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Abstract

a Elanta® Iong1 (EL) is the only long-acting isosorb-
ide mononitrate formulation based on a controlled
membrane principle. 30% of the dose is available fo
immediate release and the remaining 70% is grad
ually released over time.

After oral administration, isosorbide mononitrate
EL has a quick onset of action (30 minutes) and ef
fects are evident for up to 17 hours.

The antianginal effects of once-daily isosorbide
mononitrate EL 50 to 100mg were generally similar
to those of conventional isosorbide mononitrate of
isosorbide dinitrate 10 to 20mg twice or 3 times
daily, or sustained-release nifedipine 20mg twice of
3 times daily. Patients tended to show a better re
sponse with once-daily isosorbide mononitrate EL
50mg than with bupranolol 100mg.

Patients showed significantly greater improvement
in some quality-of-life indices with once-daily
isosorbide mononitrate EL than with twice or 3 times
daily regimens of conventional isosorbide mono-
nitrate or isosorbide dinitrate.

Tolerance did not develop after 13 months of once
daily administration of isosorbide mononitrate EL.
No rebound increase in incidence of ischaemic epi
sodes was observed after discontinuation of the drug

1 Use of the trade name is for product identification only

Features and properties of long-acting
isosorbide mononitrate

Indication

Chronic stable angina pectoris

Mechanism of action

Venous and arterial vasodilator

Dosage and administration
Usual dosage in clinical trials
Route of administration
Frequency of administration
Pharmacokinetic profile
Peak plasma concentration

Time to peak plasma
concentration

Area under the plasma
concentration-time curve

Relative bioavailability

Elimination half-life

Adverse events
Most frequent

Improves subendocardial blood
flow in the heart by decreasing
preload and afterload and
causing coronary vasodilation

50mg
Oral
Once daily

0.488 mg/L
5h

5.029 mg/L « h
84% of the immediate-release

tablet formulation
5.1h

Headache (41 to 66.6%)

and does not imply an endorsement.
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O-NO relaxation of vascular smooth muscles (vasodila-
o tion) by decreasing intracellular calciuh.

» Organic nitrates decrease myocardial oxygen
demand by causing vasodilation of the capacitance
veins (to decrease preload) and the large conduc-
Isosorbide mononitrate tive arteries (to decrease afterload), and increase
myocardial oxygen supply by causing vasodilation

_ _ of the epicardial coronary arteri@s.
Anginal symptoms [retrosternal chest pain, feel-

ing of pressure or a strangling sensation (which
may radiate to either side of the chest or arms),
breathlessness, fatigue an(_j falntne§sl are regarde.d In a randomised, double-blind, placebo-control-
as stable when they occur in association with con; . . .

o . . led trial, 16 volunteers received a single oral dose
ditions of increased myocardial oxygen consump- . . . ;
. : . of either isosorbide mononitrate EL 50mg or
tion (e.g. physical exercise) and have been present : . . .

. ) . immediate-release isosorbide mononitrate 26#ng.
for several weeks without major deterioratién. - . - :
. . . Within 10 minutes of administration, haemodyna-
The treatment of patients with stable angina pec-_. .
R : : . mic effects, such as the change in heart rate follow-
toris is aimed at improving prognosis by prevent-

. o : .. ~. " ing orthostatic challenge and change in peripheral
ing myocardial infarction and death and minimis- . . : .

. o S arterial resistance [reflected as an increase in the
ing or abolishing symptoms. Organic nitrates,

B-adrenoceptor blockers and calcium antagonistsratio of the height of systolic peak (a) to that of the

either done or in combination, are recommended diqrotic wave (b) of the finger pulse curve], were
. ; evident.
for controlling anginal symptonid.

Long-acting isosorbide mononitrate (isosorbide- « Maximum change in a/b ratio (after 0.8¢&2.73
5-mononitrate) is a prodrug, similar to other or-hours, p = 0.0059) and decrease in systolic blood
ganic nitrates, which acts as a vasodilator by repressure following orthostatic challenge (after 10
leasing nitric oxide. It is used for the preventionvs 30 minutes, p < 0.05) occurred earlier after
of stable angina pectoris in patients with coronaryimmediate-release isosorbide mononitrate than af-
artery diseasB! Elanta® long (EL) is the only terisosorbide mononitrate EL. However, there was
long-acting isosorbide mononitrate formulation no difference in the extent of effects between the
that is based on a controlled membrane principldormulationsl*!

o . . . :
where 30% of the (_jrug is available for |mmed.|ate * On ergometric exercise testing, 30 minutes after
release and 70% is released slowly over time,

This formulation aims to pride a quick onset oral administrgtion of isosorbid_e mqnonitrate EL

and prolonged duration of action SOmg, 20 patlents §howed a S|gn|f|can.tly longer
) time to angina and time to moderate angina (neces-

sitating discontinuation of exercise) than after pla-

Haemodynamic Effects

1. Pharmacodynamic Properties cebo (54 #5443 seconds and 698616 seconds,
' _ respectively) in a randomised, double-blind, cross-
Mechanism of Action over trial® ST segment depression at comparable

- : . _load and at the end of exercise was significantly
» Organic nitrates are biotransformed by denitra- ; ; ;
. . . e . : lower after isosorbide mononitrate EL than after
tion to release nitric oxide. Nitric oxide activates

) lacebo (0.02s0.07mV and 0.14s0.16mV, re-
the enzyme guanylate cyclase, which catalyse . 5
. . . _Spectively)®]
the conversion of guanosine triphosphate to cyclic
guanosine monophosphate (cGMP). Actingtiyh * In clinical trials, patients receiving isosorbide

a cGMP-dependent protein kinase, cGMP causemononitrate EL 50 mg/day experienced no clini-

O Adis International Limited. All rights reserved. Drugs 1999 Jan; 57 (1)
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callyimportantchangesinheartrate orblood pres-available for immediate release, and inert pellets

surel6-9l coated with 70% of the active drug covered by a
semipermeable membrane. (fig. 1).
2. Pharmacokinetic Properties « At 20 minutes, plasma isosorbide mononitrate

concentrations after isosorbide mononitrate EL

° Thg frequgnf:y of gnginal attagks_shows m‘f’“kedSOmg €0.1 mg/L, approximate value from graph)
circadian variation with the peak incidence of isch- were >2-fold greater than those after sustained-

aemic events (acute myocardial infarction and sud- elease tablets containing 40mg or 60mg isosorb-

den cardiac death) occurring between 6am an . . . o
. ) . Ide mononitrate in a randomised, crossover trial in
noon. The frequency of ischaemic episodes tend%
volunteerd!3l

to plateau during the afternoon and reaches a

trough during the nigh£] « The pharmacokinetic disposition of isosorbide
mononitrate EL 50mg once daily for 5 days was
after oral administration in the morning there is a F:ompared W'th that of |mmed|qte-release |sgsorb-
quick onset of action and high plasma isosorbide/d® mononitrate 20mg twice daily for 5 days in 18
mononitrate concentrations are maintained untiln€althy male volunteersin arandomised, crossover
noon. Thereafter, plasma isosorbide mononitratdrial.'! On day 4, a plasmaisosorbide mononitrate

concentrations decline to about 0.04 to 0.05 mg/Lconcentration of 0.3 mg/L was attained 1 hour
after 24 hour&ll (low plasma concentrations have after administration of isosorbide mononitrate EL

been proposed to delay the development of nitratéOmg. Steady-state peak plasma isosorbide mono-
tolerance)!? This is achieved with 30% of the nitrate concentrations () were similar between
active drug outside the semipermeable membranehe 2 formulations (0.488s0.436 mg/L)1!

» |sosorbide mononitrate EL is formulated so that

6001
500
400+
300
200

100

Plasma ISMN concentration (pg/L)

Inert core Time (h)

30%
of the drug

70%
Semipermeable Of the drug
membrane

Fig. 1. Hypothetical correlation of the plasma isosorbide mononitrate (ISMN) concentration observed in 18 healthy volunteers given ISMN
50mg (Elantan® long) once daily for 5 days.[*] 30% of the dose, outside the semipermeable membrane, is available for immediate release
and 70% of the dose is gradually released through the semipermeable membrane.

0 Adis International Limited. All rights reserved. Drugs 1999 Jan; 57 (1)
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« An earlier report of this study indicated that were significantly greater increases in ischaemia-
time to peak plasma concentratiop{t 5 vs 1  free exercise time (180 and 2¥699 seconds) and
hours), duration while plasma isosorbide mono-reductions in extent of ST segment depression
nitrate concentration remained above 1@@L (17  (1.17 and 0.99s2.26mm) at comparable workload
vs10 hours), dose-corrected area under the plasmwaith isosorbide mononitrate EL 50 or 100mg than
concentration-time curve (AUC; 5.0285 5.843  with placebd®!

mg/L - h) and the relative bioavailability (84s
100%) were significantly different between the 2
formulations!14!

« Patients with stable angina pectoris [severity at
baseline graded according to the New York Heart
Association (NYHA) angina classification: 7%
» 16 patients with chronic stable angina pectoriswith class I, 32% with class Il, 52% with class Il
showed slightly higher meang«(216vs199ug/L), and 10% with class IV] received isosorbide mono-
mean AUC (2.5&/52.20 mg/L- h) and mean elim- nitrate EL 50 mg/day (n = 295) or sustained-release
ination half-life (7.1vs 5.1 hours) values after a isosorbide mononitrate 50 to 60 mg/day (n = 56)
single oral dose of isosorbide mononitrate EL 25mgonce daily for 3 months, followed by isosorbide
than 12 volunteerg5! mononitrate EL 100 mg/day (n = 351) once daily

« The presence of food significantly prolonged the for @ further 3-month period in a nonblind, multi-
tmax Of iS0SOrbide mononitrate 4s2 to 3 hours), centre triak?) Isosorbide mononitrate EL 100
but did not affect the Gaxand AUC values in 10 Mg/day led to significantly (p < 0.001) greater im-
healthy volunteers given a single tablet of isosorb-Provement in mobility, distress and anginal pain
ide mononitrate EL 50mg after a standard breakfasfiu@lity-of-life indices than sustained-release iso-

or in a fasted state in a randomised, crossoveFCrPide mononitrate 50 to 60 mg/day: mobility in-
trial [16] dex score of 2.6%s 2.20, psychological distress

score of 3.65/s3.40 and anginal pain index score

[17]
3. Therapeutic Use 0f 3.60vs3.16!

¢ Improvement in patient satisfaction indices
Comparisons with Placebo or a (such as pleasure in daily life and satisfaction with
Higher Daily Dosage current disease stage and with treatment) with iso-
) ) ) sorbide mononitrate EL 100 mg/day were signifi-
* After 7 days, 15 patients with stable angina pec-candy (p < 0.001) greater than those with sustained-
toris treated with oral isosorbide mononitrate EL (gjease isosorbide mononitrate 50 to 60 mg/day (by
25, 50 or 100mg showed dose-dependent, signifi-11 5 1 19.6%J171 After 6 months, 291 of 351 pa-

cant reductions from baseline values in the extentients preferred isosorbide mononitrate EL 100
of ST segment depression (28.6, 46 and 63.5%, r€mg/day to the lower dosages.

spectively) but not with placebo (2.4%) in a ran-
domised, double-blind, crossover tridlA corre-
sponding reduction in the frequency of anginal
attacks per week (28.6, 50.6, 70.1%, respectively)

and nitrpglycerin consumption _(33_‘3’ o0 a_nd 70.5%, , 1350 patients with stable angina pectoris (base-
rgspecnvely) was observed with |so§orb|de mono-; o severity: 20% with NYHA class I, 63% with
nitrate EL 25, 50 or 100mg but not with placelfb. NYHA class II. 13% with NYHA class Il and 1%

* In a further randomised, double-blind, crossoverwith NYHA class V) were treated with immediate-
study, 10 patients with stable angina pectoris re-release isosorbide mononitrate or isosorbide dini-
ceived oral isosorbide mononitrate EL 50 or 100mgtrate 10 to 20mg (twice or 3 times daily) in the
once daily or placebo for 3 weeks. At end-point (6 initial 3 months and with once-daily isosorbide
hours after administration of the final dose), there mononitrate EL 50mg for the subsequent 3 months

Comparison with Conventional Isosorbide
Mononitrate or Isosorbide Dinitrate

O Adis International Limited. All rights reserved. Drugs 1999 Jan; 57 (1)
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in a nonblind triafl8 Atotal of 1212 patients were « Significant (p< 0.05) improvements from base-
evaluable after 6 months. line values in time to 1mm ST depression, time to
. Patients receiving once-daily therapy experience@ndina, exercise duration and time to maximum
significantly less anginal pain during the period heart rate were observed 24 hours aftgr the I_ast
8am to 10am (pain scores of ¥$8.3, p < 0.003) dose (or 16 hours after the last dose of isosorbide

and significantly fewer patients experienced paindinitrate) in all treatment groups.

during this 2-hour period (2is27%, p < 0.0007) « 15 patients with stable angina pectoris received
than those receiving conventional nitrate formula-either isosorbide mononitrate EL 50mg once daily
tions. Significantly fewer patients forgot to take for 1 week or immediate-release isosorbide mono-
their daily medication with the once-daily therapy nitrate 20mg 3 times daily for 1 week or sustained-
than with the multiple dose therapy (¢621%, release nifedipine 20mg 3 times daily for two
p < 0.0001). 1-week periods in a randomised, double-blind,
« In addition, once-daily therapy resulted in sig- Crossover study. There was no washout period and
nificantly greater improvements in the mobility and after each 7-day treatment period patients under-
distress quality-of-life indices than multiple dose Went 24-hour ambulatory electrocardiographic
therapy: immobility score decreased from 27.5 tomonitoring!2°!

26.0 (p < 0.007) and psychological distress score,
decreased from 18 to 17 (p < 0.006). At end-point
89% of patients preferred the once-daily therap
over the multiple dose therapy.

A significant reduction from baseline values

in daily number (2.5 episodes per 24 hours) and
Yduration (58 minutes per 24 hours) of ischaemic
episodes was observed in all 3 treatment groups:

0 . o .

Comparisons with Calcium Antagonists by 68 and 70.7%, respectively, with isosorbide

* |sosorbide mononitrate EL 50mg once daily or 70 -
sustained-release nifedipine 20mg twice daily led
to the same significant reduction in the extent of
ST segment depression (by 22.5% from baseline)

60

after 2 weeks in a randomised, double-blind cross- 5 >
over study in 15 patients with stable angina pec- 40 -

toris[1®] Some patients not responding to either

drug alone responded to a combination of the two. & 304 «

« In a further study, patients with angina pectoris
not adequately controlled @adrenoceptoblock-

ers were randomised to receive either isosorbide
mononitrate EL 50 to 100mg (n = 70) or nifedipine
(gastrointestinal therapeutic system; GITS) 30 to 0

20

10

Reduction in ST segment depression (%)

90mg (n = 85) once daily or isosorbide dinitrate 40 Qoo‘e N s & &
to 60mg twice daily (n = 74) as add-on therapy for © o8 & o b@““\
6 weeks in a double-blind, parallel-group manier. o

* Compared with pretr_eatment values, the medla Fig. 2. Long term efficacy of isosorbide mononitrate EL 50mg.
number of Weekly angmal attacks decreased SIC Reduction in ST segment depression at a comparable workload of
nificantly in all 3 groups, but significant reductions 93w, from a baseline value of -20mV, with oral isosorbide mono-
in weekly nitroglycerin consumption were observed nitrate EL 50mg administered once daily for 12 months. ST segment

0n|y in nifedipine-GITS and isosorbide mononi-  depression at comparable workload was also measured 3 days
trate EL recipient@ after drug withdrawal.[l PL = placebo; * p < 0.001 vs baseline.

O Adis International Limited. All rights reserved. Drugs 1999 Jan; 57 (1)
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Fig. 3. Adverse events with isosorbide mononitrate (EL) 50 to 100mg, conventional isosorbide dinitrate (ISDN) 80 to 120mg or nifedipine-
gastrointestinal therapeutic system (NIF-GITS) 60 to 90mg. Incidence of adverse events in patients with stable angina pectoris not adequately
controlled with B-adrenoceptor blockers who received add-on therapy with either EL (n = 70), ISDN (n = 74) or NIF-GITS (n = 85) for a period
of 6 weeks in a randomised, double-blind, parallel group trial.l% A total of 335 patients were included in the 2-week placebo run-in phase
prior to the trial. bid = twice daily; od = once daily.

mononitrate EL 50 mg/day; by 68 and 72.4%, re- Long Term Efficacy
spectively, with immediate-release isosorbide o ] ) ) ]
mononitrate 60 mg/day; and by 56 to 60 and 69%,* Oral administration of isosorbide mononitrate

respectively, with sustained-release nifedipine 6051 50mg once daily for 12 and 13 months was not
mg/dayi20] associated with the development of tolerance in 3

open-label trials (n = 30 to 45 patients per tiaF4]
From baseline ST segment depression of 0.20mV,
significant reductions with isosorbide mononitrate

« Two hours after receiving isosorbide mononi- EL 50mg once daily were evident after 6 hours
trate EL 50mg, but not bupranolol 100mg, 30 pa-(26.6%), 3 months (46.7), 6 months (52.5%) and
tients with stable angina pectoris showed signifi-12 months in one of these studié(fig. 2).

cant reduction in exercise-induced ST segment. There was a corresponding significant reduction
depression (by 49% from baseline values) in &rom pretreatment values in the weekly incidence
randomised, double-blind, crossover tal. of anginal episodes (76 to 94.3%) and nitroglycerin

« After 12 days’ treatment, 30 isosorbide mononi-consumption (76 to 90%) in all three studfés’)

trate EL 50mg recipients showed similar signifi- « ST segment depression, incidence of anginal at-
cant reductions from baseline values in ST segmentacks and nitroglycerin consumption were similar
depression at comparable workload (by ¥  to pretreatment values 3 to 7 days after discontin-
24%), increase in maximal workload (by 88 uation of therap{?2-24

24%) and increase in exercise capacity (byw30

51%) to those receiving bupranolol 100mg. How- 4 Tolerability

ever, isosorbide mononitrate recipients showed

significantly greater reduction from baseline val- « Isosorbide mononitrate EL 50mg is well toler-
ues in weekly anginal attacks (by v652%) and ated and no serious adverse events were observed
nitroglycerin consumption (by 78s 53%) than in patients receiving the drug in clinical trials (sec-
bupranolol recipient&1] tion 3).

Comparison with Bupranolol

O Adis International Limited. All rights reserved. Drugs 1999 Jan; 57 (1)
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« Headache, a class effect of organic nitrates, was

the most common adverse event reported with,q

isosorbide mononitrate EL 50 to 100mg 410
66.6%241 of recipients). Headache commonly
occurred at initiation of therapy, was of mild to
moderate intensity#! and necessitated drug with-
drawal in up to 17% of patienf8.Other adverse

events associated with the use of isosorbide mono13.

nitrate EL 50 to 100mg are shown in figure 3.

< Patients receiving isosorbide mononitrate E
100mg once daily for 3 months reported fewer

adverse effects than those receiving once-daily
isosorbide mononitrate 50mg or sustained-release

isosorbide mononitrate 50 to 60mg for 3 months: 15.

side effectindex score of 3.§53.45, p < 0.001.7]
5. Long-Acting Isosorbide Mononitrate:
Current Status

Isosorbide mononitrate EL is a long-acting or-
ganic nitrate with a rapid onset of action. It has

shown clinical efficacy in patients with stable g

angina pectoris and is well tolerated. In addition,
nitrate tolerance has not been reported with the
continued use of isosorbide mononitrate EL.
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