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ABSTRACT

Background: Laop diuretics are highly natriuretic but their short duration of action pepugs
diuretic sodium retention, which limits salt loss unless dietary salt is severely restricted.

We tested the hypothesis that a more prolonged duration of action would enhance salt loss.
Methods and*Results: Ten healthysubjectswere crossed over betwe&® mg of oralimmediate
release (IR) oextended releag&R) torsemide whileeonsuming a fixed diet with 300 mmoay*
of Na'. Compared to IRplasma torsemide aft&iR was59% lowerat 1-3 hours, but 97% highext
8-10 hours™due toa >3-fold prolongation of time to maximaplasma concentrations The
relationship of natriuresis to log torsemide excretion showed marked hystaresubjects spen
twice as longwith effective concentrations of torsemidafter ER thereby enhancingliuretic
efficiency. €ompared to IR, ER torsemide did not reduce creatinine cleasamacrease fluid
(1634 +385uversus 72& 445 mL;p <0.02) andNa" output (98 15 versus 42 17 mmol;p <
0.05) despite an 18% reduction exposureNeither formulation increased’excretion
Conclusions: TarsemideER prolongs urine drudevels thereby increasinghe time spentwvith
effective drug.concentrationseducespostdiuretic Nd retentionand moderatesa fall in GFR It
causedsignificantNa’ losseven during venhigh saltintake. Thusa short duration of action limits
salt loss with*loop diureticsThese conclusionwarranttesting in patients witedema andheart

failure.
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CLINICAL PERSPECTIVE

What isnew?

e This.eressover study in 10 normal volunteers consuming a high salt intake revealed that an
extended releadermulation of torsemide doubled the daily loss of sodium and fluid
compared to the standard immediate release preparation.

What ar e the clinical implications?
e Thisrisithe first demonstration that a single dose of a loop diuretic can cause negative salt

balance’in subjects consuming a high salt intake.

INTRODUCTION

Therprevalence of hypertension, congestive heart failure (CHF) and chronic kiseayedi
(CKD) is inereasingelentlessly’ Cardiovascular disease (CVD) is t®stcommon cause of
death and-disability worldwidé thereby encumbering a huge economic burdiBiuretics are the
first line oftreatment for theseommon conditionsThetherapeutic effeadf diuretics isdependent
on a loss of body Naand fluid.* Thus, theireffectsmust be predictable if the burden of CVD is to
be reduced.

Thes/GFR is reduced in most patients with edematouslitions, mandating the use of loop
diuretics sinee‘these agents have the most potent acute pharmacological action of natriuresis and
diuresis.

Despite their unrivaled acutatriureticeffectiveness, loop diuretics have beather
disappointing.therapeutic agents. They heseeraldverse effects including electrolyte and
metabolic disturbances and reduction in glomerular filtration rate (3FR)®° ° . Furosemide
causs littlesreduction in blood pressure (BP) in hypertenpiigens with preserved renal function
11.12) oop diuretics are usually preferred famatients with chronikidney diseaseHowever less
natriuretic drugs such as thiazides aseally preferredo treat patients with hypertension
Furosemide sufferfrom poor and highly variableioavailabilitythat isworsened in

13 14
F

decompensate@H and this may accourdf least in parfor theunpredictable effectsf
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furosemiden treating patients witCHF. ** Bumetanide is even more short actifigis has
prompted suggestions that furosemide be replaced as the loop diuretic of choicenbyethe
predictable torsemidé¢hat is éiminated largely by metabolisrhas a high lmavailability even in
CHF and &D andwhich causslittle or nohypokalemia’ °

The_short duration of action of 2-4 howfsall loop diuretics after oral dosing is a class
defect that.can/lead threeproblemsFirst, theurinary concentration of the loop diuretic resides
within thetherapeutic rangir only a short period® ** Second, the abrupt, but shéveed,
natriuresideaves about 20 hours for the kidney to regain the salt and water lost before the next
daily dose® 16 1 12 18 19 Thageattributes accounted for the failure of furosemide or bumetanide to
cause net Naess over 1-3 days of once daily administration to nosubjects unless dietary salt
was restrictedio below 120mmotday™. 8 *® 8 Third, the torrential acute afiesis (“Niagara
effect”) can cause incontinenitesubjects witimpaired bladder controi®

We studied a novel extendedleasg ER) formulation of torsemide that delivettse drug
into solution over 8-10 houkgigure 1)to test the hypothesis that the inability of a single dose of
loop diuretiegtordeplete the body of salt and water during a high salt istdie to a limited
duration of'action on the kidney. We compared the effects of 20 mg of oral torsemide as an
immediatexrelease (IR) extended releag&R) formulation given ¢ 10 healthywolunteers
consuminga fixed high salt diet contain@0 mmol Na daily. We measuregharmacokinetics,
creatinine clearang€cgr) andpatterns oklectrolyte and watesxcretion aftedrugadministration
to assess 'the mechanisms of any differences.
METHODS
Drug Formulation: This study compared torsemide IR (Demadex Rx) with a novel release (ER)
formulation prepared by Sarfez, Ias a matrixbased extended release (ER) formulation with specific
ratios of hydroxypropyl methylcellulose to microcrystalline cellulo$bde IR preparation delivered
>80% of the drug into solution withir2 hours whereas the ER released this fraction ové2lturs
(Figure 1).
Subjects. Ten"healthy volunteers, aged 21 to 45 years were recriaetl. gave informed consent
to participate.The study was passed by the LiLine Hospital Ethics Committee, Basaveshwara
Nagar, Bangalor®60079. It was assigned the DCGI, India (equivalent old8ED) number: T
BE-296/13.Subjects were not selected on the basis of sex or race/ethnic background. They had no
significant past medical history, were not taking medications, and had norma f@lixdood urea
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nitrogen, serum creatinine {3, plasma electrolytes, liver function tests, hemogram, and urinalysis.
All had a blood pressure (BP) less than 140/90 mmHg. Their body weight (BWt) ranged from 61.2
to 73.0 kg.

Trial DesignizEach subject received both of the torsemide formulations in a randoonas=tver
design separated by a 3 week washout period. Neither the subjects, the investigatboseno
analyzing theresults were aware of the allocation to IR or ER formulation.

Subjects were"preonsented, admitted to the study unit, and received fimastant daily meals for

3 days containing 300 mmol of Nand 45 mmol of K Subjects remained in the metabolic ward
throughoutswithout visitors. Each meal was observed to ensure that all the focohsashed. This
provided strict‘control of Naand K intakes. Fluid was allowedd libitum. Blood pressure (BP)

and heart rate (HR) were taken using an automated device after 2 minutes of sitting. Subjects fasted
for 12 hours_prior to receiving the diuretic on day 3, and for 4 hours thereafter to allow for
pharmacokinetic (PK) studies in the fasting state. To compensate for redligathka (50 mmol

of Na") duringsthe breakfast period, they received 233 mL of 0.154 M saline solution immediatel
prior to drugradministration. During day 2 and 3 (the day before and the day of the diuretic),
subjects eellected a Zdour urine with additional recordings of timed excretion after the diuretic.
Immediately before ingestion, and for 24 hours thereafter, blood and urine sampleskeerat ta
designated times. Aliquots of 2 mL of the urine were taken for analysis and thadernadded to

a 24 hour collection. Blood and urine were sampled at 30 minute intervals for 3 hr aftéc diure
administrationy(0 to 3 hr); then hourly (3 to 4 hr), then 2 hourly (4 to 14 hrjjraadty at 14 and 23

hr. At zerostime, they received 20 mg of torsemide (IR or ER) with 330 mL of water. After
completion of the study, subjects’ BP and heart rate (HR) were recordwal siiting position and

they were, discharged.

Analyses: Urine samps were measured for volume and 1 mL aliquots taken for measurement of
Na’', K' and”creatinine concentrations in an automated apparatus and 1mL for torsemide
concentration,, Plasma and urine samples were extracted and analyzed for torsemide by a validated
cpillary zone electrophoresimethod that recorded no signal in joirelg samples of urine and

plasma’*
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Statistics: Mean £ SEM data werealculated for each drug period in each individual subject. To
test the hypothesis, within subject pairdddts were used to assess differences in 24 hr excretion of
Na' and fluid after the IR versus ER preparations. The multiple P values reportetich@ndies in
parameters at different times after torsemide ER and IR were considered descriptive tiéthe pa
of change_observed after the two formulations. A P value < 0.05 was considered ahatistic
significant.

RESULTS

Allf10 subjects completed boarms of the trial without any adverse effects.

Thespatterns of fluid excretion (UVgreatinine clearanoc,) andNa’™ and K excretion
following didretic admiristration are shown in Figure Zhe UV andU\,V increased rapidly with
the IR and ERpreparations to a maximum by 1.0 to 1lrespectively(Figure 22 and 2C) and
remained similar until 2.5 hr after whithe excretions were highaith ER than IRuntil aboutl12
hourswhen, excretion was low with botbrmulations UV and W,V fell below prior levels by4 hr
after the IRybut not until 12 hr after ER. Potassium excretigVjuncreased sharply with both
preparations and remained elevated for about 4igufe D) but, after 12 hours, fell to levels
mostly belew the prior day in both groug$ere was an initial sharp increaseCigt during the first
0.5-1hr after administrationf both IR and ERorsemide(Figure 2B), but this returnegromptly to
baseline and was reduced below baseline at 2 idhereit remainedhereafter

The, pharmaakinetic data are shown in Table Compared to IR, the ax with ER was
reduced 69% and theverall AUC was reducedby 1821%. The Tuax of ER was prolonged3-
fold. Thereswas 59% reduction in AUC from tb 3 hours but a 97% increase in AUC frori®
hours.

The plasma torsemide concentratioose rapidly after IR to peak within 1 hr, but the peak
was delayed t@about3.5 hr after ER (Figre 3). Thereafter, the concentrations deadtineg-
linearly, but_wee severafold higher after ER throughout the remainder of they. Renal
torsemide_excretion followed a similar time course (Feg3B). The relationship oincreases in
UnaV above basal value® the log ofrenal torsemideexcretion (an index ohatriuretic effect
related to thelelivery of drug to its active sitshowed marked hysteregisigure ). There was a
sharp risan Uyn,V with log torsemide excretion during the initedcendingphasefollowed by an
inflection and a much reduced natgsis relative t@éorsemide excretioduring the declining phase.
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Subjects spent twice as long in the early ascenghiage after torsemide ER than IR. Thasuled
in a greater natriuretic efficien@s indexed by change Ma" excreted pelog torsemide excreted
(Figure 3D).

The mean changes for 24 hours after torsemide IR or ER, compared to the prior 24 hours,
and the mean, differensdetween thechanges produced by the two formulations are shown in
Figure 4. Fluid’ excretion was not sidiwantly changed after IR, but was increased after ER
resulting in“a 2:2old greater fluid loss of 906 mL (Rige 4A).The UyaV was increased after both
IR and ER;"but wag.2fold greater after ER (Fige 4B). The increase in K4V did not differ
whethertorsemide ER or IR were given as first exposure or after the 3 week washodt pg.V
with torsemidesER on first and second exposure: +89 + 16 vs +106 + 18 and with torsemide IR: +48
+ 18 vs +87 # 20 mmol-ddy Neither drug changed 24 houV (Figure &). The Cc; was
reduced by 25% following IR, but was not significantly changed following ERI(EigD). BWt
was reduced only after the ER (&ig 4). Neither IR nor ER changed mean blood pressure (MBP)
but there was a significant difference betweenttwewith a small net fall of 4 mmHafter ER vs
IR (Figure 4Hn

DISCUSSION

The'main new findings from this study of normal subjectsthat a noveER formulation
of torsemide that deliverthe drug intosolution over 10-12 hours, prolonged thatriuresis and
diuresis, doubled theloss offluid, body weightand N& without a significantfall in GFR The
diuresis was followed bgustainedenal fluid andNa'" retentionbut this posdiuretic period was
shortened_after torsemide ER from abd@tto about 12 hoursNeither formulation led o a
significant loss.of potassiunthe ER formulation prolonged the time to maximal plasma torsemide
concentration*b\3.5 fold with a corresponding reduction in torsem#ddC at 1 to 3 hoursf 59%,
but a doubling of AUC at 8-10 hours. The overa#ixposureo torsemide ERvas reduced by 18%.
The more gradual rise to pesdnaltorsemide excretioprolonged the time that ¢hdrug remained
in the highly effectiveascendingphase of the hysteretic relationship betwewmease irurinary
Na" excretionabove basal and logenaltorsemide excretion, thereby increasing Bacreted per
unit torsemide excrete(hatriuretic efficiency). Thus, torsemide ER reduced -pastetic N&
reclamation, maintained GFR and enhanced natriuretic efficiencydtpetherresulted in greater

Na’, fluid and body weighlbss after a single dose despite a somewhat reduced bioavailability.
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The 300 mmotlaily N& intake matchegrior studieswith furosemide®*° The IR formulation
of torsemide (20 mg) did natducefluid or weight lossandled to a modestetNa’ loss of 42 mmol.
Similar studies with furosemide (40 mg) or bumetanide (1dag)onstrated noverallfluid, weight,
or Na' lossat 24 hr after dosiny'® despite similainitial large increases iNa" excretion. The
significant, albeimodestNa’ loss with torsemide IR in this studyay relate to the slightipcreased
duration ofinatriuresis of about 4 hours compared3daurs after furosemide or bumetanide

Twofactors have been identified to account for the failure of loop distetinduce a
consistentl6ss6f Nand fluidwithout dietary salt restriction. First, Brater and colleagteslated
this tothe limited timeduring whichthe urinary diuretic concentratioagewithin the 25-75 % of
maximal effectiveconcentratior("most efficient” concentratignThis perod was increased from
about 2hoursaftertorsemide IR t@bout4-8 hoursaftertorsemide ERKigure 2). Second is
prolonged postliureticperiod ofNa' and fluid retentioff*° thatcan fully offset even an intenastial
shortlived natriuresisinless dietary salt is restrict&d® While some negative N#alance occurs with
moderate (120 mmol- ddyor severe (20 mmol- ddyrestriction ofdietary N&,*® this is difficult to
achieve ineelinical practicd.his may account for the disappointing effects of loop diuretics as
antihypetensive agents or as drugs to treat uncompensated CHe present findings than &R
formulation.of torsemidenducedfluid, bodyweightand N4 loss, despite a 300 mmol- dajNa’
intake suggests that this maythe first loop diuretidormulationthat does not requidietary salt
restriction and monitoring of Nantake (from N& excretion) for efficacy.

Hypokalemia is g@rominent adverse effect iifrosemide, bumetanidand thiazide diuretics
Torsemidedoesnot routinelyreduce & and in the ratprevents thiazidinducedK* loss % Neither
formulationvef:torsemide increased &xcretion significantly in this studfhe absence dfliuresis
after torsemide may relate to blockadéhef mineralocorticosteroid receptétr reduction of
aldosterone secretioff Theabsence dfiypokalemiaandthehigh and predictable bioavailabilihave
led to the suggestiahat torsemid@e the preferred loop diuretit’**?* Indeed patients randomized
to torsemideelative to furosemidéor uncompensated CHF hademlucedate ofreadmission for
recurrent CHFandamore cost effectivereatment®

The‘remarkable and rapid developmenwithin-dose tolerance may underlie the moaest
indeed norsignificantincrease ilNa” excretionwith a continuous intravenous infusiofa loop
diureticcompared tormequivalensingle oral dos€®*’ Thus, htravenousnfusion is not a reliable
strategy to enhance natriuresis despite continuous detif/grg diuretic to its site of action.
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Furosemidagiven to normal subjects reduces the 24 I@iby about23% ® whichis
comparable to the patteobservedfter torsemide If this studyA fall in GFR will compromise
the fluid and salt depleting actions of the diuréfidhe cause fathefall in GFR is unclear,** but
the GFR was better preserved after torsemide ER. Whethaiilthisanslate into better preservation of
renal function.during longerm therapy with torsemide ER requires study.

Prior dudies reported that a slow release formulation of furosemide ladeavbiat improved
antihypertensive efficacy>***2*3 put thelow andvariable bioavailability was worsened which led to
its abandonment.wo extended releagermulatiors of torsemidehave been developed. One was
abandoned and the otherproved antihypertensive efficacy ongry modestly andiailed toimprove
fluid or elegctrolyte excretiofikely because it prolongedy only slightly. 3435

We acknowledge some limitations. First, subjects were equilibratéa iatake over two
days whereas we had previously used 3 &&/$. However, during prolonged fixed levels of Nbe
individual 24 hour Naexcretion varies considerabfi/>° Importantly, the daily meals were identical
during the two phases of the protocol. Therefore, differences’iaxdeetion with torsemide ER vs IR
cannot be aseribed to differences in haake.Second, this study has a limited sample size of 10
subjeds. It should be followed up in a larger study of a group of patients détima.

In‘eenclusion, a ER formulation of torsemidthat increasedrugdelivery intosolutionfrom 2
to 12 hoursioubled dailyfluid and N& loss and mitigated significant reductions in GFR. Further
studiesover a more prolonged periodtarget patient populations will be required to test whetiese

short ternbeneficial effectin healthysubjects translate into enhanced therapeutic efficacy.
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Table 1. Pharmocokinetic Parameters after Administration of Torsemide:

Immediate Release (IR) or Extended Release (ER)

Parameter IR ER P value
Cuwax 2962 905 <0.001
(ng-ml™) +412 +93

AUC o 6493 5125 <0.001
(hr'-ng-ml™ + 688 + 552

AUC 4t 6728 5543 <0.001
(hr'-ng-ml™) + 704 + 565

T max 1.03 3.53 <0.001
(hr) +0.13 +0.27

AUC 13 2966 1225 <0.001
(hr'-ng-ml™) + 294 +161

AUC 4.1 203 400 <0.001
(hr'-ng-ml™) +32 + 50

Mean + SEMwvalues (n = 10 per group)
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Figure Legends:

Figure 1. Torsemide dissolutiom vitro. Mean values (n=2) for delivery of torsemide from 20 mg
tablets into a stirred solution of 0.16wl«1™* NaCl at 37°C. Solid circles and continuous lines,

immediate release (IM); open circles and dashed lines, extended relepse (ER

Figure 2. Fluidand electrolyte excretion and creatinine clearance after torsévid@de.= SEM

values (n=10"per grouppmparing responses to 20 mg of torsemide immediate release (continuous
lines) or extended release (dashed lines). Panel A, urine floel; Bacreatinine clearance; panel

C, sodium exeretion; panel D, potassium excretion. The mean vaiube previos 24 hours are
indicated by‘the horizontal dotted lines. Comparing values at thetsaengoints after dosing with
torsemide immediate release (IR) or torsemide extended relegséRER 05; **P<0.01;

**P<(.005.

Figure 3. Torsemide kinetics and relationships to natriuresis. Mean (+ SEHMSs)dor plasma
torsemide coneentration (Panel A), renal torsemide excretion (PamdlaBges in sodium
excretion‘related to renal torsemide excretion (log scale) (Panel Cysewhitte natriuretic
efficiency(Pael D) comparing torsemide immediate release (IR) (solid circles) with torsemide

extended release (ER) (open circles).

Figure 4. Exeretion of Fluid (Panel A), sodium (Panel B) and potassiurme(R3ncreatinine
clearance (Panel D), body weight (Paneliif) mean blood pressure (Panel F). Individual paired
values for'the changes in the 24 hours after torsemide from the $hougs, comparing

immediate. release (IM) (open boxes) and extended release (ER) (crosshaxeise@utod

differences (solid boxes) ithe changes produced by torsemide ER vs IR. Significance of diferenc
from prior, prediuretic day: *, p<0.05; **, p<0.01; ***, p<0.005. Significance of difference
between changes with ER vs IRp<0.05
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