally I am interested m the possibility of differen
triting the effect of acetate, which occurs withm ten to fifteen
minutes, from that of the hormones which I believe develops only
over the course of several days

White In noimals we usually dont see anything m the first
five days It will be seen m ten days but usually not m five In
the hypophvsectomized the increase will be seen m five days

Shannon How rapidly does 1t decline Dr White?

Wiaite After five days of admunstration the PAH clearance was
336 ml per minute with 1 normal of 352 ml per minute thus no
change was observed In twelve days 1t was doubled or more Two
days after we stopped 1t was well on 1ts way down and six days
after we stopped 1t was below
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THE ACTIONS OF ACTH AND CORTISONE
ON RENAL FUNCTION IN MAN¥*

CHARLES H BURNETT

Depariment of Internal Medicme Somthwestern Medicdl Schaol
Unrversity of Texas

OuR INQUIRY into the effects of ACTH and cortisone was conducted
along two general Ines(1,2,3) (A) The effects of large doses of
these sub on dard renal cl and on the simul
taneous urnary excretions and plasma levels of a number of the
constituents of the urne have been determmed m normal human
subjects, m patients with Addison’s disease, and 1 1s0lated patients
with glomerulonephntis and with penartentis nodosa (B) We
have attempted to quantitate certam aspects of the abnormalibes
of water and salt metabohsm i Addison s disease before and after
cortisone therapy These latter mvestigations were durected espe
cially toward studying the effect of this steroid on the mability of
patients with adrenal msufficiency 1o excrete excessive quantihies
of sodium and water

Special mention should be made of the dosages which were
employed 1 these studies Really very large doses —up to 400 to
600 mg of ACTH a day and comparable quantities of cortisone —
were given to the normal subjects The reason for this was that
these normal idividuals 1t was found that doses of this magmitude
were requred 1n order to demonstrate an ACTH or cortisone effect
1n terms of increased uric acid excretion eosmopema and weight
gan appreciable effects on renal function were obtained also only
with the large doses

With ACTH, Cr 1nd Cran were both sigmficantl
shown mn Figure I * TY - e mstangg
and was unchang »es of 1
to 200 mg a day * . and Crar
similarly changed n the one mstance where measured By mcren‘s
mng the dose to very large guantities Cr now was sxgmﬂc:mty

y increased as

PRSP

» R .
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EFFECT OF ACTH AND CORTISONE ON RENAL HEMODYNAMICS
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FIGURF 13

mereased 1 both mnstances and Cran i the one mstance where
measured The Bltration fraction did not change In the group of
patients with Addisons disease control filtration rates vaned from
very low to normal values In each instance a signtficant mcrease
m Cr was cffected by the administration of cortisone The doses
m these patients were not as large as in the normals — 100 to
200 mg a diy -~ but 15 has been powted ont for w Addisoman
this 15 far 1bove physiologie requirement for mamtenance Cpan
ho mereased shghtly but here the change was not significant,
therefore among the Addisonians filtration fraction rose

In the entire group but more particuliry 0 the normal group
dthough plisma flow w1s ncre ised the ealenlated Blood flow was
not symibemtly altercd The roson for Uus was that under the
condition of the expcaments hiematoents umlormly fell 1 Whout
the proportion that Cran dearmee was incresed T n was
unffected by ACTH and wregubirly chinged wath cortisone nang
1 some mstances nd falling n others
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EFFECT OF AGTH AND CORTISONE ON GREATININE=INULIN
RATIO IN 9 PATIENTS
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Slmllhaneol\s crentunne 'lﬂd ll’llllln clc1rances were 111015\"'9(‘
m mne pattents (Figure 14) Dunng the control studies 1verige
C¢ /Cr exceeded 10 1 all groups 1veraging 12 Dunng therwpy
there was 1 significant drop with an average now for the entire
group of 10 Eximmation of changes in these ratios m indnidual
patients demonsti ttes two exceptions to these werage figures m
one patient with Addisons discase (C P ) and one with glomeru
lonephritis (A Ch ) the ratios rose on therapy These decreases
1 11110 of Cir/Cin were therefore farrly and sigmficant
In onlv one pattent (L A) who rccened ACTH was actual
cxeretion or clearance of creatinme sigmficwtly changed by erther
agent In this patient Cc fell from 100 mI per nunute dunng controf
studies to 67 ml per minute during ACTH admimstration

No adeguate explnation for these findings 15 apparent from the
datn Tncrease m extracellulir sprce as inferred from the decreased
hematoent and weight guns occurred reguhirh Smec at Jeast m
the notmals blood pressure did not rise there 1s no evidence that
glomerular hy drostatic pressure was increased Hemodilution per se
would be expected to merease plasmn flow 1f all the other relevant
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factars remamed comstant and Cpan was indeed mercrsed m each
of the norm1} subjcets m approumate proportions to the chnges
w hematoerit I 1t 1s assumed that the amount of filtrate formed 1s
Limited by the merease m collord osmotic pressure of the unfiltercd
plasma as 1t flows through the glomernfus then it wonld scem
reasonble to conclude that with o greater phism flow more filtrate
would be formed per umt tme before the same hinnting protem
concentrition would be reached With mcrewed plasma flow
greater diffusion of flud mught ale he expeeted to occur wre
specttse of changes in pressure refaonships: Thus increased plisma
flow mught ncrewe filtrihion rate withont the wtenention of
chinges 38 glomerular pressurc or of changes 1 the sze wd
permeability of the filterng bed

In the prtients with adremil isufficency Cran e ises were
shght while those m Cin were wsually lirge It 1s more difficuit
therefore 1 this group to ttnhute ncrewed glomerntir Altration
rite to merese glomernlyr pliuny flow In three of these four
ptients were wsed glomerular W drostatie presstre ¢an be postulated
because small inereases i artenial blood pressure occurred follow
wg cortisone

Alterations i glomerubir hvdrostahie pressure mught 1o hine
bean produced by changes m (ferent or afferent arteniolir tone
and could b resulted 10 ke changes in filtrition indepondent
of those concitioned by glomerubir phisma flow or systemie arternt
pressure There are no observations w these cxpenments whicls
wonld ndicwte whether ar nat such + isomotor clanges did m frct
occur

1 the sproved Cu seprescuted i mercase n the total fune
tsoning el miass sumili to the renal lypertrophy produced 1n
wumals by huge doses of steronds(45) or 1f @t were the result of
n tetn wion of previowh functionfess nephrons one would expect
proportional mereasts 1w Tk Changes i Cro Tmean were not
it il comtant hawarer 1o change mereases ind deereases were
observed

The nsc m Cr without proportionate mercase or with na fise
il m Cor can be vanomsh interprated ¥ erctimne 1s secretedt
el sudin setually me wares ftration rate then o must condhde
that decreased tubular seeretion posulted md mdeed in b\ there
st Bane beon retual roibsorption of excatinine beeyse cre stimne
dewrance fedl well below mulin cboirwee Alteenatineh of muhs
rebsorbed  reduced tnbulwr pomehiinn to thes substmce must
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hwe occurred In any event the conclusion seems mescapable that
tubular transport of creitimne or mulm or both must have been
altered

Excretion studies of unc acid and phosphorus further support
the premise that adrenal steroids ct mn part at least by changing
renal tubular function In keeping with other reports(6 7} urme
une actd exerehion increased markedly despite lowered serum con
centrations in three of our four patients and further ths increased
excretion was accomphished 1n the presence of a dimimshed fltered
load of uric rcid

Since 1t appears that unc acid 1s normally totally filterable at
the glomerulus(89) and 1etbsorbed by the tubules(10) the data
suggest that the uncosuric effects of ACTH and cortisone are the
result of altered renl tubulw transport Adrenal hormones may
accelerate tubular secretion of ure acrd of such occurs(11) or mhibit
tubular reabsorption or both

Turther evidence for @ primanly renal mechanism for the un
cosuric effect of ACTH and cortisone 1s furnished by the obsersa
tion that the admmustration of ndrenal cortical extract to nephrec
tomized ammals does not alter the rate of accumulation of unc
acid m the serum(12)

Similu conclusions may be drawn from phosphorus excretion
The well established phosphatuna resulting from admimstration
of these hormones was d. rable despite d hed or constint
filtered loads of these amons Therefore 1t seems possible thit
alterations m the renal tubulu transport of phosphorus may well
account for the losses of phosphate exceeding those of mtrogen and
for those losses occurring 1 the bsence of negative mtrogen nd
calemm balance In one patient (E A ) who received ACTH renal
tubular secretion of phosphate apparently occurred Phosphate
clearance was 150 to 190 percent of the mulin clearince dunng
two consecutive periods We have been unable to repeat this obser
yation 1 subsequent patents even by combming sodum para

): ate and phospl loads The data are therefore pre

me ? have been
sented merely for your considerabion but so far 1s we
. t ate 1t does seem likely

able to determune they are nght At any r
that tubulu tiansport of phosphorus has been altered

The data on sodi 1m and potissium excretion i normal sub]cc;}s
cn be quickly summanzed D1y to dav excrehion 1n Lecping I\7\01(]:

the finding of many others showed sochum retention with
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EFFECT OF AGTH ON ELECTROLYTE EXCRETION DURING NaPAH (0AD

fLEA CONTROL ACTH

06

Q4

o2

ol
FICURE 15

agents usualh more with ACTH than with cortisone  Potassium

wis 1 d or not n d at all At
tempts to demonstrate changes m tubular activity relative to changes
1n quantties of these cations filtered and reabsorbed dunng icute
expensments were by and Iurge unsuccessful

Under onc esrcumstance howeser a reproducible and interesting
phenomenon accurred as shown tn Figure 15 Whercas Tmean
determmations during control stadres resulted 1n mereased unnan

soTe T Y e -t - e=" Y tomuna

. demon

drm by

i so that the ad; d sodwm para ammohippurate
was now beng excreted as potassum part ammohippurate Al
thaugh there 1re na good explinations for these phenomeny one
mught speculate that the offect of adrenal stesosds on potassiam
excreton may depend upon an angmentation of sodwm reabsorp
tion wnd upon the natuse and quantity of the wnson chuming Csere
tion Possibly «clated to these findings 15 the fact that in patunts
with the nephrotic syndrome ad wtion of sodwm lowds results
in the exeretion of large amounts of patasstum(13 11} Furthermord
it hay recontly been noted that DCA does not produce ineresed
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EFFECT OF HYPERTONIG SALINE ON SODIUM EXCRETORY RATE
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potassium excretion when given to patients receving a low sodm
diet* and m whom sodium reabsorption wis Uready near maximal
This hypothesis of the mechimsm underfying the increised potas
sium excietion which sometimes accompames ACTIH or cortisone
admimistration 15 consistent with a recent suggestion(15) that intra
tubulie exchnge of sodium and potassium mny oceur

The effects of hypertomie solutions of saline were studied in five
patients with Addisons discwe (Figure 16) As expected from
previous expermental and clinical obsers ations there was a marhed
cifference between ptients with adrenal nsufficiency and norml
subjects studied under sumlir conditions Thus m four of five
patients urmuy sodmm exeretion mereased only shghtly followng
admunistration of approuimately 4 percent saline intravenously ani
there wis no oyverlapping between these four and the normals In
the fifth patient durmg control studies while on 1 previously Ingh
salt mtahe but no DCA the unnary excretion follow ing hy pertome
sahine equalled or exceeded that of two normtls The swme test

«D W Scldn L C Welt and J Cort P rsonal comn un e1t ont
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EFFECT OF HYPERTONIC SALINE ON SODIUM EXCRETORY RATE
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potassium excretion when given to patients recenving 4 Jow sodtm
deet* and m whom sodium reabsorption was already neac maamd
This hypothests of the mechanism underly g the increased potis-
stam excietion which sometines accompames ACTH o corfrsone
admmnistration 15 consistcnt wath 4 recent suggestion( 15) that tra-
tubuln exchange of sodiom and potassium may oecur

The effects of hypertome solutions of saline were studied i five
patients with Addison’s discase (Frgure 16) As evpected from
previous experrmental and chimcal obsery ations, there was a marked
diffcrence between patients with adren il msufficiency and normtl
subjects studied under sl conditions Thus an four of five
patients urnary sodium excretion increased only shghthy following
admumsteation of approximately 4 percent salme intravenously an
there was no overlapping between these four and the normals In
the Bfth patient duning control studics, while on a previously tngh
salt ntake but no DCA, the uninary excrction following Iy pertome
saltne equalicd o excceded that of two normals The same test

# D W Scddn, L € Welt ind J Cort Fersonal communication
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concentration of sodwm had already been reached prior to the
expenment In the three patients who receved cortisone shght to
marked n urinary mg ability resulted It should
be emphasized that prior to cortisone treatment smpairment of
capacity to merease urinary sodtum concentration was present in
all patients incleding the one not on DCA and this defect v s not
demonstrated 1n two normals receving DCA

The admmstration of sodwm para amnoluppurate during deter
munation of Timean 1n two patients resulted 1 a very swrprismg
findimg for which there 15 no pparent explanition Here sodwm
exeretions following sodwm Joads given 1n lower concentrabion at
slower rates of admumstration resulted mn grester excretory rates
of sodsum than had previously been observed with the same pattents
with hypertome salme both before and after cortisone In two
mstances this was due to both wncreased vrme flow and mereased
urnry sodmum concentration following adminsstrition of sodwm
pra amsnohippurate In another st was due to an unexpected dure
s1s with little change s concentrition

Adnumsteition of water loads to these same patients before and
after cortisone demonstrated m heepmg with Dr Thomn s findings
a reversil of the Robinson hepler Power test m three ar four
patsents

sodum concentration 1s relatnely nfleable and second bty
merese unme fow 1s hmited

The precise renal tbrormality 1 adrenal msufficency has not
been defined but there 1s good evid that the characteristie 2t
loss 1s due to decreased tubular reabsorption of sochum(18) Yet
m adrenalectomuzed wnmals recerving hypertome sakine at 1 rate
rapid enough to produce serum sothum concentrations sigmficantly
<bove normal mncreased tubular reabsorption m the presence of
normal glomerular fltration rates were demonstrated(17) In our
ptients with Addison s disease who evereted loads poorly the per
centage of filtered sodwm evereted was defimtely lower thin m the
normal subjects m whom this mersurement was made under sumilar
expenmental conditions However the individual mubin clearnces
m the patients saned from low to norml vajues In addition 1t was
pot considered safe to attempt to achieve as hugh sernm sodwm
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pellets had been wnplanted twelie and eight months prevsously
The patient who had had pellets implanted eight months presously
went into cnsis on the mght following the test so there was fauly
good evidence that she was out or almost aut of DCA Two others
were adequately controlled on DCA at the tune of testing, whether
m these the presence of the DCA conditioned the responses his
bothered us nght alang Fram evtdence of ather observers it seems
probable that DCA did not have too much effect on the sesults
reported here, first, because 1t has been obsersed m ammals that
were not on DCA s that correct, Dr Pitts?

Putts They had been on small mamtenance doses of DCA but
were untreated for a pertod of three to five days prior o an expen
ment

Burnett Other expenmental and clinteal abservations sumfar to
these had becn observed n patients with Addison’s disease who
had not previously recenved DCA(18,19,20,21) However, 1t 1s clear
that m obserations reported here previously, DCA may hase condi
tioned the response

Thorn But the essential difference i the untretted Addisontin
1s @ greater reductior; in glomerular filtration when he 1sn’t prepared
with DCA beforehand?

Burnett Yes

Thorn Are filttation rates uniformly down?

Burnett Filtration rate may be somew hat improved by DCA but
we were able to find no st mees where improsement was as stk
mg as was observed with cortisone

Fremont Smuth T would hhe to ask a question about this water
excretion The Addisonims bave  delayed response to water evere
tion or faslure to eserete sater normnlly As far as I can semember,
this 15 the only condition m which edema does not occur Why
don t patients with Addion’s disese deselop edema?

Thorn They do as soon as you gne sodum chloside or any thiag
that improves thewr capacits to 1etam sodwm chlorde

Fromont South Why dont thev develop edema spontaneously
the way any other person does swho has a fatlure to exercte water
normally?

Thorn Tossibly patients with other diseases develop edem 1n

with salt There 1s @ huut ta water retention,

ssu't there without accompany ng sodium chlonde®
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curtous thing 15 that m a sense they are simlr to the dbetes
wnsipidus because the dibetes msipidus 1f left alone w ould get 2
diminished extracellulrr flud and diminished blood volume but he
saves himself by drinkmg to heep up with his hdneys The Add
soman dev elops the same condition because he does not take water
wsnt that nght?

Thorn Yes

Fremont Snuth It 1s rather strilng because I cannot think of
any other chinical condition where there 1s failure to excrete water
nornrlly where the person does not become or hnea real tendency
to become edematous

Thorn These expenments that Dr Burnett carned ouat ue realls
herote and extremelv difficult experiments to conduct m these
patients regardless of the fact that they are mantained with DCA
smee the mjection of even small quantibies of sodium chlornde mtra
venously will oftentimes precipitate a fever of 103° or 106° that
evemng Salt solutions may be extremely toxic to Addisonnin pitients
mantained on DCA alone

T might add one pomt of nterest for those i estigating endoge
nous creatinme methods 1n Addisonian pitients There are strikang
changes 1n creattmne and creatine metabolism followng cortison®
therwpy

Shorr How long do your experiments last?

Burnett 'The actual mfusion of hypertonie siline usually Jasts
zmdlmur The actual experrment 15 usually 1bout = three hour pro
cedure

Shorr Some time 1go we bec tme interested m the response of the
urinny uric veid creatinme ratio following admimstration of 1 test
dose of ACTH(22) We found that without any ACTH normal
subjects frequently exhibited a nse 1n the unic acrd creatinme rilto
which was as large or larger than the total rise achier od with ACTH
In other words something happens to this ratio m the course of
just fastmg which apparently 15 not associated with segulat
fall 1n eosmophils but which may give a psendo response 1 the
ACTH test Indeed m Addisomns fashng brngs out the defeet
1n response of the uric acid creabinmne ratio almost s regulatly 35
does ACTH

W e then repeated the studies without ACTH on normal subjects
modifying the mitil level of unc 1eid excretion by giving on the
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day previous to the test two meals lugh i punines An individual
who responds to fasting alone with an merease 1 uric acid-creatinme
ratio of 80 to 240 percent may after a day on high punne diet
show practically no ncrease mn the ratio Similarly when ACTH
15 administered to a normal subject the response may be either
an increase i this ratio of 90 percent or following two meals of
sweetbreads 1t may be reduced to an abnormal 2 percent

Another thing which became apparent from these studies was
that both with fasting and after ACTH an increase m unnary pH
usually nccompamed the nse m urc acid creatmne ratio

Burnett 1 cannot answer those questions m reference to uric
acd and creatinmne but I do not remember any difference between
the Addisomans and the normals In regard to the pH we thought
we had something early and measured pH 1n the urme but there
was not any constant change exther m the normal or the Addisoman
group including the unnary pH after admmistration of sodium
para ammohippurate load

Shorr The time mtervals 1n our studies were the same as those
used 1n the Forsham Thorn ACTH test and 1t may very well be
that these are longer than yours We have a two hour control period
before the mjection and four hours afterwards That prolongs the
experiment beyond your time relationships

Shannon What 1s the time relationship of the whole test as
you do 1t?

Shorr We run the test as follows No food after supper the
evening before the test two hours of urine collection from six to
eight o clock m the morming ACTH mjection at eight oclock urme
collection from nine to twelve noon We use the same time relations
m the mock test

Burnett 1 doubt whether there 15 even that great a difference
As I thmk back some of our ACTH expeniments ran over to twelve
or one oclock because we had trouble getting under way There
was m these patients therefore a long fast

Ralli Did you say that one of the major defects m the Addisoman
was salt loss due to a decretse mn the reabsorption of sodum?

Burnett Under some circumstances

Ralli At what level of sodum ingestion would the decreased
Abihity 1o reabsorb sod um take plice i the Addisonsan®
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curlons thing s that I @ sense they are stmihir to the didiles
insipicdus hecanse the diabetes fusipidas, i Teft alone, would gt s
duninishicd extracellul ir fuid and diminshed blood volume bt he
saves Titsell by drinking to keep up with Lis Mdneys ‘Lhe Addse
sond i develops the same condition hecanse he does not tahe water,
isnt that right?

Thorn Yo

1 renont-Smith. 1t is wther striking heeanse T cannot think of
any other diniol condition where there Is faflare to exete sater
nonmlly where the peson does not hecome, or have a real tendenty
to hecame edematons,

Thorn “Hhicse experiments that Dr, Burnett carricd ont e really
lieroic and oxtromcly difficult experiments to conduet in Iln“\!‘
pitients segardless of the fact that they are malntained with DCA
stnee the dnjcction of even sl quantities of sodim cliloride Intra
venously will oftcntimes predipitate a fever of 103 or 100° that
evening S0t solutions may he extremely toxte to Addionfn p lenty
milntafned on DCA alone

T mlght add one pott of intercst for those fnvestigatiog endoge-
nons creatintne me thods fn Addisonfw patients There are striking
dimges dn creatinine and credine metabolism followlng contlane
therapy

Shorr, How Jong do your experiments Tst?

Burnctt The actual infustou of hypertonte saline useilly Tists
an haue The actoal experiment I mually abont w three hoar pro-
codure

Shore Some time ago we hecame Interested n the response of the
ey urle ncldcreatinbie ratlo following adminfstration of o hﬂ‘
dise of ACTINE2), We fornd thit without any ACTIE, nornd
subjects frequently exhibited n rise fn the wrde ackd-crertinine ratio
which was as large or Dirger than the total rise aebleved with AGTE
In other words, something hppens to this ratlo in the course o
just fasting, which apparently I8 not assoclated with any sognibrt
fall fn cosinophils, hut which my ghve a prendo response in lvl‘
AGTH test Tndecd, in Addisontans, fasting hrings ont the defec
tn response of e wrke addecreatinine satlo almost ay regubarly 8%
docs ACTH

We then vepeated the stediey sithont ACHT on norm 1l abfects,
mocify Ingt the nftdal Tevel of urle acld excretion by ghlug, o the
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day previous to the test, two meals high in punimes An mdividual
who responds to fasting alone with an increase m unic acid creatinine
ratie of 80 to 240 percent, may, after a day on lugh punne det,
show practically no mcrease 1n the ratio Simlarly, when ACTH
15 administered to a normal subject, the response may be ether
an crease 1n this ratio of 90 percent, or following two meals of
sweetbreads, 1t may be reduced to an abnormal 2 percent

Another thing which became apparent from these studies was
that, both with fasting and after ACTH, an 1ncrease in urmary pH
usually accompanted the nise mn uric acid creatinine ratio

Burnett 1 cannot answer those questions in reference to uric
acd and creatinme but I do not remember any difference between
the Addisomans and the normals In regard to the pH we thought
we had something early and measured pH in the urme but there
was not any constant change either 1n the normal or the Addisoman
group, ncluding the unnary pH after administration of sodrum
para ammohippurate load

Shorr The time intersals 1n our studies were the same as those
used 1n the Forsham Thorn ACTH test, and 1t may very well be
that these are longer than yours We have a two hour contrel peniod
before the injection and four hours afterwards That prolongs the
expeniment beyond your time relationships

Shannon What 1s the time relationship of the whole test as
you do 1t?

Shorr We run the test as follows No food after supper the
evening before the test, two hours of urme collection from six to
eight o clock n the mormng ACTH injection at eight o'clock urme
collection from nine to twelve noon We use the same time relations
m the mock test

Burnett 1 doubt whether there 1s even that great a difference
As Y think back some of our ACTH experiments ran over to twelve
or one o'clock because we had trouble gettng under way There
was 1n these patients therefore 4 Tong fast

Ralli Drd you say that one of the myjor defects in the Addisonian
was salt Toss due to a decrense 1n the reabsorption of sodinm?

Burnett Under some circumstances

Rall: At what level of sodium ngestion would the decreased
abihity to reabsorb sodum take plice m the Addisoman®
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cunous thing 1s that m a sense they are simlar to the diibetes
msipidus becanse the dinbetes mspidus of Jeft alone would get a
dimimshed extraceRulzr fud and dummshed blood solume but ke
swves fumself by drmking to heep up with Ins hadneys The Add:
sontan develaps the same condition because he does not tahe water
1nt that nght?

Thorn Yes

Fremont Snuth 1t 1s rather strikmg because I cwnot thmk of
any other chmeal condition where there is falure 1o exerete water
normnlly where the person does not become or have a real tendency
to become edematous

Thora These expenments that Dr Burnett carried ont me realls
= svtremely difficudt experiments to conduet m these
¢ ~ad 1t DCA

t
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evenmg Salt solutions mry be extremely toxic to Auu » N
mamtained en DCA alone

I mght add one pownt of mterest for those mvestigating endoge
aous creatimine methods m Addisonan patients There are stkmg
chinges in creatimne nd erentime metibohism followmg cortisone
therapy

Shorr How long do your expenments last?

Burnett The actual wfusion of hypertome saline wsually lasts
an hour The actual experment 1s nsually about < three hour pro
EIN

eanf the
test
o rmat
subjects frequently exhubitea & 1e 4 ratio
which was a5 Iarge or larger than the totad nse 1ehues ed with aUTH
In other words something happens to this rabo » the course of
yust fasting which +pparently 1s not assoerated with any regular
fall in easmophils but wlick may give @ psendo response 1 the
ACTH test Indeed m Addisomans fasting brings ot the defect
in response of the trie 1crd crertimne ratig almost s regmarly as
does ACTH
Ve then repeated the studies without ACTH on normal subjects
modifying the mitial level of une aad exeretion by ghng on the
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ay previous to the test two meals high i purmes An indvidual
vho responds to fasting alone with an increase 1n uric 101d creatmine
atio of 80 to 240 percent may after a day on high punne diet
how practically no mcrease n the ratio Sumlarly when ACTH
s adminstered to a normal subject the response may be either
n increase 1 this ratio of 90 percent or following two meals of
weetbreads 1t may be reduced to an abnormal 2 percent

Another thing which became apparent from these studies was
hat both with fasting and after ACTH an increase i unnary pH
sually accompanied the nse m uric acid creatinine ratio

Burnett 1 cannot answer those questions n reference to uric
c1d and creatinme but T do not remember any difference between
he Addisonians and the normals In regard to the pH we thought
ve had something early and measured pH m the urme but there
vas not any constant change erther m the normal or the Addisoman
roup including the unnary pH after admmstration of sodium
»ara ammohippurate load

Shorr The time intervals in our studies were the same as those
ised m the Forsham Thom ACTH test and it may very well be
hat these are longer than yours We have a two hour control period
before the mnjection and four hours afterwards That prolongs the
expentment beyond your time relationships

Shannon What 15 the time relationship of the whole test s
you do 1t?

Shorr We run the test as follows No food after supper the
evemng before the test two hours of unne collection from six to
eight o clock 1n the moming ACTH injection at eight o clock urine
collection from nine to twelve noon We use the same time relations
in the mock test

Burnctt 1 doubt whether there 1s even that great a difference
As T think back some of our ACTH expenments rin orver to twelve
ar one oclock because we had trouble getting under way There
was 1n these patients therefore a long fast

Rall: Did you say that onc of the myor defects i the Addisontan
was salt loss due to a decrease in the reabsorption of sodum?

Burnett Under some circumstances

Ralli At what level of sodium mgestion would the decreased
Ability to reabsorh sodmm take plice m the Addisonimn®
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Burnett Y have not iny wdea I sinply picture the Addisomm
m a naroser range that s hie is unable to conserve salt below a
certan Jes el of mtahe and unable to excrete eveess salt abave anather
grven higher lovel of mntike 1 dont know where you put those Imes
Do you Dr Thorn?

Chorn No They depend upon m mtact hdney since rennl disease
compheating wdrenal diserse would alter the threshold 1 would
yudge from chinerl expenence that 4 nonmal salt intake consisting
of 8 to 10 gm would be well within the capaaty of the Addisomn
heepng m mind that the potwssem mtake 15 very wmportant
determuung the threshold for sodim tolernce

Dock If you keep an Addisonian on 1 Ingh salt intake fou 2 long
peniod of time does he 1gain come nto halance?

Burnctt Not accarding ta Reifenstemns study  As I remember
the patient with Addisons disease stayed in positive balanee(20)

Thorm He stavs m positne batance but agum this will depend
on the extent of sodm mtihe

Shannon He cumot sty 1 positive balance imdefimtely

Burnett As 1 remember the datn as far as they carned the expen
ment for four to five days they stayed n positive halnce

Shanron A normal mdividual 3f you merease st will he 1 2
positive balance

Thorn He comes mto balance ulimately wath maewsed total
body N+C1

Shorr Yake the hyperparathyrod patient recening cilomm he
15 constintly getting more and losimg more

Bott Dr Bumectt would you mmd reviewing the conditions
under which yau obtuned a reversy of sodium and potassium that
15 while giving sodmm prt anunotuppur ite you found that potis
sium para yminohippurate was excreted

Burnett Referning back to Figure 15 the pattern of electrolyte
and part immchippurate exeretion m the urine before and fiex
Tm determmations dunng the control perod and after ACTIH re
shown It 3s apparent that on admmstration of the foad before
ACTH drmmstraton 2 Jrger amount of pira aminolippurate ap-

peared in the unne bnt that most of 1t was m assocsation with
sodirm with not too grett wn merease n potassium exeretion
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although 1n some nstinces there was mereased potasstum exerction
m the unne

Under similar conditions after ACTH was admmustered with the
mcreased para ammohippurate following loadmg, the quntity of
sodium was decreised as compired with the control experiment
whereas the quantity of potassium was mcrewsed This phenomenon
was observed 1 all patients with ACTH and cortisone that we
studied We have no explanation for this phenomenon but 1t has
occurred to us that this reflects the so called potassium diurette
effect of sodium solutions In our experience, however, this effect
1s not constant Hypertonic saline, sodium bicarbonate, and sodmm
para n some may effect increased potas-
stum exeretion but not always Under the stimulus of adrenal stermids
apparently, however, 1t has been brought out

Bott But this particular example was m a normal mdividual?

Burnett The patient shown 1 Figure 15 1s 2 normal individual
We did not observe this effect i two patients with Addisons dis-
ease n whom we studied 1t following admmstration of cortisone

Ralli What were the serum levels of potassium m the Addisoman
at the time that you were domng these tests?

Burnett They were normal

Darrow That fits m with the findings m dietary potassium de-
ficiency If you put rats on diets low in potassium and also low n
sodum chlonde, you get practically no changes in the muscles It
requires a load of sodium chlonde to produce potassium deficiency
with desoxy corticosterone also

Burnett Dr Donald W Seldin* has shown mn ammals on a low
sodium mtake that 1t 1s impossible to d d potas-
sium excretion on admmustration of DCA 1 interpret that this effect
In some way 1s related to the one you have mentioned

Darrow That 1s the general belief

Luetscher It would be important to study the sodum potassium
exchange after para ammohippurate during the later phase of ACTH
or cortisone admimstration when sodmim 1s being released

Burnett 1 am sure 1t would

* Parsonal communieition



122 Renal Tunction

Luetscher That might well show a reversion to normal A simlar
exchange of potissum for sodium was observed by Dr Elhott
Newman(23) m patients with nephrosis when he measured the
clerance of thiosulfate Sodim thiosulfate was gven by mnfusion
Patients with edema and with httle sodm n the unne exvcreted
potassium with the thiosulfate When sodum appeared n the unne
narmally thiosulfate was normally excreted with sodwm The 1m
purment of sodium excretion demonstrated under this stress 1s
usually visible 1 ordmary daily balances

Janeway We have seen regulrly i nephrosis that we get a big
potassinm drrests durng infusions of sadinm salts

Burnett You have observed st with thiosulfate and we have with
sodwm bicarbonate with patients with nephrosis 1t seems to be a
very common phenomenon regardless of the sodm sait winch 15
employed

Gaunt T wonder if aybody has considered the possibility that
potassium diarests when 1t occurs after 1 heavy sodim load might
be due to action of the posterior prtwitary hormones If you give
enough sodium to obtawn relense of antiduretic hormone you might
expect to get possibly the excretion of potassium

Burneft That may well have been 2 factor 1n some of our ex
periments with ACTH because we know that certam lots were
contarmnated with posterior pituttary It 2o appeared however
with cortisone and 1n these mstances one would have to assume thit
corhsone stimulated the release of anhidmretic hormone

Gaunt Avother pomt Y would hke to make relates to the question
of what would happen m case the salt load followed the water Toad
1 saw some figures recently that have been collected by Dr Dull
and Dr Hays at Wayne University* They found as everyone else
has that if you gve adrenalectomized anumals 1 water load they
cannot excrete 1t normally If you give them 2 Joad of narmal saline
they cannot excrete 3t normally But they worked with vanous con
centrations of salt 1n their water Joad and found a pomt roughly as
I semember it about 04 percent sodwum chlonde at which the
adrenalectomzed ammal would everete just kil the normat ammal
This 1mpressed me because we all have had so much difficuity
getting that response back to normal They qdat gust by djusting
the concentrahion of salt 1 the water

¢ Unp bl bed data
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sodum chlonde concentration m the sweat has been shown ta be
modified significantly by alterations m adrenal hormone lev el(26)
Frawley(27) m our group recently has shown that withun a certan
range of serum sodium level the sodum chlonde concentration 1n
salva provides another means of demonstrating the effect of adrenal
sterowds In analysing these problems, I wonder whether any evi
dence has ever been obtaned which might suggest that the hidaey
also secretes” sadum

Shannon 1 thank that 1s pretty close to the pont I was gomng to
make m relation to Dr Burnett’s data Ouwt mformation on the
sequence of processes wlich condition the formation of urne m
the mammalian nephron 1s whally iadeguate for one to answer the
many questions raised by eapeniments such as hive been presented

Burnett Do you think we can ever do that without gettmg bick
wmto the tubuleP

Shannon 1 beheve one can obtam a part of the solution there,
that s by an extension of the studies by Ohver, Richards and Walker,
but under more physiological conditions It 15 quite essential to
know whether the absorphion of morganic 1ons m the proumal
tubule proceeds at a more rapid rate than the movement of water
This must be settled before one can attempt a placement of certan
functions 1 the proamal or distal tubule I don't see any other way
of domg it than by tubular punctures i whollh physiological
prepaiations

Pitts We tried one possible means of attack on the problem using
Inppurate mfusions with the view, 1f we could markedly lower
filtration rate without affecting tubular transport, that we mught be
able to demonstrate secietion of sodium We conldn’t demonstrite
secrction

Burnett We have been struck with one fact i all of these expen
ments Ongmally some patients were studied simply on a genera
ward diet We soon found, however, that we had to hwe them on
at least a weeh of constant intahe before we could get any hnd of
reproducible result Al the patients shown lere had been on a
constant mtake for a week priar to the control test and during the
time of hormone ration If this program s not adhered fo
the results mean absolutely nothing

Pitts What is the effect of cortisone or ACTH on phasphate

excretion without loadmg?




Actions of ACTH and Corticone on Renal

125

Burnctt It mcreises but not s markedly as it did after loading
There also was an mcrease m phosphate excietion dwing the day
to day measurements
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antmals sunive for many weeks or months If then a Iigature is put
on one remal artery so as to restnct very shghtly the blood flow
through that hidney thete will be a great reduction 1 the salt and
water cutput of that hidney, with a corresponding wcrease w the
salt and water output of the other kidney The output, with mtake
constant, 15 the same as 1t was before, the ammal stays m balance
wdefinttely The hidney that was constricted does nat know that
anything has happened to 1t In fact, nothmg has happened to the
compasttion of the blood, because the other udney prevents any
accumudation from occuning, so the constricted idney contimues
to reabsorb at somewhere near the same rate that 1t would have if
there had not been this shght reduction 1n filtraton The fact that
the companton lidney ncreases 1ts sodum output mght be re-
garded as evidence that some accumulation has occurred This
cannot be definutely answered at present, the important powt 1s
that any p ptive 1on 15 neghgibk pared to what
would have occurred 1f the output of Loth kidneys had suffered
the same peicentage decrease as that of the hgated hidney

I will aite a few speesfic cases If one puts on a hgature of just
the proper tightness, and a few days Inter determmmes muhn and
PAH clearances and sodium and water outputs of the separate
kidneys there will be no ble fall m the el of the
igated bidney, but a fall of 50 percent in sodinm and water outputs
At the same tume the sodiw and water outputs of the other kidney
have gone up so that the two are putting out the same as they did
before These animals are kept on constant mntake In other words
a unidateral fall 1 filtration rite too small to be detected by owr
methods will resnit m a wmiteral 50 percent fall in sodm output
and that will last indefimtely, whereas if both hidneys had been 50
hgated as to reduce their filtration rates by 5 percent, there wonld
bave been no change i the salt or water output of erther kedner
after a short time

If we make the constriction somewlit greater by progressive
tightening so that the PAH and muln clearances are nhnmls])]
reduced, sy to 80 percent or 70 percent of normal, the sodmm .mt!
water outputs of the constricted Jadney drop 10 abowt 3 pcx](c“
of the compamon’s outputs The compamon hidney’s untpnts mﬁ
increased so that the total outputs remaun the sume Wath a st
further comstriction, but not complete obhteration of the arteny,
ace one e shil deel the pulse distal to the constriction, I“I:::i.
qutput ceases entirels from ths hadney, although it still has a b
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flow I don't know what fiaction it 1s becanse we hve no way of
measunng it The other hidnev then puts out the same amount
ongmally put by the two hidneys If we take an ammal winch has
a constricted Midney with a filtration rate of 70 percent of norml
but with only 3 percent of the sodium comng out of that hednev and
now remove the good Midney, the remamning ligated hidney will
of course increase 1ts PAH and mulin clearances but 1s prevented
by the higature from meresing them as much as heppens after a
usilateral nephrectomy as ordmanly done The mulm clearance of
the remarming higated iduey thus rises somewhat but never reaches
the level of two normal hidneys However the salt output nises so
that wathin three dys after the removal of the good hidney the
salt output of the Lemammng kidney 1s nearlv normal, and eventually
becomes normal, 1 e, 1t 15 taking care of all the salt that both kidney s
had been domg This emphasizes what has perbaps not atways been
adequately emphanized, the disinchion between transitery and
long Iasting changes n filtration rate as they affect salt and water
outputs To me 1t scems onh to be expected that a sudden small
drop m filtratton rate would produce a great drop m salt and water
outputs but that drop would not last very long In a short time 1t
would be nght back to normal, but when the other good hidney
prevents a surplus from accumulatmg then ths small diop of say
5 percent m filtration rate will permanentl reduce the salt output
of that kidney But when you take the other hidney out then the
salt begms to pile up ev en though 1t 1snt easihy detectable by analy-
s15, the tubules promptly responding by rejecting a higher fraction
of the filtered salt than thev did before

DISCUSSION

Pits When one renal artery 1s moderately constricted, does the
remammng kadney ncrease 1ts filtration rate apprecribly?

Wiite Yes, if the constricted hidney has been reduced mn s
filtration enough to be sure about it OF course we cannot be really
sure of drops 1n filtration today as compred with two weeks ago
unless there 15 at least a 15 percent diop Howerer, the sum of the
two clearances will be somewhat less than before, the companon
hadney does not show as much of an merese as there 1s a decrease
m the constrcted hidney

Pitts Would you wterpret that as meamng that perhaps the
somewhat discreduted concept of glomerulo tubular bnlance has
an element of truth m 1t?
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Winte The actua] immediate 1esponse of the tubules to a change
m filtration rate without change 1n compostiion of blood or filirie
15 somewhere between that of continumg to reabsorb, within Imits
the same amount of salt per unit time 15 before, and of reabsorbing
the same percentage of the fltered amounts as they did before

Sclkurt  Another mteresting speculation on your expertment 1§
the fact that when you begin to ligate the renal artery you reduce
the pulse pressure without reducing mean pressure In 1913 Gesell
(1) came out with a paper that indicated that the pulse pressure
mught be an effective means of varymg the salt and urme output
His expertments demonstrated that when the pulse pressure was
reduced there was no change in renal blood flow There was a drop
m renal output of chloride It may be possible that in your expert
ment the first effcct might be the reduction of pulse pressure with
its concomitant effect on the unme volume and sodium excretion
That could go on with very little change mn filtration rite and blood
flow particularly since the circulatory ~utonomy of the kidney
tends to muntan the flow rather well even s you begmn to impair
the arteriilmput It might be a factor to consider n that expeniment

White I doubtf we had any very sigmficant fall 1n pulse pres
sure distal to these hightest constrictions, but whether we did or
not, the fact remains that there was no measurable fall m filtration
rate We felt that both ureters should be accessible because we
wanted to be sure that we had the same errors of collection n the
two These are not twenty four-hour collechions, but the ammals
were on 2 constant diet We chose arbitranly 2 three hour penod
from ten o'clock m the morming to one o'clock m the afternoon,
always the same time of day, always in the postabsorptive state no
food since five o'clock the evening before The outputs then are
farrly reproducible from one day to the next, although kher? 15
considerable fluctuation But you see we always have the other
Kedney for control It 1s actully easter to transplant the two urcteri
than one, because when the tngone 15 transplanted the uretert
onfices are still m the bladder mucosa they do not slough m\; or
become stenosed, and no trouble 15 cncountered with ’lsrce?:tmf
mfections I dont remember now whaose operation that 1s bu '11' hlc
not ongmal with us It makes a very satisfactory pre;}mr&:hor:u
antmals survive a long time without any ascending imfectio

Shannon How do you make the urne collections 1 those

preparations?
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White Just put a catheter 1 them
Shannon The ammals dont develop infections®

White We dont put it in very fir We have done 1t 1n two ways
Sometimes the ammal stands 1n a canvas shng Then somebody has
to hold a Iittle cup up agamst each uretern] onfice with or without
suction but 1t usually works perfectly well if yo 1 just put 1 « small
catheter I dont mean we go up to the kidney pelvis just an inch
or s0

Prtts How do you keep from getting superficial skan erosion shin
mfection 1nd breakdown® That was our problem in the use of such
dogs a number of years ago

Wiate There has been no difficulty with the wound That 1s
qute different from our experience of a number of years ago when
we explanted the urcters mto the separate flanks but when the
bladder mucosa 15 there 1t heus up well 1 dont mean that all of
them get along with a perfectly uneventful postoperative course
but most of them do I have not done these operttions myself they
were done bv a competent surgeon Dr Barber Mueller 1t 1s
apparently a relatively simple procedure n such hands

Darrow  What wornes me 1s why the tubules on two different
sides shauld be adjusted to different rates of absorption Do you
caleulate terms of foad from filtrate® Is there anything common?
After all they are presented presumably wath the sume sort of fil
trate arent they?

White Yes presumably they are getting the syme kind of filtrate

Darrou, How 1s your kidney wise enough to do different things
on the two sides of the body?

White Both sides are being perfused with the same perfusate and
the tubules on both sides are bemg exposed to essentally the
same fimds as before we put on the constaction So how do they
know that anything has happened® Why should they change their
behavior?

Darrow Eventunfly they do

VWitte No they donot What I mein is they continue to do as
nearly as they can the sume thing as before

Darrou, At first but not later
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White They keep on permanently so long as the companion
htdney remamns If you perrmtted an accumulation of salt to take
plice then they would not keep on They would finally realize there
1s too much salt here and quit taking back so much of 1t Dont
ash me how they 1ecogmze that That 15 1 question of a different
category

Lauson Do you believe thus 15 relatively ndependent of hormonal
factors?

Wite We know that 1n this case both hdneys are m the same
dog They are subjected to the same hormonal imfluences unless
we want to postulate that one kidney 1s itself making a hormone
that the othex one 1s not making That 15 the only posstble difference

Lauson Would this be an mtrinsic renal adjustment of the good
side to the necessity for excreting extra salt on that side because
of the intrmsic mbility of the opposite side to excrete its share?

Wiute That 1s nght because if 1t did not put out more salt
then salt would accumulate It probably does accumulate at first
It seems to me this 1s quite analogous with our problems n the
regultt on of respirstion Why do you start breathing harder when
you make more CO ? Because 1f you did not the CO would pile
up until you got mnto trouble One step netrer an  explmation 1§
of course’ that the respiratory center has responded to the mcreased
CO tension Wiile we all hope to know some day more about how
the nsides of cells work we do not need to know the mtimate
detuls of how 1 response 15 effected 1 order to know that 1t occurs
As soon as salt or CO has accumulrted by some threshold mere-
ment the behavior of the tubules or of the respiratory center
respectively changes

Ralli Is tlus not lirgely due ta the difference between the filira
tion rite i the two Jadneys?

White The tubule 1s bemng advised that the composition of the
plsma and fltrate 15 relatiely unchanged so it continues with a
relatively unchanged reabsorptne behavior Unchinged mbula}:’
reabsorptive behavior toward salt is here defined as that whicl
affects the reabsorption of a constant amount of salt per umt m?e
subject only to the hmitations of a decrensed amount n\mh})]e, 0:
reabsorption and of the practical impossibility of extracting the JSf
residuum of salt the tubule 1s set to rebsorb the same nmoursﬂ ﬂh
salt per umt tyne s before 1if 1t 15 gven the opportumity Suc
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tancy of behavior depends on a of e but
f not be altered by changes in filtration rate only It does not
n reabsorp of a of the filtered salt

p

a constant amount per umit volume of filtrate nor a constant

of total osmotic work As mentioned before complete con

cy so defined 1s not actually realized somewhat more salt

pes on decreased fltration than that predicted on this basis
hat less on d fil

alh Would 1t not be reasonable to say that this change
ation rate i the hidney might set about 1 series of reactions
ch would have a wider effect than would be wtierpated

Tte That s possible of course 1 dont visuibze what those
be I can “explun 1t to my own satisfaction by saymg that »f
didnt happen salt would pile up I do not men to endow the
sles with the faculty of anticipating changes 1n salt Tevel T only
u that as soon s some shght increase in level has occurred the
ales 10 some way recogmize this and depart from their constancy
alt reabsorptne behavior as defined here thev now begin to
sorh less salt per umt time even 1if filtrition rate has not
nged since the plasma and filtrate are now saltier The result
at more salt 15 excreted and ccumulation of any great surplus
revented The umlateral higation expenments enable us to see
t happens when only one factor fitrahon rate 15 changed
e the presence of the companion hidnev prevents the surplus
ch would otherwise accumulate In this case the state of con
it reabsorptive behavior as defined above 1s approtched but
10 longer holds when conditions are such that the usually
duced surplus can develop as when fall m filtration rite 1s
teral or after the compamon kidney 1n these experiments 15
oved

Darrow Father you have or you do not have evidence that as
tubular reabsorphion changes on the good side an malogous
nge takes place in the other hidney s tubules Whoat T have
d 15 that one could calenlate the tubular load of sodwm from
glomenlar fltratian, Thew 1f one assuwes that §0 percent of
Bltrate 15 reabsorbed tn the proumal tubules one has a value
the renbsorption m the distal tubules on the two sides T the
tal reabsorption 15 at the same rate on the two sides then the
nary excretion shotld he explaned by the same rates of distal
bsorption but different distal loads on the two sides Otherwise
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one might have to wsume a lacal adjustment 1 the rate of distal
reabsorption dependent on the different loads and other local factors
If one can explun the rates of excretion 1n terms of glomerular
filtrates one has 2 generahzed 2djustment on the two sides that are
referable to such general factors as hormones

White 1 think that 15 nght

Luctscher Does any accumulation of water and sodm actually
oceur?

White We do not yet have for companson am observations
made mmmediately after the lLigation

Luetscher Two mmportant questtons anse First does the filtra
tion rate go up on the ummpared side equally with the dimnution
on the side on which the ligature w1s placed® Second does the
body werght or extracellular fld volume go up 1t ny time so as
to provide 1 stimulus to such 1 redjustment as Dr Darrow suggests?

Wiite The body weight does not go up
Bradley Do the two hidney s respond differently to a sodim Joad?

White Yes The good hidney still puts out the major fraction
of the salt

Pitts But both will put out more salt?

Winte Yes If n the unloaded state the hgated hidney 15 putting
out 5 percent of the sodim 1t will still put out 5 percent when
loaded 1e the two hidneys show the same percentage mcrease
n output on loadmg

Pitts Tsnt it merely a quantitative conceptual difficulty? If both
kidneys to begin with are reabsorbing 99 percent of the salt and
water and you cut filtration rate shghtly on one side so that that
Lidney now reabsorbs 99 8 percent of the salt and water the other
hidney has only to decrease ats 1bsorption to 98 2 percent for the
system to come mto balince agun

Gilman 1 think Dr Whites experiments serve to remind us of
the fact that the hidney 15 n end organ and an end organ charged
with tremendous responsibilities It has 2 Twrge amount of ﬂoré
to do All of the reabsorptne mechamsms that we have discusse
are active transport mechamsms nd requre the e\pend:tufreﬂos
energy Also we should remmnd ourselves that the subject of the
Conference has to do with the hormonal control of renal function
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Although we can 1magme some autonomous function on the part
of the hidney, certainly 1ts homeostatic mechamsms must be under
the control of a gamut of endocrme and possibly other types of
controls It 1s not surpnsing therefore that when two kidneys are
recenving the same humoral messages their tubular function would
tend to be equal msofar as the extent to which transport mechanisms
are carried out Under these when you d the
load to one and 1t 15 still under the same humoral influences as the
other, 1t 15 going to attempt to do the same reabsorptive job that
the unoperated kidney does It 1s not gomng to do a complete job
of reabsorption of electrolytes because all sorts of things are gomg
on m the tubule which will prevent complete reabsorption of elec-
trolytes despite the durimished amount of filhate The most obvious
of these 1s the presence 1n the tubule of substances which are not
actively reabsorbed and their presence m the tubule prevents reab-
sorption of sodium, chloride and other electrolytes Probably urea
1s the outstanding substance 1 that category Therefore we can
expect these tubules recewing a reduced load to behave m the
same way and to hate essentially the same reabsorptive capacity
as the normal kidney but we cannot expect complete reabsorption
because of the osmotic effects of substances which are not actively
transported

Shorr 1 wonder whether we don’t hwve to consider the possibility
of an nfluence by locally produced humoral factors because this
1s essentially a hypertensive kidney

White There 1s no hypertension n these dogs
Shorr Ts there not a temporary hypertension?

White 1 can not answer as to a transitory hypertension The
measurements were made about once a week and there was no
hypertension seen

Lauson I would like to raise two or three speaific questions If
one had a 80 percent reduction m glomerular filtration rate on the
affected side and at that time had this modest increase m salt
excretion on the good side, one would assume that the kidneys
were not under timul. by end desoxycorts
costerone hike hormones Now what would you anticipate would
happen to the affected ladney with excesstve DCA admimstration?
Could the affected kudney be made to reabsorb more NaCl nnder
these conditions? It seems to me thus has a beaning on the question
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of whether excessive DCA Lke activity does ewst m certun states
m which the glomerular filtration rate 1s low such as congestive
falure and the nephrotic syndrome and 1f 1t does est could such
adrenal hyperactity cause more complete N1Cl reabsorption than
1s already taking place due to lowered filtration rate? I wonder if
NaCl balance could be restored without edema formation if one
had 2 chromc constriction like this on both sides gving a chromse
reduction in glomerular filtration of about 80 percent

Wiite We didnt carry out bilateral constriction but 1t 15 well
known that Goldblatt dogs do not develop edema We did not
wnt to produce hypertension we thought if we lgated both
Lidneys we would probably get hypertension which would confuse
the 1ssue T dont know whether 30 percent reduction m blood flow
will usually produce hypertension or not even if 1t 1s acutely put
on Does anybody here know? There nre only two papers that I
have found one by Corcoran and Page(2) and one by Blalock(3)
years ago It 1s hard to cut down renal blood flow 1t gradually nises
again and after a while 15 almost back to normal but thev stll have
hypertension The question as to how much you have to reduce the
blood flow to the dogs kidney to get hypertension 1s one to which
I do not know the answer

Pitts It seems to me that Dr White m his chromic experiments
has very beautifully shown that a small reduction 1n renal arterial
cahber and filtration rate on one side can disturb balance The
work of Blake Wegna et ol (4) at the College of Phystcians and
Surgeons has shown that an mcrease i venous pressure tccom
panied perhaps by a small change m filtration rate can Iikewise
produce this same ymbalance O W Sartorius* has shown that an
mcrease mn ureteral pressure can lihewise throw the system o1t of
balance with only a very small change n filtration rate It 1s true
that all these effects might be mediated through some change 1
the pulse pressure m the ladney but the common factor to me
would appear to be the change m filtration rate The question 18
how can one reduce pulse pressure without producimg some minor
but highly significant change 1n filtration rate

Dock In Blake s expeniments the filtration rates were unchanged
Pitts That 15 debatable 1f you exarmmne therr data closely
Selkurt T would hke to think that in simlwr experiments that

* Personal commun cat on
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we did(5) the obstruction to blood flow was small However we
frequently obtamed decreases imn filtration rate, though shght
some cases I was very interested n the remarhs that Dr White
made They scemed to mdicate that very small changes in filtration

common ground on these phenomena where the who'e explanation
T " T . v "

and better tubulr reabsorption of the reduced load

White As I remember hatZ group(6) showed that chrome
elevation of renal vein pressure does not result in any permanent
changes in sodimm output

Puts He did not do the two separately?
Wiite No

Putts 1 think repetition of lus expeniments using your techmque
would gne an entirely different picture

Whtte Yes 1 would expect to find essentially the same changes
with untlateral renal vein constniction as wath artenal I think that
whereas shght bilateral changes m filtration rate will temporanly
produce big changes 1n output, the changes in output wont list
long In a short time the total output goes back to normal even
though fhe nise of venous pressure persists whether 1t be on one

1 v e b . Pt

monal mnfluences unless 1t 1s remn domng 1t and renn apparently
would work the other way because presumably there should be
more renin 1n the hgated hidney than n the other — then the effects
should be permanent as they turned out to be

Gaunt Dr Titts 1 would like to mention some observations of
Dr Boss and Dr Osborn i our laboratory (7) These show an
effect of cortical hormones on water reabsorption under conditions
of a chromcally low filtration rate The worh was done on hypo-
phy sectomized rats
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Several years ago Chen and Getling(8) showed that the hypo
physectamized rat despite its potential diabetes msypidus could
not excrete a water load normally In extending the work we found
that the urinary loss of flud after water was gwven by stomach
tube was no greater than the wsensible loss(9) We tned to reparr
the deficiency with varous hormones guven smgly and 1 combina
tion The only thing that helped was adrenal cortical preparations
but with them 1t was difficult 3f not mmpossible ever to restore a
completely normal diretic response to water The observations of
Boss and Osborn show why A few days after hypophysectomy
the glomerular filtratron rate fell to abouf half of normal This was
accompanted by a great mncrease m the tubular reabsorption of
water The conditions of the expermment were such that under a
water load 10 percent of the glomerular filtrate was recovered as
urine 1 normal anumals Only about 4 percent of the filtrate was
recovered 1n the hypophysectoruzed animals and as already mdt
cated the filtrate stself was of low volume When cortical evtract
was gwen the hypophysectomized ammals 1n acute expermments
10 percent of the glomerular filtrate could be recovered s urne
as 1n normal ammals but the urine volume ytself was only about
half normal The reason apparently was that the cortical hormones
¢hd nothung to restore the filtration rate They restored reabsorptive
rates to normal but the urme volume was hmuted even after treat
ment by the chromecally low filtration rate and 1 an amount pro
portional to the reduction i filtration The failure of cortical hor
mones to affect filtration accords with the work Dr White reported
earlier on the hypophysectormzed dog As seen here however these
hormones can affect reabsorptive progesses n the absence of the
prtwmtary

Selkurt Does sodium excretion parallel the water?

Gaunt The flame photometer broke down n the muddle of the
sertes and T cannot say with certainty We got only some of them
and they indicated that there may be a disproportionately fugh
sodm exeretion associated with the mereased unne volume mduced
by cortical extract We will know defintely about that soon

Lauson 1 would like to describe some observations on a senes
of around the clock measurements of endogenous creatinme cleat
ance and of excretions of sohum and water which strongly suggest
that glomerylar filiration rate plays an important role Ina five ycal(’l
old girl with nephrotic syndrome the creatimne clenrance was rise
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acutely on successive days by the infusion of albumin, which 15 a
relatively simple way of changing the arculation without domg
much to the endocrine system In this study there was a stuking
nse i sodium excretion and duwresis associated with relatively
modest mereases 1n glomerular fltration rate as eshmated from the
creatimne cletwrance We have been mclined to feel that this effect
18 more an mtrnste renal affair than an endocnine one, but of course
one cannot be entirely certam of this

Luetscher The mjection of concentrated human albumin n
nephrosis leads to a series of changes which are very complex In
addition to the mcreased creatmne clearance, there are mcreases
1n plasmt albumin concentration, 1n plasma volume, 1 urme flow
and 1 serum sodm concentration No one of these factors alone
appers to guarantee the normal excretion of sodium 1n the urne
To complicate the matter further, Dr Deming and I have nated a
fall in the sodwm retaming activity of the urmary corticoid fraction
duning and after albumin-mduced diurests i a few patients with
nephrosis

Lauson These are the acute menifestations within the same day
I would be the last to deny that long term adjustments are made
These probably mclude such factors as femtm which Dr  Shon
has already discussed

Luetscher Another problem 1n the study of nephrosis 1s that
vanous patients respond quite differently to the same stmulus In
Figure 18, you can see some vaviations i the effects of albumin on
the mulin clearance In these acute experniments, we were impressed
by the large, rapid changes m glomerular filtration which were
followed only after some tine by the sluggish and reluctant appear-
ance of sodium m the urme We had the feeling that an increased
glomerular filtration rate was an important factor, but not the only
one concerned

There 15 agam a vanation m response, which depends on the
situation If the serum sodsm concentration 1s very low, there 1s
usually a clear-cut mtial dwresis of water, darmg which very httle
sodium 15 excreted The serum sodm concentration increases
Such a loss of water without sodum has been observed at the very
begmnmg of spontaneous dwresrs and after the admimstration of

alburun A striking example 1s seen m Figure 4* during treatment
_—

¥ Seep 24
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FIGURE 18

Effect of myjections of albumm on several factors affect ng the cvereton of
um

sod

Each small arro v ind cates the wnject on of 25 gm of album n Note that the
scale of unme flov and sod um output are magnified ten times 1n comparson w th
the inulin clearance Repnated from J Chn It vest gation 29 896 (1950}

of nephrosis with cortisone when water was lost without sodmm
and agam duning admunsstration of ACTH when the pitient lost
several hlograms of fud before any sodmm appeared m the unne
All of these patients had a considerable reduction m serum soditm
concentration In this setting a release of water regululy appears
as the first event m a dwrests During albumm or cortisone treat
ment 1t 15 not imanably folloned by complete dresis however
and the serum sodmm concentration may nse to normal or higher
without the appearince of sodium m the unne

On the other hand if the serum sodmm level 1s nearly normal
before the diuresis the mitial water duirests 15 not scen and com
plete ehmnation of edema may occur with httle change n serum
sodium concentration
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ENDOCRINE FACTORS IN THE
UTILIZATION OF GLUTATHIONE

FRANCIS BINKLEY

Department of Pathology (Brochenustry)
Unmverssty of Utaly School af Meductne

I wourp like to report certan of our expertments* which may
beai on our 1deas of the mechamsm of action of the renal tubule
Certun of our experiments hwe consisted of moderate saline
loxding of the dog with physiological sodum chlonde so that
there was a constant unne flow of about 25 ml and a relatielv
constant excretion of soduum Then a mixture of glutamme and
sodum glutathione (18 and 50 gm respectively per 500 ml of
saline) was mnfused with the salme Withmn fifteen mmnutes there
was t sharp decline in the rate of urme flow and within sity
minutes the urine flow was reduced to about one tenth of its engmal
amount The creatinme clearance either increased or remained con
stant The sodum reabsorption was about the same as the water
reabsorption We have not had a dissociation of the two

Except for one possible catch our senes of experiments do show
a very defimte relabonship between the metabolism of glutathione
and the reabsorption of sodmum by the hidney The catch 15 that
glutathione contams 2 small amount of pyrogen when solutions of
glutathione are injected mto a rabbit there 1s a small temperature
nse I should mention as a part of the further evidence for the
relatonshp of glutathione and sodmm transfer that Grunert and
Phillips(1) 1 experrments with alloxan diabetic rats on low sodium
diets have found that those rats develop low sodum levels and
glutathione levels such that there 1s a correlation between the two

levels

In Figure 19 15 an illustration of what happens as measured by
our methods of analysis(2) following the trestment of patients
with ACTH This patient recened only 40 mg of ACTH daly
There was a gradual decrease of the levels of glutathione over 2
peniod of several days and at the same time there wns an increase of

Tiealth

* Tlese studes were supported by grants from the Umited States Puble cat
F H Tylor H P Plenk ] R hummel, C k Olson S F; F C
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.
v glutamyley steme As we have reported(1), this fraction is charace
tenistic of disbetic bloods The increase of this fraction also corre
sponded to the penod when excess creatine was found n the unne
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FIGURE 21

Effect of glutamine upon the hematocnt of a dog 18 gm glutamme 1m 500 ml
$ilme was given mltavenmy to a 40 kg dog lu twelve expenments the qverage
hemodilution was 32 & 12 percent at 4 hr following admunistration of the glutamine.

Swnce 4 glutam leysteme 15 glutathione less glycine glycme may
have been used n the synthesis of the extra creatine Studies of
another patient are grven 1 Figure 20 The dosage of ACTH was
larger and glutathione disappeared from the blood
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Effect of admn traton of glutath one on tle levels of glutath one and the
roducts of its hydrolyss n tssues of the rat Mean values and standard dev at ons

or cyste ne and glutath one of a control group respect ely are ind cated n the
C T engusly

at the

£ gluta
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When glutamme was infused in the dog there was a sharp drop
of the hematocrit most of the decrease occurred 1 the first fifteen
mnutes In the expenment shown m Figure 21 infusion was stopped
m about an hour and the drop of hematocnt continued for several
hours and returned to normal within twenty four hours

Many of our studies have been handicapped by lack of knowledge
of the fate of glutathione and the factors influencing the utilizihon
of glutathwone Therefote = rather extensie group of studies were
undertaken In the first expeniments glutathione was grven m!mJ

found that the glutathione of muscle disappeared following the
admmistration of ACTH and 1t appears that the glutathione had
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Blood
25—

25~ Skeletal  Muscle

(C)
wwmn - Cystewnylglyeme and lutamylcystene are found 1n those tissues (blood
s Y slutamy

% 1e) but are not found n ver kidney tissue or the spleen The decrease

of glutath one and the increase of y ghitamylysteme m muscle tissue were found

hﬂv,lﬁ ghly significant No significant changes were found m spleen kadnev or
ssue

been converted to glutamyleysteme (Figure 28) There was some
increase of the y glutamyleysteme in the blood with the short term
admimstration of ACTH In cardiac muscle\there was very much
the same type of reaction (Figure 23)

Shorr Tow much ACTIH was given?

Bukley Ve gave 2 mg to each rat

Thorn You believe that ACTH increases the utilzation of gluta
thione by the Lidney?
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MINUTES
FIGURE 26

ect of adm mistration of msuln on the levels of glutathione and the products
of its hydrolysis m the tissves of rats Two umts msvhn were given subcutaneons)
intervals indicaty

Eff
to rats and the groups (five or more) were sacnficed at the
1 d glutathione (mean and standard
ed The changes of

Levels of cy. ¥ ang
error of controls rmean of expenmental sroups) sre tadicate
glutathione m cardiac_muscle were bighly significant The increase of glutatfione
1 blood was found 0 be highly sigruficant when symlar experiments were carried out
with rabbits (Senal Samples’

> .
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Effect of of msuhn a of_the study of Figure 28
Levels of cysteine and glutathuone are indicated The changes of glatathione in
Pen, cystetne 1 kidney and glutathione m Liver were sigmbcant (P=<0

et amounts of wnsubin as great as 10 umts were given there was a decrease of
“¥Steme 10 Jadney at 120 minutes
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and tissyeg Other than Muscle Start bulldmg Up higher and highe,
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admy,
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glutnl‘hmnep Doy oy SUDpose yoy, Would obser, o Antagonstye action
Stemp

]aneway Doy, thin}, qutatInone 15 S nthesize gy Is it synthe.
Sized ang bule  the Iy e and the,, taken from ¢h, Iner ang
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01 It any
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Dot reflect change 1, red bloog cell spze
Bmlch They tell me not
Thorp There 15 T req} entry of fug mto the ‘ascular heg
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the serump
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Shanngn

What are the normqy concentratyong of thes,
m plasmap

Bikley of glutamme, it carnes
of Shatathyon, 25 to 40

Shannoy What changes result from the dos.

BmUel/ We Cannog change the glutatbmne level by the admung
ton of > the tissyes ake

should ot say

Operatne sp on rats the

to falt ¢o quite low oy ofs We cap g those loy ol back ¢ but

not beyond, normal Jey o, by the mtroduction of 8letathione

Thorn Have o, €ver tned rasing the leyey m g nephrectomued
aMmma} by admlms(mhon mlravenous!y under thege Sircumstancagn
BmUcy. No

Thory y JUSt W ondereq whether Jou thonghy the nor 5 the Organ
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BmUcy The Iner g think to 5 large extent is 5 feseryonr of gluta
thione The Iyer hydrol} 2es glutathiope at a oy rape

Shanngy V¢ you mage 0 calenlationy on what happens ¢,
the total doge ;\dmmzsteredi’ You hay e data on Muscle, by ey spleen
and blaog

. Bml(lﬂy Theliey o what y oy are asking 45 how wepy do we acconnt
or the glutathmne we gve
Slmrman Yes
Bmk&-y We ccount for gg 10 30 per copr
Shannop, Tw enty to ¢,
Bmkle_r/ Yes
Shantuy, When 30y add in fragments dertved fop, Sltathione,
hoy, Much further does thyt 80 up?
Binkley, I brngs 4 BP perhaps ¢ round 50 ¢ gp Percent
Slxammn What 3, PPens to ghe Temainde,?
Bmllcz/ We have ROt anqlyzeq certam tissyes
Shanngy, You haye the Duyly, the spleep, Iver, tdney, uscle
and bloog

Uty percentp
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Binkley 1 think 60 percent

Shorr How rapid 15 the rate of glutathione hy droly sis?

Binkley Extremely rapid

Shorr s 1t more rapid under maerobic condihions?

Shorr Yes

Shannon It 1s surprsmg you can account for so much of such 1
lInbile substance m a farly long mterl

Binkley We are determinmng the fragments Cystine although
degraded 1s not degraded too fast by tissues other than hver

Thorn Did you get any appreciable fall m blood sugar levels
when you admmstered your glutathione?

Binkley Actually there 1s an increxse of blood sugar levels

Thorn What about man? Isnt it true that most of the nausea
from the amino acid preparation 1s related to glutamic acid? Can
you give very much of your combination to man without producmg
serious symptoms?

Binkley We have not given any of the matenals to the human
as yet There 1s the problem of the pyrogens
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BIDASSAY OF SODIUM RETAINING CORTICOIDS
AND SOME CHANGES IN EXCRETION OF
THESE SUBSTANCES IN DISEASE*

JOHN A LUETSCHER JR and QUENTIN B DEMING
Departmens of Medscme Stasford Unisersaty Scl ool of Medscr se

WHEN DR PrrTs ashed me to present tlis material I emphasized
to hum that our work 1s n a preliminary stage and that many funda
mental questions remain fo be answered

Thts work started with some obsenvations on nephrosis 1 col
laboration with Dr A D Hall(1,2) Dr Fremont Smth expressed
eather lus dissatisfaction wath the time honoed concepts of the
sequence of events m hypoprotemera as being due to loss of pro
tem leading dwrectly to hypoprotemenna and edema In studies of
treatment of rephrosis with albumun we found that replacement of
the ewrculating alburmmn of pattents with nephrosis was regularly
followed by modest wcreases m albumun concentration and 1n
collaid asmatic pressure but little change wm tatal protew concentra
tion A large werease 1 plasma volume ensued accompuned by
mcreased clearances of muhn and creatimne accelerited water
output and rise 1n serum sodium concentration In about half the
patients the whole thing stopped there and no effective ehimation
of edema was achieved In the other half of the patients the urme
sodium d and an eff duuresis followed The total
serum protemn concentrition rose as diwresss progressed These
observations suggested that urine sodim excretion was the hmiting
factor 1 the drurests after the imtial stage of water diresis had

cen passed and that the sernm protein concentration condd be
raised only after dwresis of sodiwm had been established

We then attempted an analysis of this data on the basis of pos
sible causes of excretion of sodium to far] under these eircumstinces
and came to the conclustons that 3 large number of factors were
wvolved anid that our expermments were not adeguate to defin any
single factor responsible for sodium elmmation or its falure Albu
mm deficziency a low plasma volume a low serum sodium concen

M ;l"lsnlxt n estgiton wat supported by a research grant from the National Heart
ute
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tration, and a low glomerular filtration rate were frequently asso
cated with sodim retention, but the return of any one of these
factors to normal was not necessanly followed by maeased sodwm
excretion Furthermore, when the sodmm excretion was mereased,
1t could not necessanly be correlated i time with any one of these
factors It appeared that a low glomerular filtration rate could
unpair sodium excretion or even, at extremely low levels of filtra
tion rate, conld prevent sodium excretton But at higher rates of
glomerular filtration or, we should say, mulin clearance, the tubule
could still restrict the output of sodum to very low levels You me
famhar with the nephrotics with supernormal filtration rates, which
are another reflection of the same phenomenon(3}

In casting about for a reason for the impairment of sodwm
excretion in these edematous patients, 1t seemed worth mvestigating
further the possibility that something outside of the Midney mught
be playing a role It seemed to us that the defictency m albumin
m the nephrotic might lead to a low plasma volume which 1n turn
mght stmulate both posterior pitwitary-like activity, as one mght
see 1t after hemorrhage o1 fainting, and adrenal achvity hke that
due to any comparable stress Some information has been published
duning the course of our studies which indicates that there are
mereased levels of total corticords mn the urne mn heart failure and
m certain patients with totemias of pregnancy with edema(45)
These data did not seem conclusive, since we know that redueing
and glycogeme corticoids vary greatly in their sodmm retamng
effect So we started out in the simplest way to mesure the sodium
retainmg activity of the unmnary corticord fraction We have also
attempted to measure antidiuretic activity m urme and m serum
Dr Quentn B Demmg has carned the bulk of the work m these
~ = wvanodurac T would like to say that he has really dor‘m a mo“st

PR
Our antidiuretic hormone assays have been hmuted by problems
connected with the avatlble methods Assiys of urme of feeble
activity by mtmpentoneal wjection 1n rats have gnen us verv
questionable results The concentration of urme before mjection
leads to all sorts of errors Dr Demng fas not been able to elute
the material quantitatively from any chromatographic adsorbent

so far
Assys of serum according to
us occasional positive results of som

Dr Gaunt's method hive given
e mterest, which I may mention
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later m connection with one case We have done no really sys
tematic studies of antidretic hormone excretion o1 the serum
levels

The sodwim retaming actiaty of the corticord fraction 15 measured
by bioassay 1 adrenalectomized rats(6) We started off in the
measurement of this fraction following the method of Dorfman
wsing radio-sodmm(7) It soon became obvious that if one did not
stuctly control the rats mtake of water and sodium there were
large spontanecus ‘anations in output So we put them on sodium
frec diets and gave them measured quantities of salt and of water
by injection The sodrum chlonde was guen as m tsotome solution
wirapentoneally the night before the test and an mnjection of water
Wwas gven 1y at the & of the test to sumulate
urme flow Unfortunately using adrenalectomized anmmals with this
water load we turmed st 1nto a sort of water test at the same time
This has one ment mn that 1t discnmnates quite clearly the activity
of some of the 11 oxystermds which produce a diuresis and a loss
of sodmm m this test as compared with desoxycorticosterone for
mstance which causes sodiim retention We gave up radioactive
sodium 1n favor of the flame photometer for reasons of comvemence

The solvents employed m the admimstration of these extracts to
rats are of great 1mportance because of the considerable activity
of some of the contentional solvents In searching for a vehicle
which did not affect the sodium excretion m the rats and still wonld
be a good solvent for the uninary extracts we fell hack on ethyl
alcohol in very minute quantities This does not bother the rats as
much as a Inrger injection of some other substances which you
rght think would be much less 1rmtatng It 15 an excellent solvent
and does not affect the rats output of sodmm

A twenty four hour specimen of urine 1s collected to avaid pos
sible sanations from day to mght This 15 aadified with hydro
chloric acid to pH 15 and extracted immedintely with chloroform

e days unne extract i chloroform 1s dried evaporated and
taken ¥p m a mnute quantity of ethyl alcohol A twenty mmute
sample 15 then myected into each adrenalectormzed rat We have
expressed all of our doses n terms of the time durmg which the
Patient evcreted the urine equivalent to the dosage rather than
In terms of volume of urine 1 order to avoid the mfluence of urme

oW on the assay The rat 15 then placed on a metabolism cage wnd
umne s collected for the next five hours measured and analvzed
for sodium content
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tration 1nd a Jow glomerular filtration rate were frequently asso
cated with sodmm retention but the return of wy one of these
factors to normal was not necessanly followed by mcreised sodum
excretion Furthermore when the sodium excretion was mereased
1t conld not necessanly be correlated 1n time with my one of these
factors It appeared that a low glomerular filtration rate could
1mpair sodium excretion or even 1t extremely low levels of filtra
tion rate could prevent sodium excretion But at higher rites of
glomerular filtration or we should say nulin clearance the tubule
could still restrict the output of sodwm to very Jow Jevels You are
familiar with the nephrotics wath supernormal filtration rates which
are wother reflection of the same phenomenon(3)

In casting nbout for a reason for the imparment of sodwm
exeretion 1n these edematous patients 1t seemed worth mvestigating
further the possibility that something outside of the hidney might
be playmng a role It seemed to us that the defictency 1n albumin
m the nephrotic mught lead to a low plasma volume which m tum
might stunulate both posterior pitaitary hike activity as one might
see 1t after hemorrhage or famntmg and adrenal activity like that
due to any comparable stress Some mformation has been published
during the course of our studies which indicates that there are
mereased levels of total corticoids m the unne i heart failure and
in certam patients with toxenuas of pregnancy with edema(45)
These data did not seem conclusive since we know that reducmng
and glycogenic corticords vary greatly m therr sodwm retaming
effect So we started out mn the simplest way to metsure the sodium
retunmg actity of the urmary corticord fraction We have also
attempted to measure antidretic achvity m urme and n serum
Dr Quentin B Demmg has carried the bulk of the work m these
assay procedures I would like to say that he has really done 1 mzﬂ
difficult job with the greatest care and with a ughly enticnl attitude
proper to such troublesome methods

Our antidiuretic hormone assays have been limited by problems

d with the lable methods Assays of urme of feeble
activity by mtraperttoneal njection m rats have given us \!;l:"
questionable results The concentration of urme befcn; m]ecl on
Jeads to all sorts of errors Dr Demung has not been abi edfo %lm
the matenal guantitatnely from any chromatogrphic dsorper

so far
Assays of serum accor
us occastonal positive resu

ding to Dr Gaunts method have gnen
Its of some mterest which I may mention
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retween 20 and 40 minutes of urmary extract from a patient from
wrmals as well as the more active extracts from the cardine patients
wd the nephrotics Below this level the response of the rats de
reased i the expected way When more than this dose of extract
#as gaven no further merease 1 sodum retention was caused by
he gher dose even though the response was well below the
naumum effect that could be elicited from those ammals by larger
doses of desoxycorticosterone Tor this reason we can speak only
sf the activity of these crude extracts under the speaific conditions
of the experiment and cannot spetk i more general terms [ think
this data emphasizes the need for fractionation and for further
study of mterfenng substances or whatever 1s the hmiting factor
i the response of the rats to these extracts

We studied the effects of a small senes of crystalline steionds
Desovycorticosterone or 1ts acetate was used as a standard The rats
were sensitive down to approumately one microgram of DOC o1
DCA with a faly straight lime response from there up to five
Tucrograms Above that dose the response to further mcietses i
dose falls off until & plateu 1s reached 1t a dose of about 10 to 25y
Cortisone at 10 TicTograms gives no response At 100 mcrogr s
cortisone produces a stnking diuresis of water m these adren tec
tomized animals and more sodum appears 1n the urme We have
not run any other adrenal steroids and have not run competitive
studtes between desoxycorticosterane and cortisone Testosterone
estradiol and progesterone are wetk sodmum retuners active only

at hugh dosage(6)

In a senes of indw1dual and pooled specimens of human urine
we determned the activity of twenty msmutes equivalent of urne
from normal individuals and found a mew activity equivalent to
15 g of desoxycort per twenty munutes of
extract Eleven out of twelve individual asstys huve shown levels
of 23 microgrims or less for twenty minutes There has been no
d fference 1n actvity of unine from men and women 1s far as we
can make out m this small sample The effect of the menstrunl cvele
on this assay 1s apparently small although this has not been svs
fematically tested

In one group of patients tested by the ongmal method m which
e sinply estimated the factor by which the sodum excretion w1s
reduced the crude assays mdicated that there was relatuely httle
activity in the extracts from normal patients and control patients
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The nssay tahes three days to perform Each rat serves as its own
control On the control” day 1t recenes no njection or a control
tnjection of alcohol On the test day it recewes the estract to be
tested On the stwndard day 1t recewes five micrograms of
desoxycorticosterone acetate In order to assign 2 quantitative
measure of activity we have used two measures The first ong 15
the factor the ratio between the output of sodum by the rat on
the control day and the output on the test day In other words
an active extract might reduce the excretion of sodiam by a “factor”
of two compared with the control day Groups of mine rats are
used for each assay and the logarithms of the indwidual factors
re averaged to obtan an average factor The log of the factor
obtaned 15 approxmately proportional to dosages of DCA between
1 and 5 micrograms for each rat group If 2 line 15 drawn on semt
log paper from the ongin {factor 1 dosage 0) to the point represent
ing the response to the standird mjection {factor determmned
dosage 5v) the activity of the unknown can be assigned an equina
lent 1 micrograms of DCA

When we started to test this assay procedure we encountered
another disturbimg vanable If one uses rats mmediately fter
adrenalect there are ch from day to day If one wuts
too long one has a number of sich or dymg rats We have w orhed
m the intermediate stage of about three to five days after adrenalec
tomy In order to avoid the day to dry vamion we adopted the
suggestion of Dr A G Spencer who was working on 1 very simihw
method last year 1t Columbia(8) We diided each group of mne
rats mto three subgroups which recewved the control standurd and
test injection respectively on each day The subgroups were rotnted
each day so that at the end of three dus each subgroup had
recerved the three different injections on different dys

The reproducibility of these assays has been surpnaingly good
since the assay has been going smoothly If for any reason an assay
is suspected of being erroncous 1t 1s repexted The second assay 18
within plus 10 or mius 10 percent of the duplicate assty 1f we 1re
lucky and as badly off as 20 percent on an occasiomt had day

With crude extracts of human unne one does not obtain a}}m;:;:‘;
response as the dosage 15 mmereased Larger doses did not m:x(se {he
rts vstbly sick nor did they impair the survival of these m{ ;D
it was obvious i plotting the dose of unne eﬂmcrt a!g,;\cr;o L
actruty that a peak was reached when each mdividual ra
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Burnett These nephrotic patients all have edema®

Luctscher There has not been a stnet correlation between the
presence or absence of edema and any given level of activity of the
unmary extract In general those patients showmng the Iighest
assays have been umformly edematous and those patients with the
fowest assays have been almost free of edema However 1 dont
want to suggest m any way that this 1s the only possible cause of
edema mn nephrosts or any other condition All we are trymg to do
1 to introduce another compleuts mto yaur thoughts on this subject

The senies of untreated nephrotics now comprises twelh e patients
In these patients the mean assay is 38 mucrograms with 1 range
of 17 to 84 micrograms  Eight of these twelve prtients have een
above 28 You will ber that eleven of twehe
eontrols assayed 23 mucrograms or less

Shortly after we became cominced thit these levels were un
wstally Jugh m the nephroties cortisone became avathble If the
actnaty which we were measuning arose m the adrenal cortisone
mght be expected to reduce the excretion of this abnormally active
matenal Of course there are a great number of other possble
explanations of the vanous effects of cortisone i nephrosts Ve
wondered whether 1t rught have some mfluence on the diese
pracess stself We wondered whether we mght see some wntagontsm
of antidiretic activaty if the postenior pitutary was mvalved i the

h We could speculate at length but first let us consider
some data from patrents with nephrosis under treatment with
cortisone

In Figare 2* the assty levels are mdicated i micrograms per
twenty munutes s before Here 1s a five year-old girl who his a
very moderate amount of edema She 1s only about a kilo 1bove her
wdeal werght She has a modest protetnuria about a gram and 2 half
2 day She has a low serum protemn level of 4 gm percent She 18
putting out a small unne volume contaning modest amounts of
sodwm With the admmistration of 100 mg_of cortisane 2 day for
siv days ome sees an merease m the level of protemun to double
the onginl Jow Jevel 1 complete shutting off of unnary excretion
of sodium and 1n ncrease 1 body weight which had been staton uy
before treatment After the discontwuance of treatment there 1s
a release of water and sodwm m the wnne a shap fill o the

—
*Secp 22
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from the hospital wards We encountered much more actie exteacts
n patients with cwdiac failure and m edematous patients with the
nephrotic syndrome Some patients with hypoproteinemia hyper

holesterolemuy, and prot 13, but without edem? did not gne
a posilive assay  So there was a rough correhtion with the presence
or absence of edema(6)

When the assay was ymproved by the modifications desenbed
we began to express the results i microgrums of DCA We can now
compare twelve patients with nephrosis with an equal number of
normals and hospatal controls (Figure 28) At a level of about 23
micrograms one can draw a fine artificsal hne which roughly
separites our group of normils and pitient controls from the
edematous nephrotics with the high assuys The most strilang
creases 1 1ctvity have been obsenved i patients with the edema
of nephrosis and 1 those with heart fallure Levels above nverage
normil have been noted i one ewse of acute pencudits with
effuston and signs of tamponade, one patrent with chrome constrie
tive pericarditrs 1nd m two hypertensive patients uncompheated
by other factors One hypertensise 1n cardne fmlure and 2 patent
with malignant nephrosclerosis and mid cwdine fulure hwve gven

a high assay
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the admimstration of 100 mg of cortisone  day we observed the
diphasic response which has been referred to before First there
was an mncrease 1 body weight and protemuna Then after 2 week
of treatment there was an ncreased urme volume < fall m body
weight a diminution 1n protemnuna and small mereases m serum
protein and albumm concentrations A small mcrease n urme
sodium also appeared At this time an assay mdicated some reduc
tion belou the cantrol level of activity m the urmnary extract

Then following the withdrawal of cortisone there was a great
increase m urnary volume and sodiim The body weight fell 12
kilos below the control weight Protemnunia became less than 200
mg per day At this time there was a fall in the assay to a normal
level Improvement seemed to occur regularly in these patients at
about the time the ¢osmophils were rising after the end of cortisone
admunistration We tnterpreted this comaidence mn time as evidence
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protemnuna down to levels of 40 mg a2 day 1n this mstance and gn
merease in the serum protemn and albumin concentrations to levels
approaching normal In this particular 1nstance, we were unable to
demonstrate any effect on the level of sodium retuming activity,
which was within normal limts before treatment

Figure 3* shows some changes m a seven year old boy with
the nephrotic syndrome, m this case with massne edema a
protemursa of 4 gm a day, a very small unne volume, essentually
no sodum m the urme, and very low levels of total protem and
albumin concentrations This patient’s urine gave the highest 1ssay
we have observed 1n any patient We hive been impressed with the
very hugh levels of activity 1n many of the cluldren with nephrosis
and having no sound basis for the correction for bods weight, we
present these data as observed We were influenced, too, by the
comecidence that at this time Dr Harold Faber asked us to see a
baby three months old with Lawson Wilkins’(9) syndrome of
congenutal adrenal hyperplasia of the androgenic type with the lach
of the sodum retamning hormone of the adrenal and excess of
androgemc hormones I was astomshed to discover that this mfant
required just as much desovycorticosterone for mamtenance as an
adult In a casual search of the lterature, this appeared to be the
rule

Janeway That 1s a peculiar sitnation, 1sw’t it Dr Thorn m which
you don’t have adienal ufsufficiency m the ordinary sense but you
ught say you have ndrenal dysfunction with dispreportion in the
production of different hormones, the adrenal putting out huge
amounts of androgen We find they need two or three umes the
ordmary dose for mamtenance 1 don’t knaw that you ean extra
polate from that ta the needs of narmal children .

Thorn No
Dock Tlus condition persists throughout life?

Janeway They are born with it

Thorn The 11 oxy methods give pretty close correlation of small
children «nd adults on the excretion basis This docs not of necessity
of course refer to secretion of hormone

case, here was a youngster with the severe

Lt an hugh control assay During

form of nephrotic syndrome, with a very

* Secp 23
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until eosinopenta was noted There was a very small output of
urne, and the weight was steathly increasing Treatment was mter
rupted because of the rise of the sexum potwssium to 75 mEqg per
L After treatment, the weight gam proceeded as before There
was ng effect on prateinuna, and no release of sodiam There w1
some ncrease In serum pmtem concentration  The appetite 1m
proved greatly I caused resy embarriss
ment and Southey’s tubes were used to draw off much of the edema
The admunstration of concentrated human serum albumun was
follawed by dwresis and by a fall in the actity of the urmury
corticords

Figure 31 shows a simular response m a twenty year old man with
the nephrotic syndrome Nexther diresis nor reduction m sodium
retaming activity followed a bnef course of cortisone but the lev 1
of the assay fell with the diresis after the adminstrabor of
atbumun

Pitts Could you summanze there?

E5 R remmons
B0y
WEIGHT oue
FROTEMURIA
of ]
e
DOC Assay ¥ g b-1:14 43r 320 87 ‘
I ‘
PLASMA tora % %
PROTEMS oo ] | e
wleace - s
swece o ndaffee
wamE n i
VoL - )
KUME o= o e oy 5 supetotacs
SOOIM e
v - ~ 3
L Y "'.’ ‘v“- :ﬂ“"'i “;1“ . b
oarg l:;tll!tslt!l[!iv-!w 234

FIGURE 81

e Falue of 3 brief cowrse of rorbsone to affect edema or level of sod v
M7g corticonds with subsequent response to albumin



of 3 release from the effects of Cortisone, pop only on the €0stnophjs
ut on the kldneys and on g, €¥eretion of salt-actyy e Corticords

pprovnmateb half pat; Even when |, U, 1t may
€ very . dly nterrupted |, an Intercurreps Infectiopn Figure a9
shoys f ear-old g Wwho dey e, urmy
tract infe, after he, diures;s There vy Mimediate pyg, m
Proteinyy, a Sapperance o Urnary sodigm, At this e th
assay, which had ¢ Creased after the end of g, atment, nereased
to a Joy g Iugher 4, that i ¢he control peryoq

In thoge Patients yp, failed ¢, respond ¢, Cortisone, v have

seen ,f anything , shghtly higher sody etainmg actiaty 1 g,

Urme afte, treatmeny than y,

30 shoyg € course of , three yeq, old boy treated vy, Cortrsone
e Were uncertain g5 ¢, the Proper dose, and mcreaseq the dose

Ea !fu’mo;u
800y
WEIGHT o,
PROTEINyR,
—
00C assay
Yora,
At e
H/oges
[ T o
=
URINE wof
VOLUME o -
AND s
S0DIUM — N
£95 nommurs
Bars.

FIGURE 39
f sodum
Failure of , brief €OUIse of cortysone 0 411,«‘( odema or foygg of
retaning Corticols with subsequent Tesponse 1o album,,  cortisone admmnn
Note inerease g FETUM Drotein and sl leveh during .
tion



Bioassay of Soduun Refarmng, Cort

untl eosinopema was noted There was 1+ « !
unne and the weight was stetdily increasing T t
rupted becuse of the nise of the serum pot t
L After treatment the weight gmn proce 1

was 1o effect on protenuna and no releas i n
some increase 10 seyum protein concentrat T

proved greatly Increasing effusions cansed t

ment and Southey s tubes were used to draw it It
The admumsstriton of concentrated huma !
follawed by dwresis and by - fall 1n the act ¢ 1
corheonds

Figure 31 shows a simlar response 10 a twenty ven 11
the nephrotic syndrome Nexther druresss nor red ctt
retaming actiity followed 2 brief course of cortwore b t i
of the assay fell with the dwresis after the dmm tat
albummn

Pitts Could you summanze there?

2620 o xermons

BODY
WEGHT »—e

PROTENURA

3
2§ 53 F &8 3F

TOC ASSAY ¥

PROTEING 0o

s
5
PLASMA 15 %7 %
salon o S

s 4 nq3
URNE b

VOLUME = <
5

SOOUM s o

osmermts

o zT34] 2sa3f 29

TIGURE 31

Falure of 4 br § cowse of cotsone to fect edens or Yo el of pe
Unngcon ods w th subsequent Fespon€ 8



166 Renal Function

Luetscher Eight of fourteen patients have had 2 dwrests after
cortisone trevtment In three of the eight there 1s some doubt that
corlisone was responsible for the improvement All except one of
the erght had a reduction 1 protemuria Two patients had a nearly
complete remission m the sense of a fall of protemuna to a few
mulkgrams per day and a nse m serum protetn concentration to
essentinlly normal levels In the other six patients dwresis has
failed to occur after the admumstration of cortisone We have not
been able to determme why this farlure occurred 1t 1s not related
fo the apparent etology or actvity of the renal lesion occurrmg
both m patients with so called pure nephrosis nd in those with
evident glomerular nephritis We have not been able to divide the
successes from the faijures i terms of dosage or duration of
treatment

To summanze the assays Of ten patients on whom assays have
been done five patients have had 2 dwress after treatment and
three of these had hnd high assays before treatment Assays on
these three patients fell after treatment The other two patients
who had diareses gave assays in the normal range before treatment
and these were unchanged after treatment Five patients who faled
to show a diuresis after cortisone treatment all showed higher assay
levels after the admumstration of cortisone than before Two of
these cases showed n fall 1n assay After 1 subsequent dwresis wath
albumin

Two questions immediately arise in connection with these results
The first one 15 What 1 the effect of a low sodmum diet on the
activity of the corticoid frachion? We have not yet set up systematic
expeniments to clanfy this pomt Three patients on low sodum
diets comparable to those m the nephrotics have shown normal
levels of sodum retammg achivity One of our nephrotics on 2
normal diet gave one of the highest assays that we have scen
Sodium mtske was not 1 major factor in these patients On the
other hand we cannot rule 1t out 10 the other patients

The second question 1s whether diuresis per te might account
for these results If one thinks of 1t m terms stmply of 2 Ingh water
output we cin sav conclusively that this 1s not the case since we
have seen situations in which the water ontput has mereased while
the assays remamed lugh although sodum excretion rchm}e‘d
quite Jow So sumply a Jarge unne volume 1s not the rewson for the

assay level to fall
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There have been other important changes during the treatment
of these patients m addition to the changes in the ssay figures
The )t 1s usually increased dunng tre wment with
cortisone or ACTH This increase may begin when the urme sodwm
1s very low The creatinine clearance 1s often falling when the peak
of diuresss 1s reached after the end of treatment There has often
been ehmnation of water durmg the Intter days of treatment which
bas sometimes resulted m a considerable loss of weight and increased
serum sodwum concentration There have also been increased con
centrations of serum alburmn and 1n some cases of total protem

All of these changes are in the direction of normal but at the
end of treatment 1t 15 very difficult to look at one of these patients
and predict from the extent of these changes whether he 15 gang
to be one of the 50 percent who are going to have a diuresis or of
the 50 percent who are not gomg to show a diresis However
when you look at the groups as 4 whole there 15 a lugher werage
glomerular filtration rate and a lugher average serum sodum at the
end of treatment 1n those patients who are going to respond

I should Lke to mention brefly the effects of ACTH m the
nephrotic So far five out of sux patients have had 1 duwresis There
1 Iitle question from these results and those reported by other
students of the disease that ACTH 1s prabably 1 more effectnve
agent for chmeal treatment However from an expenmental stand
point 1t leads to a much more complicated situation We started
off with cortisone largely to try to keep our experiments as simple
3 possible We dont have enough data as yet from the bioassay
to ndicate with any certamty what the trend of the biowssays m
Patients treated wath ACTH is gomg to show In attempting to
eplain the diuresis which occurs during ACTH treatment we hne
wsufficient datn to form a satisfactory bams for hypothesis

Figure 4* shows some changes In a sixteen year old girl with
the nephrotic syndrome who was treated with cortisone wath
abumn and later with ACTH This 15 the only one of fourteen
Patients treated wath cortisone and with albumm 1o whom no
significant amount of edema was elmmated There was loss of
ema dunng and after the subscquent adminstration of ACTH
lers one can compare the effects which occurred dunng these
different treatments We ke to emphasize the diphasic changes
m edema dunng cortisone and ACTH admimstrition with the

_—
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corresponding changes n unne volume Urine flow 1s depressed
during the ewrly stages but usually imcreases agam on lter days
of treatment In Figwe 4% you can see this later release of water
without change m sodum ‘excretion with corresponding fall
body weight and nse m serum sodm concentration A sumlar
mncrense m urne volume occurred durng ACTH therapy at first
without excretion of sodum Then as the serum sodim concentra
tion appronched normal significant quantities of sodum 1ppeared
n the urme Finally there was a mowe profuse diesis after cessa
tion of ACTH The changes mn serum sodum are i the direction
of 1 dilution and subsequent concentration of the serum sodmm
levels but this miy not be the only factor myolved

Attempts to conelate the changes m sodium excretion with
glomerular fltration rate alone have met with Lttle success In this
prtient as m most of our other patients there were considerable
mcreases ln creatimne clearance which have been checked from
time to time with mulin indicating that 2 considertble increase m
glomerular filtration rate has occurred dunng treatment with corty
sone without any effect on the urme sodium There 15 alo m
mcrease m creatinmne clearance during the admimstration of ACTH
but the peak 1s shightly out of phase with the petk of sodwm
excretion The serum sodium level tppears to exert 1n effect on the
appearance of sodwm m the unne but there 1s only  rough cor
respondence between the tubular load of sodm and the quantity
of sodium i the unne There seems to be a number of factors
mvolved and 1t 15 unhkely that any one factor will explum aif the
changes .

In summary the assay data so far indicate that we have 1 very
high control level in a number of edematous patients with heart
fatlure or with the nephrotic syndrome We are not suggesting that
this 15 the whole story of edemn or a cause of disewse It 1s stmply
a contributory factor which appears to play 2 role 1n many of these
patients We wondered whether perhaps this might be a com
pensatory factor evoked by the deficency of arculating protein
mn the nephrobc syndrome or by the reduced cardiac output 1;
heart falure If mcreasing such actnty 1s followed by mcrea}s]el
I 12(10) m the neph syndrome 1t 1s concevible tha
2 vicious circle might be set up m which the attempt to rem]u:
salt and water and to ruse the arculiing blood volume migh

* Seep 24
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aggravate the protemuna This 15 mere speculation but might
explan the prolonged which have followed therapy
Much longer observation of patients will be necessary to determine
possible effects on the underlying disease

We have emphasized the correlation of the actiity of these
urnary extracts with the edema of nephrosis without meaning
any way that this 1s the only factor involved in the production of
edema It 1s obvious that protem deficiency a low plasma volume
low serum sodium concentration and low glomerular filtration rte
are all important

We would appreciite suggestions about where to go next We
have much systematic work which we must do such as the effect
of dietary sodtum We feel that 1t 1s important to go on to some
fractionation of these extracts Being nterested in whether this was
desoxycorticosterone or not we partitioned one of these actne
extracts between water and benzene We found that the abnormal
actvity just as Dr Pincus reported to your Conference on Adrenal
Cortex lst year on the activities of normal unine appeared m both
the benzene and water fraction It does not go entirely mto benzene
as one mught expect if 1t were desoxycorticosterone Dr Edward
Hyman worling with our group has done some prelmiary
chromatographic studies He has not found any matenal resembline
desoxy m his ck of the actine extracts
When one of these actie extracts 15 put on the column most of
the components appear to be mn the more polar fractions of the
adren1] steroids Moreover we have fuled to detect much activity
m the exteacts from unne of patients who are recerving DCA We
would like to work on blood but hwve hesitated because of the
very small quantities of circulating steroids Ve plan to do some
studies on adrenal cortical extract and on more of the crystalline
adrenal steroids to compare with the matenal which we recover
from unne

If 3t turns out that the actnity which we measure comes from
the adrenals we may remember that there 1s still a lot of sodium
retaining activty i whole adrenal extracts which apparently 1s

not related to the enystalline pounds n the m
which they are described in extracts One mught rationabize the
unusual activity by the concept of some autonomous 1. T oand”

the glomerular zone 1f you think that 1s where the
ormones are produced What 1s the stimulus to this
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sive achwvity or excessive secretion of the sodium retaining hor
mones? Under the cncumstances 1 wll say no more about these
pomts but simply refer to the recent review of Sayers(11) on the
regulation of adrenal activity Much more work 1s necessary before
we can be sure that we are dealing with an adrenai secretion

DISCUSSION
Dock What 1s the level of excretion n Addison's disease?

Luetscher One case untreated with DCA fell 1n the low normal
range The problem 1s that with the broassay a very low activity
1s meningless Let us sy when we mnject 2 microgram and a half
of desoxycorticosterone into each of a group of rats that 1t may
influence this group of rats to retamn sodium equivalent to a factor
of let us say 15 But we know that given a control mjection con
taming no active material some rat groups may give 1 factor as
high as 14 Therefore in the lowest levels of activity 1t 15 not
possible to talk about the presence or absence of activity or to make
an accurate quantitative 1ss1y

Ralli Dr Pincus has perfused isolated beef ndremals with 11
desoxycorticosterone Its perfusion produced material which when
1solated i sufficient amount was charactenzed chemically as cortt
costerone or compound B i Kendalls hst Pmcus infers that this
mdicated the ability of the gland to oxygenate m the 11 position
and to produce the 11 hydroxy group(12) This may or may not
have some bearing on what you have been dong Another pomt 1s
that the method of ssay that you are using mght not detect what
was being excreted

Thorn Stahl 1n Strasbourg 1s actvely at work on the metabolism
of desoxycorticosterone m patients with liver disewse Such patients
handle DCA very differently from the normal It 1s also true that
many arthnitic patients reveal rmpared hver function and some
even exhibit amylod disease Tt mght be that one obtuns much
mare complete metabolism of DCA under these circumstances than

n a normal subject
tamned
It would also be desirible to check an Addisomian mun
on a constant dose of DCA and also an Addisoman on 100 or 200
ortisone to be certain that there 1s no conversion to DCA
with mtact adrenals treated with

mg of ¢
f endogenous DCA formation

An nbsence of DCA 1 pahents
corhisone could reflect an whibation of
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Luetscher We have studied some patients who have been on
high doses of cortisane for the treatment of wrthntts Some of these
patients have shown high normal levels but we have seen no
extruagantly high levels

In answer to Dr Rallts question 1 think Pr Pmcus obsened
that the adrenal could convert 11 desoxy corticosterane to corticos
terone That 1s presumbly not the normal method of degradation
of desoxycorticosterone mn the body The fact that very little 11
ovysterord 15 d d after the ad 10n of desoxycorh
costesone andicates that m il probability very little goes n that
direction

Thorn We have observed one patient with a mitral and tnecuspid
stenosis i murked edema with very low sodum lesel who on
cottisone therapy developed normal sodium levels moch like the
nephrotie This was the first tume 1 1 lang peniod of hosprtabization
the normal serum was obtained It 1s to be noted however that
we admimstered potassiom chionde to the patient with cortisone

Burnctt Before or sfter®

Thorn The serum sodwm retumned to normal after cortisone
therapy Did you ever notice chlonde exeretion twenty four hours
before an woreased sodwm escretion of esther ACTH or a dis
sociation of those two as 1 prelimunary fo sodmm excretion?

Lectscher We have not measured chlonde excretion That 1s on
the agenda which has become much longer than the thmgs we
have been able to do

Ralls 15 it possible that the diesss that occurred dunng the
admumstration of ACTH was due to substances m the prtutary
extract other than ACTH?

Luctscher We assumed there were two phases the first one the
uresis of water without sodwm We had thought of it as 1 possible
anti antidsuretsc action of the type descubed by Dr Gaunt In the
sodum release dunng trevtment we were mterested to observe m
one of our patients that the eosmopluls rose stmultineously while
i another one there was no convincng “escape” to judge by the
eosinaphils We aye continuing to look for hwts that the adrenal
1 somehow shifting gears at thus pomt We plan to measure the
17 hetosterards and some other consentiont) wdices of adrenal
actiity duning these changes to see whether we could show any
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change m adrenal activity comerding with the changes m urmary
output

White Do I understand correctly that in these nephrotic cases
during the penod of admimstration of cortisone the protemur
usually mereases or does not change and then drops after yon stop
gvmg 1t? Is that the usual thing?

Luetscher Unfortunately, the usual picture 1s that nothing hap
pens to the protemuna after corhsone When the protesmuria
changes, there 1s usually an ncrease durmg the first few days of
cortisone admimstration, followed by a decrease m protem loss at
the same time that one sces release of water and sodum ¥ a reat
1mproy ement 1s to oceur, 1t occurs in the two or three days following
the end of admmstration of cortisone

Winte How long does the proten output stry down®

Luctscher In some patients, the protemuna reappears \ery
quickly and returns to the pretreatment level, either after an infec
tion or without obvious cause On the other hand we have two
patients who have now gone between eight and mne months with
no evidence of a return of proteinuna to the pretreatment level

White 1 was just vwondermg of there 15 any ewdence of an
increased production of rortisone m measles, more than n most
other diseases

Luetscher 1 would ke to say only one thing Our one fallure
with ACTH treatment confounded us by getting chicken pox one
month Jater and having 2 magmficent diurests

Fishberg In one patient 1 had a remarkable diuresis wath measles
and that patient relapsed I gave ACTH and agun obtamed a2 very

fine result

Janeway Our group has been mterested not speaifically m the
hormanes, but tn the problem of nephrosts for the past six or seven
years I think the first pomt whuch 1 am sure Dr Luetscher wiil
admt, 15 that anything that you do with a chirone disease fike s
has to be done agamst the background of what yau knaw abou(;
sts natural ustory If you get 2 nephronic 1n a bed m a hospital 32
Teave um alone, very often you will see regubar fluctuations inbllm tZw
weight without any treatment A few times we have becnla 1e 0
get complete balance studies dunng such weight changes ltkm:] s
% of Sarly constantly you are hwng shufts of water mto cells a
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then owut of the cells without any change m sodwm evcretion
Apparently you can have changes m mtricellular water going on
which m1y account for these rather mmor fluctustions

The second pomt 15 spontaneous drurests which can occur at the
most unevpected ind embarrassing moments I was imterested in
looking at your Figure 4* Dr Luetscher where ACTH appeared
to imtiate 2 very 1emarhable ditresis Was that 1t? It had =l the
charactenstics of the type of diuresis which may occur in these
pitients out of the blue There was a much sharper drop m pro
temurra than we have usually observed with admmstration of
ACTH I thmk 1t 1s not beyond the rexlm of possibility that such
a duresss might have happened whether the patient got ACTH
ornot Certanly these patients tre in 1 condition where the shghtest
strmulus of almost ny sort can set i motion so mtny mechimsms
we dont understand that it 1s terribly difficult to mterpret any
thing that 1s not repeatable agan and agam We have probibly
fallen mto the trap of confusion but have restricted oursehes
entirely to ACTH 1 these patients becanse we wanted to leam
as much as we could about one agent and thus have not yet used
cortisone at all We put all patients on 100 mg 1 day for ten days
and they have 2 dwirests with I should say ihout 60 to 75 percent
tegulanty just prior to or on withdrawal of ACTH One patient had
1 shght druresis each time the drug was stopped s the eosmophils
rose Following the third and most mtensise course the eosinophils
only returned to normal very gradually but thus 15 when the weight
came down the urmne volume rose nd the sodiam exeretion rose
very sharply In that patient the changes i protemuna were not
very stnkang Whle there 1s some red the dwresis p ded
with contmuing protemuria It was only following the diwresis that
protemuria dropped off to much smaller amounts 1 should say the
one difference we have seen m patients who recenned ACTH from
those to whom we have given measles —and we have a senes of
asbout fiteen of those children now —1s that fallowine meas'es
protemunt drmumishes very sharply pust at the tume or before the

wuresis 15 imitiated whereas in general m our patients who hune
been given ACTH the total output of protem per twenty four

ours 10 the urme has really changed relativeh httle I dont think
that 1s 1 ternbly significant fact but 1t 15 1bout the only aspect of
the response to these two stimuls that appetrs to be somevhat dif
ferent We have treated twenty one patients now for 2 total of

* Seep "t
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twenty moe courses and the response ould apper to be depcndem
more than anything else Ont the duratio? of the Jusenst

Dr Luetscher spoke about use nephrosis and g\omcru\a(
nephntis ont get nto that contr y o say the more
we €€ yudymng the diseas® Jdren the ™ o we are
clined 0 peheve 1t one diseas® 1t 15 T rer of the
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cheching ther and reend 11 well Qifferent ag
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st that glo clar fitrat n rate 1 always € m th puert
that e ob ed 1M first few mon ¢ the dis
second at sup 1 clearance® ay b red of
these ¥ < from B0 o § onth aftel S \\)scq“cnt\y
clearances the patient 1 to Jov ) Q thus 1
assoc1 with the 307 at Ders of ¥ 3 cells 1
the hereas they ar yelats ely ange dur g the
mgh clearnc® The mai® fhung, w ed to t out
s the miude the t o cTH © Aomeruty fltration
rate 10 these 1€ hrotic n T qat 1t 105¢ trom 40 ml
er TNt up \ it anothe paert n whom clearanc® 2d
tallen from™ the supC 21 phose 19 quite 10 Yevels dnys
st has €0 Ppack 1O ddy porm? and pmeally at least that
atient w dowd el i Wwhat the expt nation for
these changes ® Jomer Hltratio® cextaanty far from & csr
These 1€ cod & a1 ™ore spnkand A changes wh hr
purnett s seen bt als with oses that 87€ somew at
greater han the o° L wven (her thing wlnch 1o 73
s very Jang 15 that 18 tients who have farled 1O yespor
f cTH there been
with & suresss 0 st of s
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Janeway ACTH tends to increase the red cell mass but the
plasma volumes remamn almost exactly the same

White The behavior of the filtration rate i dogs on ACTH 1s
like that seen by Dr Burnett 1n the normal humans Nerther normal
nor hypophysectomized dogs have shown any mereased filtration
rate on ACTH We gave much smaller doses than those mentioned
here One out of three of our hypophysectomized dogs did show a
30 percent mcrease 1n filtratton with ACTH but so did one out of
two adrenalectomized dogs show the same increase on ACTH

Thorn We have been interested m this mechamsm and vou
mght be interested i some of our observations When we first gave
ACTH we gave 1t for a short period 1e five to seven days The
diresis we observed occurred following the withdrawal of ACTH
nd we felt that m part at lewst the mactive adrenal following
withdrawal of hormone was responsible for the mereased sodmm
chlonde and water loss However in later expeniments with pro
longed ACTH admistration a diurests was observed on ACTH m
the presence of a very active adrenal secretion

Another mteresting pomt 1s that during the period of dwress if
the patient 1s tested with pitressin or with desoxycorticosterone the
hidney tubule appears to be relatnvely refractory to these agents
Just the reverse of adrenal insufficiency In other words a standard
dose of desoxycorticosterone 20 mg or  standard dose of pitressin
did not give the sodium or water reduction which we usually see
n patients with adrenal insufficiency and we wondered from that
whether there was not as a result of the ACTH treitment n 1
capacity on the part of the ldnev tself to react normally to these
two agents

Having studied 1 number of patients with acute nephntis sub
acute nephntis and nephrotic syndrome I have come to the con
clusion that ACTH and cortisone have httle benefienl effect on
kidney disease and I think that this myy also be true mn lver dis
ease It strikes me that this 1s very interesting when one considers
the beneficial effects of these hormones m such @ wide vanety of
nonspecific inflammatory diseases With nephratic patients the re
sults are dufferent Here the diuretic actions of ACTH and cortisone
are very satisfactory I do not beheve the course of the disease 1s
really modified specifically however Ve recogmze that m many
patients amy agent which will induce the disappearance of cdema ¢
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1s Tkely t© be io\\o“ed by * decrease 18 protetnt excretion nd 2
more Of less pm\onged rernission

Burnctt Our expenenc with corhisone 11 nephubs that 1t

may actually make the disease process worse Atthough yenal
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rehtively snactive extracts come from unnes which contan more
protem than the control urmes which were highly active

Pitts You spoke Dr Luetscher about certam difficultres 1o find
g tn your solsents themselves some sodmm retarmng actinaty  wnd
your eventual chowce of ethyl alcohof as beng the leist diturbing
Could you amphfy that a httle more?

Luetscher We started out with the conventional method of
suspendmg; the extract m bland o1l and encountered two problems
In the first place mny of the more polar sterords are quite nsoluble
m oil and 1t 15 very difficult to get uniform suspensions of unnary
extracts Ve had to work with unstable suspensions w osl wlhich
seemed very unsatisfactory

Furthermore if you are taking up chloroform extracts mt> ol
115 easy to contammate the ol with trices of chloroform which
may produce renal sopury m the rats So we tued 1 number of
vehicles which we thought would be better solvents and would be
easter to work with 1 every way Ve ran mte 1 lot of nuespected
achvity m control expeniments with injeetions of the sobvents(6)
OF the solvents that were tried only poly ethylene glycol nd aleobol
appeaied to be both nontowc to the rats and to have 1 heh of
effect on urmary excretion of sodum We tested carbowax propy}
ene glyeal glycenne and carbatol When myected in the furly large
quanttties necessary to dissohe the extracts the adrenalectormzed
rats showed either some disturbance of renal function suppresston
of water output or suppression of water and sodim output The
only tuo that we found that were decent sohvents for the ringe of
compounds 1 which we were mterested wnd which had no effect
on the excretion of soduum or of water by the adrenalectomized
rat were mumute quantitses of ethyl lcohol and polyethylene glycol

Gaunt Propylene glycol can be 1 tovie substince n the adrenn}
ectomzed rat

Luetscher There are 2 lot of interesting pomts that we tend to
overlook. Certatn bland solvents he been obsersed to ncrease the
Tver ghy cogen in the adrenalectomized rat There was one moment
when we thought we could work out a furly complete treatment
for adrenal wsufoiency from a mucture of ordmary sohents but
\ml'mhmately the pathologrenl studies of some of these rats after
wards indicated that the Targe doses wlich we used were qute tove
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