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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Tocainide Hydrochloride (BANM, rINNM)

Hidrocloruro de tocainida; Tocaïnide, Chlorhydrate de; Tocainidi
Hydrochloridum.
Токаинида Гидрохлорид
C11H16N2O,HCl = 228.7.
CAS — 35891-93-1.
ATC — C01BB03.
ATC Vet — QC01BB03.
Pharmacopoeias. In Chin. and US. 
USP 31 (Tocainide Hydrochloride). A fine, white, odourless
powder. Freely soluble in water and in alcohol; practically insol-
uble in chloroform and in ether.
Profile
Tocainide is a class Ib antiarrhythmic (p.1153) with similar prop-
erties to mexiletine (p.1339); like mexiletine it is structurally re-
lated to lidocaine (p.1862). Tocainide hydrochloride has been
given orally and intravenously in the management of ventricular
arrhythmias but severe haematological and pulmonary toxicity
limit its use.
◊ General references.
1. Holmes B, et al. Tocainide: a review of its pharmacological

properties and therapeutic efficacy. Drugs 1983; 26: 93–123.

Preparations
USP 31: Tocainide Hydrochloride Tablets.

Proprietary Preparations (details are given in Part 3)
Ger.: Xylotocan†; USA: Tonocard†.

Tocoferil Nicotinate
Tocoferilo, nicotinato de; Tocopheryl Nicotinate; Vitamin E Nico-
tinate. (±)-α-Tocopherol nicotinate.
Токоферола Никотинат
C35H53NO3 = 535.8.
CAS — 51898-34-1; 16676-75-8.

Pharmacopoeias. In Jpn.
Profile
Tocoferil nicotinate is a lipid regulating drug and a vasodilator. It
is used in the treatment of hyperlipidaemias (p.1169), and in pe-
ripheral (p.1178) and cerebral vascular disorders (p.1165). The
usual oral dose is 100 to 200 mg three times daily.
Preparations
Proprietary Preparations (details are given in Part 3)
Hong Kong: Hijuven; Indon.: Enico; Jpn: Juvela; Malaysia: Hijuven;
Philipp.: Hijuven; Port.: Nicojuvel†; Reoferol.
Multi-ingredient: Arg.: Anaphase; Fr.: Anaphase; Ital.: Evitex; Spain:
Evitex A E Fuerte.

Todralazine Hydrochloride (BANM, pINNM)

BT-621; CEPH; Ecarazine Hydrochloride; Hidrocloruro de to-
dralazina; Todralazine, Chlorhydrate de; Todralazini Hydrochlori-
dum; Todralazyny chlorowodorek. Ethyl 3-(phthalazin-1-yl)carba-
zate hydrochloride monohydrate.
Тодралазина Гидрохлорид
C11H12N4O2,HCl,H2O = 286.7.
CAS — 14679-73-3 (todralazine); 3778-76-5 (anhydrous
todralazine hydrochloride).

(todralazine)

Pharmacopoeias. In Jpn and Pol.
Profile
Todralazine hydrochloride is an antihypertensive structurally re-
lated to hydralazine (p.1305) and with similar properties.
Preparations
Proprietary Preparations (details are given in Part 3)
Pol.: Binazin.

Tolazoline Hydrochloride (BANM, rINNM)

Benzazoline Hydrochloride; Hidrocloruro de tolazolina; Tolazol.
Hydrochlor.; Tolazoline, Chlorhydrate de; Tolazolini Hydrochlori-
dum; Tolazolinium Chloratum. 2-Benzyl-2-imidazoline hydro-
chloride.
Толазолина Гидрохлорид
C10H12N2,HCl = 196.7.
CAS — 59-98-3 (tolazoline); 59-97-2 (tolazoline hydro-
chlor ide).
ATC — C04AB02; M02AX02.
ATC Vet — QC04AB02; QM02AX02.

(tolazoline)

NOTE. Do not confuse with benazoline (see Metizoline, p.1565),
which is a sympathomimetic vasoconstrictor, or with benazolin,
which is a herbicide.
Pharmacopoeias. In Chin. and US. 
USP 31 (Tolazoline Hydrochloride). A white to off-white, crys-
talline powder. Its solutions are slightly acid to litmus. Soluble 1
in less than 1 of water, 1 in 2 of alcohol, 1 in 3 of chloroform, and
1 in 10 000 of ether. Store at a temperature of 25°, excursions
permitted between 15° and 30°.
Adverse Effects
Adverse effects of tolazoline include piloerection, headache,
flushing, tachycardia, cardiac arrhythmias, tingling, chilliness,
shivering, sweating, nausea, vomiting, diarrhoea, and epigastric
pain. Orthostatic hypotension or marked hypertension may oc-
cur, especially with large doses. Tolazoline stimulates gastric
acid and may exacerbate peptic ulcer disease. Oliguria, haematu-
ria, myocardial infarction, gastrointestinal haemorrhage, throm-
bocytopenia and other blood dyscrasias have been reported. 
Intra-arterial injection has been followed by a burning sensation
in the limb.
Effects in the neonate. Hypochloraemic metabolic alkalosis,1
acute renal failure,2 and duodenal perforation3 have been report-
ed in neonates given tolazoline.
1. Adams JM, et al. Hypochloremic metabolic alkalosis following

tolazoline-induced gastric hypersecretion. Pediatrics 1980; 65:
298–300. 

2. Trompeter RS, et al. Tolazoline and acute renal failure in the
newborn. Lancet 1981; i: 1219. 

3. Wilson RG, et al. Duodenal perforation associated with tolazo-
line. Arch Dis Child 1985; 60: 878–9.

Treatment of Adverse Effects
In the event of overdosage hypotension is best treated by keeping
the patient recumbent with the head lowered. If necessary the cir-
culation may be maintained by infusion of suitable electrolyte
solutions. Hypotension may be treated with ephedrine. Adrena-
line is not suitable for the reversal of hypotension induced by
alpha blockers since it may exacerbate the hypotension by stim-
ulating beta receptors.
Precautions
Tolazoline should not be given to patients with hypotension and
when used for peripheral vascular disease should be avoided in
ischaemic heart disease or after a cerebrovascular accident. Since
tolazoline stimulates gastric secretion of hydrochloric acid it may
activate stress ulcers and may cause significant hypochloraemic
alkalosis. Pretreatment of infants with antacids may prevent gas-
trointestinal bleeding, although use of intravenous ranitidine is
not recommended (see below under Interactions). Tolazoline
should not be used in the presence of peptic ulcer disease and
should be used with caution in patients with mitral stenosis.
Interactions
Tolazoline should not be used with sympathomimetics such as
adrenaline since the hypotensive effect may be potentiated due to
unopposed beta-adrenoceptor stimulation. Tolazoline may cause
a disulfiram-like reaction if given with alcohol.
Ranitidine. Intravenous ranitidine reversed the falls in pulmo-
nary and systemic vascular resistances in 12 children who had
been given tolazoline as a pulmonary vasodilator.1
1. Bush A, et al. Cardiovascular effects of tolazoline and ranitidine.

Arch Dis Child 1987; 62: 241–6.

Sympathomimetics. For a report of fatal hypotension associ-
ated with the use of tolazoline with dopamine, see Vasodilators
under the Interactions of Sympathomimetics, p.1408.
Pharmacokinetics
Tolazoline is absorbed from the gastrointestinal tract. It is more
rapidly absorbed after intramuscular injection. An elimination
half-life in neonates of 3 to 13 hours has been reported after in-
travenous use, although it may be as high as about 40 hours and
is inversely related to urine output. Tolazoline is rapidly excreted
in the urine, largely unchanged.

Uses and Administration
Tolazoline hydrochloride is a vasodilator that has a direct dilator
action on the peripheral blood vessels. It has some alpha-adren-
oceptor blocking activity and also stimulates smooth muscle in
the gastrointestinal tract, increases gastrointestinal secretion, can
cause mydriasis, and has a stimulant effect on the heart. 
Tolazoline hydrochloride is used intravenously to reduce pulmo-
nary artery pressure in persistent pulmonary hypertension in neo-
nates with persistent fetal circulation (see below). It has been
used orally and by subcutaneous, intramuscular, intravenous, or
slow intra-arterial injection in the treatment of peripheral vascu-
lar disease. It has also been given in some ophthalmic conditions.
Pulmonary hypertension. Tolazoline and other vasodilators
have been tried in persistent pulmonary hypertension in the new-
born (p.1179) in an attempt to induce selective pulmonary va-
sodilatation and improve gas exchange. The response is variable
and often unsuccessful due to concomitant systemic hypoten-
sion, a failure to achieve or sustain pulmonary vasodilatation,
and adverse effects, and other therapies such as high-frequency
oscillatory ventilation, extracorporeal membrane oxygenation,
and inhaled nitric oxide are now more widely used. 
The loading dose for pulmonary hypertension in neonates that
has been recommended by licensed product information is 1 to
2 mg/kg over 5 to 10 minutes by intravenous infusion; this is then
followed by doses of up to 1 to 2 mg/kg per hour. Infants with
reduced urine output may require lower maintenance doses. The
high incidence of adverse effects has, however, led to several
studies investigating the use of lower doses. One group suggest-
ed that a loading dose of 500 micrograms/kg given intravenously
followed by a continuous infusion of 500 micrograms/kg per
hour was more appropriate and safer than standard doses.1 In a
retrospective study2 of extremely preterm infants (mean gesta-
tional age 24 weeks) with severe hypoxaemia (possibly attribut-
able to persistent pulmonary hypertension), tolazoline was given
as a slow bolus infusion, with most patients receiving a dose of
0.5 to 1 mg/kg; some required further doses. 
Tolazoline has also been given via the endotracheal route,3,4 al-
though as it is acid in solution it may contribute to alveolar injury.
In a study4 of 12 neonates with gestational age ranging from 25
to 42 weeks, endotracheal tolazoline at doses from 1 to
2.5 mg/kg was found to cause no adverse systemic effects. 
The BNFC gives a dose of 1 mg/kg by slow intravenous injec-
tion, followed by 200 micrograms/kg per hour by infusion if nec-
essary. It warns that doses in excess of 300 micrograms/kg per
hour are associated with cardiotoxicity and renal failure. A sug-
gested dose for endotracheal use is 200 micrograms/kg diluted in
0.5 to 1 mL of sodium chloride 0.9%.
1. Monin P, et al. Treatment of persistent fetal circulation syndrome

of the newborn: comparison of different doses of tolazoline. Eur
J Clin Pharmacol 1987; 31: 569–73. 

2. Nuntnarumit P, et al. Efficacy and safety of tolazoline for treat-
ment of severe hypoxemia in extremely preterm infants. Pediat-
rics 2002; 109: 852–6. 

3. Welch JC, et al. Endotracheal tolazoline for severe persistent
pulmonary hypertension of the newborn. Br Heart J 1995; 73:
99–100. 

4. Parida SK, et al. Endotracheal tolazoline administration in ne-
onates with persistent pulmonary hypertension. J Perinatol
1997; 17: 461–4.

Preparations
USP 31: Tolazoline Hydrochloride Injection.
Proprietary Preparations (details are given in Part 3)
Cz.: Divascol; Gr.: Priscol†; Priscoline†.
Multi-ingredient: Switz.: Lunadon.

Torasemide (BAN, rINN) ⊗ 
AC-4464; BM-02015; Torasemid; Torasemid bezvodý; Torasem-
id, vattenfri; Torasemida; Torasémide; Torasémide anhydre; To-
rasemidi; Torasemidi, vedetön; Torasemidum; Torasemidum an-
hydricum; Torazemidas, bevandenis; Torsemide (USAN). 1-Isopro-
pyl-3-(4-m-toluidinopyridine-3-sulphonyl)urea.
Торасемид
C16H20N4O3S = 348.4.
CAS — 56211-40-6 (torasemide); 72810-59-4 (torasem-
ide sodium).
ATC — C03CA04.
ATC Vet — QC03CA04.

Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Torasemide, Anhydrous). A white or almost white
powder. It exhibits polymorphism. Practically insoluble in water;
slightly soluble in alcohol. It is sparingly soluble in dilute solu-
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1416   Cardiovascular Drugs
tions of alkali hydroxides and slightly soluble in dilute acids.
Protect from light. 
USP 31 (Torsemide). A white to off-white, crystalline powder.
Practically insoluble in water and in ether; slightly soluble in al-
cohol, in methyl alcohol, in 0.1N sodium hydroxide, and in 0.1N
hydrochloric acid; very slightly soluble in acetone and in chloro-
form.

Adverse Effects and Precautions
As for Furosemide, p.1292.

Interactions
As for Furosemide, p.1293.

Pharmacokinetics
Torasemide is well absorbed from the gastrointestinal
tract. Peak serum concentrations are achieved within 1
hour of oral doses. Torasemide is metabolised by the
cytochrome P450 isoenzyme CYP2C9, which shows
genetic polymorphism. Metabolism takes place in the
liver and inactive metabolites are excreted in the urine.
The elimination half-life of torasemide is about 3.5
hours. Torasemide is extensively bound to plasma pro-
teins. In patients with heart failure both hepatic and re-
nal clearance are reduced. In patients with renal im-
pairment, the renal clearance is reduced but total
plasma clearance is not significantly altered.
◊ References.
1. Knauf H, Mutschler E. Clinical pharmacokinetics and pharma-

codynamics of torasemide. Clin Pharmacokinet 1998; 34: 1–24. 
2. Vormfelde SV, et al. CYP2C9 polymorphisms and the interindi-

vidual variability in pharmacokinetics and pharmacodynamics
of the loop diuretic drug torsemide. Clin Pharmacol Ther 2004;
76: 557–66.

Uses and Administration
Torasemide is a loop diuretic with actions similar to
those of furosemide (p.1294). 
Torasemide is used for oedema associated with heart
failure (p.1165), including pulmonary oedema, and
with renal and hepatic disorders. It is also used in the
treatment of hypertension (p.1171), either alone or
with other antihypertensives. 
Diuresis after oral use starts within 1 hour, reaches a
maximum in about 1 to 2 hours, and lasts for up to 8
hours; after intravenous injection its effects are evident
within 10 minutes but like oral use can last up to 8
hours. 
In the treatment of oedema the usual oral dose is 5 mg
once daily increased according to response to 20 mg
once daily; doses of up to 40 mg daily have been re-
quired in some patients. Torasemide may also be given
intravenously in usual initial doses of 10 to 20 mg
daily. Higher doses may sometimes be necessary, espe-
cially in oedema of renal origin; the dose should be in-
creased stepwise as necessary to a maximum of
200 mg daily, although doses should not exceed 40 mg
daily in patients with hepatic cirrhosis. 
In the treatment of hypertension torasemide is given
in initial oral doses of 2.5 to 5 mg daily; US licensed
product information allows the dose to be increased to
10 mg daily if required, although UK licensed product
information suggests that doses above 5 mg are unlike-
ly to produce additional benefit.
◊ Reviews.
1. Blose JS, et al. Torsemide: a pyridine-sulfonylurea loop diuretic.

Ann Pharmacother 1995; 29: 396–402. 
2. Dunn CJ, et al. Torasemide: an update of its pharmacological

properties and therapeutic efficacy. Drugs 1995; 49: 121–42. 
3. Brater DC. Benefits and risks of torasemide in congestive heart

failure and essential hypertension. Drug Safety 1996; 14:
104–120. 

4. Ishido H, Senzaki H. Torasemide for the treatment of heart fail-
ure. Cardiovasc Hematol Disord Drug Targets 2008; 8: 127–32.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Torem; Austria: Unat; Belg.: Torrem; Chile: Unat†; Cz.: Diuver; Tri-
fas†; Ger.: Toracard; Toragamma; Torasid; Torem; Unat; Hong Kong: Unat;
India: Dytor; Ital.: Diuremid; Diuresix; Toradiur; Jpn: Luprac; Pol.: Diuver;
Trifas; Rus.: Diuver (Диувер); S.Afr.: Unat; Spain: Dilutol; Isodiur; Sutril;
Tadegan; Swed.: Torem; Switz.: Toramide; Torasem; Torasis; Torem; Thai.:
Unat; UK: Torem; USA: Demadex.

Torcetrapib (USAN, rINN)

CP-529414; Torcétrapib; Torcetrapibum. Ethyl (2R,4S)-4-{[3,5-
bis(trifluoromethyl)benzyl](methoxycarbonyl)amino}-2-ethyl-6-
(trifluoromethyl)-3,4-dihydroquinoline-1(2H)-carboxylate.
Торцетрапиб
C26H25F9N2O4 = 600.5.
CAS — 262352-17-0.

Profile
Torcetrapib is a cholesteryl ester transfer protein inhibitor. It in-
creases plasma concentrations of high-density lipoprotein
(HDL)-cholesterol and has been investigated in the management
of lipid disorders. Development was stopped after the finding of
increased mortality associated with torcetrapib in randomised,
controlled studies.

Trandolapril (BAN, rINN)

RU-44570; Trandolapriili; Trandolaprilum; Trandolapryl. Ethyl
(2S,3aR,7aS)-1-{(S)-N-[(S)-1-carboxy-3-phenylpropyl]alanyl}hex-
ahydro-2-indolinecarboxylate; (2S,3aR,7aS)-1-{N-[(S)-1-Ethoxy-
carbonyl-3-phenylpropyl]-L-alanyl}perhydroindole-2-carboxylic
acid.
Трандолаприл
C24H34N2O5 = 430.5.
CAS — 87679-37-6.
ATC — C09AA10.
ATC Vet — QC09AA10.

Pharmacopoeias. In Eur. (see p.vii). 
Ph. Eur. 6.2 (Trandolapril). A white or almost white powder.
Practically insoluble in water; sparingly soluble in dehydrated al-
cohol; freely soluble in dichloromethane. Protect from light.

Adverse Effects, Treatment, and Precau-
tions
As for ACE inhibitors, p.1193.

Interactions
As for ACE inhibitors, p.1196.

Pharmacokinetics
Trandolapril acts as a prodrug of the diacid trandolapri-
lat, its active metabolite. After oral doses of trandol-
april the bioavailability of trandolaprilat is 40 to 60%.
Trandolapril is metabolised in the liver to trandolaprilat
and to some inactive metabolites. Peak plasma concen-
trations of trandolaprilat are achieved 4 to 6 hours after
an oral dose of trandolapril. Trandolaprilat is more than
80% bound to plasma proteins. About 33% of an oral
dose of trandolapril is excreted in the urine, mainly as
trandolaprilat; the rest is excreted in the faeces. The ef-
fective half-life for accumulation of trandolaprilat is 16
to 24 hours after multiple doses of trandolapril. 
Impaired renal function decreases the excretion of tran-
dolaprilat. Trandolaprilat is removed by haemodialy-
sis.
◊ References.
1. Bevan EG, et al. Effect of renal function on the pharmacokinetics

and pharmacodynamics of trandolapril. Br J Clin Pharmacol
1993; 35: 128–35.

Uses and Administration
Trandolapril is an ACE inhibitor (p.1193). It is used in
the treatment of hypertension (p.1171) and in left ven-
tricular dysfunction following myocardial infarction
(p.1175). 
Trandolapril owes its activity to trandolaprilat to which
it is converted after oral doses. The haemodynamic ef-
fects are seen about 1 hour after an oral dose and the
maximum effect occurs after 8 to 12 hours. The
haemodynamic action lasts for at least 24 hours, allow-
ing once-daily dosing. 
In the treatment of hypertension the initial oral dose is
500 micrograms once daily. Since there may be a pre-
cipitous fall in blood pressure in some patients when
starting therapy with an ACE inhibitor, the first dose
should preferably be given at bedtime. In patients al-
ready taking a diuretic, the diuretic should be stopped,
if possible, 2 to 3 days before starting trandolapril and
resumed later if necessary. In patients with co-existing
heart failure treatment with trandolapril should begin
under close medical supervision. The usual mainte-
nance dose for hypertension is 1 to 2 mg once daily,
although up to 4 mg daily may be given, as a single
dose or in 2 divided doses. 
In myocardial infarction, treatment with trandolapril
may be started 3 days after the infarction in an initial
dose of 500 micrograms once daily, gradually in-
creased to a maximum of 4 mg once daily. 
A reduction in dosage may be necessary in patients
with renal impairment (see below).
◊ References.
1. Zannad F. Trandolapril: How does it differ from other angi-

otensin converting enzyme inhibitors? Drugs 1993; 46 (suppl 2):
172–82. 

2. Wiseman LR, McTavish D. Trandolapril: a review of its pharma-
codynamic and pharmacokinetic properties, and therapeutic use
in essential hypertension. Drugs 1994; 48: 71–90. 

3. Køber L, et al. A clinical trial of the angiotensin-converting-en-
zyme inhibitor trandolapril in patients with left ventricular dys-
function after myocardial infarction. N Engl J Med 1995; 333:
1670–6. 

4. Peters DC, et al. Trandolapril: an update of its pharmacology and
therapeutic use in cardiovascular disorders. Drugs 1998; 56:
871–93.

Administration in renal impairment. The initial dose of
trandolapril in patients with renal impairment should not exceed
500 micrograms daily. UK licensed product information states
that the maximum maintenance dose should be 2 mg daily in pa-
tients with a creatinine clearance of less than 10 mL/minute.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Nortensin†; Austral.: Gopten; Odrik; Tranalpha; Austria: Gopten;
Braz.: Gopten; Odrik†; Canad.: Mavik; Cz.: Gopten; Tanap; Denm.:
Gopten; Odrik; Fin.: Gopten†; Fr.: Gopten†; Odrik; Ger.: Gopten†; Udrik;
Gr.: Afenil; Odrik; Hung.: Gopten; Indon.: Gopten; Irl.: Gopten; Odrik;
Ital.: Gopten; Jpn: Odric; Preran; Mex.: Gopten†; Neth.: Gopten; Odrik;
Norw.: Gopten; NZ: Gopten; Odrik; Pol.: Gopten; Port.: Gopten; Odrik;
Rus.: Gopten (Гоптен); S.Afr.: Gopten†; Mavik; Spain: Gopten; Odrik;
Swed.: Gopten; Switz.: Gopten; Turk.: Gopten; UK: Gopten; Odrik†;
USA: Mavik.

Multi-ingredient: Arg.: Tarka†; Austral.: Tarka; Austria: Tarka; Canad.:
Tarka; Cz.: Tarka; Denm.: Tarka; Fin.: Tarka†; Fr.: Ocadrik†; Tarka; Ger.:
Tarka; Udramil†; Gr.: Tarka; Ziaxel; Hung.: Tarka; Indon.: Tarka; Ital.: Tar-
ka; Mex.: Tarka; Neth.: Tarka; Ziaxel; NZ: Ziaxel; Philipp.: Tarka; Pol.:
Tarka; Port.: Tarka; Ziaxal; Rus.: Tarka (Тарка); S.Afr.: Tarka; Spain: Tarka;
Tricen; Swed.: Tarka; Switz.: Tarka; Turk.: Tarka; UK: Tarka; USA: Tarka;
Venez.: Tarka.

Trapidil (BAN, rINN)

AR-12008; Tarpidil; Trapidiili; Trapidilis; Trapidilum. 7-Diethylami-
no-5-methyl-1,2,4-triazolo[1,5-a]pyrimidine.
Трапидил
C10H15N5 = 205.3.
CAS — 15421-84-8.
ATC — C01DX11.
ATC Vet — QC01DX11.
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