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Nizofenone (rINN)

Nizofenona; Nizofénone; Nizofenonum; Y-9179. 2′-Chloro-2-[2-
[(diethylamino)methyl]imidazol-1-yl]-5-nitrobenzophenone.

Низофенон
C21H21ClN4O3 = 412.9.
CAS — 54533-85-6.
ATC — N06BX10.
ATC Vet — QN06BX10.

Profile
Nizofenone has been investigated as a nootropic and cerebral
vasodilator. It has been used parenterally as the fumarate.

Oxiracetam (BAN, rINN)

CGP-21690E; CT-848; ISF-2522; Oksirasetaami; Oxiracétam;
Oxiracetamum; Oxracetam. 4-Hydroxy-2-oxo-1-pyrrolidinea-
cetamide.

Оксирацетам
C6H10N2O3 = 158.2.
CAS — 62613-82-5.
ATC — N06BX07.
ATC Vet — QN06BX07.

Profile
Oxiracetam has been used as a nootropic in organic brain syn-
dromes and senile dementia.

Dementia. Clinical benefit has been reported in patients with
dementia (p.362) given oxiracetam,1 but in the USA it was with-
drawn from phase II clinical studies in patients with Alzheimer’s
disease due to lack of efficacy.2

1. Maina G, et al. Oxiracetam in the treatment of primary degener-
ative and multi-infarct dementia: a double-blind, placebo-con-
trolled study. Neuropsychobiology 1990; 21: 141–5. 

2. Parnetti L. Clinical pharmacokinetics of drugs for Alzheimer’s
disease. Clin Pharmacokinet 1995; 29: 110–29.

4-Phenylpiracetam ⊗ 
BRN-5030440; Carphedon; Karfedon. 2-Oxo-4-phenyl-1-pyrro-
lidineacetamide.
C12H14N2O2 = 218.3.
CAS — 77472-70-9.

Profile
4-Phenylpiracetam is a nootropic and has been used in the man-
agement of various cerebrovascular disorders. It has also been
abused in sport.

Preparations
Proprietary Preparations (details are given in Part 3)
Rus.: Phenotropil (Фенотропил).

Piracetam (BAN, USAN, rINN)

CI-871; Piracétam; Piracetamas; Piracetamum; Pirasetaami; Pira-
setam; Pyrrolidone Acetamide; UCB-6215. 2-(2-Oxopyrrolidin-
1-yl)acetamide.

Пирацетам

C6H10N2O2 = 142.2.

CAS — 7491-74-9.

ATC — N06BX03.

ATC Vet — QN06BX03.

Pharmacopoeias. In Chin. and Eur. (see p.vii). 
Ph. Eur. 6.2 (Piracetam). A white or almost white powder. It ex-
hibits polymorphism. Freely soluble in water; soluble in alcohol.
Protect from light.

Adverse Effects and Precautions
Piracetam is reported to produce insomnia or somno-
lence, weight gain, hyperkinesia, nervousness, and de-
pression. Other reported adverse effects include gas-
trointestinal disorders such as abdominal pain,
diarrhoea, nausea and vomiting, hypersensitivity reac-
tions, ataxia, vertigo, confusion, hallucinations, an-
gioedema, and rashes. Piracetam should not be given to
patients with hepatic impairment or severe renal im-
pairment; dosage reduction is recommended for those
with mild to moderate renal impairment. Therapy with
piracetam should not be withdrawn abruptly in myo-
clonic patients due to the risk of inducing seizures.
When used to treat cortical myoclonus, piracetam is
contra-indicated in patients with cerebral haemor-
rhage, and should be used with caution after major sur-
gery and in those with haemostatic disorders or severe
haemorrhage.

Interactions

Anticoagulants. For reference to the effect of piracetam on
warfarin therapy, see p.1431.

Pharmacokinetics
Piracetam is rapidly and extensively absorbed from the
gastrointestinal tract; peak plasma concentrations are
reached within 1.5 hours after oral doses. The plasma
half-life is reported to be 5 hours and it crosses the
blood-brain barrier. Piracetam is excreted almost com-
pletely in the urine. It crosses the placenta and is dis-
tributed into breast milk.

Uses and Administration
Piracetam acts on the CNS and has been described as a
nootropic; it is said to protect the cerebral cortex
against hypoxia. It is also reported to inhibit platelet
aggregation and reduce blood viscosity at high doses.
Piracetam is used as an adjunct in the treatment of my-
oclonus of cortical origin, and has also been used in
dementia (see also below). Other disorders or states in
which it has been tried (on the basis of a supposed ‘cer-
ebrocortical insufficiency’ responsive to piracetam) in-
clude alcoholism, vertigo, cerebrovascular accidents,
dyslexia, behavioural disorders in children, and after
trauma or surgery. 
In cortical myoclonus, piracetam is given in oral doses
of 7.2 g daily increasing by 4.8 g daily every 3 or 4
days up to a maximum of 20 g daily. It is given in 2 or
3 divided doses. Once the optimal dose of piracetam
has been established, attempts should be made to re-
duce the dose of other drugs. For dosage in renal im-
pairment see below. 
Piracetam has been given for various other disorders in
a usual oral dose of up to 2.4 g daily in 2 or 3 divided
doses; higher doses of up to 4.8 g daily have been used

in severe cases. In severe disorders it has also been giv-
en by intramuscular or intravenous injection.
◊ General references.
1. Winblad B. Piracetam: a review of pharmacological properties

and clinical uses. CNS Drug Rev 2005; 11: 169–82.

Administration in renal impairment. Dosage should be re-
duced in patients with mild to moderate renal impairment ac-
cording to creatinine clearance (CC): 
• CC between 50 and 79 mL/minute: two-thirds of the usual

dose, given in 2 or 3 divided doses 
• CC between 30 and 49 mL/minute: one-third of the usual

dose, given in 2 divided doses 
• CC between 20 and 29 mL/minute: one-sixth of the usual

dose, given as a single dose 
• CC less than 20 mL/minute: contra-indicated
Dementia. Although piracetam is used in some countries in the
management of cognitive impairment and dementia (p.362), a
systematic review1 concluded that the evidence from the pub-
lished literature did not support this use.
1. Flicker L, Grimley Evans J. Piracetam for dementia or cognitive

impairment. Available in The Cochrane Database of Systematic
Reviews; Issue 1. Chichester: John Wiley; 2004 (accessed
14/02/06).

Myoclonus. A review1 of 62 case reports, 3 open studies, and 2
double-blind studies concluded that piracetam is beneficial in the
treatment of disabling myoclonus (p.470), either as adjunctive
treatment or as monotherapy. Similar conclusions were made in
another review2 in which experience of 12 patients with progres-
sive myoclonus epilepsy, 8 of whom benefited from piracetam in
doses of up to 45 g daily without significant adverse effects, was
described.
1. Van Vleymen B, Van Zandijcke M. Piracetam in the treatment of

myoclonus: an overview. Acta Neurol Belg 1996; 96: 270–80. 
2. Genton P, et al. Piracetam in the treatment of cortical myoclonus.

Pharmacopsychiatry 1999; 32 (suppl): 49–53.

Stroke. Piracetam did not influence the outcome if given within
12 hours of the onset of acute ischaemic stroke in a multicentre,
randomised, double-blind study,1 although post hoc analyses
suggested that it might confer benefit when given within 7 hours
of onset, particularly in patients with stroke of moderate to severe
degree. Further analyses of the same data concluded that pira-
cetam did not produce significant adverse effects when given in
high doses to patients with acute stroke,2 and significantly more
patients had recovered from aphasia on piracetam than placebo.3
The results of two further randomised, double-blind, placebo-
controlled studies supporting the role of piracetam as an adjunct
to intensive speech therapy in improving aphasia following
stroke were also reported.3 In contrast, a systematic review in-
cluding the first study considered that the trend towards an in-
creased risk of early death in patients allocated to piracetam was
of concern, and concluded that the data did not support routine
use of piracetam in acute ischaemic stroke.4
1. De Deyn PP, et al. Treatment of acute and ischemic stroke with

piracetam. Stroke 1997; 28: 2347–52. 
2. De Reuck J, Van Vleymen B. The clinical safety of high-dose

piracetam—its use in the treatment of acute stroke. Pharmacops-
ychiatry 1999; 32 (suppl): 33–7. 

3. Huber W. The role of piracetam in the treatment of acute and
chronic aphasia. Pharmacopsychiatry 1999; 32 (suppl): 38–43. 

4. Ricci S, et al. Piracetam for acute ischaemic stroke. Available in
The Cochrane Database of Systematic Reviews; Issue 2. Chich-
ester: John Wiley; 2006 (accessed 23/05/08).

Vertigo. Piracetam has been reported to be of benefit in patients
with vertigo (p.565) of both central or peripheral origin.1
1. Oosterveld WJ. The effectiveness of piracetam in vertigo. Phar-

macopsychiatry 1999; 32 (suppl): 54–60.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Noostan; Austria: Cerebryl; Nootropil; Novocephal; Pirabene;
Belg.: Braintop; Docpirace; Geratam; Noodis; Nootropil; Piracemed; Pirac-
etop; Braz.: Cintilan; Nootrofic†; Nootron; Nootropil; Chile: Nootropyl;
Cz.: Cerebryl†; Geratam; Kalicor ; Nootropil; Oikamid; Pirabene; Fin.:
Nootropil; Fr.: Axonyl†; Gabacet; Geram†; Nootropyl; Ger.: Avigilen; Cer-
ebroforte†; Cerepar N; Cuxabrain†; Memo-Puren†; Nootrop; Norma-
brain; Piracebral; Piracetrop; Sinapsan; Gr.: Aminotrophylle-88; Arterosol†;
Cebragil; Latys; Lobelo; Meclivin†; Meditam†; Noforit; Nootrop; Oxynium;
Piracem; Stamin; Hong Kong: Nootropil; Piratin; Hung.: Cerebryl; Lu-
cetam; Memoril; Nootropil; Pirabene; Pyramen†; India: Nootropil; Nor-
menta; Pirament; Piratam†; Indon.: Antikun; Benocetam; Cetoros;
Chepamed; Ciclobrain; Encebion; Ethopil; Fepiram; Gotropil; Gracetam; La-
tropil; Lutrotam; Mersitropil; Neurocet; Neurotam; Noocephal; Nootropil;
Nufacetam; Piratrof; Pratropil; Primatam; Procetam; Resibron; Revolan;
Scantropil; Sotropil; Tropilex; Ital.: Cerebropan†; Nootropil; Norzetam†;
Psycoton; Jpn: Myocalm; Nootropil; Malaysia: Cebrotonin†; Knowful;
Nootropil; Mex.: Dinagen; Nootropil; Neth.: Nootropil; Norw.: Noot-
ropil; Philipp.: Irahex; Nootropil; Pol.: Lucetam; Memotropil; Nootropil;
Port.: Acetar; Noostan; Nootropil; Oxibran; Stimubral†; Rus.: Lucetam
(Луцетам); Memotropil (Мемотропил); Nootropil (Ноотропил); Phezam
(Фезам); Piratropil (Пиратропил); S.Afr.: Nootropil; Singapore: Cebrot-
onin; Cetam†; Nootropil; Piratam; Racetam; Spain: Ciclofalina; Nootropil;
Swed.: Nootropil; Switz.: Nootropil; Pirax; Thai.: Embol; Mempil; Noo-
cetam; Nootropil; Scarda; Turk.: Nootropil; Norotrop; UK: Nootropil;
Venez.: Breinox; Nootropil†.
Multi-ingredient: Braz.: Energiclin; Energivit; Exit; Isketam; Vincetron†;
Port.: Anacervix; Centracetam†; Euvifor†; Stimilfar†; Rus.: Omaron
(Омарон); Piracezine (Пирацезин); Vinpotropile (Винпотропил); Spain:
Anacervix; Devincal; Diemil; Piracetam Complex†; Venez.: Devincal†.
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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)

Posatirelin (rINN)

Posatirelina; Posatiréline; Posatirelinum; RGH-2202. (2S)-N[(1S)-
1-[[(2S)-2-Carbamoyl-1-pyrrolidinyl]carbonyl]-3-methylbutyl]-6-
oxopipecolamide.
Позатирелин
C17H28N4O4 = 352.4.
CAS — 78664-73-0.

Profile
Posatirelin is an analogue of protirelin (p.2175). It is claimed to
have beneficial effects on CNS function, and has been investigat-
ed in the management of dementia of various causes.
◊ References.
1. Parnetti L, et al. Posatirelin for the treatment of late-onset Alzhe-

imer’s disease: a double-blind multicentre study vs citicoline and
ascorbic acid. Acta Neurol Scand 1995; 92: 135–40. 

2. Parnetti L, et al. Posatirelin in the treatment of vascular demen-
tia: a double-blind multicentre study vs placebo. Acta Neurol
Scand 1996; 93: 456–63. 

3. Reboldi G, et al. Pharmacokinetic profile and endocrine effects
of posatirelin treatment in healthy elderly subjects. J Clin Phar-
macol 1996; 36: 823–31.

Pramiracetam Sulfate (USAN, rINNM)

Amacetam Sulphate; CI-879; Pramiracétam, Sulfate de; Pramira-
cetam Sulphate; Pramiracetami Sulfas; Sulfato de pramiracetam.
N-[2-(Diisopropylamino)ethyl]-2-oxo-1-pyrrolidineacetamide
sulphate.
Прамирацетама Сульфат
C14H27N3O2,H2SO4 = 367.5.
CAS — 68497-62-1 (pramiracetam); 72869-16-0 (prami-
racetam sulfate).
ATC — N06BX16.
ATC Vet — QN06BX16.

(pramiracetam)

Profile
Pramiracetam sulfate has been used in age-related memory im-
pairment and senile dementia. It has also been tried, without
much success, as an adjunct to ECT in severe depression.
◊ References.
1. McLean A, et al. Placebo-controlled study of pramiracetam in

young males with memory and cognitive problems resulting
from head injury and anoxia. Brain Inj 1991; 5: 375–80. 

2. Auteri A, et al. Pharmacokinetics of pramiracetam in healthy
volunteers after oral administration. Int J Clin Pharmacol Res
1992; 12: 129–32. 

3. Scarpazza P, et al. Multicenter evaluation of pramiracetam for
the treatment of memory impairment of probable vascular origin.
Adv Therapy 1993; 10: 217–25.

Preparations
Proprietary Preparations (details are given in Part 3)
Ital.: Neupramir†.

Pyritinol Hydrochloride (BANM, rINNM)

Hidrocloruro de piritinol; Pirytynolu dichlorowodorek; Pyrithiox-
ine Hydrochloride; Pyritinol, Chlorhydrate de; Pyritinoli Dihydro-
chloridum; Pyritinoli Hydrochloridum. 5,5-Dihydroxy-6,6-dime-
thyl-3,3-dithiodimethylenebis(4-pyridylmethanol) dihydochloride
monohydrate.
Пиритинола Гидрохлорид
C16H20N2O4S2,2HCl,H2O = 459.4.
CAS — 1098-97-1 (pyr itinol); 10049-83-9 (anhydrous py-
r itinol hydrochlor ide).
ATC — N06BX02.
ATC Vet — QN06BX02.

(pyr itinol)

Pharmacopoeias. In Chin. and Pol.

Profile
Pyritinol hydrochloride has been described as a nootropic that
promotes the uptake of glucose by the brain. It has been used in
the treatment of various cerebrovascular and mental function dis-
orders. It has been given in a usual oral dose of 600 mg daily in
3 divided doses. Pyritinol hydrochloride has also been given as
an alternative to penicillamine in rheumatoid arthritis. It is also
an ingredient of various preparations promoted as tonics.

◊ References.
1. Knezevic S, et al. Pyritinol treatment of SDAT patients: evalua-

tion by psychiatric and neurological examination, psychometric
testing and rCBF measurements. Int Clin Psychopharmacol
1989; 4: 25–38. 

2. Lemmel EM. Comparison of pyritinol and auranofin in the treat-
ment of rheumatoid arthritis. Br J Rheumatol 1993; 32: 375–82. 

3. Straumann A, et al. Acute pancreatitis due to pyritinol: an im-
mune-mediated phenomenon. Gastroenterology 1998; 115:
452–4. 

4. Maria V, et al. Severe cholestatic hepatitis induced by pyritinol.
BMJ 2004; 328: 572–4.

Preparations
Proprietary Preparations (details are given in Part 3)
Arg.: Epocan†; Austria: Encephabol; Chile: Encefabol; Cz.: Encephabol;
Enerbol; Ger.: Ardeyceryl P†; Encephabol; Hong Kong: Encephabol;
Hung.: Enerbol†; India: Encephabol; Indon.: Encepan; Encephabol; Ener-
bol; Malaysia: Encephabol†; Pyritil; Mex.: Bonifen†; Encephabol; Philipp.:
Encephabol; Port.: Bonifen†; Cerbon; Rus.: Encephabol (Энцефабол); En-
erbol (Энербол); S.Afr.: Encephabol; Singapore: Encephabol†; Thai.: En-
cephabol; Memonol; Pyritil; Venez.: Acon; Bonifen; Bonitrop; Fitina; Garan†.

Multi-ingredient: Arg.: Gabimex Plus; Spain: Refulgin; Viadetres†.

Rivastigmine (BAN, USAN, rINN)

ENA-713 (rivastigmine or rivastigmine hydrogen tartrate); Ri-
vastigmiini; Rivastigmin; Rivastigmina; Rivastigminum; SDZ-212-
713; SDZ-ENA-713 (rivastigmine or rivastigmine hydrogen tar-
trate). (−)-m-[(S)-1-(Dimethylamino)ethyl]phenyl ethylmethyl-
carbamate.

Ривастигмин
C14H22N2O2 = 250.3.
CAS — 123441-03-2.
ATC — N06DA03.
ATC Vet — QN06DA03.

Rivastigmine Hydrogen Tartrate (BANM, rINNM)

ENA-713 (rivastigmine or rivastigmine hydrogen tartrate); Hid-
rogenotartrato de rivastigmina; Rivastigmine Bitartrate; Rivastig-
mine, Hydrogénotartrate de; Rivastigmine Tartrate; Rivastigmini
Hydrogenotartras; SDZ-ENA-713 (rivastigmine or rivastigmine
hydrogen tartrate).

Ривастигмина Гидротартрат
C14H22N2O2.C4H6O6 = 400.4.
CAS — 129101-54-8.
ATC — N06DA03.
ATC Vet — QN06DA03.

Adverse Effects, Treatment, and Precau-
tions
As for Donepezil, p.364.
Effects on the gastrointestinal tract. A 67-year-old woman
experienced severe vomiting after rivastigmine, in an oral dose
of 4.5 mg, was mistakenly reintroduced without the recommend-
ed titration phase;1 the vomiting was so severe that the patient
also suffered a rupture of the oesophagus that needed corrective
surgery. The authors’ commented that careful dose titration of
rivastigmine is necessary even when restarting treatment.
1. Babic T, et al. Spontaneous rupture of oesophagus (Boerhaave’s

syndrome) related to rivastigmine. Age Ageing 2000; 29: 370–1.

Interactions
As for Neostigmine, p.632. See also Antimuscarinics,
under Donepezil, p.365, for mention of an interaction
between rivastigmine and tolterodine.

Pharmacokinetics
Rivastigmine is readily absorbed from the gastrointes-
tinal tract and peak plasma concentrations are reached
in about 1 hour after oral doses. Food delays absorption
by about 1.5 hours and reduces maximum plasma con-
centrations. Absorption from transdermal patches is
slow and peak plasma concentrations are reached in 10
to 16 hours after applying the first patch; with subse-
quent patches, peak concentrations are reached in
about 8 hours. Exposure to rivastigmine is highest
when the patch is applied to the upper back, chest, or
upper arm, and about 20 to 30% lower when applied to
the abdomen or thigh. Rivastigmine is about 40%
bound to plasma proteins and readily crosses the
blood-brain barrier; it is widely distributed throughout
the body. Rivastigmine is rapidly and extensively me-
tabolised, primarily by cholinesterase-mediated hy-
drolysis to the weakly active decarbamylated metabo-
lite. The plasma half-life is about 1 hour after oral
doses and about 3 hours after patch removal. After oral
use, more than 90% of a dose is excreted in the urine
within 24 hours; no unchanged rivastigmine is detected
in the urine. Less than 1% of a dose appears in the fae-
ces.
◊ References.
1. Hossain M, et al. Estimation of the absolute bioavailability of

rivastigmine in patients with mild to moderate dementia of the
Alzheimer’s type. Clin Pharmacokinet 2002; 41: 225–34. 

2. Lefèvre G, et al. Pharmacokinetics of a rivastigmine transdermal
patch formulation in healthy volunteers: relative effects of body
site application. J Clin Pharmacol 2007; 47: 471–8. 

3. Cummings J, et al. Pharmacokinetic rationale for the rivastig-
mine patch. Neurology 2007; 69 (suppl 1): S10–S13. 

4. Lefèvre G, et al. Pharmacokinetics and pharmacodynamics of the
novel daily rivastigmine transdermal patch compared with
twice-daily capsules in Alzheimer’s disease patients. Clin Phar-
macol Ther 2008; 83: 106–14. 

5. Lefèvre G, et al. Pharmacokinetics and bioavailability of the
novel rivastigmine transdermal patch versus rivastigmine oral
solution in healthy elderly subjects. J Clin Pharmacol 2008; 48:
246–52.

Uses and Administration
Rivastigmine is a carbamate type reversible acetylcho-
linesterase inhibitor; it also inhibits butyrylcholineste-
rase. Rivastigmine is selective for the CNS and is used
for the symptomatic treatment of mild to moderately
severe dementia in Alzheimer’s disease (below) and
idiopathic Parkinson’s disease (below). It is given oral-
ly as the hydrogen tartrate or in transdermal patches as
the base. For both routes doses are expressed in terms
of the base; 2.4 mg of rivastigmine hydrogen tartrate is
equivalent to about 1.5 mg of rivastigmine. 
An initial oral dose is 1.5 mg given twice daily with
food. Thereafter, the dose may be increased according
to response and tolerance by increments of 1.5 mg
twice daily at intervals of at least 2 weeks to a maxi-
mum dose of 6 mg twice daily. In the USA, licensed
product information recommends dose increments at
intervals of at least 4 weeks when treating dementia as-
sociated with Parkinson’s disease. 
Transdermal patches delivering 4.6 or 9.5 mg of
rivastigmine over 24 hours are also available for once-
daily application. In the USA, rivastigmine patches
may be used for the treatment of dementia in Alzheim-
er’s disease or Parkinson’s disease; however, in the
UK, use is restricted to dementia in Alzheimer’s dis-
ease. An initial transdermal dose is 4.6 mg daily; after
at least 4 weeks and if well tolerated, the dose should
be increased to 9.5 mg daily. Patients already taking
oral rivastigmine may be changed to the patches as fol-
lows: 
• those taking 6 mg daily or less of oral rivastigmine

may be switched to patches delivering 4.6 mg over
24 hours 

• those taking more than 6 mg daily orally may be
switched to patches delivering 9.5 mg over 24 hours 

H
N

N
H

O

O

O

H
N

H

CH3

H3C

H NH2

O

N

O
O

CH3N

H
N

CH3H3C

CH3

N S

H3C

OH OH

NS

CH3

OHOH

O

O

N

CH3

H3C
N

CH3

CH3

CH3


