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CHAPTER 1
INTRODUCTION

™his study noﬁeﬁrna the investigation of some diuretic
jroblems dealing with the action of several compounds on urine
and electrolyte output. A brief literature survey follows for
these compounds: arterencl, salyrgan, dextrose, anmd sorbitoel,
rtore

The availability of pure l-epinephrine and l-ncrepine-
phrine (arterenol), has created new interest in the problem of
the relation of the adrensl medullary hormones to aiuresis, 7The
older literature concerned itsslf with the asction of the lmpure
mixture of adrensl medullary hormones called "epinepbrine® on
kidney function. Coldenberg et &l {1v42), has shown %epine-
phrine® to be two distinet hormones, now culled l-apinephrine
and l-norepinephrine,

Previcus work centered around the prediction by Star-
ling (191%), that the rate of glomerulur filtration might be
affected by the relative calibers of the afferent snd efferent
arterioles, Ten years luatoer, Richards and Plant (188:), observed
& diuresis in the dog end rabbit, send stiributed it to vas
efferuns constriction with & congejuent rise in glomeruler fil-

tration pressure, Further studics on urine flow in the dog after

1
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epinephrine (¥inton, 1951; Toth, 1957), showed that small doses
produced polyuria, large doses aligurik. This action was inter-
preted &8 due to & change in the gloweruler filtration rate. In
the gulnea pilg however large amounts of epinepnrine (u, to 60O
ug./kg.) greatly increased the water snd salt excretion té oG to
€0% higher than the controls {(Eroneberg and Oeklitz, 194%2),

The latra&ﬁetian of renal clearance tecbhnigues falled
to szubstuntiste the inferences of those who buelleved that
epinephrine incrsased the glomerular filtrution rate in wan or
in the dog (Smith, 1301; Chasis et al, 1lu0l; Houeh, 1l86l; Renyos
et al, 194%). Plekford and Wett (19ol), however, feel thit, in
general, the ronal plasme flow and the glomerular filtrution
rate run parallel with the rate of urine flow. The literature
of the wechanism of actlion of epinephrine on urine flow appears
controversial,

The recent literature concerms ltselfl »ith the sction
of the pure normones, l-epinephrine and l-noreplnephrine,

Rarrig et sl {(1luo0) and Hversolie et sl (lob:), have pointed out
that 4n the rat, the diuretic effeet of the adrenal medullsry
horwones 18 due to the activity of l-norepinephrine ang that
pure l-epinephrine uoes not stimulate water diurcsis. L-nore-
winephrine aots according to these workers, by inereasing the
excretion of sodium chloride, which has an oswotlic action in the
tubules, and by inecreasing the glomerular filtration rite as

measured by creatinine,
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Drill and Eristol (1861) kowever, found leepinephrine,
48 well as l-norepinsphrine produced diuresis in ratz, The
chloride sxeretion wes also inereasssc in thess sniwsals,  Glomeru-
lar filtration rute was not studied, Haltz et ul {1947), slsc
found l-epinephrine wnd lenorepinephrine produced similar effects
in the guinses plg, as well a8 in the rat.

In the dog, Desrborn and Lasegns (193%), snd Srankc and
RarVonen {(195:), reported antidiuretic effect elicited by both
l-spinephrine ana l-norepincphrine in dosses of & to 30 ug./4g.
i.v. Both stusles divided the antidiuresis inte two phoses: A
short effect of the saue durction s changes in the glomerulsr
filtration rate, and & long effset which persists after the eir-
culation has returned to norsal, The long antidiuretic effect
was attributed to the relesse of the antidiuretlic hormone since
it could not be eliciteda in dogs whose hypothalsmo-hyporhysesl
system was surgloally danuged,

Kapian et al (18b&), found only slight und inconstant
alterations in rensl plasma flow, glomerul.r filtration ruate wnd
sodium and chloride exerstion in the hydropenic dog during manni-
tol diuresis, Tue urine output was similsrly inconstant, In
thess experiments l-norepinephrine was given st the rate of 047
ug./kg./ min. to 1.4 ug./kg./ win, Leimdorfer (lon3), found
l-norepinephrine (0,001 mg./kg. 1.v.) sometimes evoked & FPo-

pounced inoreasse in the diuresis lasting over tvo hours, If the

blood pressure rise was great diuresis wus decreased, %pin&yhrinT
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(U002 mg./kg. i.v.) produced only & slight inersase in the diu-
resis of short duration,

In humsn beings, Verko et al (1961}, and Smythe et al
(1e0s), founi ouly & smell influcnce on diurcsis with the adrenal
medullery boruones l-splnephrine and l-norepinephrine, ususlly wsn
inereass, The glomerulur filtrution rate was constent uespite an
ineresse ip arterial pressurs. A deoresse in tbe excrati&n of
sodiud sanu potessium was abttributed to an inervase in tubular
rechsorption by SBmythe ot &zl (185:). Jecobson, Hemwmarsten and
Heller, (194:), confirmed, in generwl, the observations of
Smythe et al. They found thet the constint infuslon of adrena-
line &t the rate of 10U to 18 n&.ﬁmiﬁ. cuused « decrease in
repal plesas £low, & decresse in gloaerular filteation rate,
and an ineresse in [iltrution fraction., There was & decreass
in the excretion of sodium, potassiuve e«nd chloride, (thers
(ifoyer snd Hundley, 1e51; Churehill-Davidson, ®ylie, snd %il@sg
1901; Plekfora umd Wett, 1ubl) found renal blood flow and
glomeruler filtration rate ususlly reduced with both l~epine-
phrine and l-norepinephrine. Duncen et el {(ibd1l), found U.4
mg of adrenszline in oll every four hours in humsns cuused wn
incresss in sodiun and chloride, and s decrease in potassgium
gxeretion, Ko consistent change occurred during the admini-
stration of adrensline in saline,
Salyrpan

Although the mercuri.ls are widely used clintouzlly,
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thelr mechanism of action is still unelarified., At present,
they sare belleved to act by inhibiting tubular reabsorption of
water and eleetrolytes (Buntram, 193%; Behwartsz and %Wallace,
19613 Rice, Frieden, and 8mith, 19563%; Furah, Cobbsy and Mook,
19b&), lonizuble mercury appears to be the active econstituent
of these cowmpounds, hence the superiority of the ionizable
compounds (Scllman, Schrelber, and Cole, 1986). Host sorkers
find little or no changes in the glomerulsr filtrstion rate or
the rensl plasma flow euused by these compounds (Brodsky and
granbarth, 1963; Sehwitz, 193z; Yalker et al (1837). Balyrgan,
has been reported as having & pronounced sffeet on electrolyte
excretion (Blumgart, Gili, and Levy, 1834; Berliner and Kennedy,
14948; Weston and Escher, 1948; Mudge, Ames and Foulks, 18060;
Pitts and Duggan, 1980, Schwartz and Wallace, 1lo0lg citrcn;
Bercu, Lemumer and MHassie, lubl; Brodsky snd Orenbarth, luddy
Rice, Frieden and Saith, 18063). Sodium and e¢hloride are freely
excreted, while potassium is conserved, i,e, salyrgan does not
interfere with the tubulaer reabsorption of potassium. Berliner
and Kennedy, 1948; Mudgs, Ames and Poulks, 18503 Schwarts and
¥ullace, (1981), Some workers found an increase in potassium
excretion (Blumgart, Gill and Levy, 1934). Altschule (19v3),
found an inerease in potassium excretion in sodium depleted
individuals,

Evidence is sccwsulating (Rice et al, 1853) thut
chloride ion is the ion prinelipally affected by the mercurials,
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with sodium excrstion following possively, With the innibiu
tion of chloride apd sodium rw&bacrpti&n, those perticles ure
osmotically aotive amd produce the resulting diuresis. This
hypothesis i sup,orted elinically and experimentally by the
finding that chloride depletion leads %o refractoriness of
the kidney with respeet to the diuretic effect of the merou-
rials, while the administration of eblorlide sults lesds to &
recovery of their diuretic potency (Hilton, 185l), Further
supyort for the hypothesis is presented by Rice et al (1908),
in experinents in shieh they diminished the activity of & wer-
eurial by substitution of sodium nitrate for sodium ehloride
in the wascular gouparitment af.th& AOR «

Seversal stiempts have besn mede to link the diuretie
aetivity of mercurials to the inhibition of sovae particulsr
ensywme system, These attempls were based on the assumption
that fonizable mercury combined with eﬂa af the muny ensymes
80 important in metabolism,

Handley and Lavik (1650), found inhibition of the
succinie dehydrogenase system of the kidney by mercurial diu-
retics, The fact thut the inhibition could b= reversed by
Bay sup,orts the assumption that the mercurials wot by combine~
ing «ith eritical sulfhydryl groups, Fswss (1ubl), found no
infiuencs on oxygen uwptake of kidney slices or on the succinie

oxiduse activity when diuretie doses of mercuriels vwere given,
A8 pointed put BY Fawsz, the fact thal BAL reverses the action
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of mercurials is no prool that m&rﬂﬂxigl diuretics act b; inki-
biting sulfnydryl ocontaining enzymes, 1t only weans that Bal
binds mercury more firmiy thsn the tissues,

Cohen (1503), attempted to sbow an inhibition of ATP
produetion with mercuriuls, but found innibition only with
doses weny times the diuretic dose,

Bince the mercurials inhibit sodium and chloride re-
absorgtion sechanisms (Citron et al, l9od; Sochroeder, lusl), &
bigh incidence of extruceliular fluld sodium end chleriue de-
pletion results when the drug is cQoupled with salt restriction,
This foct becomes important s the "low salt syndrome® may
develop elinieoally.

The literature on the diuretic sction of dextrose is
axtrumely limited, The gensral view is that dextrose is an
fosmotic? diuretie whenever it exceads the kidney threshuld and
spilis over into the urine, The dextrose producus diuresis by
its ozmoti¢ aetivity whieh holds water in the kidney tubules
for sxeretion instesd of being reabsorbed,

In 5 study of the diuresis of disbetes mellitus,
Brodsky, Rapoport snd West (1950), concluded the diuresis to be
degendent only on the nuwber of usmotically sebtive particles
being excretec, In men, Tarail et al (1831), found dextrose
to hBave no value as & diuretie, A 2% dextrose solution greut-

ly inoreased the urine flow, but losses of water did not excesd
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the volume of fluid administered., The excretion of potussium
snd ehloridse usually rose teamporarily and then fell, The excre-
tion of sodium was ususlly too smell to produce spprecisble
reduction of increasad storea of sodiua,

seliart (1lwd?), found hypartonie dextrose soliution,
in the dog, did not ineresse the glomerular filtration rate as
measured by creatinine, Bonsnes whkd Dana (1836}, however,
found an ineresse in the glomerular filtration rate of uboul l.&b
times the control wvalues,
Eorbltol

sorbitol is & hexalhydric aleohoi, produced by the
reduction of cextrose. Yest et al, (1u58), showed 1t to bave
1.B8 times the osmotic presgure as the same percentage sucerose
solution. ®orbitol inerssased the urine output froa the control
value of 20 ml, j;er 15 minutes to 160 ml, per 1o wimites after
the intravenous injection of 50 ml, of & 504 sorbitol in the
dog., Burget ot sl, (1827), also working with the dog, reported
regpeated injection of 0% sorbitol solution over & periocd of
several duys gives no evidence of any toxic effects, Linaberg
(1930), also showed sorbitol to be non-toxie to the dog kidney,
Rapuport, Brodsky, West end dackler (lu4d) bave duts supporting
their hypothoesis that urinary flow is simply dependent on the
concentration of the loading solute in oswotic diuresis. Bor-

bitol was among the solutes studled,
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Strohm {19:8), used ¥0% sorbitol solution intravenous-
17 in dogs and found it equal to 3&6?55& in its diurstic aeti~
vity, Sorbitol wss ulso used clinicully in a patient who had
sluost coumplets anurde for several dsys end falled to rospond
ti 1.¥. glucose, sucrose or sorbitol until the dose of sorbitol
vas inereaszes to 1 ec./lb. Alwmost overnight ¥00 ec. of oU%

sorbitol esused the output to egucl the intake,




CEAPTER I1
STATIMEKT OF THE PROBLEM

This study is concerned with the investigation of
four ecompoundass arterencl, salyrgan, Jdexirose, and sorbitol.
Each is being studied for its effect on glomeruler filtration
rate (GFR), rensl plasma flow (RPP), urine flow, and the ex-
eretion of sodium, chloride, and potussiunm,

Arterenol 1s being investigated bedsuse studies on
l-norepinephrine slone have been sparss, Most of the work hes
been done on rats with only a few reports on the dog. A few
stuiles have been done on human beipgs. Salyrgen, though
widely studied eliniecally, deserves more attention with respect
to its mechonism of sotion, Dextrose and sorbitol bave re-
ceived hardly sny study es diuretics, The effeet of dextrose
on the glomerular filtrationm rate (oreatinine clearence) has
boun studied ineldentully, as part of other ,roblese, but no
study of electrolyte excretion has been made, while sorbitol
has not been studied with respect to its mechanism of diluretic

agtion,

10




CHAPTER 11X
HETHODS

Male snd female mongrel dogs were lightly anesthetized
with nembutal or chlorslose wnd hydrated with 0,54 MaCl (15 ml,/
Bge L4¥.). The hypotonie NaCl solution was given through the
right femoral vein, The left femoral vein was exposed and
blood samples withdrewn st definite intervals, At the time of
hydration, p-~sminohippuric acid and creatinine were injected
subcutaneously (50 and 100 wg/kg. respeetively). The bludder
was catheterized with & #9 plastic cutheter, ami the blsdder
smptied, The first collection period begsn about thirty minutes
after the hydration,

The carotid artery was cannulated and the blovd pres
sure was recorded by a mercury msnometer. A direct writing
slegtrocardiograph recorded any changes in the electrocardiogram,

The drugs wxier study, were glven through the right
femoral vein by injection either directly into the vein or inte
the rubber tubing attached to the cannula, The urine collection
periods were esch thirty minutes long., At the middle of sach
period, blood samples were taken from the left femoral vein and
later analyzed for ereatinine and p-aminobhippuric acid. 4

similar enalysis was made on the urine samples, and in sddition,

11
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the urine was analyzed for scdium, chloride, and potassium,
Crestinine wus determined by the method of Folin (1918),
and its renal clesrance considered eguivelent to the glomerular
filtration rate (GFR). p-Aminchippuric seid was determined by
the method of Swith et al, (1945), and its renal ¢lesrance ¢on-
sidered equivalent to the rensl plasma flow (RPF), Chloride
was détarminaé by lodometrie titrztion using the wmethod of
sendroy (1837). BSodium znd potassium were determined by flame
photometry (Perkin-Elmer Instruction Manusl), Willard, Herritt,

Dean,




CHAPTER IV

RESULTE AND DISCUBSION

Table 1 presents & compurison between the average
control values, and the average values after the Intravenous
sdministration of arterenol (0,001 mg./kg.). The statistioal
analysis indicatss no gignificunt differences between the con-
trol pericd and the arterenol period,

TABLE I
THE ZFFECT OF IRTAAVENOUS ARTIRENOL ADMINISTHATION

O% URINE OUTPUT, OFR, KPP AND TH:Z URINARY EXCRETION
OF SODIUM, CHLORIDE AND POTASSIUM

PERIOD URINE GFR RPF Reab, ucl Ula UK
ﬂugFUT (ml./min) (0g./80 min,)
gontrol 5.8 61 161 0,874 18,7  TL.2 49,1
arterencol 9,8 64 156 U.584 66,9 68,8  30.8
82 185.2  419.8 303K.8 .07 x 107" 478.8 w8 2856
8g = 4.4 7.4 £B.B0 ,0LEb T8 BT £7.8
t - 0,862 0,414 0,1833 533 1.528 0,385 0,511
P = c5 D Wb 15 e .ﬁ ,f?

g° = varisnce, By = standurd error, t = ratio of difference
betweun the means and 8¢ , P = Drobability

13
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Explunation of symbols used in Table I

GFR, Creatinine Clearance--glomerulsr filtrution rate in wl/min,

RPF, p-Aminohippuric seid eleurunce--renal plaswe flow in ml/min.

Reab., Reabsorption of witer by the tubuless, Hl, resbsorbed per
ml, of glomerular filtrate,

UCl, Urinury excretion of chloride, exprussed in mg./ U minutes,

UNa, Urinary excretion of sodlium, expressed in mg./ /20 minutes,

UK, Urinary excretion of potassium, expressed in mg./30 minutes,

Tuble T summarizes elght experiments, the ovlginal
data of which appear in Table V.

The blood pressure was not &llowed to increass over
50 ma, Hg, It returned to preinjection levels in about two min-
utes, No changes were noted in the ¥CG,

iscussi

Ho consistent change oceurred in these experiments,
Results ranged from diuresis to sntidiuresis. This wes probably
due, in part, to animal wvariation, bowever the svidence currently
available indicates both of these effects can be obtained. The
average walues do not indicate any very significant changes
axcept perbuaps the decrease in potassium excretion. According
to Dury (19561), epinephrine should be considsred &5 having &
role in potassium homeostasis. ﬂe found epinephrine (0.0% ug.
yer 100 gm, rat, s.¢.) deeressed the plasma potassium in normal
rats, If sueh & result occurs in the dog, it is obvious thst
less potsssium would be filtered, and therefore less excreted,
Pullman and MeClure (1%0x) foumd & decrease in the plasma pote-
ssiuws with l-norepinephrine in humens, indicating that we were
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probubly getting the same effect in the dog. The sm&all de;raasea
in the exorstion of sodium and chloride could be considered
insignificsnt changes without need of explanation. Ve mighi,
on the other hand, consider them significent changes witich re-
sulted from the inoresse in the resbsorytion of water, A8 ROTe
weter was resbsorbed by the tubules, more sodium and chloride
was passively resbsorbed alomg with it, In wan, Smythe et al
(1952) was impressed with the ides of increased resbsorption
for he says, "Urine flow ususlly inereased somewhut during the
sotion of the adrensl medullary hormopes and fell off sharply
on withdrawal, suggesting that these compounds interfere with
the tubular reabsorption of water,®

Although animal variation is undoubtedly & large
factor in these results, various degreses of diuresis snd anti-
diuresis can be elicited with this compound. This suggests that
some variable in the administration is not being controlled,
It may be that the rate of administration &s well as the total
smount are important in the result obtalned, It should be
noted that workers have 9raviaﬁsly reported inconstant resulis
with respect to urine formation and even if they reported only
diuresis or untidiuresis, suebh wide variation in response de-
mands an explanation,

Schlegel (1953), suggest thut the lack of ugreement
among various investigators as to the effeet of epinephrine on

water and electrolyte exoretion may be due to differences in
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the adrenergic activity of the adrenal medulla,

Leimdorfer (1953), found that 1f the blood pressure
rise was too great, in the dog, uﬁﬁidiureaia resulted, with
smalleg}risea in blood pressure there was an increese in the
diuresiu whiéh was quite pronounced and which lasted over two
hours, |

On the basis of the reports in the literature and
our own experiments we have to assume that the diuretio action
is due to the rise In blood pressure snd the subsequent ine
crease of the GFR and by 1ts asction on the renel tubules which
results in a decrease in the reabsorption of water and en in-
crease in the excretion of chloride, Any inorease in the excre-
tion of chlorides has an udditicpnl osmotic sotion of 1ts own,
tending to retain water in the tubules,

Salyrgan

Table II pressnts a comparison between the aversge
control values and the average velues after the intravenous
sdministration of salyrgan in emounts of 2 to 6 mg,/kg. Statis-
tical analysis indicates significant differences between the
control and drug periods for the urine output, reabsorption

and urinary excretion of sodium and chloride.
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TABLE IT h
THE EPFECT OF INTRAVENOUS SALYRZIAN ADMINISTRATION

ON URINE OUTPUT, GFR, RPP, REABSORPTION, AND THE URINARY EXCRETION
OF SODIUM, CHLORIDE AND POTASSTIUM

PERIOD UV GFR  RPP Reab. UCl  UNa UK
%0 min, (ml./min. (mg./30 min,)

sontrol  14.6 45 138 0,990 39.6 29,9 30,5
salyrgan 31.5 53 143 0.973 48,1 107.6 33.1
32 ¢ 766.6 229.1 9120 1.612 x 10‘§ 22070 1568.6 266.6
5w 6.7y 3.907 36,1 L.015 x 1077 36,90 30,0 L.71
t u 2,517 2.05 0,138 L.23 2.94 2,586 0,552
F  J ‘.05 i 105 P 7'5 P 001 .02 .05 .5

Por an interpratation of the symbols, see Table I,

Changes in the blood pressure wers insignificant,
Qocasionally there was depresaion of the "I" wave of the ECG,
or tachycardia,

Pilgure 2 is a comparison between the control period,
and the period after sslyrgan with respect to urine cutput,
3alyrgen Discussion

}The results of these experiments indicate that t his
diuretic escts by dscreasing the resbsorptlion of water from the
tubules and by increasing the excretion of sodium and chloride.

G¥R snd RPP are easentiully constant,
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Evidence 18 now sccumulating ?hich indigates that the
principal and possibly only action of the mercurisls is on the
mehaniam concerned with regbsorption of the ahloride ion from
the tubules (Rice et al., 19%3), The results presented here
|support this hypothesis,

According to Rice et al., (1953), the inhibition of
phloride reabsorption casuses this ion and sodium ion to be
lexcreted in the urine in increased smounts., Sodium ion follows
jchloride ion to maintain electrical neutrslity. The excreted
ions exert an osmotic action in the tubules which tends to

fhold water and cause it to be exoreted in the urine,

It 1s interesting to note that potassium excretion
inoreased only slightly while sodium and chloride increassed a
proat deal., It appears that potassium reabsorption is unaffected
by mercurials. This is in sgreement with Berliner and Kennedy,
1948; Mudge, Ames and Poulks, 1950; Schwartz and Wallace, 19513

t contrary to Blumgart, (11l and Levy, 1934. Altachule (1953),

ound some patlents excreted more potassium than sodium in

odium depleted individuals.
3ome important dangers to Salyrgan's use deserve
ention. Mercurlal poisoning of the kidney and heart may result
Ercm prelonged use. Depletion of addium, chlorlde and asometimes
potassium may result especlelly when coupled with salt restrioc-
bion.v This derangement of the extrscellular fluld produces the

[Eou salt syndrome" clinically.
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Dextrose

Table IIY presents a comparison between the average
control values, snd the average values after the intrevencus
administration of dextrose (2,0 ml,/kz. 50% sslution). Statis-
tical snalysis indicates signiflcent differences between the
contrel and drug periods for urine output, OFR, resbsorption,
and urinary excretion of potassium,

TABLE III
THE EFFECT OF INTRAVENCUS DEXTROSE ADMINISTRATION

ON URINE OUTPUT, GFR, RPF, REABSORPTION, AND THE URINARY
EXCRETICH OF 30DIUM, CHLCRIDE, AND PCTAS3IUM

PHRRIOD OV EX arr RPP Resab, Ucl Ulia UE
30 min, min, (mlmln, ) (mg,/30 minutes,)

control 10,3 0.34 62 20 0.994 31,1 16.6 29.L

dextrose L0.2 1.3L 86 301 0.984 81,1 28,2 sL.5

Por an interpretation of the symbols, see Table I.

s2 = 114.1 245.5 1790 9.166 105 5278 100.8 193.7
8% = o717 7.00 36,02 3.6007x10-3 8,684 L.49 6.224
t = 268 13.425 1.69 2.764 2.303 2,583 L.0327
P = .01 02 .01 .05 .05 .05 .02

In several experiments, a second injection (2 ml./kg.,
504 soln.i.v.) was given., It was found that the urine output
was again increased to 68,2 ml per minute on the average.

Pable VII presents the original date for all the




Pig, 3

22
COMPARIBON BUTWEEN THE CQ}%’?RGL PERIOD AXD
TEE PURIOQD APTHER DEATROBE WITH
RESPHECT TO URINE QUTPUT,

70 |
m -l
50 |
40 |
50
2O
10 |
0

CONTROL DEXTROSE BECOKD INJEC-

pERIOD (2 ¢e./kg.i.v.) TIOR OF

DELTROGE

{E ﬁﬂn/kxnivl%)




23

dextrose experiments,
Figure 3 1s a comparlison between the control period
and the pericd after dextrose injectlon with respect to urine
éutput,
piscussion

| The results of these experiments indleate that in
every experiment except one there was an increase in the OFR
and RPF, 1In one experiment, there was no chsnge. A good diure~
88 was alwsys obtained,

The lncresse In the GPR 18 in sgreement with Bonanes
and Dana (1935), who slso found & considerable increasse. The
explenation for thils incvaaseiin 7R 4s probably found in the
sxpansion of the blood volume which in turn brings about an
inoresse in the 3FR. The expansion of the blood volume is due
to the hypertonic dextrose solution itself, and to its abllity
to ettract water from the extracellular fluld further expending
the blood volume.

There 13 evidence that the kidney cen regulats both the composi-
tion and volume of the extracellular fluid., It 1s probasbls that
one mechanism for reduclng the fluid losd is by ineressing the
(3FR, The avallable evidencse indicates that the GFR does vary
junder certsin experimental conditions, though not ususlly,

Ladd and Ralsz (1949), showed that isotonic sodium

ﬂohloride given intravenocualy, or added tc the dlet in amounts

Ep to four grams per kllograms, induced changes in the OFR of
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up to 1007 over control values.

Evidence 1s also avallable that in certain conditions
there 18 a marked decrease in the GFR. According to Merrill
(1946), the GPR 1s reduced to 1/2 to 1/3 of the normel value in
petients with congestive heart fallure,

Shannon (1936), has shown that the GPFR tends to ine
crease with Increasing urine flow and dminish with low urine
flows, but his general conclusion is that there iz too small a
change to be conslidered a mechanlsm by which the kidney regulates
the volume of the body flulds, 3hannon simply varied the water
intake of his animals, however, to produce the varistion in
urine flow.

¥y own suggestion la that a large extracellular fluid
logd which 1s isotonic or hypsrtonlc can lncrease the 4PR,
According to ocur present conception, the antidiuretic hormone is
liberated whenever the extrscellular fluid becomes hypertonloe,
In this situatlion, the kidney must overcome the activity of the
antidiuretic hormone and increase the GFR in order to dispose
of a large fluld load, This is probably accomplished by a
small inecresse in the blood pressure and by dllatation of the
vascular system of the kldney. The lnorease in the RPP supports
this assumption.

If it 1s true thet as the hypertonie fluld load in-
oreases the GPFR alaso 1néraasa, two mechanisms would be operating

to produce the diuresis: the increase of the glomerular filtra-
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tion rste, and t he osmotic action of th? unabsorbed aubnt;naoa
in the t ubules, This osmotic action tends to hold water in the
tubules 8o that it becomes part of the urine.

The increass in the electrolyte excretion (sodium,
obloride, potaasiqm), is expleined by the increased glomerular
filtration rate and the "washing out" effect which is produced
by the greater ur?no flow, There 18 leas time for the aoctive
reasbaorptive mech;nisma to operate and reclaim the increased
amount of electrolyte presented to the tubules,

Since the excretion of electrolytes 1s inoreased,
there 1a danger of salt depletion, especlally when coupled with
salt raatriotion.

Sorbitol

Teble IV presents a comparison between the average
control values and the sverage values after the intravenous
administration of sorbitol in amounts of 2,5 ml./kg. of a S0%
solution, Statistiocal snalysis indicates significant differences

between the control and drug periocda for urine output and RPP,
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TABLE IV
THE EPPECT OF INTRAVENOUS3 SORBITOL ADMINISTRATION

ON URINE QUTPUT, GFR, RPP, REABSORPTION AND THE URINARY
EXCRETION OF 30DIUM, CHLORIDE, AND POTASSIUM

PERICD UY UV GFR RPFF  Reab, Ul UNa UK

30 min,min, (ml,/min.) {mg./30 minutes)
eontrol 15,3 0.51 60 72 0.983 .5 32,0  L9.8
lsorbitol 74l 2.48 71 18  0.959  112.5 77.6  36.8
Is? = mBE &8.2 1021 2.211 x 107l 8891 Lh32  2021.8
Sg = 12,47 10,4 18.45 0.01777  55.64 25,16 13.3
t w  L.739 2,211 7, 1.350 1.3&% 1.812) .5990s
P = AQl 005 aoz 02 12 1 .5

Pbr an interpretation of the symbols, see Table I.

In seversl experiments, s second injection of sorbitol

tsa made, whiéh resulted in a further inorease in the urine oute
ut (to 4.8 ml./min.) and electrolyte excretion,

As in the case of dextrose several mechanisms appear
ko be operative, There is aﬁ inorease in the GFR and RPP, This

increase 1s similar to the Increase after dextrose injection and

robably erises for the same ressons. The urine output 1s con~
iderably larger after sorbitol however. The hypertonic sorbitol
olution draws water from the intersticiasl fluid to further ex-
sand the vascular compartment after the initial loesd of 2.5 ml/kg,
r 504 sorbitol solution. There is a smell increase in the
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blood pressure, Dextrose, sorbitel, and probably any compound

in sufficient concentration to increase the tonisity of the
plasma, appears to incresse the GFR and RPP, It 18 assumed this
is due to expansion of the extracellular fluid volume, and the
increase in the blood pressure. Under the circumstances of a
large hypertonic fluid load, the kidney is teleologically re-
quired to excrete the load in spite of the fact that the kidney
is handicepped due to the liberation of the anti-diuretioc hormone.
The kidney overcomes this handicap by incoreasing the GFR,
According to Chamber, Mevlille, Hare, and Here (1945),
it 18 the change in the osmotic pressure of the plasma rather
than changes in eny specific ingredient (sodium, ochloride, etc.)
that determines the response of the neurchypophysis in releasing
tidfuretic hormone., With the adminiastration of sorbltol, the
psmotic pressure of the plasma 1s lnoreased.
The deorease in reabsorption 1s due to the actlion of
khe unabsorbed substances in the tubules, These substances re-
Lain water in the tubules by thelir osmotlic action end this water
8 excreted as urine,

There 13 an increase in the elsctrolyte output of
thloride, sodium, and potassium. This inorease 1is sgain due to
bn increase in the GFR, and as more fluid is pressnted to the

fubules per unlt of time, less is reabsorbed by the tubulea. The

reater electrolyte load in the tubules also adda to the osmotic

ction whioh reduces ths resbsorption of water,
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Sorbitol, as a diuretliec, has the advantage of being

non-toxic to the kidney, producing a profuse diuresls and re-
maining in the vascular compartment longer than dextrose, since
it is metabolized more slowly. As in the osse of dextrose and
gnlyrgan, there is danger of déploticn of sodium and chloride,
Potasasium excretion is probably not greatly changed, even
though our experiments indicated a amall deorease, According
to the results of these experiments, arterencl 1s both dluretlo
and ﬁnti-diuretla. The other drugs studled are distinectly
diurstlio,




CHAPTER V
SUMMARY

Arterenocl

1. On the basis of our experiments snd conforaming
with the reports about the diuretic action of arterenocl
(Eversole; Drill and Bristol; Leimdorfer) we have to essume
that generally arterencl produces an increase in the urine out-
putg

2., The inorease in the urine output may be explained
by the rise in blood pressure and the subsequent increase in the
GFR and by its action on the renal tubu;aa (decrease of the
reabsorption of water and incresse of the chloride excretion).
Salyrgen

1. The diuretic sction of salyrgen is not due to an
incresse in either the GFR or RPP, these functions do not change.

2. The prinocipal agtlon of salyrgsn in producing
diuresis is the decrease in the reabsorption of water from the
tubules, |

3. The deorease in reabsorption is probably brought
about by the osmotlic sction of the electrolytes, wa ich are
excreted in inoreased amounta,

L. The mechanism for the reabsorption of chloride

30
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is inhibited by the mercuriasls leading -to a pronocunced increase
in the execretion of chloride. Sodium, and under certsain condi-
tions, potmssium excretion follows chloride excretion passively
in order to maintain electrical neutrality.

Dextrosas

1. Dextrose exerts a dluretic effect by inoreasing
the GPR, RPF and the exocretion of ohloride, sodium, and pota~
ssium., In addition dextrose exerts sn oamotic action in the
tubules which together with the electrolytes and other solutes
retards the reabsorption of water,

2. The Increase in the GFR and RPF 1s sssumed to be
due to the inorease In ths blood volume, and & small inoresse
in blood pressure.

Sorbltol

l. Sorbltol inoreasses the oamotic pressure of tho
blood more than an equivalent amount of sucrose,

2., The OFR and RPP Increases. This 1s assumed to be
due to the increase in the blood volume together with a small
increase in bloocd pressure,

3., Sorbitol plus the other elestrolytea and solutes
of the plasma exert an osmotic pressure in the tubules and re-~

tard the reabsorption of water,
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ARTERENOL EXPERIMENTS =

TABLE V
Date Wt. PER UV uy GFR RPF Reab. UCl - U¥a UK B.P,
Xg. 30 min, min. (ml./min) o (mg. /30 minutes) mm.Hg.
| )4/15 1900 (0) 25.9 Oo?h 78 - 0*990 3';07 : - -—— 1&5
(d) 18;5 0062 : ?7 - 0.992 .- 2203 hadd badnd 159
5/7 10,0 (¢) 19.0 0.63 62 238 0.990 72.5 95.0 132 155
g () 52.0 171 51 172 0.966 L0.6 97.0 b 1%
5/21 11.8 (ec) 38.2  1.09 58 148  0.981 140 o0 e 110}

(a) 38.5 0.96 s - 156 0.982 116 @ -- - 150

- 6/5 () h2.0 1.40 87 160  0.983 21.9 - -— —

{ d) %:éo O 1Q 50 71 165 i 0. 97% 28‘ 8 -- “';' T e

6/9 11.0 (c) 21.L 0.71 L9 110 0.985 89.5 -~ - .13
/ (d) 16:3 O‘ S.h 30 ha 0. 9&2 6806 hadad - 16§
7/6 9.0 (e} L40.5 1.ﬁ5 88 - 0.853 165 122 33.0 135
(a) L2.0 1.0 123 - 0.989 136 99 9.5 155
7/13 21. (e) 15.6 0.52 Ll 210 0.988 93 17 170
{d) 20.0 0.66 52 260  0.989 117 ?E 60 200

10/25s 8.4 (e} L.O 0.13 26 L2 0.995 9.8 3.3 b ==

(a) Les 0.15 57 137 0.997 7.0 3.7 22.3 -~

413

5 -




Explanation of Symhels Used in Table V-VIIY

UY, Urine Volume--ml/30 minutes and ml./minute, :

GPR, Creatinine Clearance--glomerular filtration rate expressed in ml./min.

RP P, p-Aminohippuric scld clearance--renal plasma flow expressed in ml,/min.

Resb.,, Reabsorption of water by ths t ubules, ml. reabsorbed per ml. of
glomerular filtrate, - :

UCl, Urinary excretion of chloride, expressed in mz./30 minutes.

URa, Urinsary excretion of sodium, expressed in =mg./30 minutes.

UK, Urinary excretion of potassium, expressed in mg./30 minutes.

PER., Period of urine collection--{c}, 1is equivslent to control period, (d), is
esquivalent to drug period (srterencl).

B,P., Blood pressure in mm, Hg.

Wt,, Weight of snimal in kilograms.

% Comparlison between the control period and the pericd after the intravenous
injection of arterencl (0.001 mg./kg. i.v.).

.13




SALYRGAN EXPERIMENTS

PABLE VI
Date Wt.  Per.UV Uy  GFR _ RPT Reeb. uc1 UNe UK B.P.
Kg. 30 min. min. (ml./min.) (xZ./30 minutes) mm.Hg.
4/28 9.0 (¢} 8.7 c.zﬁ Lo - 0,993 20,6 . .= . w==_ 140
' (5) 32.8 9, L5 - 0.979 110.0 - - ;ggfuw»~ -
L/30 12.0 (o) 27.0 0.90 . -— 0.96 90.0 — - 15
(5) 20,0 0.57 h? - 0,98 71.0 -— —-— 135
'7 6 1.0 (o) 24.5 0.82 63 0 0.587 79.0 72.5 48.0 120
% (6) ug.c 1.54 €8 %ﬁu 0.977 140.0 130 35.6 115
7/21 18.9 (c) 29.0 .97 99 Ls1 0.993 115 106 L5.3 iﬁs
(5) 32.5 1.08 81 270 0.587 122 131 39.3 0
7/28 6.0 (¢) 22.0 0.73 28 - 0.974 62 - -- - 135
/ {6) 37.8 1.26 1) - 0.881 21, - -- 100 |
7/30 13.0 {¢) S.7 0.19 1 0.990 .1 10,6 9.1 -
/3 § 3 ) 7«0 Q. 26 Sﬁ 1}.2‘2 0. 998 g.s 17.8 12.0 -
9/1 13.1 {e) 12.0 0.40 50 — 0.992 19.9 L.3 28.1 150
(6) 13.8 0.47 76 - 0.994 16.1 3.7 13.7 150
9/8 13.4 {¢) 8.4 0.28 53 - 0.997 58.1 31.9 L48.0 155
(6) 12,0 0.40 50 - 0.993 s4.5 52.7 59.0 150 _
’ o
9/1; 12.2 (o) 7.5 0.25 0 - 0.996 2L.0 19.3 - 165
(6) 12,0 0.40 3 - 0.993 L49.6 331 - 175
9/16 12.7 (¢) 6.5 0.22 7 v 0.9 8.3 — — e
(6) 1105 0038 7 - 0.9& 28-2 - -— -




TABLE VI (Cont.)

pate i;: Per,gé m1n4g§!n. ?gi./nig?f' Rosb. agis./Bgﬁ;inufgg) mg:gé.
sy B - oD T #E Ry el o=
el v B 3 S > S5 - S
o ket 1% k3 % ORI B3 WS-
Wk 1.8 (g G5 022 a3 B ob T L3 ILh
SR IV T B - B A A X
GRS A A
om oo B oX B8 ME S0 C

Por sn interpretation of the symbols, see Table V.

{¢), represents the control perlod

f*he number in bresckets represents the smount of salyrgan in milograms.

8




DEXTROSE EXPERIMENTS

PABLE VII
Date Wt. Per UY o GFR RPP Resab. ucl UNa UK B.P.
Kg. 30 min. “min. (ml./min,) (mg./30 minutes) mm.Hg.
5/13 18,0 {¢) 10.0 0.2 - 51 70 .59 0.9 2. 7.5 130
{a) Lb.0 1.53 - 82 398 0,981 Le8 12,1 2‘3 135
6/2 10.9 (¢} L.l 0.1L 25 ﬁz 0.99% LeS - - 120
6/2L, 7.5 (e) 5.6  0.19 | - 0.996 .9 13.7 42,3 1o
{a) 23.5 0.79 gjé - 0.992 33'0 41.8 Llh.9 1ho
8/11 12.8 (e} 6.5 0.22 95 198 0.998 12.3 55.4  2L.4 5
/1 (8} 52.0 1.7 113 - 0.985 80.7 65.6 60.0 %ge
(d) Ti.5 2.3 158 200 0.985 56,5 73.5 38,2 145
8/13 14.5 (&) 7.1 0.2l 98 341 0.998 5.8 Le2 21.1° 160
(d) L3.0 1.43 Z? 502 0.985 1?.1 4.8 139.1 180
{a) 70.0 2,133 5 173 0.949 27.0 3.2 32,1 170
8/27 17.6 {e) 6.0 0.20 €9 - 0.997 1l.} 7.54 11,6 140
(d) 36.0 1.20 89 - 0.987 25.4 16,6 1.3 150
(a) 63.0 2.1 69 = -- 0.967 Lo.2 25.5 37.2 150
4/24 15,0 Ec) 32.5 1.08 56 - 0.981 173.0 - - 110
ﬂ) 62. 0 21 06 ?5 - G' 972 172. Q - Houtnd 110
For an interpretation of the symbols, see Table V. f;

(d), dextrose solution, 2 ml./kxg. 50% solution,




SORBITOL EXPERTEENTS

TABLE VIIZ
Date Per.Uv ov GPR ! Reab. UCl B, P
30 min. "min. (ml,/min.} ; {mz./30 mimitea) nmm.Hg.
6/19 (¢) 25.1 0.3 - 0,987 136.5 5
/1 {d) 7&.1 2,37 92 0.973 110.9 igs
6/12 (e} 15.4 0.51 Lo 0.987 313.4 150
(d) 33.0 1.10 95 0.985 aﬁ.h 170
6/29 (o) 1ﬁ.3 0.65 gé 0.986  57.9 145
(d) 54.0 1.80 7 0.973 37.3 110
7 0 (¢} 15.3 0.51 85 0.994 123.5 155
/i (a) 76.0 2.53 68,0 0.963 136.1 165
7/10 (e) 7.5 0.25 6 0.959 15.0 5.9
/ (d) 55.0 1.83 23 0.922 95,6 13,8
7/2L (e) 18.0 0.60 23 0.97 76.5 65.5 150
/ (a) 109.0 ﬁ.éo &9 0.94 131.0 638.5 170
(¢) 147.0 <90 - - 182.0 5.7 -
8/6 (¢) 6.5 0.23 68.0 0.996 8.9 60.6 150
/ (d) 120.0 L.0 8L 0.952 251, 84,5 ~-
(d) 2}-7 - e 357»0 5703 -

?or an interpretation of the symbols, see Table V.

(d), represents the intravenous administration of the drug, 2.5 ml/kg. S50%.

In thess experiments the ocontrol period (c¢) is compared with ths drug pericd (d).
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