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8. Grondin C. e al, Slow-acting antisheumatic drugs in chrontc arthritis of
childhood. Semin Arthritis Rhewon 1988; 18: 38—47

9. Richardson MR, Zalin AM. of p h with
chloroquine. BMJ 1987; 294: 741. |
10. H: P. ‘# al Tre of with

chioroquine. AMJ 1987; 294: 1289,
11. Youssef W, ef o/, Palindromic rheumatism: a response 10 chloroquine. J
Rheumatol 1991; 18: 35-7.

Sarcoidosis. Chloroquine and hydroxychloroquine have
been tried in the management of sarcoidosis (p. 1612.2) as
alternatives” or adjuncts to corticosteroid therapy. For
references to the use of hydroxychloroquine, see under
Chloroquine, p. 651.1.

Skin disorders. For reference to the use of hydroxychloro-
quine in a variety of skin disorders, see¢ under Chlorc-
quine, p. 651.2.

Systemi erythemat Antimalarials have been
widely used in the treatment of lupus erythematosus
(p. 1613.3), particularly its cutaneous manifestations,
although much of the evidence is based on case series and
reports.! Hydroxychloroquine is most widely used,'? as it
is thought to have fewer adverse effects than chloroquine,
although any benefit with chloroquine generally starts to
become evident within several weeks of starting treat-
ment, whereas it may take up 1o 2 months for any effect
of hydroxychloroquine to be seen. For extracutaneous dis-
ease, antimalarials are often combined with other drugs:
treatment may be continued for many years. For reference
to precautions to reduce the risk of retinopathy see Effects
on the Eyes, under Adverse Effects of Chloroquine,
p. 651.2. There is evidence from a case-control study? that
long-term hydroxychloroquine treatment is assodated
with fmproved survival in patients with SLE, and some
consider it to be underused.? It has been suggested that
hydroxychloroquine may also have a role in redudng the
thrombotic symptoms of SLE, induding in patients with
antiphospholipid syndrome.*

1. Wozniacka A, McCauliffe DP. Optimal use of antimatarials in trealing
cuunecuslupuscrylhmuosus.,{mlcbnlxm:ulzoos & )-11.

2. Costedoat-Chal N, et ol dans le
du Jupus: le renouveau. Rev Med Imwmc 2008: 29: 735-7.

3. Alarcén GS. o el Effec of hydroxychloroquine on the survival of
patients with systemic lupus erythematosus: data from LUMINA, a
multiethnic US cohott (LUMINA L). Axn Rhewm Dis 2007; 6: 1168-72.

4. Petri M. Use of by Y q to prevent thromb: in systumc
lupus eryth and in i holipi y-positi
patients. Qurr Rheumatol Rep 2011; 13: 77-80.

Venous thromboembolism. Standard prophylaxis for sur-
gical patients at high risk of venous thromboembolism
(p- 1274.1) is usually with an anticoagulant. Hydroxy-
chloroquine has been desaibed by some as an antiplatelet
agent! and although its mechanism of action is uncertain
the incidence of fatal pulmonary embolism has been
reduced in patients given hydroxychloroquine prophylac-
tically after total hip replacement;*the usual daily divided
oral dose was about 800mg from the day before surgery
until discharge; larger doses had been used.
See also Systemic Lupus Erythematosus, above.
1 A Trialists' Collaboration. C:
mhed tdals of v.hmpy—m.

andmedlalpnkmx.xull”d. :oa 23546
2. Loudon JR. Byd i i
lkawulhlpmphcunml.mlunll%l 85: (suppl 4A): 57-61.

Adverse Eﬁeds, Treatment, and Precautions
As for Chloroquine, p. 651.2.

Breast feeding. Hydroxychloroquine has been detected in
human breast milk!? but no adverse effects have been
seen in breast-fed infants and the American Academy of
Pediatrics considers? that it is therefore usually compatible
with breast feeding.
1. Naton RL,  al. Excretion of hydroxychloroquine in human milk. 8r J
Clin Phiarmaco! 1984; 17: 368-9.
2 M, etal. Y
Pharmac! 1985; 28: 357.
3. Amerkan Academy of Pediatrics. The transfer of drugs and other
chemials into human milk. Pediatrics 2001; 108: 77689, [Retired May
2010] Corvection. ibid; 1029. Also avallable ar h

of rando-

in venous
Y among surgical

in human breast milk. Exr J Qlin

5. B:r;holz R, et al. Evaluation of risk facrors for retinal damage due to
and Br J Ophthalmol 2010; 94: 1637-

4.

6. Payne JF, a al. Clinical of hy y
retinopathy. Br J Ophthalmol 2011; 95: 245-50.

7. Michaelides M, & al. Retinal 1oxidity -nodned with hydroxychloro-
quine and risk factors, despite
cessation of l.hmpy Arch Ophthalmol 2011; 129 !0-9

Effects on glucose metabolism. For the effects of hydroxy-
chloroquine on glucose metabolism, see under Chloro-
quine, p. 651.3.

Overdosoge. References' 10 the management of
hydroxychloroquine overdose. Management has largely
been based on that used for overdoses of chloroquine
(p. 652.2). °

. Marquardt X, Albertson TE. T of hy Y
overdose. Am J Emerg Med 2001; 19: 420-4.
Ling Ngan Wonl A, &t al. Hydroxychloroquine overdose: case report and

~

Lumefantrme (BAN, USAN, ANNJ

Benﬂumelol Benﬂumetol, Lumefantnn, Lumefantnna,
Lumefantnne Lumefantnnum, Lumefantryna I'Iymeq)aﬂ-
TPUH, . -

2,74 chhloro~9—[(44:hlorophenyl)methylene} a—[(dlbutylam .
'no)methyll-9H- ﬁuovene—4»methano

“CypHyChNO=5289 R
CAS — 82186-774. |
UNIl — F38ROJR742.

Pharmacopoeias. In Chin.

Uses and Administration

Lumefantrine is a dichlorobenzylidine derivative given
orally with artemether (p. 648.1) for the treatment of
uncomplicated falciparum malaria (p. 644.1). In some
coumncs, the combination is also used for the treatment of
chl -resistant non-faldparum malaria. Lumefan-

for Eur J Emerg Med zoos 15: 16-8.
3. Olgcn T, n al Emmlc i icatic met hy Y mel
d isti voor behan-

deling mel diazepam. Ned Tijdschr Genceskd 2008; 152: 509-12
Gunja N, e al. Survival after massive hydroxychloroquine overdose.
Anacsth Intensive Care 2009, 37: 130-3.

>

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies hydroxychloro-
quine as possibly porphyrinogenic; it should be used only
when no safer alternative is available and precautions
should be considered in vulnerable patients.!

For a discussion of the use of other antimalarials in
patients with porphyria. see under Precautions for
Chioroquine, p. 653.1.

1. The Drug Dacabase for Acule Porphyria. Available at: hup://www.
drugs-porphytia.org (accessed 10/10¢/11)

Pregnancy. In a study' of 133 pregnancies in 90 women
treated with hydroxychloroquine, no statistical difference
in pregnancy outcome was found compared with a control
group consisting of 70 pregnancies in 53 women. It was
concluded that the findings supported preliminary evi-
dence for the safety of hydroxychloroquine treatment in
pregnancy, and that treatment should probably therefore
be maintained during pregnancy in patients with SLE. A
later systematic review? also concluded that there was no
increased risk of congenital defects, spontaneous abortion,
fetal death or prematurity assodated with use of hydroxy-
chloroquine for auto-immune diseases during pregnancy.
1. Costedoat-Chalumeau N, et al. Safety of hydroxychloroquine in
pregnant patients with connective tissue diseases: a study of one
hundred thiny-three cases compared with a control group. Arthnitis
Rheur 2003; 48 3207-11.
2. Sperber K e al. Sysmml.ic review of hydroxychloroquine use in
pregnant patients with diseases. Pediatr Rb [ Online J
2009; 7: 9.

Interactions
As for Chloroquine, p. 653.2.

Pharmacokinetics

The pharmacokinetics of hydroxychloroquine are similar to
those of chloroquine (see p. 653.3).

Rerncnccs
1. Teu SE, et al. ilability of ine tablets in healthy

volunteers. Br J Clin Pharmacol l989 17‘ 771—9

2. Miller DR, ef al, Steady
in rheumartoid an.hnus DICP Ann Phammlhrr 1991 15 1302-5

3. Ducharme J, e al. of
after a single orat dose of the racevm: to heam:y subjects. Br ! Clin
Pharmacol 1995; 40: 127-33.

Preparations
Proprietary Preparations (details are given in Volume B}
Single-ingredient Preparations. Arg.: Axokine; Evoquin; Metirel;

trine isa blood schizontocide with a relatively slow anset of
action but it has a longer duration of action than
artemether. The combination is given as a six-dose regimen,
with cach dose containing lumefantrine 480mg and
artemether 80 mg. The first dose is given at initial diagnosis,
with subsequent doses given after 8, 24, 36, 48, and 60
hours; it has been suggested that doses be given after a milky
drink or fat-containing food to ensure adequate absocption.
For details of dosing in children, see below.

Rcfcrenccs
. Omav AAA, e al. her- iz (six-dose regi ) for
reating unc i malaria. Available in The Cochranc

Database of Systematic Reviews: Issuc 4. Chichester: John Wiley: 2005
(accessed 19/071/06).

2. Omari AAA. et al. A b (lour-d regimen} for
treating uncomplicated faldparum malaria. Available in The Cochrane
Database of Sysiematic Reviews; Issue 2. Chichester: John Wiley; 2006
{accessed 19/07/06).

3. Kokwaro G. ef al. A f in the of
uncomplicated falcdparum malaria. Expert Opin Pharmacother 2007: 8:
75-94.

4. Adjet GO, o al b : an oral larial for
uncomplicated malaria in children. Expert Rev And Infea Ther 2009; 7:
669-81.

5. Ngasala BE, #f al. Efficacy and cffecti of h f

after initial and rcpem:d freaunent m children <3 years of age with
acute di malaria in rural Tanzania: a
randomized trial. Clm Infect Dis 201] 51 87382

Adminisiration in children. Lumefantrine may be given
orally to infants and children, with artemcther, for the
treatment of uncomplicated falciparum malaria. In
some countries, the combmanon is also used for the treat-
ment of chloroq ; non-falciparum mal-
aria. A total of 6 dos:s are given, starting at dxagntms and
repeated afier 8, 24, 36, 48, and 60 hours; recoramended
doses according to body-weight are as follows:

* 510 l14kg: lumefantrine 120 mg with artemether 20 mg
* 15 to 24 kg: lumnefanurine 240 mg with artemether 40 mg
» 2510 34kg: lumefantrine 360 mg with artemether 60 mg
» over 35kg: as for adults (see above)

1t has been suggested that doses be given‘after a milky drink
or fat-containing food 1o ensure adequate absorption.

Adverse Effects and Precautions

Adverse effects associated with the combination of
lumefantrine with artemether commonly include head-
ache. dirzziness, sleep disturbance, palpitations, gastro-
intestnal disturbances, anorexia, pruritus, rash, cough,
arthralgia, myalgia, and fatigue.

Lumefantrine-artemether may cause prolongation of the
QT interval, and therefore should be avoided in patients
with serum-potassium or magnesium disturbances, any
clinical condition known to prolong the QT interval (such as
congenital long QT syndrome, symptomatic cardiac
arrhythmia, or severe heart failure), or a family history of
sudden cardiac death.

Lumefantrine-artemether should be given with caution
in severe hepatic or renal impairment and ECG and blood
P i monitored.

Narbon: Plaquenil; Polir : Austral: Plaquenil; Belg.:
Flaquenil; Braz.: Plaguinol inol; Canad.: Apo-Hydroxy-
quine; Plaqueni), Pro-Hyd.mxyqulne Chile: flinol; Plaquinol;

%30108/3/T76 (accessed
19101/04)

Effects on the eyes. The main adverse effects of chloro-

quine and hydroxychloroquine on the eye are keratopathy

and retinopathy. With respect to retinopathy, precautions

should be taken in patients undergoing long-term treat-

ment, as described under Chloroquine on p. 651.2.
Further references.

China: Fen Le (%5%); Plaquenil (FE#E); Cz.: Plaquenil; Demm.:
Ercoquin; Plaquenil; Fin: Oxiklorin; Fr.: Plaquenil Ger.:
Quensyl; Gr.: Plaquenil; Hong Kong: Plaquenil; India: HCQS:
HQTor; Hydrocad Hydroqum Oxcq Ony, IrL Plaquenil;

Effects on the bload. Severe haemolytic anaemia necessi-
tating corticosteroid treatment, blood transfusion, and
haemodialysis occurred in a patient after taking 8 lume-
fantrine-artemether tablets after a malarial attack.! It was
considered that, given its molecular similarity to other
antimalarials known to cause haemolysis, the causative
drug was probably lumefantrine.

1. Mérat S, et al. Case report: binati ther-} ine and

1. Jones SK. Ocular toxicity and hydroxychl i deli for
!arexﬂn[.lrll)ﬂm‘ldl”D 140: 3-7.

2. Tripp M, Maibach HL
dermarologic perspective. AchlmDmumlzoos " l7l—5

3. Tehrani R, & al. Ocular toxicity of hy

Israel: il IlaL l; Mex.:
P it: Nelh il: Norw.: Plaquenil; NZ. Plaquenil;
Ph:hpp il; Porr Pl I Rus.: I d (ksouapn):
Plaquenil (l’lnmem) Smgapm Pl il Spain: Dolq
Swed.: Plaquenil; Switz.: Plaquenil; Thai.: HCQS: Hydroquin;
Pl il: Turk.: Plaquenil; UK: Plaquenil; Ukr.: lmmard
{Hmmapa); Plaquenil (IL USA: Plaquenil; Venez.: Pla-
induced reti hy: a X
quinol.
Y qt Semin Ay ial Pr

Ophthalmot 2008; 23: 201-9.

4. Wolfe F. Marmor MF. Rates and predictors of hydmxythlotoqum!
Tetinal toxidty in patients with rheumatoid arthritis and systemic lupus
erythematosus. Arthritis Care Res (Hobokem) 2010; 62: 775-84.

All cross-references refer to €ntries in Volume A

BP 2014: Hydmxychloroqume Tablets;
USP 36: Hydroxychloroguine Sulfate Tablets.

lytic anaemiz following a malarial auadL Trans R Soc Trop Med Hyg
2003; 97: 433—4.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies the combination
of lumefantrine plus artemether as probably porphyrino-
genic; it should be prescribed only {for compelling reasons
and precautions should be considered in all patients.
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For a discussion of the use of other antimalarials in
patients with porphyria, see under Precautions for
Chloroguine, p. 653.1.

1. The Drug Database for Acute Po i lable at: hup:

drugs-porphyria.org (accessed 12/10/11} B

Interactions

Use of lumefantrine-artemether should be avoided in
patients who are using other drugs known to prolong the QT
interval (such as halofantrine, quinine, and mefloquine).
For patients previously treated with halofantrine, licensed
product information recommends that at least a month
should pass before starting lumefantrine-artemether. The
combination is also considered contra-indicated in patients
taking any drugs that are metabolised by the cytochrome
enzyme CYP2D6, particularly those with cardiac effects
(including amitriptyline, clomipramine, flecainide, imipra-
mine, and metoprolol). Given the long elimination half-life
of lumefantrine (see Pharmacokinetics, below), care must
also be taken when starting potentially interacting
medications soon after lumefantrine has been stopped.

Pharmacokinetics

The bioavailability of lumefantrine after oral doses is
variable; absorption begins after a lag-time of up to 2 hours
and bicavailability is substantially increased when given
with food, particularly meals high in fat. Peak plasma
concentrations occur after about 6 to 8 hours. Lumefantrine
is almost completely protein bound. It is considered to be
metabolised mainly in the liver and is excreted in the faeces.
The elimination half-life is reported to be between 4 to 6
days in patients with malaria.

Sorption. For reference to loss of mefloquine hydro- :

chloride from solutions during membrane filtration, see
Chloroquine, p. 650.2.

Slubllity A report of the photolytic degradauon of meflo-
quine hydrochloride in water.!

1 HH. G A-L. Photochemical stability of bi

active P ds II: photoch: of in
water. Int J Pharmaceutia 1990; 60: 157-62.

Uses and Administration

Mefloquine is a 4-methanolquinoline antimalarial related to
quinine. Itis a blood schizontocide effective against all forms
of malaria including chioroquine- or multidrug-resistant
strains of Plasmodium falciparum, although some strains are
naturally resistant to mefloquine. It is used for the treatment
of uncomplicated faldparum malaria and chloroquine-
resistant vivax malaria, and also for malaria prophylaxis (see
below). Mefloquine is also used after treatment with an
artemisinin derivative for acute uncomplicated malaria, to
reduce the risk of recrudescence. .

Mefloquine is given orally as the hydrochloride bur
variation in the way doses are  expressed could lead to
confusion. In the UK and elsewhere, doses are expressed in
terms of the base and a dose of 250 mg base is equivalent to
about 274mg of mefloquine hydrochloride. In the USA,
doses are expressed in terms of the hydrochloride and 2 dose
of 250mg is therefore equivalent to only about 228 mg of
mefloquine base. Doses in the USA could therefore be about
10% less than elsewhere.

For the treatment of uncomplicated malaria in non-immune
travellers, WHO recommends 25 mg/kg of mefloquine base
given in a split-dose regimen of 15 mg/kg inidally, followed
by 10:mgrkg 6 to 24 hours later. However, the BNF notes
that mefloquine is rarely used for treatment of falciparum
malaria or chloroquine-resistant non-faiciparum malarias
due to concern about resistance and, in the case of the
non-faldparum malarias, the availability of better tolerated

For the treatment of uncomplicated falaparum malaria in

demic areas, WHO recommends that mefloquine 25 mg/kg
be given with a 3-day course of artesunate {see p. 648.2);
the mefloquine dose may be given as the split-dose regimen
above, or as 8.3 mg/kg once daily for 3 days.

For the prophylaxis of malaria, a once-weekly dose of

References. .
1L whitewndcllnml‘ kinetics and ph ies of
Clin Ph inet 1999; 37: 105-25.
2. EzzetF, etal. and ph ynamics of r
fl 1) in acute fal malaria. imicrob Agents Chemother
2000; 44: 697-704. treatments.
3. Tarning J, et al. Pop b kinetics of 7 in
pregnant women uuud with i T U
ated P Jalcip mataria, Agents Chemother 2009;
53: 383746,
4. Djimdé A, Lefdvre G. Und: ding the ph of Coartem.
Malar 7 2009; 8 (suppl l) S4.
5. Hietala SF, etal. P inetics and ics of
her and b ine during in children

with uncomplicated malaria in Tanzania. Antimicob Agents
Chemother 2010; 54: 4780-8.

6. gwa [, et al. Phaf h and
artesunate-amodiaquine in children in Kampala, Uganda. Antimicob
Agents Chemather 2010; 34: 52-9.

Preparations
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Mutti-ingredient ns. Austral.: Riamet; Austria: Riamet;
Belg.: Co-Artesiane; Riamet: Cz: Riamett; Fr.: Riamet; Ger.:
Riamet; Gr.: Riamer; India: Alither; Arh-L; Arlufe; Arsumet-L;
Arte Plus; Coartrin; Combither; Faldmax Plus; Falcirid;
Lumeart; Lumecap-A; Lumerax; Lumether; Malatrit-EL;
Indon.: Coartem; Neth.: Riamer; Philipp.: Coartem; Port.: Ria-
met; S.Afr.. Coartem; Singapore: Riamet; Swed. Riamet;
Switz.: Riamet; Thai.: Coartem; UK: Riamet; USA: Coartem.

Mefloquine Hydrochloride

{BANM, USAN, iNNM)

Hldrocloruro dé f Cloridrato; Meflo-
chin-hydrochlorid; M hydrokloridi; . Meflokin-hidrok-
lorid; Meflokinhydroklorid; Meflakving hidrochicridas; Meflo-
quina, hidrocloruro  de; . :Méfloguine;«;Chlorhydrate de;
‘Mefloquinhydrochlorid; Mefloquink Hydrochloridum; Ro-21-
5998 (mefloquine); Ro-21-5998/001 (mefloquine - hydro-
chloride); “ WR- 142490 (rnefloqume) :Metbnoana
fuapoxnopun, S
(RS)-[2,8- Bls(tnﬂuoromet
methanol hydrachlorid
C,1H15F5N10HC1-4148 X
CAS. = 53230-10-7. (mef
hydrochlondeJ
ATC— POIBC02

I) 4 qumolyl] 'SR) ﬂ-piperldyl)

Phcnnacopoems InEur (see p. vu) Int., Jpn, and US.

Ph. Eur. 8: (Mefloquine Hydrochloride). A white or slightly
yellow, crystalline powder. It shows polymorphism., Very
slightly soluble in water; soluble in alcohol; frcely soluble in
methyl alcohol. Protect from light, - .

USP 36: {Mefloquine Hydrochloride). A white or slightly
yellow, crystalline powder. It exhibits polymorphism. Very
slightly soluble in water; soluble in alcohol; freely soluble in
methyl alcohol. Store in airtight containers at a temperature
between 15 degrees and 30 degrees. Protect from light.

250mg mefloquine base has been recommended; prophy-
laxis should start at least 1 week, but preferably 2 to 3 weeks
before entering the malarious area and continue for4 weeks
after leaving.

For further information, and for details of dosing in
children, see below.

Administration in children. Mefloquine may be given
orally to infants and children for malaria prophylaxis, as
well as for the treatment of uncomplicated falcdparum
malaria and chloroquine-resistant vivax malaria, although
it is not licensed for use in children under 3 months of age
or weighing less than Skg.

For the treatment of uncomplicated malaria in
non-immune travellers, WHO' recommends 25 mg/kg of
mefloquine base given in a split-dose regimen of 15 mgrkg
initially, followed by 10 mg/kg 6 to 24 hours later.

For the treatment of uncomplicated falciparum
malaria in endemic areas, WHO? recommends that
mefloquine 25mg/kg be given with a 3-day course of
artesunate {see p. 648.2); the mefloquine dose may be given
as the split-dose regimen above, or as 8.3 mg/kg once daily
for 3 days.

Recommended doses for prophylaxis are generally
based on 5 mg/kg of mefloquine base as a single weekly dose
in children weighing over 5kg.! Typical once-weekly doses
used in the UK? for infants and children from 5kg body-
weight and over 3 months of age are as follows:

* 5t015.9kg (3 months to 3 years 11 months): 62.5mg
* 16 1024.9kg (4 years to 7 years 11 months): 125mg

® 25 t044.9kg (8 years to 12 years 11 months): 187.5mg
* 45kg and over: the adult dose (sce above)

1. WHO. International travel and health. 201 [ ed. Available at: hup://www.
who.int/ith/en/ (accessed 17/06/11)

2. WHO. Guidelines for the treatment of mal.anl an ed Genzvn WHO,
2010, Available  at: 2010/
5789241547925_engpdf (accrssed os/umo; Update (issued Aprd
2011} available at hutp:/iwww.who.i
treatchild_revised.pdf (accessed 20/05/11)

3. Public Health England. Guidell for malaria pr in
from the UK (issued August 2013), Available at: hup://www.hpa.org.
uk/webe/HP. Aweb_C/1 23 (accessed 24/10/13)

Malaria. The overall treatment and prophylaxis of malaria
and the place of mefloquine in current rccommendauons
are discussed on p. 644.1.

TREATMENT, Clinical studies have shown mefloquine to
be effective in the treatment of chloroquine- or multidrug-
resistant falciparum malaria. Tt is also effective in
non-faldparum malarias, but is not normally required
since they usually respond to chloroquine.

The symbol t denotes a preparation no longer actively marketed

Mefloquine has been widely used as an alternative to
regimens using quinine for the treatment of chloroquine-
resistant or multidrug-resistant strains of Plasmodium
falciparum. It is now also used with an artemisinin derivative
in multidrug resistance (see p. 649.1).

As there is no parenteral formulation of mefloquine
currently available it can only be used in patients who can
take oral medication and is therefore unsuitable for sole
treatment in severe infections. Mefloquine has produced
adequate blood concentrations by the nasogastric route, but
this route cannot be relied upon in seriously ill patients.! If
mefloquine is given to patients after parenteral doses of
quinine, it is recommended that a period of 12 hours should
be allowed after the last dose of quinine to avoid toxicity.

WHO? considers that drugs used for the treatment of
uncomplicated faldparum malaria may in principle be
carried as a standby for use in similar doses for the
emergency self-treatment of malaria, although mefloquine
is not recommended by WHO as a first-line regimen.

PROPHYLAXIS. It had been hoped that mefloquine could
be reserved for the treatment of malaria, but increasing drug
resistance to chemoprophylactic regimens has led to it being
widely used for malaria prophylaxis.’ WHO recommends?
that mefloquine should be used where there is a high risk of
falciparum malaria and drug resistance or a moderate to low
risk but with high drug resistance. The equivalent of 250 mg
of mefloquine base is given every week, starting 1 to 3
weeks before departure, and continuing throughout the
period of exposure and for 4 weeks after leaving the
malarious area. Starting mefloquine prophylaxis 2 to 3
weeks before exposure allows for detection of possible
adverse effects before travelling (see Effects on the Nervous
Systemn, p. 658.1, for concerns about neurotoxidty). It is
now considered that mefloquine prophylaxis can be given
for periods of up to one year instead of the previous limit of
3 months.

In the event of breakthrough malaria during malaria
prophylaxis there may be a delay of up to several months
before the onset of symptoms In contrast to that seen with
other forms of prophylaxis.* Mefloquine should not be used
for treatment if it has been dsed for prophylaxis.

1. Chanthavanich P, o al. i is absorbed rapidly in
patients with cerebral malaria. Am J Trop Med Hyg 1985; 34: 1028-36.

2. WHO. International travel and health. 2012 ed. Avallable at: hup:/iwww.
who.int/lth/en (accessed 29/10/12)

3. Schlagenhau! P, et al. The position of mefloquine as a 21st century
malaria chemoprophylaxis. Malar J 2010; 9: 357.

4. Day JH Behrens RE. Delay in onset of malata with mefloquine
prophylaxis. Lancet 1995; 345: 398.

Schislosomiasis. A combination of mefloquine plus arte-
sunate {p. 648.2) has been investigated for use in the
treatment of schistosomiasis (p. 148.1). In a randomised,
open-label study,! mefloquine 250mg plus artesunate
100mg both given orally once daily for 3 days resulted in
a cure rate of 61% among schoolchildren infected with
Schistosoma haematobizom; high cure rates and egg reduction
rates were also seen in children coinfected with S. manso-
nt.

1. KeiserJ, eral. Emacyandsaletyol £

against rando-
mized. cxplonmry open-labet gial. Ciin lnﬁd Dir 2010; 50: 1205-13.

Adverse Effects

Since mefloquine has a long elimination half-life, adverse
effects may occur or persist up to several weeks after the last
dose.

The most frequent adverse effects of mefloquine are
nausea, diarthoeca, vomiting, abdominal pain, anorexia,
headache, somnolence, and sleep disorders, notably
insomnia and abnormal dreams. Dizziness, vertigo, and
loss of balanice may also occur, and in rare cases have
continued for months after the drug was stopped.

Neurological or psychiatric disturbances have also been
reported with mefloquine and include sensory and motor
neuropathies, tremor, ataxia, visual disturbances, tinnitus
and hearing impairment, convulsions, anxiety, depression,
confusion, hallucinations, panic attacks, emotional instabil:
ity, aggression and agitation, and acute psychosis. There
have been rare reports of suicidal ideation.

Other adverse effects include rashes, pruritus and
urticaria, hairloss, muscle weakness, myalgia, liver function
disturbances, and very rarely thrombocytopenia and
leucopenia. There have been rare occurrences of erythema
multiforme and Stevens-Johnson syndrome. Anaphylaxis
has occurred rarely. Cardiovascular effects have included
hypotension, hypertension, tachycardia or palpirations.
bradycardia, QT -prolongation, and other minor ECG
changes. There have been isolated cases of amovcmricular
block.

Incidence of adverse eﬂnds The frequencies ‘of adverse
effects reported! in 134 soldiers given mefloquine hydro-
chloride 250mg weekly for malaria chemoprophylaxis
were: diarthoea {48%), nausea (13%), vomiting (2%),
headache {13%), and dizziness (7%). All of 7 healthy sub-
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jects who received a dose of mefloquine hydrochloride
15mg/kg had symptoms that induded vertigo, nausea,
dizziness, and lightheadedness.? The manufacturers
reported that dizziness occurred in 24% of patients with
malaria treated with 750 mg of mefloquine, in 38% twrea-
ted with 1g and in 96% treated with 1.5g: splitting a
dose into two doses given 8 hours apart can reduce the
incddence of dizziness.> A prospective study involving
3673 patients found that anorexia, nausea, vomiting, diz-
ziness, and sleep disorders were 1.1 10 1.4 dmes more fre-
quent in patients receiving mefloguine 25 mg/kg for treat-
ment of malaria than in those receiving 15mgrkg, and
that vomiting could be reduced by 40% if the higher dose
was split and given as 15mg/kg followed by a further
10mg/kg after 16 10 24 hours.* The frequency of adverse
effects is reported to be higher in subjects who become
dehydrated.?

There has been concern that the adverse effects of

floquine, espedally psychiatric teactions, might
limit its use for the prophylaxis of malaria but, as discussed
under Effects on the Nervous System, below, the incidence
of adverse effects does not appear to be greater than with
other prophylactic schedules.
- Arthur JD, et al. Mefloquine prophylaxis. Laneet 1990; 335: 972.

. Patchen LC, o al. i alier a th ic dose ol
m:ﬂoqulnt N Engl ] Med 1989 321: 1415,

~ -

3. , et al. chiatric side effects of mefloquine. N Engl J
Med ]990‘ 321 1752-3.
4. ter Kuile FO, ef al. Mefl: ol acute | malaria: a

prospecitve study of non-serious adverse effects in 3673 patienss. Bull
WHO 1995; 73: 631-42.
S. Perry IC. Malaria prophylaxis. 8MJ 1995: 310 1673,

Effects on the blood. Agranulocytosis was reported® in a
patient with malaria 48 hours after treatmen: with a
1250-mg course of mefloquine. The patient had previously
taken 250 mg of mefloquine weekly for 7 weeks without
adverse ecffects. Thrombotic thrombocytopenic purpura
has been reported? in a patient after taking two standard
weekly doses of mefloquine for malaria prophylaxis.
Symptoms improved after plasmapheresis.
1 in C, et al. A
Lancet 1991 337: 984.
2. Placcador E o al. 'l‘lnombou:-zhxombocympmic purpura following
llnzol.:ll'h, phy with Chemather 2006; 57:

with

ytosis during

Effects on the liver. Acute fatty liver was reported! in a
patient who had recently reccived mefloquine 250mg
weekly for 5 weeks for malaria prophylaxis. Symptoms
resolved with fluid, electrolyte, and albumin replacement,
after stopping mefloquine. In another report,? acute eleva-
tion ‘of liver transaminases, associated with severe acute
hepatitis, occurred in a patient with pre-existing mild
hepatic impairment after a 6-week course of mefloquine
250 mg weekly. -
1. Grieco A, e al. Acute faty liver ifm' malaria prophylaxis with
mefloquine. Lancet 1999; 353: 295-6.
2. L et al. Mefl ind
2000; 20: 1517-19.

d acute hepatitls. Pharmacotherapy

Effects on the lungs. Acute pneumonids requiring hospita-
lisation' was reported in a patient after a single dose of
oral mefloquine 250 mg for malaria prophylaxis. The con-
dition slowly resolved after the drug was stopped but
recurred with mefloquine rechallenge 4 months later,
leading to intensive care unit admission. A subsequent
case of eosinophilic pneumonia associated with meflo-
quine prophylaxis has also been reported.?

Between May 1989 and January 2008, the US FDA
received 13 reports of pneumonitis assodated with
mefloquine use at either weatment or prophylactic doses.?
Although most of these patients recovered fully after the
drug was stopped, one death, in a 4-year old, occurred.
Antibacterial treatment was not of benefit in many cases,
although one-third of patients improved after treaument
with comcostermds, suggesting a possible allergic aetiology.

1 P etal induced J Travel Med 2006;
pr )724

2. Kats 1l duced ili 1
Phnmmlhtrapy 1007 27 1767-71

3. FDA. as Lariam and generics):

pneurnonitis. FDA Dnt, Safety Newsletier 2008; 1: u-a Available at:
htip://www.tde.gov/Drugs/Dr sletter/
uleOGll.hmlmgﬂoqume_hydmchlonde (amed 08/09/09)

Effects on the nervous system. Neuropsychiatric reactions
have been associated with the use of mefloquine!
although various figures have been reported for their fre-
quency. The UK CSM has quoted? figures of 1 in 10000 to
1 in 20000 for severe reactions to prophylactic doses and
similarly the manufacturers report that 1 in 10000
patients given mefloquine prophylaxis will have serious
problerns. Others consider that the indidence of serious
reactions is extremely low,* with a frequency of about 1 in
80000. The manufacturers have also reported that most
reactions in patients taking mefloquine for prophylaxis
appear to occur after the first dose and have suggested
that monitoring after the first dose could identify 40% of

All cross-references refer to’éntries in Volume A

those at risk of neuropsychiatric effects.* Some authorities
consider that over 75% of such reactions to mefloquine
are apparent by the third dose.’ This may allow for toler-
ability problems with mefloquine prophylaxis to be identi-
fied before travel. There has been much discussion on the
comparative tolerability of antimalarials used for chemo-
prophylaxis, The incidence of adverse events, mdudmg

14. Weinke T, et al, Neuropsychiatric side effects after the use of mefloguin: .
Am J Trop Med Hys 1991; 45: 86-51.

15.L C. et al. Mefloquine for

1991; 338: 1268

16. Speich R, Haller A. Central anticholinergic syndrome with th:
antimalarial drug mﬂoqulne. N Engl J Med 1994; 331: 57-8.

17. Mai NTH, et ol P ynd Lancet 1996; 342
917-21.

18. GM, et al. h

Lancef 1993; 341: 632.
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neuropsychiatric events, was comparable for mefl

and chloroquine in 2 uncontrolied questionnaire studies,
one in tourists® and one in US Peace Corps volunteers.”
However, in a more recent questionnaire in travellers,®
although the incidence of reported adverse events was
similar for mefloquine and chloroquine plus proguanil,
neuropsychiatric adverse events were significantly more
common in mefloquine recipients. In two randomised
controlled studies,®!® both in military personnel], there
was no difference between CNS symptoms in those given
weekly mefloguine and those receiving chloroquine (with
or without proguanil). In one of these studies,'® a sub-
group receiving a loading dose of mefloquine daily for 3
days initially had a higher incidence of CNS events. A
review't of 10 controlled studies found no significant dil-
ference in the rates of withdrawal and overall incidence of

adverse effects for melloquine and alternative prophylactic

regimens, burt mefloquine was more likely than other
drugs to cause insomnia and fatigue. Women (particularly
first-time users of mefloquine, or those with a low BMI)'?
may be at greater risk of adverse effects than men, and
‘WHO has commented that the occurrence of such adverse
effects may mean that only highly motivated occupational
subgroups or individuals at high rsk of infection with
chloroquine-resistant malaria will be willing 1o continue
with mefloguine prophylaxis.’?

Neuropsychiatric reactions are more frequent after the
higher doses of mefloquine used for treatment than those
used for prophylaxis. Some workers have estimated that
overall 1 in 8000 mefloquine users have such reactions,
with the incidence 60 times higher after treatment than
afier prophylaxis.’ Other workers who have used meflo-
quine in nearly 14 000 treatments calculated that the overall
frequency of serious neuropsychiatric reactions was 1 per
1754 treauments; it therefore appeared that serious
neuropsychiatric reactions were 10 times more probable
afier treatment than with prophylactic use of mefloquine.’?

A severe neurological syndrome associated with meflo-
quine treatment, with agitation, delirium, stupor, hyper-
pyrexia, mydriasis, and generalised rigors responded rapidly
to treatment with physostigmine, suggesting a central
anticholinergic aetiology.'®

A discrete post-malaria neurological syndrome (includ-
ing an acute confusional state or acute psychosis,
convulsions, and tremor) has been seen on recovery from
faldiparum malaria and there appeared to be a strong
association with mefloquine although it was not the only
risk factor.!”” Nevertheless the risk was considered
unacceptable and the recommendation made!? that,
where there was an effective alternative drug, mefloquine
should not be used after initial meatment of severe malaria.

Emergence delirium during recovery from general
anaesthesia after mefloquine prophylaxis has been reported
in 3 cases.!

There is evidence from a small study'® in heahthy
subjects, and from similar results in animals, that
mefloguine may induce deficits in motor learning skills.

1. TooveyS. Mell ali review, Trave! Med Infet
Dis 2009; 7: 2-6.

2. CSM, Mefloquine (Lariam) and neuropsychiatric reactions. Current
Hnblm 1996 22: 6. Available avu hap//www.mhra gov.uk/

Publi
ur ar

19.van Bssen TA, o al. Anti-malaria drug mefloquine induces moto
learning deficits in humans. Froms Neurosa 2010; & 191.

Effects on the oesophagus. Oesophageal ulceration in on
patient and discomfort in another 4 was atuibuted &
swallowing mefloquine tablets with insufficient fluid.!

L. Phillips M, Antimalarial mefloquine. Med J Aust 1994; 161: 227-8.

Effects on the skin. Isolated cases of Stevens-Johnsor
syndrome,! severe facial lesions,*? exfoliative dermatitis,’
toxic epidermal necrolysis,® psoriasis exacerbation.® anc
cutaneous vasculitis’ have been associated with use o
mefloquine for malaria prophylaxis.

For a comparison of the incidence of pruritus induced by
various antimalarials, including mefloguine, see unde:
Chloroquine, p. 652.2.

1. van den Enden E, o al. Mefloquine-induced Stevens-Johnsor
syndrome. Lancer 1991; 337: 683.
2. Shlim DR. Severe facial rash associated with mefloquine. JAMA 1991
266: 2560.
3. Descloux E, # al. Mefloquine adverse effecs with atypical facial lesion:
in an overweight patient. Travel Med Infect Dis 2010: 8: 318-2).
4. Marin GJ, et ai. Exfoliative dermaritis during malarial prophylaxis with:
mefloquine. Clin Infert Dis 1993; 16: 341-2.
. McBnde SR, a ai. Falal toxic cpidermal necrolysis associated with
y Lancer 1997; 349: 101.
. Pace JL. Psvriasis muercd by mefloquine. Skimmed 2010; 8: 301—1
. White AC, et al. Ci vasculitis i with
Intern Med 1995; 123: 894,

-
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Overdosoge. Cardiac, hepatic, and neurological symptoms
have been reported in a patient who inadvertently
received 5.25g of mefloquine over 6 days.' All symptoms
disappeared rapidly when meﬂoqume was stopped.

B A atal 3 la méfloquine. Presse Mea
1990: 19: 1903,

Precautions

Tasks requiring fine coordination such as driving should not
be undertaken during treatment with mefoquine or for at
ieast 3 weeks afterwards; in the case of prophylaciic use,
care should be exerdised while taking mefloquine and for at
least 3 weeks after stopping it. The use of mefloquine for
malaria prophylaxis is contra-indicated in patients with a
history of psychiatric (including depression) or convulsive
disorders. Increased plasma concentrations may occur in
patients with hepatic impairment. Mefloquine should be
stopped should symptoms suggestive of psychiatric
disturbance occur during prophylaxis, and an alternative
antimalarial substituted.

Mefloquine is teratogenic in animals and its use during
pregnancy is best avoided; however, in areas of chloro-
quine-resistant Plasmodium falciparum,~ WHO states that
mefloquine may normally be taken for malaria prophylaxis
during the second and third trimesters of pregnancy. It is
recommended that women should also avoid becoming
pregnant during, and {or 3 months after, mefloquine use
and that mothers should not breast feed while waking
mefloquine.

Mefloquine should be used with caution in patients with
renal impairment and in those with cardiac conduction
disorders.
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13. Anonymous. Mefloquine effectiveness impaired by high withdrawal
rates. WHO Drug Inf 1998; 12: 7-8.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies mefloquine as pos-
sibly porphyrinogenic; it should be used only when no
safer alternative is available and precautions should be
considered in vulnerable patients.}

For a discussion of the use of other antimalarials in
patients with porphyria, see under Precautions for
Chloroquine, p. 653.1.

t. The Drug Database for Acute Porphyria. Available at: hutp://www.
drugs-porphyria.org (accessed 10/10/11)

Pregnancy. Licensed product information for mefloquine
reports that it is teratogenic in rodenss. There is limited
information on its effects in humans. One study in Thai-
land cited by WHO! found no difference between meflo-
quine and quinine in pregnancy outcome, but the num-
bers of treated patients who were in their first trimester
were very small and its use should be kept to a minimum
in that stage of pregnancy. Further spontaneous reports of
exposure to mefloquine during the firt trimester of
pregnancy collected by the manufacturer revealed 24 fetal
abnormalities and 17 spontaneous or missed abortions in
358 pregnandes, although a causal relationship was not
established,? and a later study by the manufacturer invol-
ving 1627 reports of exposure during pregnancy appeared
to show a similar incidence of congenital malformation to
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that in offspring of unexposed women.? In 53 army service
women who inadvertenty used mefloquine in pregnancy,
and for whom pregnancy outcome was known, there
were 17 elective abortions, 12 spontaneous abortions, one
molar pregnancy, and 23 healthy live births, with no
major congenital malformations.* The rate of spontaneous
abortions was considered high* A prospective cohort
study involving 236 pregnant women who received an
antimalarial in the first trimester did not find an increased
risk of spontaneous abortion or anomaly in women who
took mefloquine compared with other antimalarials, and
the rate of spontancous abortion was comparable with
background rates.

Confidence in the safety of mefloquine has increased,
and WHO now considers mefloquine suitable for malaria
prophylaxis in the second and third trimesters;® WHO has
stated {ts use is not recommended in the first timester
because of limited information on its safety. Authorities in
the UK consider that use may sometimes be justified in the
first trimester in areas of high risk of acquiring falciparum
malaria; inadvenenruse is not an indication to terminate
pregnancy.”

Pregnancy should be avoided during and for 3 months
after prophylactic use.

1. WHO. Practical chemotherapy of malarfa: report of 2 WHO scientific
group. WHO Tech Rep Ser 803 1990. Also available at: hiep://libdoc. who.
inu/wrs/WHO_TRS_805.pdf (accessed 18/06/05)
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mefloquine (Lariam) use in pregnancy. Am J Trop Med Hyg 1998; 58: 17~
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. Smoak BL o al. The effects of i of mefl
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Antimalarials. It is well established that the use of halo-
fantrine with or after mefloquine is contra-indicated
because of the risk of hazardous cardiac arrhythmias.
Mefloquine and other related compounds such as quinine,
quinidine, and chloroquine may be given together only
under dose medical supervision because of possible addi-
tive cardiotoxicity; there is also an increased risk of con-
vulsions.

A study in healthy subjects indicated that use of
primaquine could increase blood concentations of meflo-
quine and might increase the incidence of adverse effects
due to mefloquine,! but others reported no such
interaction.?

1. Maclcod CM. o al. of
healthy males. J Clin Pharmacol 1990; 30: 841.
2. Xarbwang J, ¢ al Pharmacokinetics of mefloquine in the presence of
primaquine. Bur J Clin Pharmacol 1992; 42: 559-60.

with mefloquine in

Antipsychotics. The use of mefloquine with phenothiazines
or pimozide may theoretically contribute to prolonged QT
intervals, although this is not considered to be an absol

faeces.! Mefloquine has an extremely long plasma
elimination half-life; again there is considerable inter-
individual variation and mean values ranging from 13.9 to
27.5 days bave been quoted, the lower end of the range
referring to a formulation that was less well absorbed than
the preparation now in use.!

Mefloquine is distributed into breast milk, but a single
dose study in 2 women!? indicated that the concentration of
mefloquine in milk was only a small proportion of that seen
in plasma.

1. Karbwang J, White NJ. Clinical pharmacokinetics of mefloquine. Clin
Pharmacokinet 1990; 19: 26479,
2. Pal.mer K! e al Meﬂiquinc a review of its antimalarial acdvity,

P and therap efficacy. Drugs 1993; 45:
430-75.
3. Karbwang J, er al. The pharmacokinetics of mefloquine when given
alone orin with and In Thai

male and female subjects. Bur J Clin Pharmacol 1987; 32: 173-7.
4. Looareesuwan S, et al. Studies of mefloquine bioavailability and kinetics
using a stable isotope technique: a comparison of Thai patients with

malaria and healthy BriclinF
1987 24: 37-42. .
S. ch P, o al. il is absorbed rapidly tn

contra-indication.

Cardiovascular drugs. It has been recommended that
mefloquine should be used with extreme caution in
patients also taking antiarrhythmics, beta blockers, calcium-
channel blockers, or digitalis, until more was known about
the risks of cardiotoxicity, since theoretically these drugs
might coatribute to prolongation of the QT interval. An
increased risk of ventricular arrhythmias has been
reported when mefloquine is given with amiodarone.
Cardlopulmonary arrest has occurred after a single dose

on and infants of US Army
service women. J infect Dis 1997; 176: 8313,
5. Phillips-Howard PA, et al. Salety of mefloquine and other antimalarial
agents in the first trimester of pregnancy. J Travel Med 1998; $: 121-6.
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Interactions

Halofantrine should not be given with, or within 15 weeks
of the last dose of, mefloquine because of the increased
potential to induce hazardous and potentially fatal cardiac
arthythmias, as discussed under Effects on the Heart on
p- 654.3. Similarly, ketoconazole given with or -after
mefloquine may increase serum concentrations and the
climination half-life of mefloquine, potentally increasing
the risk of QT-interval prolongation and arrhythmia. There
is an increased risk of convulsions when mefloquine is used
with chloroquine, quinidine, or quinine.

Alcohol. There has been a case report! of a patent who
had neuropsychiatric disturbances after consuming a large
quantity of alcohol with mefloquine; subsequent absti-
nence from alcohol led to complete reversal of the reac-
tions.
1. wittes RC, Saginur R. Adverse reaction to mefloquine assodated with
cethanol ingestion. Cart Med Assoc J 199%; 152: 515-17.

Antibacterials. Studies in healthy subjects have indicated
that ampicillin® or tetracycline® could increase blood concen-
trations of mefloquine. Alternatively, concurrent use with
rifampicin may decrease blood concentrations and reduce
the elimination half-life of mefloquine.? Convulsions have
been precipitated in 3 non-epileptic patients who were
given mefloquine and the quinolone antibacterials cpro-
floxacin, ofloxacin, or sparfloxacin.*
1. Karbwang J, et af. Effect of icillin on mefloqui h: ki
in Thai males. Eur J Clin Pharmacol 1991 40: 635-3,
2. Karbwang J, eral. Effect of tetracydline on mefloquine pharmacokinetics
in Thai males. Eur J Clin Pharmacol 1992; 43: 567-9.
3. Ridutid W, et a/. Effect of rifampin on plasma concentrations of
mefloquine in healthy volunteers. J Pharm Pharmacol 2000; 52; 1265-9.
4. Manplvedhekar ss, ﬂ al. Convu]slons in non-epileptics due to
Natl Med 7 tndia 2000;

13:47.
i nts. Licensed product information for meflo-
quine states that in patients taking tricyclic antidepressants
use of mefloquine may theoretically contribute to prolon-
gation of the QT interval.

Antiepileptics. Licensed product information states that
mefloquine may reduce seizure control by lowering the
plasma concentration of andepileptics, including carba-
mazepine, phenobarbital, and phenytoin. For the effect of
mefloquine on valproate, see p. 557.3. For its effect on
carbamazepine, see p. 517.2.

Antihistomines. Giving mefloquine with antihistamines
may theoretically contribute to the prolongation of QT
intervals; however, this is not considered to be an absolute
contra-indication.

Vaccines. Unfortunately, conflicting advice has been
issued concerning the use of mefloquine after typhoid
vacdnation, for details see p. 2423.1.

Pharmacokinetics

The pharmacokinetics of mefloguine may be altered by
malaria infection in a manner similar to those of quinine,
the main effects being reductions in both its volume of
distribution and its overall clearance.

Mefloquine is well absorbed from the gastrointestinal
tract but there is marked interindividual variation in the
time required to achieve peak plasma concentrations.
Mefloquine is about 98% bound to plasma proteins and
high concentrations have been reported in red blood cells. It
is widely distributed throughout the body. Mefloquine has a
long elimination half-life; mean values of about 21-days
have been reported for some patients, although like other
pharmacokinetic data on mefloquine there is considerable
variation in reported figures. Subtherapeutic concentrations
of mefloquine may persist in the blood for several months.
Mefloquine is metabolised in the liver. Little of a dose is
excreted in the urine and animal studies suggest excretion of
mefloquine and its metabolites is mazinly in the bile and
faeces.

Mefloquine is distributed into breast milk in small
amounts.

Reviews of pharmacokinetic studies of mefloquine reveal
considerable interindividual variation for several pharma-
cokinetic parameters and some evidence that there might be
pharmacokinetic differences between ethnic groups.!-?
Mefloquine is well absorbed by healthy subjects and by
patients with uncomplicated malaria after oral doses.** In
patients with complicated malaria adequate blood con-
centrations have been obtained by the nasogastric route but
this route cannot be relied upon for seriously ill patients’ as
absorption may be incomplete.! Mefloquine has a large
apparent volume of distribution but this is reduced in the

14. Schwartz DE, et al. Urinaryexcretion’ of mefloquine and some of its
metabolites in African 1987: 33
305-8.

18, Edstein MD, o al. Excredon of mefloquine in human breast milk.

Chemotherapy 1988; 34 165-9.

s at steady state. O

Preparations

Propriefory Preparations (details are given in Volume B)
Single-ingredient Preparations. Arg.: Tropicur; Austral.: Lariam;
Austria: latiam; Belg.: Lariam; Braz.: Mephaquin; Canad.:
Lariam; Chile: Lariam; Cz.: Lariam; Demm.: Lariam; Fin.:
Lariam; Fr.. lariam: Ger.: Larlam: Gr.: Lariam; Mephaquin;
Hong Kong: Lariam; Mephaquin; Hung.: Lariam; India: Confal;
Facital; Faldtal; Larimef, Mefact; Mefax; Mefcy; Mefliam;
Mefloc; Meflotas; Mefque; Mepalex; MQF; Irl. Lariam; Israel:
Lariam; Mephaquint; Ital: Lariam; : Lariam; Mepha-
quin; Neth.: Lariam; Norw.: Lariam; NZ: L'mam. Philipp..
Lariam; Port.: Meflomaxt; Mephaquin; Rus.: Lanam (Hapm)
S.Afr.. lariam; Mefliam; Singap Lariam;

Swed.: lariam; Switz.: Lariam; Meph Thai.:

UAE: Melophar: UK: Lariam; Ukr.: Lariam (Jlapiam); Mcpha-
quin (Medaxun)t; USA: Laramt. N
Multi-ingredient Preporations. India: Falcigo Plus; Larinate-MF;
Port.: Falcitrim.

Pharmacopoeial Preparafions

USP 36: Mefloquine Hydrochloride Tablets.

Piperaquine Phosphate
‘Piperaquira, fosta Plpemqu i \"sp‘»h'as; 13228-RP;
“Tneépaxnra Qocdar. ’

1,3-Bis[1- (7-chloro-4-qumolyl)-4’-p|perannyl]propane
CroHnChNg4H;PO,AH,0=9956 .

CAS — 85547-564. ... .
UNI — 8S4DZKELXB. ... -

Phcrmccopoelas In Chm

Uses and Administration

presence of malaria.%” In children given mefloq with
sulfadoxine and pyrimethamine as tablets crushed and
mixed with a glucose syrup, maximum blood-mefloquine
concentrations were higher and reached in a shorter time
compared with equivalent doses in adults.® In pregnant
women with uncomplicated malaria, blood concentrations
were lower than in non-pregnant women and the apparent
volume of distribution was larger.® Once-weekly prophy-
lactic doses of mefloquine resulted in steady-state
conditions at about 10 doses with no evidence of
subsequent accumulation.!®

Mefloquine is metabolised in the hvcr“ largely inta 2,8-
bis(trifluoromethyl)-4-quinoline carboxylic acdd [Ro-21-
5104]'2 but this metabolite appears to be inactive against
Plasmodium falciparum.'® Only a small percentage of a dose is
excreted in the urine'* and animal studies suggest excretion
of mefloquine and its metabolites is mainly in the bile and

The symbol t denotes a preparation no longer actively marketed

Piperaquine phosphate is a bisquinoline antimalarial that
has traditionally been used in China for the treatment and
prophylaxis of faldparum malaria (p. 644.1). It is a
structural analogue of chloroquine (p. 650.2) and is thought
to have a similar mechanism of action.

A fixed-dose combination product of piperaquine
phosphate and- artenimol (see Artemisinin Derivatives,
P- 648.1) has been developed to improve patient adherence
and avoid monotherapy, and thereby decrease the risk of
acquired drug resistance. This combination product is used
for the treatment of acute uncomplicated malaria causéd by
Plasmodium falciparum; it should not be used to treat severe
malaria. The ratio of piperaquine phosphate to artenimol of
8 to 1 has been selected to provide a target daily dose of
18 mg/kg for piperaquine. The combination may be given to
patients from 6 months of age and weighing 5 kg or more. It
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is given orally once daily for 3 days; no food should be taken
within 3 hours of each dose. For those who have difficulties
swallowing, the tablets may be crushed and mixed with
water. Recommended doses according to body-weight are as
follows:

e 510 less than 7kg: 80 mg piperaquine phosphate w1th

10 mg artenimol
e 7 to less than 13 kg: 160 mg piperaquine phosphate with

20 mg artenimol
¢ 13 toless than 24 kg: 320 mg piperaquine phosphate with

40 mg artenimol
® 2410 less than 36 kg: 640 mg piperaquine phosphate with

80 mg artenimol
o 36 toless than 75 kg: 960 mg piperaquine phosphate with

120 mg artenimol
e 75 to 100kg: 1280mg piperaquine phosphate with

160 mg artenimol
* 100kg or more: no data available on which to make a

dose recommendation
Due to the long elimination half-life of piperaquine
phosphate a second, 3-day course should not be given
within 2 months of the first course; no more than 2 courses
should be given within a 12 month period.

Combinations of piperaquine, arienimol, and trimetho-
prim (Artecom) and piperaquine with artemisinin and
primaquine (Artequick) are available in some countries.
Piperaquine is also under investigation for use with a
synthetic arternisinin derivative artelolane maleate.

References.
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giving the combination product to those with jaundice, and/
or moderate or severe renal or hepatic impairment.

Inferacﬁons

Piperaquine is metabolised by the cytochrome P450
isoenzyme CYP3A4 and to a lesser extent by CYP2C19 and
CYP2C9. It is an inhibitor of the CYP3A4 and CYP2C19
isoenzymes and may inhibit the metabolism of other drugs
that are metabolised by this route; it also has the potential to
increase the rate of metabolism for CYP2E1 substrates such
as paracetamol and theophylline. Drugs that inhibit
CYP3A4 may increase plasma concentrations of piperaquine
and exacerbate the efiect of QTc prolongation. Enzyme
inducers may decrease plasma concentradons of piper-
aquine. Piperaquine should be avoided in patients taking
potentially arrhythinogenic drugs including those that
prolong the QT interval.

Pharmacokinetics

Piperaquine is slowly absorbed and peak plasma concentra-
tions are generally reached 5 hours after an oral dose. It has
a large volume of distribution and is more than 99% bound
10 plasma protein. I vitro studies show that piperaquine is
mainly metabolised by the cytochrome P450 isoenzymes
CYP3A4. Itis eliminated slowly with an elimination half-life
of about 22 days in adults and 20 days in children.
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malaria. Antimicrob Agents Chemather 2012; 56: 1997-2007.

Proprietary Preparations (details are given in Yolume B)
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Administration in children. The fixed-dose combination
product of piperaquine phosphate and artenimol may be
given to children from 6 months of age and weighing Skg
or more for the treatment of acute uncomplicated infec-
tions caused by Plasmodium falciparum. For dose recom-
mendations in these children, see p. 659.3.

Adverse Effects and Precautions

Piperaquine phosphate given as monotherapy or with

artenimol is generally well tolerated. The most commonly

reported adverse effects with piperaquine phosphate alone

are dizzmess. headache, and gastrointestinal effects such as
vomiting, and abdominal pain.

Commonly reported adverse effects reported with the
use of the fixed-dose combination product of piperaquine
phosphate and artenimol are anaemia, asthenia, headache,
and pyrexia. Prolongation of the QTc interval and
tachycardia are also frequent and the combination is
contra-indicated in those with a family history of sudden
death or cardiovascular disorders such as congenital
prolongation of the QTc interval, symptomatic cardiac
arrhythmias, severe hypertension, left ventricular hyper-
trophy, congestive heart failure, and in those with
electrolyte disturbances. It is also contra-indicated in those
who have recently taken or are taking other drugs known to
prolong the QTc interval. ECG and blood potassium
monitoring are recommended. Caution is advised when

All cross-references refer to entries in Volume A

Nons. China: An Li Kang (323 #); Duo-
Cotecxin; Ke 'l‘ax Fu (& K); In.: Eurartesim; Neth.: Eurarte-
sim; UK: Eurartesim.

Primaquine Phosphate sz, vy

Difosfato de Primaquina; Fosfato de primaquina; Primachin
difosfat; Primachina Fasfato; Primachini Phosphas; Primakii-
nidifosfaatti; Primakindifosfat; Primakin-difoszfat; Primakvino
difosfatas; Primaquina, fosfato de; Primaquinbisdihydrogen-
phosphat; Primaguine Diphosphate; Primaquine, dipho-
sphate de; Primaquine, Phosphate de; Primaquini dipho-
sphas; Primaquini’ Phosphas; Primaquinum Phosphoricum;
SN-13,272; Npumaxima Qocdar.:

(R9)-8-(4-Amino-1- methylbutylam|no)—6-methoxyqu|nohne
diphosphate.

CisH3N30,2H;P0,=4553

CAS —90-34-6 (pnmaqume), 63-45-6 (primaquine phosphate)
ATC — POIBAO3.

UNIl — HO982HF788.

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., US, and Viet.
Ph. Eur. 8: (Primaquine Diphosphate). An orange
crystalline powder. Soluble in water; practically insoluble
in alcohol. Protect from light.

USP 36: (Primaquine Phosphate). An orange-red, odour-
less, crystalline powder. Soluble 1 in 15 of water: insoluble
in chloroform and in ether. Its solutions are acid to Litmus.
Protect from light.

Uses and Administration

Primaquine is an 8-aminoquinoline antimalarial that is
effective as a tissue schizontocide against intrahepatic forms
of all types of Plasmodium. 1t is mainly used to produce
radical cure of vivax and ovale malarias, but may also be
given to reduce transmission of falciparum malaria. It also
has some action against Pneumocystis and is used with
dindamycdin in the management of pneumocystis pneu-
monia. For further information, see below and p. 661.1.
Primaquine phosphate is given orally and doses may be
expressed in terms of the base; primaquine phosphate
26.4mg is equivalent to about 15 mg of primaquine base.
When used for radical cure of vivax or ovale malaria, a
course of treatment with a blood schizontocide must be
given first to kill any erythrocytic parasites. Primaquine
phosphate is then given orally, usually in a dose equivalent
to 15mg (or 250 micrograms/kg) of the base daily for 14
days but higher doses or longer courses may be required to
overcome resistance in some strains of P, vivax (see below);
WHO has advised that for uncomplicated malaria acquired
in South-Bast Asia (particularly Indonesia) and Oceania, the
dose should be increased to 500 micrograms/kg daily. In the
UK, the BNF suggests that while 15mg (or 250 micro-
grams/kg) daily is appropriate for use in P. ovale malaria,

30mg (or 500micrograms/kg) daily is necessary or
infections caused by P. vivax.

For patients with G6PD defidency the use of up to 4510g
{or 750 micrograms/kg) once every 7 days for 8 weeks t as
been suggested to minimise haemolysis (but see uncer
Adverse Effects, p. 661.2).

For details of doses in children, see below.

General reviews.
1. Vale N, et al. Primaquine revisited six decades after its discovery. Err J
Med Chem 2009; 44: 937-53.
2. Fernando D, et ai, Primaquine in vivax malaria: an update and review on
management issues. Malar J 2011: 10: 351-62.

Administration in children, Primaquine may be used or il-
ly in children for radical cure of malaria caused by P.
ovale or P. vivax. Doses are expressed in terms of prim a-
quine base, and WHO! has suggested a dose of
250 micrograms/kg (10 a maximum of 15mg) once daly
for 14 days; in South-East Asia and Oceania, the dcse
should be increased to 500 micrograms’kg (maxirmum
30mg) daily. In the UK, the BNFC has recommended tht,
although the lower dose is appropriate for treatment of P.
ovale malaria, the higher dose regimen should be used . or
all infections caused by P. vivax.

Although a lower age limit for the use of primaquine I as
not been formally established.2 the BNFC suggests that it
may be used in children over 6 months of age, but tt at
spedalist advice should be sought for younger children.
Primaquine should be avoided in patients with severe G6.'D
defidency, however in milder deficiency, a dose of 500 to
750 micrograms/kg once every 7 days for 8 weeks has be 'n
found to be without harmful effects.> (The BNFC aiso
comments that this regimen is safe but suggests that t1e
total daily dose should not exceed 45 mg.)

For a discussion on the use of primaquine to reduce
transmission of falciparum malaria, see below.

1. WHO. Guidelines for the treavment nf »uluna 2nd ed. Geneva: Wi O,
2000 Available at:  hupy who. ions/20 O/
9789241547925 _eng.pdl (lccessed 27/07/10) Update (issued A il
2011) available at: harp:// ho.d sl
weaichild_revised.pdf (ac:essed 20/05/1%Y)

2. WHO. International travel and health. 2011 ed. Available at: http://wy w.
who.inv/ith/en {accessed 17/06/11)

3. WBO. WHO model farmulary for children: based on the second model lis of
exsential medicines for children 2009. Geneva: WHO, 2010, Available at:
hup://www.who.int/selection_medicines/list/ WMFc_2010.;,df
(accessed 27/07/10)

Malaria. The overall treatment and prophylaxis of mala ia
and the place of primaquine in cwrrent recommendations
are described on p. 644.1.

Despite the generally successful use of oral primaqui 1e
for radical cure of benign (non-faldparum) malari.s,
resistance of vivax (but not ovale) malaria is a knovm
problem in some areas of the world,’? and failures ha e
occurred. The suggestion has been made that higher doses of
primaquine (15mg twice daily for 14 days, to give a to al
dose of 6 mg/kg assuming a body-weight of 70 kg) should >e
considered wherever the vivax malaria was acquired,'* a\d
this is the standard recommendation in the UK (see abov:).
A systematic review® concluded thit when used with
chloroquine, a 14-day course of primaquine 15 mg daily was
more effective than a 5-day course in preventing relapses of
vivax malaria. The S5-day course of primaquine plis
chloroquine appeared to be no better than chloroquiie
alone.

Variable responses to primaquine in the Amazonin
region were attributed to considerable variation in tie
content of primaquine both between and within batches of
tablets; primaquine content ranged from 19 to 168% of t 1e
labelled content.®

In the USA, the CDC? have suggested presumpti/e
antirelapse therapy (or terminal prophylaxis) with prima-
quine at the end of prophylaxis to prevent relapses due to
Plasmodium vivax or P. ovale in persons returning frcm
prolonged exposure in areas where relapsing malaria is
endemic. In those who have taken chloroquine,
doxycycline, or mefloquine as prophylaxis, primaquine is
usually given during the last 2 weeks of prophylaxis, but,
when necessary, may also be taken immediately afier
prophylaxis is completed. When atovaq plus progua il
is taken as prophylaxis, primaquine is preferably giv n
during the last 7 days and then for an additional 7 days, b 1t
may also be given for 14 days after atovaquone pl 1s
proguanil prophylaxis is completed. The recc d:d
daily oral dose of primaquine for terminal prophylaxis is
30mg for adults and 500 micrograms/kg for children.

Primaquine has also been tried for prophylaxis of
faldparum and vivax malaria; use for a year produc:d
effective cover and was well tolerated by Javanese m-:n
without G6PD deficiency.! It was also effective for
prophylax:s in Colombian military personnel; it was not :d
that primaquine prophylaxis could be stopped 1 week aft 1
departing the endemic area.’

The use of primaquine as a gametocytocide has tie
potential to reduce the transmission of falciparum
malaria in low transmission areas and to help contain t e
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spread of artemisinin-resistant falciparum malaria.’®!!
WHO therefore initially suggested that primaquine be
glven as a single dose of 750 micrograms/kg (to a maximum
of 45 mg) with an artemisinin derivative-based combination
regimen for the treatment of uncomplicated P. faldiparum
malaria, provided the risk for G6FD deficency was
considered low or testing for deficiency was available.!®
However, testing for G6PD is not widely available in malaria
endemic areas and concerns over primaquine’s potential for
haemolysis have limited its use. Following a review of safety
and efficacy data, WHO has subsequently suggested that a
lower dose of 250 micrograms/kg would be safer and
equally effective and should be given on the first day of
treatment (except in pregnant women and infants less than
1 year of age) without the need for G6PD testing.!%2

1. Aj KM, Ong EL. of vivax malarla with low
sensitivity to primaquine. J Infect 2007; 54 209-11.

2. Beeching NJ, ¢f al. Management of vivax malaria with primaguine. J
Infect 2007: 55: 282.

3. Doherty JF, tal. T of vivax malaria—tme for a
change? Trans R Soc Trop Med Hyg 1997; 91: 76,

4. Baird JK. Hoffman SL. Primaquine therapy for malaria, Clin Infect Dis
2004; 39: 1336-45.

s. It ththy GNL. ¢t al. Pril for p g relapses in people
with Plasmodium vivax malaria. Available in The Cochrane Database of
Systematic Reviews: Issuc 1. Chichester: John Wiley: 2007 {accessed
14/03/08). .

6. 1. Qualley of 1 drugs and resistance to ¥
vivax in Amazonian region. Lancet 19995; 345: 1433.

7. CDC. Malaria. In: The Yellow Book: CDC Heaith Informasion for International

Travel; 2012. - Also - available :"at:  http://wwwnc.cdc gov/travel/
Y 2012/chapter-3-i di tated-t 1/mal
aria.hitm (accessed 12/09/11)
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9. Soto J, e al. Primaquinc prophylaxis against malariz in nonimmune
Colombxan soldiers: efficacy and toxicity. Ann beterne Med 1998; 129: 241
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11. Sutanto L ¢ al. The effect of on
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with dihydroartemisinin-piperaquine in South Sumawra, Westen
Indonesia: an open-label, randomized, controlled trial. Clin Infect Dis
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Jalciparum malaria: updated WHO poliq m:mnmmdzdon (Issued
October 2012). at: hup://www.who. pq.updated
policy. d: _en_102012.pdf d 06/06/13}

Pneumocyslis pneumonia. Primaquine with dindamycin
is used in the treatment of pneumocystis pneumonia as.an
alternative to co-trimoxazole! (see p. 567.2). Treatment
has usually lasted 3 weeks, and US experts suggest prima-
quine be given orally in daily doses equivalent to 15 to
30mg of the base, and clindamydn be given in doses of
600 to 900 mg intravenously or 300 to 450 mg orally every
6 to 8 hours.>? In the UK, the BNF suggests clindamycdn
600 mg orally every 8 hours with oral primaquine 30 mg
daily for mild to moderate disease, but notes that the com-
bination may cause considerable toxidty.

A randomised multicentre study* compared this latter
regimen (primaquine 30 mg daily and dindamycin 600 mg
three times daily) with co-trimoxazole and with a
combination of dapsone and trimethoprim in 181 AIDS
patients who had confirmed mild to moderate pneumocystis
pneumonia. Primaquine-clindamycin was as effective as the
other two regimens, although the authors suggested that
the combinarion might be best avoided in patients with
severe myelosuppression.

Primagquine with cindamycin is not normally recom-
mended for prophylaxis although there are reports of it
being tried.’ A retrospective examination® of the records of
patients who had received prophylaxis found that clinda-
mycin with primaquine was less effective than co-
trimoxazole or dapsone, although this could have been
due in part to underdosing.

. Benfield T. et al. Second-line salvage

of AIDS. d

may occur occasionally. Haemolytic anaemia can occur in
persons with G6PD deficiency (see below). Other
uncommon effects include mild anaemia and leucocytosis.
Hypertension and cardiac arrhythmias have been reported
on rare occasions. Primaquine may rarely produce
leucopenia or agranulocytosis, usually after overdosage.
Other effects associated with overdosage include gastro-
intestinal symptoms, haemolytic anaemia, and methaemo-
globinaemia with cyanosis.

Many adverse effects have been reported after use of
primaquine' but some, including pruritus and disturbances
of visual accommeodation, are considered to be inadequately
documented or doubtfully attributed to the drug.

Acute intravascular haemolysis is the most serious toxic
hazard of primaquine, especially in people with G6PD
defidency, other defects of the erythrocytic pentose
phosphate pathway of glucose metabolism, or some types
of haemoglobinopathy. In individuals with G6PD deficiency
the severity of haemolysis is directly related to the degree of
deficiency and to the quantity of primaquine given. In
patients with the African variant the standard course of
primaquine generally produces 2 moderate and self-limiting
anaemia, while in those with the Mediterranean and related
Asian variants, haemolysis can result in progressive
haemoglobinaemia and haemoglobinuria which can be
fatal. Whenever possible, therapy with primaquine should
be delayed until the acute stage of malaria has been brought
under control by a blood schizontocide because of the risk of
inducing haemolysis and compromising the gastrointestinal
tolerance of therapy.

1. Clyde DF. Clinical probi d with the use of ine as a
tissue schi: and drug. Bull WHO 1981; 39:
391-5.

Precautions

Primaquine should be used cautiously in acutely ill patients
with any serious systemic disease characterised by a
tendency to granulocytopenia such as rheumatoid arthritis
or lupus erythematosus. It should also be used with care in
patients with G6PD defidency. Primaquine should be
withdrawn if signs of haernolysis or methaemoglobinaemia
occur and the blood count should be monitored
perodically. -

Breast feeding. Primaquine should not be used in nursing
women, unless the breast-fed infant has been determined
not to be G6PD-deficient.

Pregnancy. Primaquine should not be given during
pregnancy; radical cure of vivax or ovale malarias with
primaquine should be delayed in pregnant women until
after delivery.!

1. Panisko DM, Keystone JS. Treatment of malaria—1990. Drugs 1990; 39:
160-89.

Inferactions

Primaquine should not be used with drugs liable to induce
haemolysis or bone marrow depression. Theoretically,
mepacrine may increase the plasma concentrations of
primaquine resulting in a higher risk of toxicity, and it has
been recommended that these drugs should not be used
together.

Antimalarials. The pharmacokinetics of primaquine were
not altered by mefloguine in healthy subjects,’ although
the effect of primaquine on mefloquine pharmacokinetics
is uncertain (see under Mefloquine, p. 659.2). In a study
in patients with malaria, quinine reduced the plasma con-
centrations of primaquine, although the clinical impor-
tance of the interaction was unclear.!

1. Edwards G, e al. Intcractions among primaquine, malaria infection and

Pneumocystis jirovecii pneumonia: a case series and sysiematic review. J
Acquir Immune Defic Syndr 2008; 48: 63-7.

2. Abramowicz M, ed. Drugs for parasitic infections. 2nd ed. New Rochelle
NY: The Medical Letter 2010.

3. CDC. Guidelines for p jon and of
infections in HIV-infected adults and adolescents: recommendations
from CDC, the National Institutes of Health, and the HIV Medicine
Associadon of the Infectious Diseases Society of America. MMWR 2009;
38 (RR-4): 1-207. Also available at http:/fwww.cdc.gov/mmwe/pdifree
1r5804.pdf (accessed 09/09/09)

4. Safrin 8, a al. C of three for of mild to
moderate Poeumocystis carinil pneumonia ln padems mth Ams 2
douhle blmd. ds d trial ul orll

hoprim, and ycin-pri Annt Intern Med

1996 124: 792-802.
5. Kay R. DuBois RE. Cundamydnlpﬂmaqulne therapy and secondary
iF carinif

against P i3 in patients with
AIDS. South Med J 1990; 83: 40)—4.
6. Barber BA, o al. Cl is for Pneumo-

cystis carinil pneumonia. Clin Infect Dis 1996 23:718-22.

Adverse Effects

Adverse effects with therapeutic doses of primaquine are
usually minimal but abdominal pain and gastric distress are
more common if taken on an empty stomach. Larger doses
may cause nausea and vomiting. Methaemoglobinaemia

other larials In Thai subjects. 8r J Clin Pharmacol 1993; 35: 193-8.

Pharmacokinetics

Primaquine is readily absorbed from the gastrointestinal
tract. Peak plasma concentrations occur about 1 to 2 hours
after 2 dose and then rapidly diminish with a reported
elimination half-life of 3 to 6 hours. It is widely distributed
into body tissues.

Primaquine is rapidly metabolised in the liver. Its major
metabolite carboxyprimaquine accurnulates in the plasma
on repeated dosage. Little unchanged drug is excreted in the
urine.

Reierences.
1. Fletcher KA etal. Scudies on the Ppharmacokinetics of primaquine. Bull
WHO 1981; 59: 407-12.

2. White NJ. Clinical pharmacokinetics of antimaladal drugs. Clin
Pharmawkinet 1985; 10: 187-215. -

3. Mihaly GW, et al. Pharmacokinetics of primaquine in man, k studies of
the absolute bioavailability and elfects of dose size. Br J Clin Pharmacol
1985; 19: 745-50.

4. Ward SA, etal. in man,
of acute vs chronic dosage in Thai mh;ecu ErJﬂmPhanvma:l 1955 19:
751-5, -

5. Bhatia SC, et o), Pharmacokinetics of primaquine in patients with P.
vivax malaria, Eur J Clint Pharmacol 1986; 31: 20510,
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acutely ill malaria patients. Lancet 1993; 341: 305.

Preparations
Proprietary Preparations (details are given in Yolume B)

Single-ingredient Preparafions. Austral.: Primacin; Braz.: Prima-
kindert; India: Malirid; Malquine; PMQ-INGA; Primadp.

Pharmacopoeial Preparations
USP 36: Primaquine Phosphate Tablets.

Proguanil Hydrochloride
IBANM, ANNA

Bigumalum; Chlonguane Hydrochlonde Chloroguanlde
Hydrochloride; Chlorowodorek Prokwamlu H[drecloruro de’
proguanil; Proguanide Hydrochloric ¥
idi; Proguanil, chlorhydrate
Proguanil hydrochlorid; Proguanif-Hidrd
drochlorid; Proguanllhydroldo L
dum; Proguanila* hid
Mporyatuna I'mipoxnogﬁ;i
I(Khlomphenyl)—s—lso o
- CyHysCINsHCI=2902
CAS —, 500-92-5. @rogua
chloride). i

ATC — PO18B0I, .
UNIE— R71 YB6MOWT.

Pharmacopoeias. In Eur. (see p. vii), Int.,, and US.

Ph. Eur. 8: (Proguanil Hydrochloride). A white or almost
white, crystalline powder. Slightly soluble in water;
sparingly soluble in dehydrated alcohol; practically
insoluble in dichloromethane. Protect from light.

USP 36: (Proguanil Hydrochloride). A white, crystallinc
powder. Slightdly soluble in water; sparingly soluble in
alcohol: practically insoluble in dxchloromethane Protect
from light, - E

Stability. Although the Ph. 'Eur. 8 directs that proguanil
hydrochloride should be protected from light, stability stu-
dies’2 suggest that it is a very stable compound with only
small amounts of its major decomposition product 4-chlor-
oaniline being formed during thermal and photochemical
stress.
1. Owoyale JA. Elmarakby ZS. Effect of sunlight, ultraviolet irradiation and
heat on proguanil. nt J Pharmaceutics 1989; 50: 219-21.
2. Taylor RB, et al. A chemical stability study of proguanil hydrochloride.
Int J Pharmaceutics 1990; 60: 185-90.

Uses and Administration

Proguanil is a biguanide compound that has little
antimalarial activity until metabolised in the body to the
active antimalarial drug cydoguanil. Cycloguanil, like
pyrimethamine, inhibits plasmodial dihydrofolate reductase
and thus disrupts synthesis of nucleic adds in the parasite.
Cycloguanil is active against pre-erythrocytic forms and is a
slow-acting blood schizontocide. It also has some
sporontocidal activity, rendering the gametocytes
non-infective to the mosquito vector.

The value of proguanil is limited by the rapid
development of resistance.

Proguanil is used orally as the hydrochloride for the
chemoprophylaxis of malaria, with chloroquine or
atovaquone. The schizontoddal activity of cycloguanil on
erythrocytic forms is too slow for cycloguanil or proguanil to
be used alone for the treatunent of malaria, but proguanil
hydrochloride is given with atovaquone for the treatment of
uncomplicated falciparum malaria {p. 644.1).

For prophylaxis of malaria in combination with chloro-
quine, the usual adult daily dose of proguanil hydrochloride
is 200 mg taken after food. For prophylaxis in combination
with atovaquone 250mg the daily dose of proguanil
hydrochloride is 100 mg. It is generally recommended that
chemoprophylaxis for travellers should start 1 week before
exposure to malaria, but if this is not possible it can be
started 1 to 2 days before travel. Use should continue
throughout exposure and for at least 4 weeks (1 week when
proguanil is given with atovaquone) after leaving a
malarious area.

In the treatment of uncomplicated falciparum malaria,
adult doses are proguanil hydrochloride 400mg with
atovaquone lg each omlly as a single dose for 3
consecutive days.

For childrens doses in the prophylaxis and treatment of
malaria, see p. 662.1.

Cydoguanil was also formcrly given by intramuscular
injection as an oily suspension of the embonate.

Rcviews
L Md(u'e X, Scou . Amvaqunnelpmgumm 2 review of lzs use for the
malaria, Drigs 2003; 63: 597-

623. i
2. MamaPF. etal for Y and of
mmalaria, Armn Pharmacother 2003; 37: 1266-75. : .
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3. Nakato H o« al. A review aod lysis of the
effectiveness and safety of i1 for
chemoprophylaxis against malaria. I Antimicrod Chemother 2007; 60:

929-36,

Administration in children. Dosage recommendations for
proguanil with chloroquine for malaria prophylaxis in
children have varied. UK malaria expertst have suggested
the following prophylactic oral doses of proguanil hydro-
chloride for children based on fractions of the adult dose
of 200 mg daily:

under 6.0kg (up to 12 weeks of age): one-cighth the
adult dose )

610 9.9kg (3 to 11 months): one-quarter the adult dose
10to 15.9kg (1 year to 3 years 11 months): three-eighths
the adult dose

e 16 to 24.9kg (4 years to 7 years 11 months): half the
adult dose

25 to 44.9kg (8 years to 12 years 11 months): three-
quarters the adult dose R

¢ 45kg and over (13 years or more}): the adult dose

They noted that body-weight was a better guide to dosage
than age for children over 6 months.

Children may be given proguanil with atovaquone for
the prophylaxis of malaria.! A daily dose based on eithera
paediatric tablet containing 25mg of proguanil hydro-
chloride plus 62.5mg of atovaquone or an adult tablet
containing 100 mg of proguanil hydrochloride plus 250 mg
of atovaquone is as follows:
¢ children weighing 5 to 8kg: half of a paediatric tablet
e > 810 10kg: three-quarters of a paediatric 1ablet
e >101020kg: one paediamc tablet or one-quarter of the

adult tablet
e >20 to 30kg: two paedlamc tablets or half of the aduit

tablet
a >30t0 40kg: three paediatric tablets or three-quarters of
the adult tablet
* > 40kg: four paediatric tablets or one adult tablet
Doses of proguanil with atavaquone for the treatment of
malaria, based on the adult dose of 400mg of proguanil
hydrochlonde daily, are:
children weighing 5 to 8kg: one-eighth the adult dose
9 to 10kg: three-sixteenths the adult dose
11 to 20kg: one-quarter the adult dose
21 to 30kg: half the adult dose
31 to 40kg: three-quarters the adult dose
40kg and over: the adult dose
1. Public Bealth England. Guidelines for malaria p jon in travell
from the UK (issued August 2013). Available au: http://www.hpa.org.
uk/webc/HPAwebFile/HPAweb_C/1203496943523 {accessed 24/10/13)

Administration in renal impairment. Proguanil is excreted
by the kidneys and should be given in reduced dosage or
avoided in patients with renal impairment. The following
oral doses have been recommended based on creatinine
clearance (CC): . -

¢ CC 20 10 59 mL/minute: 100 mg daily

¢ CC 10 to 19 mL/minute: 50 mg every other day

¢ CC less than 10 mL/minute: 50 mg once weekly

Adverse Effects and Precautions

Apart from mild gastric intolerance, diarrhoea, and some
reports of aphthous ulceration there appear to be few
adverse effects associated with usual doses of proguanil
hydrochloride. There have been rare reports of hypersensi-
tivity reactions induding urticaria and angioedemna. Rare
cases of seizures and psychotic events have also been
reported. Hacmatological changes have been reported in
patients with severe renal impairment. Overdosage may
produce epigastric discomfort, vormniting, and renal irritation
leading to haematuria.

Proguanil should be used with caution in patients with
renal impairment; dosage should be reduced accordingly
{see under Uses and Administration, above).

Proguanil may be taken during pregnancy, but UK
guidelines recommend that folate supplements (folic acid
5 mg daily) should also be given; however, the combination
of proguanil with atovaquone should be avoided as data
regarding the safety of atovaquone are lacking.

For information on the adverse effects and precautions
associated with the use of proguanil with atovaquone, see
under p. 929.1.

Until 1985 proguanil was generally taken in a dose of
100mg daily for malaria prophylaxis with few adverse
effects. Although there was no increase in serious adverse
effects when the dose was increased to 200 mg daily, and it
began tobe used with chloroquine, there were an increasing
number of reports of reversible aphthous ulceration.!
Chloroquine may exacerbate this effect.? There has also
been a report of reversible alopecia in women and scaling of
the skin in both men and women using proguanil.’> More
severe skin reactions have been coupled with symptoms
such as acute ecosinophilic pneumonia as part of a
hypersensitivity reaction.*

All cross-references refer to entries in Volume A

Megaloblastic anaemia and pancytopenia have been
associated with proguanil accumulation in patients with
renal impairment.’*

1. Prto TEA. Toxlcity of antimalarial drugs. J R Soc Med 1989; 82 (suppl 17):
30-4. .

2. Drysdale SF, ¢t al. Proguanil, chloroquine, and mouth ulcers. Lancer
1990; 335: 1564.

3. Hanson SN, et al. Halrloss and scaling with proguanil. Lancet 1989; I: 223,

4. Just N, ¢t al. Severe hypersensitivity reaction as acute eosinophilic
pneumonia and skin cruption induced by proguanil. Ewr Respir J 2011;
37: 1526-8.

3. Boots M, ¢f al. Megaloblastic anem!a and pancytopenia due to proguanil
in padents with chronic renal failure. Clin Nephrol 1982; 18: [06-8.

8. Jolink H, ¢t al. Pancytopenia due to proguanil toxidty in a returning
traveller with fever. Eur J Clin Pharmacol 2010; 66: 811-12.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies pyrimethamine as
possibly porphyrinogenic; it should be used only when no
safer alternative is available and precautions should be
considered in vulnerable patients.!

For a discussion of the use of other antimalarials in
patients with porphyria, see under Precautions for
Chloroquine, p. 653.1.

I. The Drug Database for Acute Porphyria. Available at: hup:/iwww.
drugs-porphyria.org {accessed 12/10/11)

Interactions

Antid e
A

Flu ine can virtually abolish! the
metabolism of proguanil 1o its active metabolite cyclogua-
nil via an inhibitory effect on the cytochrome P450 isoen-
zyme CYP2C19.

1. Jeppesen U, e al. The CYP2CI9 1% i
abolished during Nuvoxamine intake. Enr J Clin Phanracol 1997; 52
(suppl): Al34.

Warfarin. For a report of haematuria and high prothrom-
bin ratio in a patient stabilised on warfarin who took pro-
guanil for malaria prophylaxis, see p. 1532.2.

Pharmacokinetics

Proguanil is readily absorbed from the gastrointestinal tract
after oral doses and peak plasma concentrations occur
within about 4 hours. It is about 75% bound to plasma
proteins. Proguanil is metabolised in the liver to the active
metabolite cycloguanil. Peak plasma concentrations of
cycloguanil occur about 1 hour after those of the parent
drug. The elimination half-lives of both proguanil and
cycloguanil are about 20 hours. About 40 to 60% of
proguanil is eliminated in the urine, of which 60% is
unchanged and 30% cycloguanil. There is also some
elimination via the faeces. Proguanil is distributed into
breast mitk in small amounts {which are not adequate to
provide chemoprophylaxis for the infant).

Early studies found proguanil to be well absorbed from
the gastrointestinal tract with peak plasma concentrations
occurring after about 4 hours.! In more recent studies, peak
plasma concentrations of proguanil have been achieved
within 2 1o 4 hours.?* Plasma protein binding for proguanil
is 75%.% Proguanil is metabolised in the liver? to the active
metabolite cydoguanil and to p-chlorophenylbiguanide
which is inactive. Peak plasma concentrations of
cycloguanil occur about 5.3 hours after doses of proguanil.¢
Unlike proguani! and p-chlorophenylbiguanide, cycloguanil
is not concentrated in erythrocytes and thus concentrations
of cycloguanil in plasma and whole blood are similar.* The
elimination half-lives for proguanil and cycloguanil are
about 20 hours.># A review of early studies states that 40 1o
60% of a dose of proguanil is excreted in the urine, 60% of
this as the unchanged drug, 30% as cycloguanil, and 8% as
p-chlorophenylbiguanide.! About 10% of a dose is excreted
in the faeces.! However, these values can vary greatly and
wide interindividual variations in the ability to metabolise
proguanil to cycloguanil have been reported.>®” Malaria
prophylaxis with proguanil might be less effective in poor
metabolisers although this has not been proved conclu-
sively® and, anyway, other factors such as lack of protection
against mosquitoes and sensitivity of the malaria parasite
might be more important.?

Plasma concentrations of cycloguanil may be reduced in
the third trimester of pregnancy.’®

1. White NJ. Clinical pharmacokinetics of antimalarial drugs. Clin
Pharmacokinet 1985; 10; 187-215.

2. Kelly JA. et al. The kinetics of proguanil during prophylaxis. Trans R Soc
Trop Med Hyg 1986; 80: 338,

3. Watkins WM, et al. ity in the bolism of p 1 to the
active metabolite cycloguanil in healthy Kenyan adulu Trans R Soc Trop
Med Hyg 1990; B4: 492~5.

4. Wauanagoon Y, et al. Single dose pharmacokinetics of proguanil and its
metabolites in healthy subjects. Br J Clin Pharmacol 1987; 24: 775-80.

5. Jaeger A, et al. Clinical features and management of poisoning due to
antimalarial drugs. Med Tmml 1987; 2: 242-73.

6. WardSA.etal. L a lity in the
the active metabolite qdoguaml in man. Br J Clin Phanmwvl 1989 17
781-7.

7. Helsby NA, ef al. The multiple dose pharmacokinetics ol proguanil. Br J
Clin Pharmacol 1993; 35: 653-6.

8. Mbﬂ'u EK, er al. Japanese poor metabelizers of pmguanu donothav: an
risk of malaria ch Trans R Soc
Trop Med Hyg 1995; 89: 658-9.

9. SkiclboE, et al. Chlomguanide m:tabohun in relation to the efficac rin
malaria prop and the S. jon o Tanzani. ns.
Clin Pharmacol Ther 1996; 59; 304-11.

10. Wangboonskul J. #f 4l Single dose pharmacokinetics of proguanil an: fts

in . Bur I Clin 1993; 44: 247-51.

Preparations

Propriefary Preparations (details are given in Volume B)
Single-ingredient ‘Preparations. Awustral: Paludrinet; Austria:
Paludrinet; Belg.: Paludrine; Fr.: Paludrine; Ger.: Paludrie;
Gr.: Paludrine; India: laveran; Irl: Paludrinet; Ital.: Pau-
drinet; Neth.: Paludrine; Singapore: Paludrine; Swed.: Pa u-
drinet; UK: Paludrine.

Mubli-ingredient Preparations. Austral: Malarone; Austria:
Malarone; Belg.: Malarone; Canad.: Malarone; Chile: Malaro 1e;
Cz.: Malarone; Denm.: Malarone; Fin.: Malaron: Fr.: Malir-
one; Nopalu; s Ger.: Mal ; Gr.: Mal Savir-
ine; Hong Kong: Malarone; Hung.: Malarone IrL: Malaro ie;
Israel: Malarone; Ital: Malarone; Jpn: Malarone; Malaysia:
Malarone; Neth.: Malarone; Norw.: Malarone; NZ: Malaroie:
Pol.: Malarone; Port.: Malarone; S.Afr.: Malanil: Singapo e
Malarone; Spaim: Malarone; Swed.: Malarone; Swirz.: Mal ir-
one; Thai.: Malanil; UK: Malarone; Reprapog; USA: Malaron:.
iol Preparations
BP 2014: Proguanil Tablets.

Pyrimethamine g~ v

BW-50-63; Pirimetamin; Pirimetamina; Pirimetaminas; P ~
ymetamina; Pyrimetamiini; Pyrimetamin; Pyrimethamiy;
Pyriméthamine; Pyrimethaminum; RP-4753; MupumeTamur ,
5-{4-Chlorophenyi)-6-ethylpyrimidine-2,4-diyldiamine.
CyHisCIN=2487

CAS — 58-14-.

ATC — PO1BDO1.

UNIf — Z3614Q0X8W.

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., US. and Viet.

Ph. Eur. 8: (Pyrimethamine). An almost white crystallize
powder or colourless crystals. Practically insoluble in watrr;
slightly soluble in alcohol. Protect from light.

USP 36: (Pyrimethamine). A white, odourless, crystalline
powder. Practically insoluble in water; soluble 1 in 200 of
alcohol and 1 in 125 of chloroform; slightly soluble in
acetone. Store in airtight containers. Protect from light.

Uses and Administration

Pyrimethamine is a diaminopyrimidine antimalarial used
with a sulfonamide in the treatment of malaria (see
p. 644.1) and toxoplasmosis {see p. 663.1). Pyrimethamine
with sulfadoxine has also been used in the treatment of
actinomycetoma (p. 663.1), for prophylaxis of pneum»-
cystis pneurnonia (p. 663.1), and in the treatment of
isosporiasis (p. 663.1).

Pyrimethamine exerts its antimalarial activity ty
inhibiting plasmodial dihydrofolate reductase, thus indir-
ectly blocking the synthesis of nucleic acids in the malaria
parasite. It is active against pre-erythrocytic forms and is
also a slow-acting blood schizontocide. It also has soo:e
sporontocidal activity; it does not prevent the formation >f
gamctocytes but renders them non-infective 10 the
mosquito vector. It is mainly effective against Plasmodiun
falciparum but has some activity against P. vivax.

The development of plasmodial resistance has rendered
obsolete the use of pyrimethamine on its own in malari.
Combinations of pyrimethamine with long-acting sulfon.-
mides, such as sulfadoxine or sulfametopyrazine, are no~
used, although resistance has also developed to them.

For the treatment of uncomplicated falciparum malari 1,
pyrimethamine is given orally with sulfadoxine in a fixed
dose ratio of 1 to 20 (Fansidar). WHO recommends that a
single dose of pyrimethamine 1.25mg/kg plus sulfadoxir e
25 mg/kg be used with a 3-day course of artesunate.

For details of doses in children, see below.

A combination of pyrimethamine with sulfametopy -
azine has also been used in the treatment of malaria.

Pyrimethamine and pyrimethamine combinations are n>
longer recommended for prophylaxis of malaria. Combine
preparations of pyrimethamine with sulfadoxine (Fansidar ,
and with dapsone in a fixed ratio of 1 to 8 (Maloprim), have
been used in areas of chloroquine or multidrug resistanc,
although other antirnalarials are now preferred.

Pyrimethamine given with a sulionamide such :s
sulfadiazine is used in the weatment of toxoplasmosi:.
Alternatively, pyrimethamine may be given with clind:-
mydn in AIDS patients with toxoplasmosis unable 12
tolerate a sulfonamide. For details of dosage regimens usex|,
see p. 663.1.

Adminisiration in children. Pyrimethamine may be used
orally with sulfadoxine (as the fixed-dose combinatioa
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product Fansidar) in infants and children 2 months of age
and older for the treatument of uncomplicated falcipar-
um malaria. WHO! recommends a single oral dose of
pyrimethamine 1.25mg/kg (with suifadoxine 25 mg/kg)
be given with a 3-day regimen of artesunate.
Alternatively, US licensed product informadon provides
the following dosing recommendations based on body-
weight for children 2 months of age and older:
o 5to 10kg: 12.5 mg with sulfadoxine 250 mg
* 11 to 20kg: 25 mg with sulfadoxine 500 mg
o 21 to 30kg: 37.5 mg with sulfadoxine 750 mg
* 31 to 45kg: 50 mg with sulfadoxine 1 g
» over 45kg: as for adults
In infants and children, pyrimethamine may also be used
with sulfadiazine for the management of toxoplasmosis. For
further details and doses, see under Uses and Administra-
tion of Sulfadiazine, p. 362.1.
1. WHO. Guidelines for the mmml af »ullam an ed. Geneva: WHO,
2010. Available at:  hup:/ who. 2010/

9789241547925 _eng.pdf (l::tssed 09/07/10} Upd-u (issued April
2011) available at: hup://www.who.

Pyrimethamine with sulfadoxine, also given once weekly,
was of benefit in bone marrow transplant reclpients.’
1. CDC. Gui and of
infections in HIV-| lnkcled adults and adolescents: te:ommmdadons
from CDC, the National Insticutes of Health, and the HIV Medi

pyrimethamine with sulfadoxine {see below} or pyrimeth-
amine with chloroquine, it has been suggested that
pyrimethamine is probably the causative agent.*

1 Phl.lhps ani PA. West LJ. Serlous adverse drug reactions to

Association of the Infectious Diseases Sodety of America. MMWR 1009
$8: (RR-4): 1-207. Also available at: hup://www.cdc.g:

psone and i amo-
dhqulnein)ﬂmlksxmdl”o !J 82-5.

1r5804.pdf (accessed 15/09/09)

2. Sabal, et al. Py ine plus t of acute
toxaplasmic encephalitis in patients with AIDS. Eur J Clin Mizrobiof Infect
Dis 1993; 12: 853-6.

3. Martin J, et al. P h
therapy of acute Toxoplasma en:ephnhns in panrms with AIDS.
Antimicrob Agents Chemather 1991 35: 2049-52.

4. Morris JT, Kelly JW. Effective of cerebral is with
doxycydine. Am J Med 1992; 93: 107-8,

5. Hagberg L. et al. D and for
encephalitis. Soand J ln/a:t Du‘ 1993. 15 157—60

6. Opravil M. a al. O of dapsonefpytimeth
amine vs. as i x is for

cartnil and hall

human immunodefidency virus-infected patients. Clin Infect Dis 1995:

20: 531-41.
7. Foot ABM o ul Prophylaxis of taxoplasmosis infection with

weatchild_revised.pdf (accessed 20/05/11)

Isosporiasis. Isosporiasis (p. 921.3) usually responds well
to treatment with co-trimoxazole, but there is a high inci-
dence of recurrence in immunocompromised patients,
such as those with AIDS, and:some form of maintenance
therapy is generally required.-Oral therapy with co-trim-
oxazole ‘960 mg given three times weekly or pyrimeth-
amine 25 mg with sulfadoxine:500mg given weekly were
found to be equally effective maintenance regimens.! Pyri-
methamine given alone in daily doses of 50 to 75 mg with
folate therapy may be of use in the treatment of paucms
sensitive to sulfonamides.?

1. Pape JW, o al. Treatment and prophylaxis of Isospora belli infection in
patients with the acquired immunodeficency syndrome. N Engl J Med
1989; 320: 1044-7. |

2. Weiss LM, er al. Isospora belli jon: with
Ann Intern Med 1988; 109: 474-5.

Malaria. The overall treatment and prophylaxis of malaria
and the place of pyrimethamine-sulfadoxine (Fansidar) in
current recommendations are discussed on p. 644.1.

Mycetoma. For reference to the use of pyrimethamine as
part of the treatment of actinomycetoma, see under Myce-
toma, p. 193.1.

Pneumocystis pneumonia. For a mention of pyrimeth-
amine with either dapsone or sulfadoxine for the prophy-
laxis of pneumocystis pneumonia, and a discussion of con-
ventional prophylaxis and treatment, see p. 567.2. For
details of doses used, see under Uses and Administradon
of Dapsane, p. 282.1.

is. Pyrimethamine is given, usually with sul-
fadiazine or another appropriate sulphonamide, in the
treatment of toxoplasmosis (p. 924.2), induding the man-

} in bone marrow wansplant
recipients. Bone Marrow Transplant 1994; 14: 241-5.

Adverse Effects and Treatment

Use of pyrimethamine for prolonged periods, as used to be
the case when it was given alone for the prophylaxis of
malaria, can cause d ion of h poiesis due to
interference with folic acid metabolism. Rashes and
hypersensitivity reactions also occurred.

Larger doses, such as those used in the treatment of
toxoplasmosis, may cause gastrointestinal symptoms such as
atrophic glossitis, abdominal pain, and vomiting; haemato-
logical effects such as megaloblastic anaemia, leucopenia,
thrombocytopenia, and pancytopenia are also more likely to
occur. CNS effects induding headache, dizziness, and
insomnia have also been reported.

Pulmonary eosinophilia has been reported in panents
taking pyrimethamine with other antimalarials. Severe
and sometimes fatal reactions have occurred when
pyrimethamine has been used with sulfadoxine (Fansidar),
including erythema mutltiforme and the Stevens-Johnson
syndrome, and toxic epidermal necrolysis; there have aiso
been isolated reports of hepatotoxicity. Agranulocytosis
occurs more frequently when pyrimethamine is used with
dapsone (Maloprim) and fatalities have been reported.

Acute overdosage with pyrimethamine can cause
gastrointestinal effects and CNS stimulation with vomiting,
excitability, and convulsions. Tachycardia, respiratory
depression, drculatory collapse, and death may follow.
Treatment of overdosage is symptomatic.

Adverse effects with dapsone. Between 1972 and 1988,
the UK CSM received 76 reports of reactions that were
attributed to the use of pyrimethamine with dapsone
(Maloprim), of which 40 (53%) were considered to be ser-
ious, incdluding 6 deaths.! The incidence was estimated to
be 1 in 9100 for serious reactions and 1 in 60 200 for fatal-
ities. Serious blood disorders including agranulocytosis,
granulocytopema, or leucopenia occurred in 15 patients

agement of congenital toxoplasmosis in I (see
Administration in Children, under Sulfadiazine, p. 362.1,
for doses), although the management of maternal and
fetal infection may vary -considerably from country to
country. Folinic acdd is also given to counteract the
megaloblastic anaemia associated with these regimens.

In the US, guidelines for the treatment of opportunistic
infections in FIV-infected adults and adolescents' consider
pyrimethamine plus sulfadiazine to be the initial therapy of
choice for Toxoplasma gondii encephalitis and recommend
the following doses, based on body-weight, be given for at
least 6 weeks:

o less than 60kg: pyrimethamine 200 mg orally, followed
by 50 mg daily pius sulfadiazine 1 g orally every 6 hours
s 60kg or more: pyrimethamine 200mg orally, followed
by 75 mg daily plus sulfadiazine 1.5 g orally every 6 hours
Pyrimethamine with cindamydn is an alternative in
patients unable to tolerate a sulfonamide, for further
information see under Clindamydin, p. 271.1.

Other drugs that have been tried with pyrimethamine
include azithromycin,? darithromycin,? and doxycycline.**

For long-tetm maintenance therapy, US guidelines!
recommend that pyrimethamine 25 to 50mg be given
orally once daily with sulfadiazine 2 to 4 g daily divided in 2
or 4 oral doses; clindamycdn may be used as an alternative to
sulfadiazine if necessary. Altematively, pyrimethamine
25mg daily has been used with atovaquone 750 mg orally
every 6 to 12 hours.

Although not typically considered first-line therapy,
pyrimethamine may also be used for primary prevention of
toxoplasmosis with either atovaquone or dapsone in the
following regimens:! .

e 25mg daily with atovaquone 1. Sg daily

* 50mg once weekly with dapsone 50 mg daily

s 75mg once weekly with dapsone 200mg once weekly
(although this regimen may be poorly tolerated?)

d incidence of 1 in 20000}, five of whom died.

The other death was in a patient with myacarditis. Three

patients had cyanosis due to methaemoglobinaemia. Resp-
iratory disorders such as pulmonary eosinophilia, flu-like
syndrome, and dyspnoea occurred in 6 patients. In 4
patients skin disorders were the principal effect and
included epidermal necrolysis, angioedema, and bullous
eruptions. Hepatic disorders were also reported in 4
patients. Three women using pyrimethamine-dapsone
during pregnancy delivered malformed babies, one of
them being stillborn. Other effects in 4 patients included
convulsions, exacerbated epilepsy, pancreatitis, or a gener-
alised allergic reaction.

A review? of 21 cases of agranulocytosis associated with
pyrimethamine-dapsone concluded that, although
agranulocytosis can occur very rarely in patients taking
pyrimethamine or dapsone alone, agranulocytosis due to
the combination appears to be caused by an idiesyncratic
reaction to dapsone exacerbated by pyrimethamine. Of the
18 individuals for whom dosage was certain, 12 had been
taking one tablet of pyrimethamine-dapsone twice weekly,
twice the recommended dose of one tablet once weekly. Of
the 9 patients who died, 6 had been taking one tablet twice
weekly and one patient had taken one tablet once weekly;
the dosage was uncertain in the remaining patients. The
time of onset of symptoms had been 7 to 9 weeks after
starting therapy in 16 of 19 of the patients.

Some consider that pyrimethamine with dapsone may
produce some degree of immunosuppression and render
users more susceptible to common infections. A higher
incidence of non-specific upper respiratory-tract infections
occurred in military recruits taking the combination than in
those not given antimalarial prophylaxis.3

Pulmonary eosinophilia has also occurred in patents
taking pyrimethamine with dapsone but, as there have also
been similar reports of pulmonary toxicity in patients taking

The symbol t denotes a preparation no longer actively marketed

2. i DBA, et al A with i}
review of cases. Hwn Toxicol 1986; 5: 221-7.

3. Lee PS. Lau EYL. Risk of acute non-specific upper respiratory tract
infections in healthy men taking dapsone-pyrimethamine for prophy-
laxis agatnst malaria. BMJ 1988; 296: 893-5.

4. Davidson AC. & al. Pulmonary toxicity of malaria prophylaxis. BMJ
1988; 297: 1240-1.

Adverse effects with sulfonamides. Severe and potentially
fatal cutaneous reactions such as erythema muitiforme,
Stevens-Johnson syndrome, and toxic epidermal necroly-
sis have been associated with the combined use of pyri-
methamine with sulfadoxine (Fanmsidar) for malaria
prophylaxis. The reported incdence of these reactions has
varied with surveys in the UK,! USA,2 and Sweden? yield-
ing similar results and a survey from Switzerland* finding
a much lower incidence. The overall rate of serious reac-
tions to pyrimethamine-sulfadoxine in the UK has been
estimated to be 1 in 2100. The estimates for severe cuta-
neous reactions were 1 in 4900 in the UK, 1 in 5000 to 1
in 8000 in the USA, 1 in 10000 in Sweden, and 1 in
150000 in Switzerland, and the death rates were 1 in
11100 in the UK, 1 in 11000 to 1 in 25000 in the USA,
and 1 in 35000 in Sweden; no fatalities were reported in
Switzerland. Workers on the Swiss survey had suggested
that the high incidence of cutaneous reactions reported in
the USA might have been due to concurrent therapy with
chioroquine but this has been disputed.> The authors of
the UK survey' suggested that the lower indcidence
reported in Switzerland may have been due to the differ-
ent methods used to estimate the amount of drug usage.
‘Whether this toxidity is due to the combined use of pyri-
methamine and sulfadoxine is unclear as the estimated
frequency of fatal reactions associated with the use of
sulfadoxine alone in Mozambique® was 1 in 50 000.

There have been isolated reports of other severe or life-
threatening reactions assodated with the use of pyrimeth-
amine-sulfadoxine when used alone or with chloroquine,
including hepatotoxicity™® (estimated incidence of 1 in
11 100 in the UK!), fatal multisystem toxicity,'® drug fever
and photodermatitis,'* agranulocytosis,'* and erythroderma
resembling Sézary syndrome.!2 Severe pulmonary reactions
have also occurred®!® but, as similar reactions have also
been reported when pyrimethamine has been uvsed with
other antimalarials, including dapsone, it has been
suggested that pyrimethamine is the causative agent (see
Adverse Effects with Dapsone, above). Hyperammonaemia
and camitine deficiency with deterioration in mental status
has been reported in a patient given pyrimethamine and
sulfadiazine for the treatment of toxoplasmosis.'*

Severe megaloblastic anaemia in a patient taking
pyrimethamine and sulfadiazine for pl »sis of the
CNS'® was treated by withdrawing pyrimethamine and
giving folinic acid orally with a single platelet infusion.

For a comparison of the incidence of pruritus induced by
various antimalarials including pyrimethamine with sulfa-
doxine, see Effects on the Skin under Chloroquine, p. 652.2.

1. Phﬂllpsﬂowud PA, West LI Serlous advexsc drug reactons to
p: and to amo-

dhqulne in Britain. J R Soc Med 1990. 83: 82-5.

2. Miller KD, e ai. Severe cutaneous reactions among American travelers
using pyrimethamine—sulfadoxine (Fansidar} for malaria prophylaxis.
Am J Trop Med Hyg 1986; 35: 451-8.

3. Heligren U, ezl Advetse reacuons to sulphadoxine-pyrimethamine in

Swedish for prophy BMJ 1987; 29%: 365-6.
4. Sxeﬂen R Somaini B. Severe cutaneous adverse reactions to
ine in Swit d. Lancer 1986; i: 610.

s. RomboLe{al.D to the risk of serious ad:
reactions to Fansidar? Laneet 1985; ii: 1298-9.
6. Hernborg A. Stevens-Johuson syndrome after mass prophylaxis with
for cholera in i Lancet 1985: #i: 1072-3.
7. Lazar HP, ef al. Fansidar and hepatic granulomas. Annt Intern Med 1985;
102: 722.
8. Wejsial R, et ol. Liver damage associated with Fansidar. Laneet 1986; i
834-5.
9. Zitelli BJ, et al. Fatal hepatic necrosis due to pyrimethamine-sulfadoxine
(Pansidar). Amn Intern Med 1987; 106: 393-5.
10. Selby CD. et al. Fatal mul toxidity wi
with pyrimethamine and sulfadoxine (Fansidar). BMJ 1985; 290: 113
14
11. Olsen VV, & al. Serious reactions during malaria prophylaxis with
pyrimethamine—sulfadoxine. Lanat 1982; if: 994.
12. Langy JAA, et al. Eryth Sézary sy after
treatment with Fansidar and chloroquine. BMJ 1986; 292. 1107-8.
13, Sv:nbvm M. et al Unusual pulmonary reaction during shorr term
with py d {Fansidar). BMJ 1984;

ua. 1876

14, Sekas G, ji ia and camitine i lna
patient receiving sulladh.z&ne and pyrimethamine. Am J Med 1993; 95:
112-13.

15. Chute JP, ef al. Severe anemia plicati Timeth-
amine therapy. A Internt Med 1995; 122: 834-5.

Overdosage. Reports of overdosage with pyrimethamine
in infants.
1. Aldayanju O, f . Pyrimeth

BMJ 1973; 4: 147-8.
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2. Elnulzm J, et al Les accidents graves lors de la presaiption de
chez les trajtés pour une toxoplasmose.

ntmpit 1985; 40: 357-9.
3. DuveauE, etal. C
Pediatr 1996; 3: 286-7.
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Precautions

Pyrimethamine may aggravate subclinical folic acd
defidency and it should not be given to patients with
conditions associated with folate deficiency such as
megaloblastic anaemia. Blood counts are required with
prolonged treatment, and when large doses of pyrimeth-
amine are used, as in the treatment of toxoplasmosis, blood
counts should be checked twice weekly. Folinic acid, which
does not interfere with the action of pyrimethamine against
malaria or toxoplasmosis, has been given to prevent
haematological toxicity due to pyrimethamine and its use is
espedally recommended if pyrimethamine is given during
pregnancy. (Folic acid may be used as an alternative to
folinic adid in malaria, but it interferes with the action of
pyrimethamine against toxoplasmosis). For further in{or-
mation concerning use during pregnancy, see below.

Pyrimethamine should be given with caution to patients
with renal or hepatic impairment. When patients with
convulsive disorders need to receive large doses, as in the
treatment of toxoplasmosis, it is recommended that small
starting doses should be used.

When pyrimethamine is used with sulfonamides or
dapsone, the general precautions applicable to those drugs
should also be taken (see under Sulfamethoxazole, p. 366.1
and under Dapsone, p. 283.2) and treatment should be
stopped immediately if any skin reactions, sore throat, or
shortness of breath occurs.

Breast feeding. Pyrimethamine is distributed into breast
milk! but as no adverse effects have been reported in
breast-fed infants, the most recent guidance from the
American Academy of Pediatrics considered breast feeding
to be compatible with the use of pyrimethamine for mal-
aria prophylaxis.? However, exposure of the infant to
other folate antagonists should be avoided. The large doses
of pyrimethamine used for treating toxoplasmosis may dis-
tribute into breast milk in sufficient quantities to interfere
with folic acid metabolism in nursing infants.

1. Edstein MD, et al. Exaetion of chloroquine, dapsone and pyrimeth-
amine in human milk. Br J Clin Pharmacol 1986; 22: 733-5.

2. American Academy of Pediawrics. The transler of drugs and other
chemnicals lnto human milk. Pediatrics 2001; 108: 776-89. {Retired May
2010) Correction. ibid; 1029. Also swvallable at: hep:/iaappolicy.

%3b108/3/776 (accessed

19/04/04)

Porphyria. For a discussion of the use of antimalarials in
patients with porphyria, see under Precautions for Chloro-
quine, p. 653.1.

Pregnancy. There have been cgncemns over the use of
pyrimethamine during pregnancy as it has been shown to
be teratogenic in animal studies.! In one report, severe
congenital defects in a stillborn infant were attributed 10
the use of pyrirethamine in early pregnancy,? but the
association was considered to be questionable.> Other
instances of congenital malformations with pyrimeth-
amine and dapsone are given under Adverse Effects with
Dapsone, p. 663.2.

Others* suggest that intermittent preventive therapy for
malaria with pyrimethamine-sulfadoxine has a favourabie
safety profile in pregnancy. WHO considers that pyrimeth-
amine combinations may be used after the first trimester of
pregnancy in the treatment of toxoplasmosis,® but that
pyrimethamine-sulfadoxine although considered safe for
malaria treatment in the second or third trimesters, is likely
to be ineffective because of increasing resistance.

1 ; i bi in Lancet 1983;
ik 1003-7. Carrection. ibid.; 1378.

;. Hupey.l P‘:’!d Tmlo'midxyotpyﬂmed::mhtc,ma{ 1:53 i 399.

3 an
amine. Lancet 1983; li: 623—4.
4. Pet:n PJ, et al. Safety and ledly of ml!adoxlnelpynmelh;mme
for malaria pi using
preventive treatment. Druy Safety 2007~ 30: 481-301.

S. WHQ. WHO mode! formulary. Gcn:va WHO,2008. Alse available at:
haxp:/ fwerw.who. WMF2008.pdf (accessed
19/10/09)

6. WHO. Guidelines for the treatment of malarie, 20d ed. Geneva: WHO,
2010.  Available av  hop://whqlibdoc.who.int/publicatons/20}0/
9789241547925_eng.pdf (msud owomo) Update ssued April 2011
available  at:
treatchild_revised. pdl (md 1010511 1)

Interactions

Use of pyrimethamine with other folate antagonists such as
co-trimoxazole, trimethoprim, methotrexate, proguanil,
phcnytom. or zidovudine may exacerbate bone marrow
depression. The absorption of pyrimethamine may be
reduced by use with antacid salts or kaolin.
Pyrimethamine may displace other drugs from protein-
binding sites, causing elevated concentrations of unbound

(such as quinine and warfarin) that are both highly protein
bound and have a narrow therapeutic index.

Lorazepam. Signs of mild liver toxicity in 2 of 5 subjects
who received lorazepam and pyrimethamine appeared to
confirm earlier suspicions that giving these drugs together
could cause hepatotoxicity. Both patients tolerated each
drug when given separately.

1. Briggs M, Briggs M. Pyrimethamine toxicity. BMJ 1974; 1: 40

Zidovudine. Studies in vitro and in animals suggest that
zidovudine could reduce the efficacy of pyrimethamine in
the treatment of toxoplasmic encephalitis.! Furthermore,
the dose of zidovudine may need to be altered if these
drugs are used together as there has been a report that
pyrimethamine with sulfadoxine (Fansidar) prolonged the
serum half-life of zidovudine.2

1. Israelsid DM, et al. Zi the action ol p i
in experimental infection with Toxoplasma gondii. Arm»mmb Agents
Chemother 1989; 33; 30-4.

2. Klein RS. Prophylaxis of oprpunumsm infections in individuals infected
with HIV. AIDS 1989: 3 (suppl 1): 5161-5173.

Pharmacokinetics

Pyrimethamine is almost compietely absorbed from the
gasurointestinal tract. Peak-plasma concentrations generaily
occur 2 1o 4 hours after a dose and can vary widely between
individuals; concentrations ranging {from 260 to 1411 nano-
grams/mL may occur after daily oral doses of 25mg. It is
mainly concentrated in the kidneys, lungs, liver, and spleen;
in AIDS patients given daily dose of pyrimethamine,
concentrations of about one-fifth of those in the serum
occur in the CSF. About 80 to 90% is bound to plasma
proteins.

It is metabolised in the liver and slowly excreted via the
kidney. the average half-life in plasma being about 4 days.
Several metabolites have been detected in the urine.
Pyrimethamine crosses the placenta. It is distributed into
breast milk (sece under Breast Feeding in Precautions,
above).
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BP 2014: Pyrimethamine Tablets;

USP 36: Pyrimethami. Oral §i Pyrimetham ne
" Tablets; Sulfadoxine and Pyrimeth Tablets,
Pyronandme Phosphate iinnvy

Fosfato de ptronandma Malaridine Phosphat Plronand;ra
fosfato de;. 'Pyronaridine, Phosphate ~ de; Pyronandu i
Phosphas MiupoHapiauHa docpar. .
. 4-{(7-Chloro-2-methoxybenzo(b]-1,5- naphthyn m-1o-' 1)
amino}-2; 6-b|s[(pyrrohdm-l-yl)methyi]phenol phosphate.
CyoH3CINSO;4H,P0,=9100 . -

{CAS —, 74847-35-1 (pyronaridine); 76748-86 2 (Dyronand:, e
phosphare) .

UNIl — 27789F9ACO . : )

Pharmacopoeias. In Chin.

Uses and Administration

Pyronaridine is a naphthyridine derivative that Fas
traditionally been used in China in the treatment of mala ia
{p. 644.1). Its use has also been investigated in Alrica and in
Thailand. It is a blood schizontocide active agaisst
Plasmodium vivax and against both chloroquine-sensiti /e
and chloroquine-resistant strains of P. falciparum. The dr1g
produced in China has been given as the phosphate orally or
by intramuscular or intravenous injection.
A fixed-dose combination product of pyronaridiie
phosphate and artesunate has been developed o impro /e
patient adherence and avoid monotherapy., and there)y
decrease the risk of acquired drug resistance. T}is
combination product is used for the treatment of acute
uncomplicated infections caused by 2. vivaxr and P.
falciparum in areas of low transmission with evidence of
artemisinin resistance; it should not be used to treat severe
malaria. The ratio of pyronaridine phosphate to artesunzte
of 3 to 1 has been selected to provide the current dcse
recommendations for each of the individual drugs wh:n
given as monotherapy. The combination is given orally, a: a
single, 3-day treamnent course, to children and aduts
weighing 20kg or more. Recommended doses are given
once daily for 3 days according to body-weight as follow::
e 20 to less than 24kg: 180 mg pyronaridine phosphate
with 60 1mg artesunate
s 24 10 less than 45kg: 360mg pyronaridine phosphate
with 120 mg artesunate

* 45 to less than 65kg: 540 mg pyronaridine phosphate
with 180 mg artesunate

e 65kg or more: 720mg pyronaridine phosphate with
240 mg artesunate
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Preparations
Proprielary Preparations (details are given in Volume B)

i nt h Arg.: Daraprim; Austral:
Daraprim; Belg.: D Braz.: D im; Canad.: D: i
Chile: Daraprim; Fr.: Malocide; Gcr Daraprim; Gr.: Danprhn.

Fansid

9. R, et al. Py versus mefloqui 1¢
Plus artesunate for malaria. NEMIJMZO]Z J“. 1298-1309.
10. Crok SL. et al. Review of p dal propertes a d

product characteristics. Malar J 2012; 11: 270.

Administration in children. The fixed-dose combinatic n
product of pyronaridine phosphate and artesunate may t e
given to children weighing 20kg or more for the trea:-
ment of acute uncomplicated infections caused by Plasm >
dium vivax and P. faldparum in areas of low transmissic n
with evidence of artemisinin resistance. For dose recoc-

Hong Kong: Daraprimt: Mal Mex.: Darap
Neth.: Darap Pol: Daraprim: S.Afr.. Daraprim: Spaim:

Daraprim; Switz.: Daraprim; UK: Daraprim; USA: Daraprim.

Multi-ingredient Preparations. Austral: Fansidart; Maloprimt;
Belg.: Co-Arinate; Dafrafint; Braz.: Fansidar; Fr.: F dar; Gr.:
Fansidar; India: Amalar; Croydoxin-FM; Domine; Laridox; Lar-
inate Kit; Malarwin; Malasulf; Malcidal; Malacide; M

dations in these children, see above.

Adverse Effects and Precautions

Adverse effects of pyronaridine are usually mild and resoh e
within 2 days of starting treatment. The most common y
reported adverse effects are dizziness, headache, pruritus,

Metakelfin; Metasulfin; Onli-2; Pyralfin: Pyramet; Rimodar:
Indon.: Fansldar Plasmodin; Suldox; Iri.: Fanndarf Israel:
Fansidar}: Ital.: kelfin; Malaysia: M ine; Malafon:

and gastroi inal effects such as diarrhoea, nausei,
vomiting, and abdominal pain. There have also been son ¢
reports of allergic skin reactions, palpitations, and transient
ECG ch with the use of higher doses.

Philipp.: Fansldar Rus.: Fansidar (®: ); S.Afr.: Fansidar;
Singapore: Pyrisone; Switz: Fansidary: Thai.: Vinsilar; UK:

drug; this may be of particular clinical concern for drugs | Fansidar; Ukr.: Fansidar {®ancwuap)}: USA: Fansidart.

All cross-references refer torentries in Volume A

The most common adverse effects associated with the u:¢
of a fixed-dose combination product of pyronaridir.e
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phosphate and artesunate are abdominal pain, bradycardia,
headache, hypoglycaemia, vomiting, and haematological
changes such as eosinophilia, neutropenia, anaemia, and an
increased platelet count; abnormal laboratory test results
include transient raises of serum transaminases (mostly
ALT). Syncope, isolated prolongation of the QTc interval,
and hypersensitivity reactions occur rarely.

Pyronaridine phosphate-artesunate should not be used
for malaria prophylaxis. It is also contra-indicated in those
with underlying hepatic injury or significant hepatc
abnormalities; liver function tests should be carried out
before and after a treatment course. The combination
should be used with caution in those with cardiovascular
disorders such as congenital prolongation of QTc interval,
cardiac arrhythmia, and heart failure. Caution is also
advised in patients with hypokalaemia, in those being
treated with other drugs that block potassium channels, and
in those who have recently taken medicines known to
prolong the QTc interval.

Pregnancy. Data on the use of pyronaridine phosphate in
pregnant women are not available, although animal stu-
dies have not reported any teratogenic effects. The safety
of pyronaridine phosphate-artesunate in pregnancy has
also not been established and the potential risk is
unknown. For further information on the use of artesu-
nate in pregnancy see under Artemisinin Derivatives,
p. 649.2.

Inferactions .

In vitro studies have shown that pyronaridine phosphate is
an inhibitor of the cytochrome P430 isoenzyme CYP2D6
and of P-glycoprotein. It should therefore be used with
caution in patients taking drugs that are metabolised by the
cytochrome P450 isoenzyme CYP2D6 and that are
substrates for P-glycspraotein.

Pharmacokinetics

Peak plasma concentrations for pyronaridine are generally
reached between 2 and 8 hours after an oral dose.
Pyronaridine and its metabolites are extensively disuibuted
into tissues. It is about 92 to 95% bound to plasma protein
and may also bind to melanin in the eye. In vitro studies
show that the cytochrome P450 isoenzymes CYP1A2,
CYP2D6, and CYP3A4 could be involved in the metabolism
of pyronaridine and that it inhibits the activity of CYP2D6.
Pyronaridine is eliminated siowly with an elimination half-
life of between 14 and 18 days.

Preparations
Proprietary Preparations {details are given in Volume B)
Multi-ingredient Preparations. Kor.: Pyramax.

Quinine @w

*Chinin; Chinina; Chininurn;’ IGnum Kinin; Kmme, Kumnna,
‘Quinina; Xvrmm. :
/{85,9R)-6'-Methoxycinchonan-9-ol; {aR)-a- (&Methoxy4—qun-
nolyl)-a-[(25,45,5R)- (S~V|nquumudld|n -2-yl)imethanol.
CooHaaN;0=3244

CAS — 130-95-0 {anhydrous quinine).

ATC — POIBCO1.

JUNI — ATV27PHCIA.

Description. Quinine is the chief alkaloid oi various

species of Cinchona (Rubiaceae). It is an optical isomer of
quinidine.

Quinine Bisulfate By

Chininum Bisulfuricum; Neutral Quinine Sulphafe; Qu(ﬁina,
bisulfato. de; Quinine Acid Sulphate; Quining ' Bisulphate;
Qumml - Blsulfas, -Beyceprokucbi  Xukum;  XuknHa

CNHI‘N;O;,H,SO.,7HZO—S4&6
CAS.— 549-56-4 (anhydrous quinine blxulfare)
ATC — POIBCOL.

UNIl 2~ M201HC068W {anhydrous qu:mne bisulfate).
GNSO!V2R3N (quinine bisulfate heptahydrate). .

Phamaoopoetas. In Br, Int, and Viet.

BP 2014: {Quinine Bisulphate). Colourless crystals or a
white crystalline powder. It effloresces in dry air. Freely
soluble in water; sparingly soluble in alcohol. A 1% solution
in water has a pH of 2.8 to 3.4. Protect from light.

Qumme Dlhyclrochlonde BANM

'Qumln Dlhydrochlondum
XMHMH, XvHUH3, ﬂnrvu;poxnopm

c,‘;H“Nzoszcl =3973
CAS — 60-93-5.
ATC— PDIBCOI i

UNI— 8CIEMH7D9X. . 077w

Pharmacopoeias. In Br., Chin., and Int.

Viet. includes the injection.

BP 2014: (Quinine Dihydrochloride). A white or almost
white powder. Very soluble in water; soluble in alcohol. A

3% solution in water has a pH of 2.0 to 3.0. Protect from
light.

Quinine Etabonate

Euqumlna Euqumme Qumlna et||carbonato de Qumlne
Ethyl Carbonate; Xuuwa rabovar.

CisHzN,0=3965 .
CAS — 83-750:
-ATC — POIBCO1.
UNII—L2V891H57

Pharmacopoeias. In Jpn.

Quinine Hydrobromlde BaNMY

“Basic Qumln Hydrobromld Chunlm Bromldum, Qumma
hidrobromuro: ide; Qumme Monohydrobromlde, Xvau—la
“TgpoBpoMAji '
CmHuNIO,,HBr,H20=4234 :

CAS — 549-49-5 (anhydrous qumlne hydrobrom:de)
ATC— POIBCOI :
"UNIE — VWF36Q4G6V.

Pharmacopoeias. In Fr.

Quinine Hydmchlonde (BANMY

Basic Quinine Hydrochlonde Chinin hydrochlorld dlhydrét,
Chininhydrachionid; Chinini Hydrochloridurm; Chininii Chior-
idum; . Chininium | Chloratum; - Chinino * hidrochloridas;
-Chininum Hydrochlaricarn;-Chininy chiorowodorek; Kiniini-
hydrokloridi;-- Kinin-hidroklorid;: Kininhydroklorid;, Quinina,
hidrocloruro * de; . Quirine -’chlorhydrate de;  Quinine
-Manohydrochloride; Quinini::Hydrochloridum; Qunnxnl
"Hydrochloridum Dihydricum; XuHuHa I'unpoxnopmn, "

| CagHaaN;05,HCI.2H,0=396.3
‘CAS — 130-89-2 (anhydrous qu:n:ne hydrochlonde} 6 I)‘9-47 7
{quinine hydrochloride di hydrate) ;

ATC — POIBCOI. :

UNII —  71158Y0733 (qu/mne hydrochlonde dlhydrate),
7CSOWNO3 1M (anhydrous quining hydrochloride). "~

Pharmacopoeias. In Eur. (see p. vii), Int,, Jpn, and Viet.

Ph. Eur. 8: (Quinine Hydrochloride). White or almost
white, or colourless, fine, silky needles, often grouped in
clusters. Soluble in water; freely soluble in alcohol. A 1%
solution in water has a pH of 6.0 to 6.8. Protect from light.

Quinine Sulfate Banvy

Basnc Qumlne Sulphate Chinin'sulfat dihydrat; Chlnmx sulfas
'Chinino’ sulfatas; Chininsulfat; Chininum Sulfuricum; Chininy
siarczan; - Kiniinisulfaatt; * sulfat; Knm-szulfét, Quinina,
sulfato de; Quinine, ‘sulfate de; Quinine ‘Suiphate; Quinini
Sulfas; Quinini Sulfas Dlhydncus. XuHnra Cynbdar.
(ConuNzoz)z H,S0,2H,0=7830

— 804-63-7 (anhydrous . quinine - sulfate) 6119—70—6
(qumlne sulfate dihydrate).
ATC — POIBCOT.
UNIt — KF7Z0E0Q28.

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., Jpn, US, and
Viet.

Ph. Eur. 8: (Quinine Sulfate). A white or almost white,
crystalline powder or fine, colourless needles. Slightly
soluble in water; sparingly soluble in boiling water and in
alcohol. A 1% suspension in water has a pH of 5.7 10 6.6.
Protect from light.

USP 36: (Quinine Sulfate). It is the sulfate of an alkaloid
obtained from the bark of spedes of Cinchona. White,
odourless, fine needle-like crystals, usually lusterless,
making a light and readily compressible mass. It darkens
on exposure to light. Soluble 1 in 500 of water and 1 in 120
of alcohol; sparingly soluble in water at 100 degrees; stightly
soluble in chloroform:; freely soluble in alcohol at 80 degrees
and in a mixture of 2 parts of chloroform and one part of
dehydrated alcohol; very slightly soluble in ether; Its
saturated solution in water is neutral or alkaline to litmus.
Protect from light.

Sorption. For reference to loss of quinine sulfate from
solutions during membrane filtration, see Chloroquine,
p. 650.2.

The symbol t denotes a preparation no longer actively marketed

Uses and Administration

Quinine is a cinchona alkaloid and a 4-methanolquinotine
antimalarial that is a rapid-acting blood schizontocide with
activity against Plasmodium faiciparum, P. vivax, P. ovale, and
P. malariae. It is active against the gametocytes of P. malariae
and P. vivax, but not against mature gametocytes of P.
falciparum. The precise mechanism of action of quinine is
unclear but it may interfere with lysosome function or
nucleic adid synthesis in the malaria parasite. Since it has no
activity against exoerythrocytic forms, quinine does not
produce a radical cure in vivax or ovale malarias. The
increasing spread of resistance to chloroquine has been
responsible for the re-emergence of quinine as an important
drug in the weaunent of falciparum malaria (p. 666.1).
Quinine is not generally used for malaria prophylaxis.

Quinine is also used to treat the protozoal infection
babesiosis (p. 666.1) and for the relief of nocturnal leg
cramps (p. 666.2).

Quinine has mild analgesic and antipyretic properties
and is sometimes included in preparations used for the
symptomatic relief of the common cold ‘and influenza;
additional salts that have been used for this purpose indude
the camsilate and the gluconate. |

Quinine is also used as a bitter and a flavour (p. 666.1).

Quinine is used as several salts and 100 mg of anhydmus
quiniae is cqulvalent to about:
¢ 169 mg of quinine bisulfate
= 122 mg of quinine dihydrochloride
¢ 122 mg of quinine etabonate
¢ 130mg of quinine hydrobromide
.

122 mg of quinine hydrochloride

121 mg of quinine sulfate
For the treatment of malaria quinine is given orally,
usually as the sulfate, hydrochloride, or dihydrochloride, or
parenterally as the dihydrochloride; quinine etabonate is
sometimes used orally because uniike other quinine salts,
which are intensely bitter, it is tasteless. They all contain
about the same amount of quinine and any of them can be
used when the dose is cited in terms of “quinine salt”; this is
not the case for the bisulfate, which contains a
correspondingly smaller amount of quinine. Quinine
formate is sometimes given parenterally.

A course of weatment with quinine for faldparum
malaria usually lasts 7 days and is accompanied by follow-
on treatment with clindamycin, tetracycline, or doxycy-
cline; in uncomplicated infections treatment should
preferably be given by the oral route. The usual oral dose
is 600 mg of quinine salt given every 8 hours for 7 days.

In severe or complicated falciparum malaria, or when the
patient is unable to take oral medication, quinine should be
given parenterally by slow intravenous infusion, but this
can be hazardous and p g lly need itoring,
particularly for signs of cardiotoxicity. Therapy should be
changed to the oral route as soon as possible to complete the
course. To obtain therapeutic concentrations rapidly with
parenteral therapy, quinine is often given in an initial

ding dose foll d by 1ce doses. A recom-
mended intravenous dosage regimen suggested by WHO is an
initial loading dose of 20 mgrkg of quinine dihydrochloride
(up to a maximum of 1.4g) given over 4 hours with
maintenance infusions being started 8 hours later,
calculated from the start of the previous infusion.
Alternatively, in intensive care units, an initial loading
dose of 7mglkg may be given over 30 minutes followed
immediately by the first of the maintenance infusions.
Maintenance infusions consist of 10mg/kg (up to a
maximum of 700 mg) given over 4 hours every 8 hours. A
loading dose should not be given if the patient has received
quinine, quinidine, mefloquine, or halofantrine, during the
previous 12 hours. If parenteral therapy is required for more
than 48 hours the maintenance dose of quinine
dihydrochloride should be reduced to 5 to 7 mgrkg.

1 intravenous infusion is not possible, quinine
dihydrochloride has been given inmtramuscularly. Doses,
including the loading dose, are the same as those used
intravenously: the drug should be diluted in sodium
chloride 0.9% to a concentration of 60 to 100 mg of the
dihydrochloride per mL and the loading dose should be
divided between two injection sites, preferably each
anterior thigh (not the buttock). However, intramuscular
injection can be irritant and there have been concemns
regarding its safety and efficacy (see under Malaria,
P. 666.1).

For details of doses in children and advice on dosing in
renal or hepatic failure, see below and p. 666.1, respectively.

When used for the relief of nocturnal leg cramps,
quinine js given at night in an oral dose of 200 to 300.mg of
the sulfate or bisulfate. Quinine benzoate has also been
used.

Adminisiration in children. Quinine may be used orally in
children for the treatment of uncomplicated falciparum
malaria, or parenterally when malaria is severe.or oral
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therapy is not possible. Doses are expressed in terms of
quinine salt.

For weatment of uncomplicated malaria a dose of
10 mg/kg orally every 8 hours® for 7 days may be used, along
with dindamycin for follow-on teatment? When par-
enteral therapy is required, quinine n:ay be given by slow
intravenous infusion at a rate not exceeding 5mg/kg per
hour, but if this is not possible the intramuscular route may
be considered.? Parenteral doses and administration are as
for adults (see p. 665.3).

1. WHO. WHO model formulary Jor children: based on the secmd model list of
essential medicines for children 2009. Geneva: WHO, 2010. Avallable at:
butp://www.who.int/selection_medicines/list/WMFc_2010.pa{
(accessed 19/07/10)

2. WHO. Guidelines for the Immuenl n/' mulann 2nd ed. Geneva: WHO,
2010. lable  at:  hetp: 2010/
9789241547925 _cng.pdl {accessed )9/07110) Updale (issued Apnl
2011) available at: heep://www.who.ii _
weatchild_revised.pdf {accessed 20/05/11)

Administration in hepatic impairmen). Quinine may
accumulate in patients with hepatic impairment, and
WHO! has therefore suggested that quinine doses for
severe malaria be reduced by one-third after the first 48
hours of treatment in patients with severe hepatic impair-
ment. Similarly, in the UK the BNF suggests that when
intravenous quinine is used in patients with severe hepatic
impairment, the maintenance dose should be reduced to 5
to 7mg/kg of quinine salt every 8 hours.

1. WHO. CGuidelines for the treamment a/ mlﬂnl 2nd ed. Gencva WHO,
2010. ilable  at: who. 2010/
9789241547925_eng.pdf (am:d 07!07111) Update (issued Apnl
2011) available at: hotp://www.who, X
teatchild_revised.pdl {accessed 07/07/11)

Adminisiration in renal impairment. Quinine may accu-
mulate in. severe renal impairment, and WHO'! has sug-
gested that quinine doses for severe malaria should be
reduced by one-third in such patients if severe renal fail-
ure persists after 48 hours of treatment. Some licensed
product information also gives recommendations: when
oral quinine is required for malaria treatment in patients
with chronic, severe renal impairment, the usual dose
may be given as an initial loading dose, followed at 12-
hour intervals by half the usual dose. In the UK. the BNF
suggests that when intravenous quinine is used in severe
renal failure, the maintenance dose shouid be reduced to
5 to 7mg/kg of quinine salt every 8 hours.

No dose adjustment is required for patients undergoing

haemodialysis or haemofiltration.
1. WHO. Guidelines for the Arummu vf mlnna 2nd ed. Gentva WHO,
2010, lable an p: who. i 2010/

9789241547925_eng.pdf (accessed 09/07/10) Updal: {issued April
2011) available at: http:/fwww.who.i
ueatchild_revised.pdf (accessed 20/05/11)

Babesiosis. Although there is no established specific treat-
ment for babesiosis (p. 920.2), a_combination of quinine
and dindamycin has been used.!¥ For suggested doses see
under Clindamycin, p. 270.3. Quinine with azithromycin
was reported to be effective in a patient who had not
responded to quinine with dindamycin.?

1. Abramowicz M. , ed. Drugs for parasitc infectiors. 2ad ed. New Rochelle
NY: The Medical Leaier. 2010.

2. Wormser GP, et al. The dinical and pr ion of
Lyme disease, human ) andb clinical
practice guldelines by the Infecious Diseases Sodety of America. Clin
Infect Dic 2006; 43: 1089-1134. Also available ar: hitp://www journals,
uchicago.edu/dot/pdi/10.1086/508667 (accessed 17/06/08)

3. Shalo MF, Yang KD. of wa regimen of
quinine and arithromydin. Traxs R Sec Trop Med Hyg 1997; 91: 214-13.

. The Joint FAO/WHO Expert Committee on
Food Additives conduded that quinine levels in soft drinks
of up to 100 mg/litre (as quinine base) were not of toxico-
logical concern.! However, because of the possibility of
hypersensitivity reactions in some individuals, the com-
mittee recommended that consumers be informed of the
presence of quinine in food or beverages.

1. FAO/WHO. Evaluation of cerain food additives and contaminants:
foxty-first report of the joint FAO/WHO expernt commirtee on food
additives. WHO Tech Rep Ser 817 1993. Also available au: hrp://libdoc.
who.invtrs/WHO_TRS_837.pdf (accessed 12/09/11)

Malaria. Quinine has had an important role in the treat-
ment of faldparum malaria (see p. 644.1). Quinine salts
are normally given orally (any quinine lost through vomi-
ting within one hour of an oral dose should be replaced
by additional doses)’ or in severe infection by slow intra-
venous infusion of the dihydrochloride.? If infravenous
formulations of quinine are unavailable quinidine may be
used as an alternative; for further details, see under the
Uses and Administration of Quinidine, p. 1481.3.

If fadilities for intravenous infusion, including monitor-
ing are not available quinine may be given by deep
intramuscular injection.? The use of the intramuscular route
has been controversial because of concerns over safety and
efficacy but there is some evidence of benefit.’¢
Intramuscular injections of quinine can be irritant and
have caused pain, focal necrosis, and abscess formation;

All cross-references refer toentries in Volume A

fatal tetanus has developed in some patients.” It has been

suggested that some such reactions may be related to the use

of preparations formulated in urethane or other irmitant
substances. Diluted solutions of quinine dihydrochloride

60 mg/mL adjusted to neutral pH appear to be less painful

than the usual undiluted preparation of 300 mg/mL.

If facilities do not exdst to give quinine parenterally then
patients with severe malaria should receive quinine by
mouth or nasogastric tube.

Quinine as formerly standardised used to contain a
higher concentration of dinchona alkaloids and there might
be synergy between mixtures of these alkaloids.® In practice
no advantage has been shown by such mixtures over
quinine alone in the treatment of chloroquine-resistant
faldparum malaria.’

1. WHO. WHO md'l/bmulary Gc.neva WHO, 2008. Available at: hup://
www.who.i ) list/ WMF2008.pdl {accessed
07/04/09)

2. WHO. Guidelings for the treatment of malaria. Ind ed. Geneva: WHO,
2010. Available ar  hup:/iwhqlibdoc.who.int/publications/2010/
9789241547925_eng.pdl (accessed 09/07/10) Updau (issued April
2011) available at: hap:/fwww.who. _
treatchild_revised.pdf {accessed 20/05/11)

3. Wattanagoon Y. e al. Intramuscular loading dose ol quinine for
falciparum malaria: pharmacokinetics and toxicity. BMJ 1986: 293: i)~
13. Correciion. ibid.; 362.

4. Mansor SM, of al. The salety and kinetics of intramuscular quinine in

ian children with mod severe falciparum malaria. Trans R

Soc Trap Med Hyg 1990: B4: 483-7.

. WallerD, ¢f al. The ph. ofi quinine
in Gambian children with severe lalcnparum malacia. Trans R Soc Trop
Med Hyq 1990; B4: 488-91.

6. Schapira A, et al. C ison of

for the of severe and

Soc Trop Med Hys 1993; 8T: 299-302.
7. Yen LM, ¢f al. Role of quinine in the high morality of inwramuscular

injection tetacus. Lancer 1994; 344: 786-7.

8. Druilhe P, e al. Activity of a combinaton of three cinchona bark

w

and quinine
l maladia in children. Trans R

alkaloids agains P p in viro. Agents
Chemother 1988; 32: 2504.

9. Bunnag D. et al. A combination of quinine, idine and cinch
(LA 40221} in the resistant malaria

in Thaifand: two double-| bund trials. Trans R Soc Trop Med Hyg 1989; 83:
66.

Muscle spasm. Quinine (usually as quinine sulfate or
bisulfate) has traditionally been used for nocturnal cramps
(p. 2014.1) but there has been concern over its efficacy
and potential for adverse effects, espedially in the elderly.
In the USA, for example, the FDA ruled that quinine pro-
ducts should no longer be used for the management of
nocturnal cramps."? A similar ban has been imposed in
Australia.’ Meta-analyses** concluded that although quin-
ine was effective in the treatment of nocturnal cramps in
ambulatory patients the risk of serious adverse effects
should be borne in mind. It was recommended that
patients should be closely monitored while the efficacy of
quinine is assessed over a period of at least 4 weeks. In
contrast, a later Cochrane review® found moderate quality
evidence to suggest that when quinine was used to treat
muscle cramps for up to 60 days, the incidence of serious
adverse effects was not significantly different than with
placebo. Some’” have recomimended that treatment be
stopped every 3 months to see whether it is still needed.

Haemodialysis-induced cramp (p. 1781.3) has been
reported to respond to treatment with quinine®? but similar
concerns apply.

1. FDA. Drug products for the and/or ps
leg musde cramps for over-the-counter human usc. Fed Regist 1994; 59;
43234-52.

. Nightingale SL. Quinine for noctumnal leg cramps. ACP J Club 1995: 123
B6.

w o~

. Adverse Drug Reacrions Advisory Committee (ADRAC). Quinine
indications—cramps deleted, Aust Adverse Drug Reoct Bull 2004; 23: 20.
Also available at: hutp://www.1ga.gov.au/hp/aadrb-0410.hun (accessed
12/09/11)
4. Man-Son-Hing M. Wells G. Meta-analysis of efficacy of quinine for
weatment of noctumal leg cramps in elderly people. BMJ 1995; 310: 13—
17.
. Man-Son-Hing M, e ai. Quinine for nocturnal leg camps: a meta-
analysis including unpublished data. J Gen Intern Med 1998; 13: 600606,
6. El-Tawil S, a1 al. Quigine for muscle cramps. Available in The Cochrane
Database of Systematic Reviews; Issue 12. Chichesier: John Wiley; 2030
({accessed 08/07/11).

7. A Quinipe for
7-8.

8. Kaji DM, et al. Prevention of muscle aamps in haemodialysis patients by
quinine sulphate. Lancet 1976; ik: 66-7.

9. Roca AO, e al. Dialysis leg cramps; efficacy of quinine versus vitamin E.

ASAIO J1992; 38: M481-M435.

Adverse Effects

Quinine or its salts given in usual therapeutic doses may
give rise t0 a train of symptoms known as danchonism,
characterised in its mild form by tinnitus, impaired hearing.
headache, nausea, and disturbed vision, with, in its more
severe manifestations, vomiting, abdorninal pain, diarr-
hoea, and vertigo.

Cinchonism may also occur after small doses in patients
hypersensitive to quinine; but urticaria and flushing of the
skin with intense pruritus are the most frequent reactions
seen in these patients. Other effects incude fever, rashes,
and dyspnoea. Angioedema may also occur and asthma can
be precipitated. Thrombocytopenia and other blood

“w

} leg cramps? Drug Ther Bull 1996; 34:

disorders have been reported: Thrombocytopenic purpura
has been associated with quinine hypersensitiv ty.
Haemoglobinuria occurs rarely. .

Other adverse effects of quinine include hypoglycaeria,
hypoprothrombinaemia, and renal failure.

The main symptoms of overdosage, which can be fa:al,
include gastrointestinal effects, oculotoxicity, CNS distur-
bances, and cardiotoxicity. Visual disturbances includ ng

dden blind are y slowly re le but th:re
may be Overd is discussed in de ail
p- 667.2. Quinine can produce cardiovascular toxicity
similar to that seen with quinidine, including conduct on
disturbances, arrhythmias, anginal symptoms, and hyo-
tension leading to cardiac arrest and drculatory failure.
Severe or even fatal cardiovascular toxicity can result frm
rapid intravenous dosage of quinine.

Large amounts of quinine can induce aborticn;
congenital malformations, partculatly of the optic and
auditory nerves, have been reported after failure to indi ce
abortion with quinine. However, quinine should not be
withheld from pregnant women with life-threatening
malaria (see also under Pregnancy in Precautions, p. 668. 1).

Intramuscular injections of quinine can be irritant a1d
have caused pain, focal necrosis, and abscess formatic n;
tetanus has developed in some patients (see under Mala ia
in Uses and Administration, above).

ddhial d

Effects on the blood. Between 1966 and 1975 the Swedish

Advcrse Drug Reacnon Committee received 43 reports of

thr penia attributable to quinine or quinidine! a:1d

the Boston Collaborative Drug Surveillance Program hid

11 similar reports in patients studied between 1972 a:d

1981.2 Up to October 2004, there had also been 228 cases

of thrombocytopenia reported to the Australian Adverse

Drug Reactions Advisory Committee, including 6 fat:I-

ities.” In the USA, the FDA has continued to recei’e

reports of serious adverse events, including fatalities,
despite efforts to restrict the use of quinine in response to
existing toxicity concerns. Between April 2005 and Octa-
ber 2008, 24 domestic reports of serious haematological
adverse events were received, of which 87.5% were
thrombocytopenia requiring hospitalisation. The median
time to onset of toxicity, and median reported quinine
dose were 13.5 days and 325mg daily respectively.® A
similar analysis by Health Canada® of 71 reports of serious
adverse effects suspected of being assodated with quinine
sulfate up to September 2010 included 43 cases where the
indication had been leg cramps, for which the drug was
not licensed; in 20 of these the adverse effect had been
thrombocytopenia, often severe, while other adverse
effects had induded Stevens-Johnson syndrome, vasculi-
tis, and arrhythmias. Quinine-induced thrombocytopenia
appears to be a hypersensitivity reaction and beverages
containing quinine as a bitter in concentrations as low as

20 micrograms/mL have precipitated thrombocytopenic

purpura in previously sensitised individuals.®

Although quinine can cause haemolysis, there is some
doubt over the waditional view that irregular dosage with
quinine predisposes patients with malaria to blackwater feve,
a syndrome of severe haemolytic anaemia, haemoglobinur-
ia, oliguria, and renal failure.” Some of the patients affected
may have had G6PD delidency.” Haemolytic-uraem:c
syndrome®® and pancytopenia with coagulopathy ani
renal impairment!!* have also been associated with the use
of quinine.

There have also been reports of disseminated intravasculer
coagulation, including one fatality, after use of quinine by
patients with quinine hypersensitivity.'*!* In one case!’ th
hypersensitivity reaction closely mimicked septic shock.

There have been isolated reports of agranulocytosis due t3
quinine.'®
. Bauiger LE. et al. Drug-induced blood dyscrasias. Aaa Med Scand 197%;

205: 457-61.

2. Danielson DA, o al. Drug-induced blood disorders. JAMA 1984; 252:
3257-60.

3. Adverse Drug Reactions Advisory Committee (ADRAC). Quinin+
indications—cramps deleted. Aust Adverse Drug React Bull 2004; 23: 2.
Also available at: hitp://www.1ga.gov.au/hp/asdrb-0410.htm {accesse!
12/09111)

4. FDA. Quinine sullate (marketed as Qualaquin): off-label (not approve |
by FDA} use of quinine. FDA Dnug Safety Nrml:ﬂrr 2009; 2: 1113, Alsn
available  at: hop:/www.fda g '
DrugSaletyNewslerter/UCM168579 ] pd{ {accessed 10/09/09)

5. Health Canada. Quinine sullate and serious adverse reactions. Ca
Adverse React News 2011; 21 (2): 5. Also avalhble at: herp:/twww he-sc
ge-ca/dhp-mps/a_f pdi) beef v2in2-eng
pdf {accessed 02/08/11)

. Murray JA. o al. Bitter lemon purpura. BMJ 1979; 2: 1551-2.

WHO. Severe and complicated malaria. 2nd ed. Trans R Soc Trop Med Hy,

1990; 84 (supp! 2): 1-6S.

8. Hagley MT, etal. -uremic synd
of quinine. Am J Neghrol 1992; 12: 192-5.

9. Gozuchall JL, et al. Quinine-induced Immune thrombocytopenia with

lytic uremic d clinjcal and i findings in nine
patients and review of ulmmre Am J Hematol 1994; 47: 283~9,

10. SP, et al. Quis ytic uremic synd Clir
Nephroi 1997; 47: ;97_400

11. Maguire RB, ¢t al. Recurrent pancytopenia, coagulopathy, and rena
failure associated with muliiple quinine-dependent antibodies. Anr
Intern Med 1993: 119: 215-17.
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12. Schmitt SK, Tomford JW. Quinine-induced pancytopenia and
coagulopathy. Ann bu:mMzd 1994; 120: 90-1.

i3. Spearing RL, & al. Qui induced
coagulation. Lanat 1990; 336: 1535-7.

14. Barr E, etal. Recurrent acute hypersensitivity to quinine. BMJ 1990; 301:
323,

13. Sch A Quinine hy y sepsis. Am J Med 1998;
104: 488-90.
16. rfand R #t al. Quinine-induced I toxic effect of

quinine bisulphate on bone marrow cultures in vitro. BMJ 1977; 1; 605—
7.

Effects on the ears. Although ototoxicity such as tinnitus
or deafness is known to be a possible adverse effect of
quinine, reversible hearing loss may also occur. While one
group of workers' found the reduction in auditory acuity
10 be greatest at higher frequencies, another group® have
found that hearing loss was generally equal across the
range of frequencies tested and appeared to be related to
the plasma concentration of quinine.
1. Roche RJ, o al. Quinine induces reversible high-tone hearing loss. Br J
Clin Pharmacol 1990; 29: 780-2.
2. Katlsson KK, « a!. Audiometry as a possible indjcator of qulnine plasma
concentration during treazment of malaria. Trans R Soc Trop Med Hyg
1990; 84: 765-7.

Effects on the eyes. Oculotoxidity after overdosage with
quinine is well recognised (see below), but there has also
been a report of blindness in two patients occurring during
supposedly routine therapy.!
1. Waddell K Blindness from quinine as an antimaladial. Trans R S Trop
Med Hyg 1996; 90: 331-2.

Effects on glucose melcbolism. Hypoglycaemia is now
recognised to be a frequent complication of faldparum
malaria and it is often assodated with a poor prognosis.
Children, pregnant women, and patients with severe dis-
case appear to be particularly at risk. It is important to
recognise that hypoglycaemia rather than cerebral malaria
may be the cause of coma. Hypoglycaemia may also be
induced by antimalarial therapy; first episodes of hypo-
glycaemia have been detected after patients received quin-
ine!-? or quinidine* intravenously, although others have
not found that quinine led to the development of hypa-
glycaemia.>¢

Quinine has also been reported 1o induce hypoglycaemia
during treatment for leg cramps.”

1. White NI & al. Scvere b and ja in
hldp;nun malaria. NEngIJM:d l9!3 309: 61-6.

2. W, et al. High inG. ypogly ia in African patenis
tx:aled with Inravenous quinine lor severe maladia. BMJ 1987; 295:
716-18.

3. Looareesuwan S, ef al. Quinine and severe falciparum malaria in late
pregnancy. Lascet 1985; \: 4-8.

4. Phillips RE, ef a/. Hypogly and
release of insulin. BMJ 1986; 29%: 1319-21.

5. Taylor TE. et al. Blood glucose levels in Malawian children before and
during the administration of intravenous quinine for severe falciparum
malarla. N Bngl 7 Med 1988; 319: 1040-7.

6. Kawo NG, ¢t al. The metabolic eHects of quinine in children with severe
and d malarnia in Dar es Salaam, Trans
R Soc Trop Med Hyg 1991; B3: 711-13.

7. Limburg PJ, & al. Quinine-induced hypoglycemia. Ann Intern Med 1993;
119:218-19.

Effects on the heart, Cardiotoxicity after overdosage with
quinine is well recognised, and prolongation of the QT
interval has been noted with therapeutic doses. There has
also been a report' of fatal venwicular fibrillation with QT
prolongation in an elderly patient who received standard
doses of quinine by slow intravenous infusion for falcipar-
um malaria. It was noted that the patient had some pro-
longation of the QT interval before starting quinine and
also that her free quinine concentrations were unusually
high despite total quinine concentrations considered to be
within the therapeutic range.

Effects on the skin. Urticaria, cutaneous flushing, various
rashes, and pruritus are the commonest symptoms of
hypersensitivity reactions to quinine.

Topical contact with quinine may cause contact as well as
photocontact allergy, but quinine can also induce photo-
sensitivity reactions after systemic dosage.!'* Photosensit-
ivity associated with quinine intake from excessive
consumption of tonic water has been reported;* fixed drug
eruptions due to quinine in tonic water have also occurred.’
There have also been reports of eczematous dermatitis,?
oedema and erythema,$. hyperpigmentation,” and lichen
planus.® Both phototoxic® and photoallergic! mechanisms
have been suggested. Fatal cutaneous vasculitis related to
quinine treatment for nocturnal cramps has been reported.?

For a comparison of the incidence of pruritus induced by
various antimalarials, see under Chloroquine, p. 652.2.

1. Ljunggren B, Sjdvalt P. Systemic quinine photosensitivity. Arch Dermatol
1986; 122: 909-11.

2. Ljunggren B, e al. Systemic quinine photosensittvity with photo-

Contact Dermatitis 1992: 26: 1—

4.

3. Hickey JR, e al. Photoallergic reaction to systemic guinine sulphate.
Contact Dermatitis 2007; $T: 384-6.

4. Wagner GH. er al. I'l have mine with a twist of lemon”: quinine
photosensitivity from excessive inuake of toric water. BrJ Dermatol 1994;
131: 734-5.

5. Bel B, o al. Fixed eruption due to quinine contained in tonic water:
pasitive patch-testing. Contact Dermatitis 2009; 81: 242-4.

6. Ferguson J, et al. Quinine induced photosensitivity: dinical and
experimentat studles. Br J Dermarol 1987; 117: 631-40.

7. Rosen T. Aponte C. Cutancous hyperpigmentation due to chronic

quinine ingestion. Cutis 2005; 75: 114-6.
. Price EJ, ef al. Quinine-induced cutaneous vasculitis. BrJ Clin Pract 1992;
46: 138-9.

Hypersensitivity. For reference to hypersensitivity reac-
tions assocdated with quinine, see Effects on the Blood
(p. 666.3), Effects on the Liver (above), and Effects on the
Skin (above).

Overdosage. Cinchonism may occur with therapeutic
doses of quinine and symptoms include nausea, vomiting,
tinnitus, deafness, headache, vasodilatation, and slightly
disturbed vision. These symptoms may also occur in acute
overdosage, but the visual disorders may be severe and
there may be CNS disturbances and cardiotoxicity. A
lethal dose or lethal plasma-quinine concentration has not
been established but fatalitics bave been reported! in
adults after doses of 2 to 8g and in children after 1 g.

An analysis® of 165 cases of acute quinine poisoning
revealed that: 21% had no symptoms, nausea with or
without vomiting occurred in 47%, visual disturbances in
42%, tinnitus in 38%, other auditory disturbances in 23%,
sinus tachycardia in 23%, and other ECG abnormalities in
8%. Mild impairment of consciousness was reported in 14%
of the patients while 7 (4%) patients had deeper grades of

coma. Of the 5 patients who died, 4 developed intractable.

venrricular arrhythmias and the fifth had a Jacksonian
seizure followed by cardiac arrest. Another analysis,? of 96
cases of quinine intoxication reported in Scotland between
1997 and 2002, noted that there had been no changes in the
pattern of poisoning from that in older studies; 6 cases
involved moderate to serious toxicity after ingestion of 10g
or more. Intentional overdose was most common in patients
aged between 11 and 30; children aged 10 or less were at
greatest risk of accdidental ingestion but toxicity was often
not severe because the quantities were smaller. Both
auditory and ocular toxicity appeared 1o be dose-related.
The effects of oculotoxicity may include blurred vision,
defective colour perception, visual field constriction, and
total blindness.2* The onset of symptoms may vary from a
few hours to a day or more after ingestion.** Suggested
for the oculotoxicity of quinine include an

h
mect

1. Bonington A, ¢t al. Fatal quinine in the of
faldiparum malara. Trans R Soc Trop Med Hyg 1996, 90: 305-7.

Effects on the kidneys, See Effects on the Blood, p. 666.3.

Effects on the liver. Although hepatitis has been assodated
with quinidine therapy (see p. 1482.2), there appear to be
few reports of hepatotoxicity due to quinine usage. Granu-
lomatous hepatitis has been reported in 2 patients taking
quinine,’? but the diagnosis in the first of these cases was
challenged as the histological findings were considered to
be more indicative of non-specific reactive hepatitis.?
Hepatotoxidty due to quinine hypersensitivity has been
reported in another patient.* Symptoms of hcpamtoxidty
occurred within 24 hours in a further pauent taking quin-
ine for nocturnal leg cramps.’
1. Katz B, et al. Quinine-induced granulomatous bepatits. BMJ 1983; 286:
264-5.
2. Mathurs, eral. Quinine induced mnulommus hepatitis and vasculitis.
BMJ 1990; 300: 613.

3. Nirodi NS. Quinine Induced granulomatous hepatitis. BMJ 1983; 286:
647,

4. Punukollu RC, ef al. Quinine hepatotoxicity: an underrecognized or rare
phenomenon? Arch Intern Med 1990; 150: 111213, ~

3. Farver DK. Lavin MN. Quinine:induced hepatotoxicity. Amn Pharmac-
other 1999; 33: 324,

action on the retinal vasculature to produce ischaemia or a
direct toxic effect on the retina.! Visual loss in one group of
patients* was associated with plasma-quinine concentra-
tions in excess of 10 micrograms/mL. However, in another
group plasma-quinine concenirations were considered to be
an imprecise guide to predicting visual disturbances.? The
speed and degree of visual recovery varies. Of 70 patients
with visual disturbances after quinine poisoning, 39
subsequently had a period of total blindness.? Permanent
visual deficits remained in 19 of these but no patient had
permanent bilateral blindness. All of the 31 patients who
had blurred vision recovered full visual acuity.

It is considered that the actions of quinine on the
myocardium are similar to those of quinidine but that it is
less potent.! Sinus tachycardia and minor ECG changes are
the most common cardiovascular effects. Conduction
abnormalities and ventricular dysthythmias may occur
with severe poisoning. Ventricular tachycardia is mostly
associated with cardiogenic shock or circulatory collapse.
Hypokalaemia may also occur.!

1. Jaeger A, ¢t al. Clinical features and management of poisoning due to
andmalaral drugs. Med Texicol 1987; 2: 242-73.

2. Boland ME, ¢ al. Complications of quinine
384-5.

Lancet 1985; 1

3. Langford NJ, et al. Quinine intoxicadons reported to the Scottish Poisons
Information Buresu 1997-2002: a continuing problem. Br J Clin
Pharmac! 2003; 56: 576-8.

4. Dyson EH, «# al. Death and blindness due 10 overdose of quinine. BMJ
1985; 291: 31-3.

Treatment of Adverse Effects

In acute overdosage with quinine or its salts multiple doses
of activated charcoal (p. 1537.3) may be given to adults or
children who present within one hour of ingesting more
than the equivalent of 30 mg/kg of quinine base or any
amount in a child under 5 years of age; gastric lavage may
also be considered for use in adults. Other measures aimed
at enhandng the elimination of quinine are largely
ineffective. Treatment is mostly symptomatic with attention
being given to maintaining blood pressure, tespiration, and
renal function, and to treating arrhythmias (for further
information, see Acute Poisoning, p. 1537.1).

Vasodilators and stellate ganglion block have been used
to prevent or reverse visual impairment but there is little
evidence to support their use.

It has been suggested that, as quinine has antimuscarinic
effects, gastric emptying may be delayed and considerable
amounts of drug might be removed from the stomach
beyond the usual 4 hours.! Others consider that gastric
lavage is of doubtful value as quinine is rapidly absorbed
and vomiting has often occurred before admission.?
However, studies in healthy subjects and poisoned patients
suggest that oral activated charcoal may increase the
elimmadon of qmmnc 34 Other methods of increasing
elimi arep ffective, In a study involving 16
patdents with qumine poisoning forced acid diuresis,
haemodialysis, haemoperfusion, or plasma exchange were
all found to be -ineffective in increasing quinine
elimination.’

Stellate ganglion block has been recommended to
prevent or reverse retinal damage, the rationale being that -
quinine-induced oculotoxicity might arise from retinal
arterjolar constriction. However, clinical studies have failed
to find sufficlent improvement to justify its use.s?
lmravcnous nitrates produced benefidal responses in 2
patients.?

1. Boland M. Volans G. ABC olpouonln; miscellaneous drugs. BMJ 1984;
289: 1361-5.

2. Jacger A, et al. Clinical features md management of polsoning due to
andmalacial drugs. Med Toxicol 1987; 2: 242-73.

3. Lockey D, Bateman DN. Effeat of oral activated charcoal on quinine
elimination. Br J Clint Pharmacal 1989; 27: 92—4.

4. Prescott LF, e al. Treaunent of quinine overdosage with repeated oral
charcoal. Br J Clin Pharmacol 1989; 27: 95-7.

S. Bateman DN, e ol. Pharmacokinetics and dinical toxicity of quinine
overdosage: lack of efficacy of techniques intended to enhance
elimination. Q J Med 1985; 54: 125-31. .

6. Boland ME, ¢f al. C of quinine
384-5. X

7. Dyson EH, et al. Quinine amblyopia: is current management
appropriate? J Taxioo! Clin Toxicol 1985-6; 23: 571-8.

8. Moore D, & al. Research into quintne ocular toxicity. Br J Ophthalmol
1992: 76: 703.

g Laneet 1985; &

Precautions

Quinine and its salts are contra-indicated in patients with a
history of hyp itivity to qui or quinidne and in
patients with tinnitus or optic neuritis. They should not be
used in the presence of haemolysis. They should be used
with caution in patients with atrial fibrillation, cardiac
conduction defects, or heart block. Quinine should be
avoided in patients with myasthenia gravis as it may
aggravate their condition.

Pregnancy in a patient with malaria is not generally
regarded as a contra-indication to the use of guinine.

As quinine has been implicated in precipitating black-
water fever it is generally contra-indicated in patients who
have already suffered an attack. Quinine may also cause
haemolysis in some types of G6PD deficiency and should be
used with care (but see also below).

It is important that when quinine is given intravenously
it should be given by slow infusion and the patient observed
closely for signs of cardiotoxicity. Blood-glucose concentra-
tions should also be monitored. Problems that have been
associated with intramuscular use are discussed under
Malaria in Uses and Administration, p. 666.1.

Breast feeding. Although quinine is distributed into breast
milk in small amounts,! the most recent guidance from
the American Academy of Pediatrics considered that the
use of quinine was probably compatible with breast feed-
R 2
ing.

1. Phillips RE, et al. Quinine pharmacokinetics and toxidty In pregnant and
lactating women with fakiparum malaria. Br J Clin Pharmacol 1986; 21:
677-83.

2. Ametican Academy of Pediauics. The wansfer of drugs and other
chemicals into human milk. Pediatrics 2001; 108: 776-89. [Retired May
2010f Can-:cdnn ibid; 1029. Also av!ihble at http.lluppollcy

3b108/3/776

g/ cgl!

19/04/04)

Glucose-6-phosphate deficiency. Although licensed pro-

duct information has noted that quinine may cause hae-
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molysis in G6PD deficient patients (and in some countries,
contra-indicates its use by such patients), a review’ noted
that haemolysis has not been seen in published studies,
and re-affirmed an earlier conclusion? that full therapeutic
doses may be safely administered to G6PD-defident

patients,
1. Letal and gh 6-phosph. hyd:
deficiency: mtvid:n:e-based rtview DmgSafmZOl(r 33 713—26
2. BeuderE. Gl Y il N EnglJ Med

1991; 324: 169-74.
Liver disease. See under Pharmacokinetics, below.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies quinine as possibly
porphyrinogenic; it should be used only when no safer
alternative is available and precautions should be consid-
ered in vulnerable patients.!

For a discussion of the use of other antimalarials in
patients with porphyria, see under Precautions for
Chloroquine, p. 653.1.

1. The Drug Databasc for Acute Porphyria. Available at: hup://www.
drugs-porphyria.org (accessed 12/10/11)

Pregnancy. The use of quinine in large doses as an aborti-
facient in the past has led to concern over its use during
pregnancy, but no evidence of an oxytocic effect was
found when it was used to treat severe falciparum malaria
in women in the third trimester of pregnancy.!

Congenital abnormalides including damage to the
auditory and optic nerves have been seen, usually after
attempted abortions, but WHO? considers quinine to be safe
when used in normal therapeutic doses during pregnancy
{although the problem of hypoglycaemia in the second and
third trimesters may mean that artemisinin derivatives are
preferred). Jitteriness attributed to quinine withdrawal has
been reported in an infant whose mother had drunk large
quantities of tonic water containing quinine during the last
17 weeks of pregnancy.?

As malaria is potentially serious during pregnancy and
poses a threat to the mother and fetus, there appears to be
litdle justification for withholding treatment in the absence
of a suitable alternative. However, pregnant patients treated
for malaria are at special risk from hypoglycaemia
exacerbated or caused by quinine-induced hyperinsulinae-
mia (see under Effects on Glucose Metabolism in Adverse
Effects, p. 667.1) and should be managed appropriately.

1. Looaressuwan $, # al. Quinine and severe {aldparum malaria in late
pregnancy. Lancet 1985; ii: 4-8.

2. WHO. Guidclines for the treaoment ofmdﬂnﬂ 2nd ed. Geneva: WHO,
2010. lable au:  hups who. ions/2010/
9789241547925 _eng.pdf (accessed 09/07/10} Updn: (Issutd Apnl
2011} available at: hrip:/iwww who.
treatchild_revised.pdf {(accessed 20705/11)

3. Evans ANW, et al. The ingestion by pregnant women of substances toxic
to the foetus. Practitioner 1980; 224: 31519,

Renal impairment. See under Pharmacokinetics, below.
Inferactions

As quinine shares many of the actions of quinidine,
interactions seen between quinidine and other drugs (see
P- 1483.1) might also occur with quinine. Both have actions
on skeletal muscle and may potentiate the effects of drugs
with neuromuscular-blocking activity (see under Antiar-
rhythmics on p. 2031.3). There is an increased risk of
inducing ventricular arrhythmias if quinine is given with
halofantrine (see p. 655.1) or other drugs that prolong the
QT-interval such as amiodarone, the antihistamines
astemizole and terfenadine, dsapride, moxifloxadin, and
the antipsychotics pimozide and thioridazine. There may be
an increased risk of convulsions when quinine is given with
mefloquine. Quinine may also potentiate the effects of
hypoglycaemic drugs.

Aniibacterials. Elimination of quinine has been reported
to increase in patients also receiving rifampicin.!
1. Wanwimoiruk S, er al/. Marked enhancement by rifampicin and lack of
effect of isoniazid on the elimination of quinine in man. Br J Clin
Pharmacol 1995; 40: 87-91.

Amantadine. For a repont of quinine reducing renal clear-
ance of amantadine, see Antiarthythmics, p. 892.2.

Anficoagulants. Quinine can cause hypoprothrombinae-
mia and thereby enhance the effect of anticoagulants. In
one report, reductions in warfarin dosage were necessary
after ingestion of large amounts of tonic water containing
quinine {see p. 1532.2).

Anfimalarials. Quinine and chloroquine may be antagonis-
tic when used for faldparum malaria (see p- 653.2). For a
report of quinine reducing plasma concentrations of prima-
quiné, see p. 661.2,

Antivirals, In a pharmacokinetic study,’ co-administration
with ritonavir (in an oral dose of 200 mg twice daily) led to

All cross-references refer 6 entries in Volume A

increases of about fourfold in the AUC and peak-plasma
concentration of quinine; a modest, but significant
increase in plasma concentrations of ritonavir was also
noted. The authors of the study suggest that a downward
dese adjustment of quinine may be necessary, given the
magnitude of the plasma-concentration increase possible
for the drug, and the seriousness of its adverse effects.
Although there appears to be no evidence regarding
potential interaction with other HIV-protease inhibitors,
they all have the potential to affect cytochrome P450
isoenzyme CYP3A4 (although to a lesser extent than
ritonavir) and therefore might be expected 10 raise serum-
concentrations of quinine (a substrate of CYP3A4);
therefore, such combinations should be used with caution.
UK licensed product information for saquinavir suggests its
use (ritonavir-boosted) with quinine is contra-indicated,
due to a potential risk for cardiac arrhythrnia.
1. Soyinka JO, er al. Phanm:oklneuc |mencnons belween momvir and

quinine in healthy Brl
Clin Pharmacof 2010; 69: 262-70.

Cardiovascular drugs. Quinidine has been reported 1o
increase serum-digoxin concentrations (see Quinidine
under Antiarthythmics, p. 1356.2) and quinine has
reduced toral body clearance of digoxin (see Antimalarials,
p. 1357.1).

For a report of quinine inhibiting the metabolism of
flecainide, see p. 1384.3.

Histami . Cimetidi

g has been reported to
reduce the clearance of quinine and prolong its elimina-
tion half-life in a study in healthy subjects; no significant
effect was seen with ranitidine.!

1. Wanwimolruk S, er al. Effects ol cimetidine and ranitidine on the
pharmacokinetics of quinine. 87 J Clin Pharmacal 1986; 22: 346-50.

Immunosuppressants. For a report of quinine decreasing
plasma concentrations of ciclosporin, see p. 1957.1.

Tobacco smolting. A single-dose study in healthy subjects
has suggested that blood concentrations of quinine are
lower in heavy smokers than in non-smokers, potentially
impairing efficacy.!

1. Wanwimolruk §. ef al. Cigarerte smoking the eli ion of

reported in patients with acute hepatitis B given a s ngle
intravenous dose.! The results suggested that quinine
accunulation after multiple doses could be greater in
patients with hepatits, even once hepatic function had
returned to normal. In another study? patients with 110d-
erate chronic liver disease were given quinine orally the
half-life was prolonged but total clearance was not
affected.

1. Karbwang J, & al. The pharmacokinetics of quinine in patient: with

hepadiis. Br J Clin Pharmacol 1993; 35: 444-6.

2. P, etal. Ph. k of quinine in chronic liver di ;ease.
BrJ Clin Pharmacol 1995; 40: 494-7.

Adminisiration in renal impairment. As urinary cléar ince
comprises only 20% of total clearance of quinin: it
appears that high plasma concentrations reportec in
patients with severe falciparum malaria and acute 1enal
failure may be related more to the severity of the malaria,
and associated- pharmacokinetic changes, rather thai to
any reduction in the glomerular filtration rate.!
Continuous veno-venous high-volume haemofiltr: tion
appeared to have litule effect on the pharmacokinetics of
quinine,? suggesting that no dose supplementation wuld
be needed in anuric parients undergoing this procecure.
There were significant changes in the pharmacokineti s of
quinine in 6 patients with chronic renal failure after a single
oral dose.? The changes included a prolonged hali-life. but
there was no clear relationship between severity of r:nal
failure and the degree of i xmpalrmem of quinine cleara 1ce.
I. White NJ. Clinical ph of amimalarial drugs. Clin
Pharmacokinet 1985; 10: 187-215.
2. Liotier J, et /. Quinine cl during
volume hemofiltration. Intensive Care Med 2008; 34: 1925—6.
3. P, etal P inetics of quinine in patients with ¢ ronic
renal failure. Eur J Clin Pharmacol 1996: 49: 497-501.

aigh-

Preparations

Proprietary Preparations (dctails are given in Volume B)

Single-ingredient . Arg.: Circonyl; Austral.: B-qui-
natet; Quinate; Quinbisul; Quinsuly; Braz.: Palukint; Dem.:
Kinin; Fr.. Quinoformet; Surquina; Ger.: Limptar N: Gr.:
Kinin; Hong Kong: Q200+; Q300+: Quinbisult; India: Cink>na;
Falqmax-Q, Foquin; Kwinil; Malgo; Mosgard; Nine; Quinarsol;
Quininga: Indon.: Euchinin; Malaysia: Malakin; NZ: Q200;

quinine. Br J Clin Pharmacol 1993; 36: 610-14.

Pharmacokinetics

Q300; Philipp.: Malarin; Swed.: Kinin; Thai.: Alquinn: Genin;
USA: Qualaquin.

Multi-ingredient Preparations. Austria: Iromin-Chinin-C#; Sel-

The pharmacokinetics of quinine are altered significantly by
malaria infection, the major efiects being reductions in both
its apparent volume of distribution and its clearance.

Quinine is rapidly and almost completely absorbed from
the gastrointestinal tract and peak concentrations in the
circulation occur about 1 to 3 hours after oral doses of the
sulfate or bisulfate. Plasma protein binding is about 70% in
healthy subjects and rises to 90% or more in patients with
malaria. Quinine is widely distributed throughout the body.
Concentrations attained in the CSF of patients with cerebral
malaria have been reported to be about 2 to 7% of those in
the plasma.

Quinine is extensively metabolised in the liver and
rapidly excreted mainly in the urine. Estimates of the
proportion of unchanged quinine excreted in the urine vary
from less than 5 to 20%. Excretion is increased in acid urine.
The elimination half-life is about 11 hours in healthy
subjects but may be prolonged in patients with malaria.
Small amounts of quinine also appear in the bile and saliva.

Quinine crosses the placenta and is distributed into
breast milk (see Breast Feeding, p. 667.3).

R eferences.

toct; Braz.: Monotrean Bé; Monotrean; Fin.: Crampiton; F ela-
pamilt; Fr.: Hexaquine; Okimus: Quinimax; Ger.: Togal ¢las-
sict; Hung.: Nicobrevin; Irl.: Anadin: Nicobrevint; N:th.:
Aflukin Ct; NZ: Nicobrevin; Rus.: Analgin-Chinin (Aranb run-
Xunun); S.Afr.: Qivicod: Spain: Brota Rectal Balsamicot; UK:
Nicobrevin.

Homoeopathic Preporations. Canad.: Pertudoron 11; Fr.: Selen-
ium Complexe No 99; Ger.: Otio-cyl Ho-Len-Complex; Otc -cyl
Ho-Len-Complex.

Pharmocopoeial Preparations

BP 2014: Quinine Bisulphate Tablets; Qummc Dihydrochlcride
Infusion; Quinine Sulphate Tablets:

USP 36: Quinine Sulfate Capsules; Quinine Sulfate Tablets.

Tafenoquine 84N, NN

SB-252263; Tafenoquin; Tafenoquina; Tafenoqume Tafero-
quinum; WR-238605; TadeHoxuH.

(£)-8-[(4-Amino-1-methylbutyl)amino]- 26—d1methoxy -4-
methyl-5-{{a,a,a-triflucro-m-tolyloxylquinaline; (RS)-N*-[.6-
Dimethoxy-4-methyl-5- (3-mﬂuoromethy|phenoxy)qumo in-

. White NJ. Clinical pharmacokineics of antimalarial drugs. Clin 8-ylipentane-1.4-diamine.
Phannacokinet 1985; 10: 187-215. F. 46,
2. Supanasranond W. et 4l Disposition of oral quinine in acute faldparum CZ‘H” 37"3’6%35 35
malaria. Eur J Clin Pharmacof 1991 40: 49-52. CAS — -80-7.
3 S, etal Ph ki of quinine in young and elderly UNit — 262P8GSSLY.
subjects. Trans R Soc Trop Med Hys 1991 83: 714-17.
4. DyerJR. etal. The ph of quinine Y
in the diabedc and non-diaberic cldkrly Br J Clin Pharmaco! 1994; 38: Prof[le
205-12. .
5. Sowunmi A, Salako LA. Effect of dose size an of | Tafenoquine is an §-aminoquinoline antimalarial and more

orally administered quinine. Eur J Clin Pllarmn:al 1996; 49: 383-6.

6. Knshm §, White NJ. P of quinine, and

dinical i Clin Ph 1996; 30z 263-59.

7. Boele van Hensbroek M. o ol Quinine pharmacokinetics in young
children with severe malaria. Am J Trop Med Hyy 1996; 54: 237-42.

8. Zhang H. o al. Evidence for involvement of hurmnan CYP3A in the 3.
hydmryladon of quinine. Br J Clin Pharmaco! 1997; 43: 245~52.

9. S, eaal P ki of quinine in obesity. Trans R
SxTrva:dHyg 2000; 94: 425-8.

lipophilic derivative of primaquine. It acts as a tissue
schizontodde and is under investigation as the succinate for
the radical cure and prevention of relapse in vivax malaria.
It may also have a role in the prophylaxis of faldparum
malaria. Although it has been suggested to be better
tolerated than primaquine, tafenoquine still carries a risk of
haemolysis in G6PD-deficient patients.

10. Pukrirtayakamee S, er of. Quinine
relationships in uncomplicated faldparum mahrh Antimicrob Agents
Chemother 2003; 47: 3458-63.
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Ahtimigraine Drugs

“Cluster. headache p 670 "
edlcuhor»cveruse headache, p. 670
 Migraine, p. 670. ¢
 Postdural pincture headuche, p. 671
' Tensiondype headache, p..671 -

This chapter reviews the management of headache, in
particular migraine and cluster headache, and the drugs
used mainly for their treatment. The mechanisms of head
pain or headache are not fully understood but may involve
neurovascular changes {as in migraine and cluster
headache), muscle contraction (tension headache}. nerve
lesions (neuralgias), direct head injury, infection {mening-
itis), or referred pain (sinusitis, toothache, eye disorders).
Headache is also an adverse effect of many drugs including,
paradoxically, those used to treat it. The Internationat
Headache Sodety has published guidelines to aid the
diagnosts of the various headache types. Patients may have
more than one headache disorder simultaneously and
require separate treatment for each.

dach

Refereuccs.

1. <l of the
Society. The i dassi of headach 2nd
edmcn (.‘ephalalgm 2004; 24 (suppl 1): 9-160. Also available at: hup://
{accessed 14/06/11}

Cluster headache

Cluster headache (migrainous neuralgia, histaminic
cephalalgia, Horton’s syndrome) is of unknown aetiology
but may be neurovascular in origin.!*? Patients have one or
more short-lived attacks of intense unilateral head pain.
usually at the same time of day (often at night). These are
associated with autonomic symptoms such as conjunctival
injection or lachrymation, miosis or ptosis, nasal congestion
or rhinorrhoea, forehead or facial sweating and eyelid
oedema. Restlessness during the attacks is characteristic.
The period during which attacks occur is called a cluster
period; it may last several weeks or months. In the typical
episodic form of cluster headache, cluster periods are
followed by periods of remission lasting for months or years
but in the more rare chronic form, patients may have cluster
periods lasting for more than a year, or with short periods of
remission in between. Substances such as alcohol.
histamine, or glyceryl trinitrate gan precipitate headache
attacks during cluster periods, but not during periods of
remission. There is speculation that sleep-disordered
breathing® and increased body heat’” may also trigger
cluster headaches.

The treatment of individual acute attacks during a
cluster period is difficult because the headache is short-lived
and oral analgesics are unlikely to be absorbed fast enough
to produce much benefit.">* Inhalation of 100% oxygen
should be considered in all parients.®'" It is rapid and
effective in aborting attacks, but has practical difficulties.
Some consider subcutaneous sumatriptan to be the acute
therapy of choice in cluster atacks;“>*!’ intranasal
sumatriptan or zolmitriptan are possible aiternatives,
although less effective.!4*!2 Qral zolmitriptan may be
considered for patients who cannot tolerate subcutaneous
or intranasal triptans and oxygen, or who prefer oral
medication.* Intranasal instllation of lidocaine may be
considered in patients who have still not responded.®!! It
has been reported to be of some benefit but most patients do
not obtain complete pain relief.*4* Intranasal dihydro-
ergotamine!# and inhaled ergotamine have also been used
to treat acute attacks; injectable dihydroergotamine has
usually been reserved for emergency settings.*

Since individual artacks are difficult to treat it is probably
more effective to manage cluster headache by prophylaxis
once a cluster period has started. The changing or
combining of prophylactic treatment has also been advised
by some,!? if patients do not respond to the maximum
possible dose of a drug within a week. Verapamil is usually
considered the preventive therapy of choice, 413
particularly in patients with chronic long-lasting cluster
periods.® Lithium may also be useful for the episodic or
chronic form of the disorder.>> Despite a lack of studies,
oral corticosteroids are considered by some 10 be effective in
the prophylaxis of cluster headache,®'%!? jncluding those
with short-lasting cluster periods (less than 2 months).
Methysergide, pizotifen, and valproate have also been
tried.">>%! Ergotamine may be used rectally in the short-
term management of episodic cluster headache, if attacks
are predictable;'®!2 jt should not be used for prolonged

All cross-references refer to entries in Volume A

periods. Other drugs under investigation include gabapen-
tin, melatonin, and topiramate.4*1-13

Paroxysmal hemicrania is a rare variant of cluster
headache and differs mainly in the high frequency and
shorter duration of individual attacks. One of its features,
which may be diagnostic, is its invariable response to
indometacin.'®
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Medication-overuse headache

Overuse of drugs such as ergotamine, tripians, and
analgesics (including opioids and combination preparations
containing caffeine or butalbital) to treat headache or
migraine can lead to dependence and paradoxical chronic
daily headache in headache-prone patients.!> Such
headaches do not appear to occur with regular use of
analgesics to treat other disorders except accasionally in
patients with a history of migraine.! Medication-overuse
headaches, also referred to as rebound, analgesic abuse, or
analgesic-induced headaches, can be difficult to treat and
are relieved by withdrawal of the offending drug, but the
primary headache may still persist and revert to its previous
pattern of occurrence. Furthermore, stopping abruptly can
exacerbate headache and produce other symptoms of
withdrawal. This may then lead the patient to resume
treatment to relieve the headache thereby setting up a
vicious circle.

Options for outpatient treatment include either abrupt
or gradual withdrawal of the overused drug. Abrupt
withdrawal has been suggested if the headache has been
caused by the use of simple analgesics, ergot derivatives, or
triptans, and gradual withdrawal if it is due to opioids.5”
Aggravation of symptoms may be managed by the use of
naproxen. prednisolone, or amitriptyline.%? Substitution
with long-acting NSAID or intramuscular dihydroergot-
amine has been tried in withdrawal from ergotamine or
analgesics;%? However, withdrawal symptoms may persist
for up to 2 weeks and detoxification from ergotamine or
analgesics may require hospitalisation; intravenous meto-
clopramide and repetitive intravenous dihydroergotamine
may be required to control nausea and vomiting and
intractable headache, respectively.® Withdrawal from
triptans has been reported to be of shorter duration with
no intensive withdrawal symptoms; however, triptan
overuse produces headaches at a faster rate and at lower
dosages compared with ergotamine and analgesics, and is
assodated with an increase in migraine attack frequency.’

General advice on the prevention of medication-

overuse headache has included limiting the frequency of
use of such drugs,***# and starting prophylactic therapy in
migraine patients having more than 2 headache days a
week.?
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Migraine
Migraine is characierised by recurrent attacks of headace
that typically last 4 1o 72 hours. Attacks persisting for long er
than 72 hours are referred to as status migrainosus. T1e
headache is usually a unilateral pulsating pain that is
aggravated by movement and is usually of sufficient sever ty
10 disturb or prevent daily activities. It is frequen ly
accompanied by nausea, vomiting, or other gastrointestir al
disturbances and there may be photophobia and
phonophobia. Migraine with aura (classic migraine) i
characterised by an aura consisting of visual or sensary
symptoms that lasts less than an hour. The headache usua ly
follows the aura directly, or within 1 hour, but may begin
simultaneously with the aura. In addition, aura can occar
without headache. Migraine without aura (common
migraine)} is the more common form occurring in abo it
75% of patients with migraine. Premonitory symptoms m.iy
occur before a migraine attack (with or without aur:).
Familial hemiplegic migraine is a rare syndrome in whith
migraine with aura may be preceded or accompanied by
dysphasia, confusion, and hemiparesis. Basilar-type
migraine is another rare form of migraine with aura n
which there may be disturbances of the brain stem r
occipital lobes accompanied by symptoms such as decreased
level of consciousness, vertigo, ataxia, dysarthria, ard
diplopia.

Migraine is described as a neurovascular headach:.
Traditionally, intracranial vasoconstriction was considered
responsible for the aura and extracranial vasodilatation for
the headache. However, it appears that vascular events mzy
be secondary to neuropathic changes and the liberation «f
vasoactive substances induding serotonin (5-HT), catecht -
lamines, histamine, kinins, neuropeptides such as calcitonia
gene-related peptide (CGRP), and prostaglandins.

There are several factors that may precipitate migrair ¢
attacks. These include anxiety, physical and emotion:l
stress, a change in sleep pattern, bright lights, fasting, som 2
foods, and menstruation. Menstrual migraine is charac-
terised by attacks without aura which are most likely 1>
occur within 2 days of the start of menstruation. Migrain»
may also be predpitated by drugs induding combined or:1
contraceptives and oestrogens, and glyceryl trinitrate. Th:
frequency of migraine attacks can be reduced if suc:
precipitating factors can be identified and avoided. Quie ,
darkness, and sleep can ease an attack, with sleep heraldin}
Tecovery.

The drug treatment of migraine may be tailored to th :
severity of individual disease from the outset (stratified care
or may begin with simple analgesics and be subsequentl
adjusted according to response (step strategy): in the UK
stepped care seems to be increasingly preferted. Acuu:
treatment of menstrual migraine is the same as for migraine
however, as menstrual migraine may be of longer duration
treatment may need to be repeated over several consecutiv:
days.

Simple analgesics (paracetamol or NSAIDs including
aspirin) are effective if taken at the earliest signs of ar
attack; weak opioid analgesics such as codeine are
sometimes included in oral compound analgesic prepara
tions. However, the frequent use of analgesics is bes
avoided to decrease the risk of medication-overuse
headaches. Other drugs used with analgesics ir
antimigraine preparations have included caffeine and the
sympathomimetic vasoconstrictor isometheptene. Disper
sible and effervescent analgesic preparations are preferable
because of their more rapid absorption.

I the initial treatment of migraine is delayed, absorption
of oral drugs may be compromised by development of
gastric stasis and nausea and vomiting. The addition of
antiemetics such as buclizine and cydizine, and the
prokinetic drugs metoclopramide and domperidone is
recommended if needed; they are often inciuded in
compound antimigraine preparations. Prokinetic drugs also
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have the advantage of promoting gastric emptying and
normal peristalsis. If nausea and vomiting are prominent
rectal administration may be necessary.

Afttacks not responding to simple analgesics such as
NSAIDs may be weated with specific antimigraine drugs
such as the selective serotonin (5-HT;) agonists (e.g.
sumatriptan) or the ergot derivatives ergotamine and
dihydroergotamine; poor absorption and adverse effects
1imit the use of ergot derivatives and selective serotonin (5-
HT,) agonists are preferred.

Serotonin (5-HT;) agonists are highly effective in
relieving the pain and nausea of a migraine attack. There
are a number of triptans available; patient characteristics
and preferences vary in response to use and can sometimes
be unpredictable. Some patients experience recurrence of
the headache within 24 to 48 hours and often respond to a
second dose. Finding the best triptan to suit the individual
patient may involve trial and error; a change in formulation
should also be considered. Triptans should not be used in
patients with major risk factors for, or suffering from,
cardiovascular disease. The main concern with all triptans is
their potential for coronary vasoconstriction and no triptan
appears to be safer than the others. Medication-overuse
headaches have also been noted with triptan use.

Ergot derivatives are rarely needed now in the treatment
of m.lgrame If ergotamine is used it should be given at the
first warning of an auack; the earlier it is given, the more
effective the treatment. Since its oral bioavailability is poor
andmay ‘be reduced further during a migraine attack,
ergotamine has sometimes been given in sublingual or
rectal preparations. Ergotamine can also exacerbate nausea
and vomiting; metoclopramide or domperidone, or in
severe cases the phenothiazines chlorpromazine or pro-
chlorperazine, may be given. Dihydroergotamine may be of
use if parenteral treatment is required:; it can also be given
intranasally but therc is less experience with this route.
Patients who fail to respond to monotherapy may find
combination treatment, such as a simple analgesic with a
triptan, heipful particularly in prolonged attacks.

Patients who rapidly develop severe migraine may be
given parenteral dihydroergotamine or sumatriptan. Some
consider parenteral metoclopramide to be suitable first-line
treatment. Intramuscular diclofenac has also been
recommended. If there is no response to these drugs.
dopamine antagonists, such as chlorpromazine or prochlor-
perazine, given parenterally may be effective in relieving
the pain of acute migraine attacks. Prolonged attacks (status
migrainosus) may require intravenous administration of
dihydroergotamine with metoclopramide. The NSAIDs
naproxen or diclofenac are better than specific antimigraine
drugs for long duration attacks that are really migraine with
a superseding tension-type headache.

Other drugs that may be given alone or in combination
include corticosteroids or pethidine. Lidocaine has been
given intravenously for the emergency treatment of
migraine; intranasal lidocaine has also been tried. The
opioid agonist-antagonist butorphanol, given by nasal
spray, has been advocated, but its place in therapy, if any,
r to be blished. Other drugs that bave been
investigated include CGRP antagonists; intravenous
valproic acid has also shown promise in aborting acute
attacks.

Guidelines have been issued for the treatment of
migraine in children and adolescents. For acute
treatment, ibuprofen and paracetamol were found to be
effective in children aged 6 years and over; sumatriptan
nasal spray should be considered in those aged 12 years and
over.

Prophylactic treatment should be considered for
patients in whom abortive measures are ineffective or
migraine attacks occur frequently, or for those with less
frequent but severe or prolonged attacks. Some recommend
prophylaxis if attacks occur more often than once or twice a
month. Prophylaxis can reduce the severity and/or
frequency of artacks but does not eliminate them
completely and patients still need additional abortive or
symptomatic treatment. Drugs suggested for prophylaxis
have a range of actions which reflects uncertainty over the
pathogenesis of migraine. It is important to give
prophylactic drugs for an adequate period before assessing
their efficacy; a general guide of 6 to 8 weeks is advisable.
Once an optimum effect has been achieved the need for
continuing prophylaxis should be reviewed at intervals of
about 3 to 6 months. Treatment is best withdrawn
gradually, over 2 to 3 weeks.

The main prophylactic drugs are beta blockers, tricyclic
antidepressants, and the antiepileptics, topiramate and
valproate. Propranolol is considered by many to be the
prophylactic drug of choice. Lethargy appears to be the most
cormunon adverse effect. Other beta blockers reported to be
effective are those that, like propranolol, possess no intrinsic
sympathomimetic activity; these include atenolol, metopro-
Iol, nadolol, and timolol. The potential for beta blockers to
interact with some serotonin (5-HT,) agonists and ergot-
amine should be borne in mind. Tricyclic antidepressants,

particularly amitriptyline, given in gradually increasing
doses at night are useful for preventing migraine, especiaily
in patients who also have depression or tension-type
headache, although antimuscarinic adverse effects may
occur. Valproate is also used for preventing migraine.
Nausea appears to be the most common adverse effect.
Topiramate is the main alternative to valproate. Weight loss
and paraesthesia are commonly reported adverse effects.
Topiramate or valproate are particularly useful in patients
who also have epilepsy or bipolar disorder. Gabapentin may
also be used for the prophylaxis of migraine.

Other drugs have been used for the prophylaxis of
migraine. Of the drugs with caldum-channel blocking
activity, flunarizine appears to be effective, and has been
suggested for use in children, and verapamil may be useful,
but evidence for the efficacy of other calcium-channel
blockers such as diltiazem, nifedipine, or nimodipine is less
convincing; NSAIDs may be worth trying. Pizotifen, an
antihistamine and serotonin antagonist, has been widely
used but evidence for its efficacy is limited; it may be tried in
children. The use of methysergide, a potent serotonin
antagonist, has declined because of serious adverse effects,
in particular retroperitoneal fibrosis. MAOIs such as
phenelzine have been used occasionally but are best
reserved for severe cases refractory to other forms of
prophylactic treatment. Cyproheptadine, an antihistamine
and serotonin antagonist, has been used for migraine
prophylaxis, particularly in children. Botulinum A toxin is

used for the prophylaxis of headaches in adults with chronic |

migraine. Other drugs used for the prophylaxis of migraine
have induded butterbur, donidine, cydandelate, indor-
amin, feverfew, and the ergot derivative metergoline.
Positive results have been seen with magnesium and
riboflavin. Investigated drugs which have shown potential
for prevention of migraine attacks include: baclofen,
candesartan, lisinopril, montelukast, and venlafaxine.
Despite promising initial results, there is limited evidence
to support the use of SSRIs.
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Post-dural puncture headache

For the management of headache associated with lumbar
puncture or spinal anaesthesia, see Post-dural Puncture
Headache under Local Anaesthetics, p. 1983.1.

Tension-type headache

Tension-type headaches, also referred to as muscle-
contraction headaches, are probably the commonest form
of headache. They are characterised by bilateral pain, which
unlike migraine is continuous and non-pulsatile. The pain is
often described by the patient as feeling like a tight band
pressed around the head. Headaches of this type may be
predipitated by many factors including psychosodal stress or
muscular stress, Many patients also have assodated
symptoms of anxiety or depression. Tension-type headaches
and migraine often co-exist and may then be referred to as
combination or mixed headaches. Some patients only
experience isolated acute attacks of tension-type headache
{episodic tension-type headache), but others may develop
chronic tension-type headache which is difficuls to treat.

Treatment is aimed at removing the underlying causes
where these can be identified. Simple massage may help if
muscle contraction is a prommem component of the pain.
Non-opioid analgesics, such ds aspirin or other NSAIDs and
paracetamol, may be tried for individual acute attacks of
headache, but analgesic overuse must be avoided as this can
lead to chronic headache resistant to other measures (see
Medication-overuse Headache, p. 670.2). Opioids alone or
in combination preparations with other analgesics should
also be avoided. Hypnotics or sedatives have sometimes
been used in combination preparations with analgesics in
the management of tension-type headache that disrupts
sleep but, because of the potential for abuse, they should be
avoided in chronic headaches. Muscle relaxants appear to
have little place in the management of tension-type
headache; although some patients may respond, results are
generally disappointing. Other drugs that have been tried
include valproate and botulinum A toxin. Prophylaxis is
preferable to regular short-term use of analgesics in
controlling chronic tension-type headache. Tricyclic
antidepressants, particularly amitriptyline, are generally
considered as first choice, although benefit is rarely
complete. The mode of action is unclear and appears to be
independent of any antidepressant action. In most. cases,
improvement is seen with low doses, but full antidepressant
doses are necessary in the presence of underlying
depression. Addition of a beta blocker such as propranolol
may sometimes be of benefit for patients with some
migraine features. The antiepileptic topiramate has also
been tried with some success.
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Uses and Administration

Almotriptan malate is a selective serotonin {5-HT,) agonist
with actions and uses similar to those of sumatriptan
(p. 679.3). It is used for the acute treatment of the headache
phase of migraine attacks. It should not be used for
prophylaxis. Almotriptan is given orally as the malate, and
doses are expressed in terms of the base: almotriptan matate
8.75mg is equivalent to about 6.25 mg of almotriptan.

The recommended dose of almotriptan is 12.5 mg in the
UK and 6.25 or 12.5mg in the USA. If this is ineffective, a
second dose should not be taken for the same attack. If
symptoms recur within 24 hours after an initial response, a
second dose may be taken after an interval of at least 2
hours. No more than 2 doses should be taken in a 24-hour
period. For doses in hepatic and renal impairment see
below.
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Adminisirotion in hepafic or renal impairment. I
patients with hepatic or severe renal impairment, no more
than 12.5mg of oral almotriptan should be taken in 24
hours; a starting dose of 6.25mg may be used. No dose
adjustment is needed in patients with mild to moderate
renal impairment.

Migraine. For comparison of the relative benefits of differ-
ent triptans in migraine, see under Sumatriptan, p. 680.1.
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Adverse Effects and Precautions

As for Sumatriptan, p. 680.2 and p. 681.2.

Almotriptan should be given with caution to patients
with hepatic impairment or severe renal impairment.

Patients with hypersensitivity to sulfonamides may
theoretically show a similar reaction to almotriptan. (For
discussion of cross-reactivity in sulfonamides and sulfa
drugs see Hypersensitivity under Sulfamethoxazole,
p. 365.3.)

Incidence of adverse effects. Results from studies invol-
ving more than 2500 patients with migraine suggested
that adverse effects of almotriptan were infrequent.’ The
commonest adverse effects reported were dizziness, nausea
and vomiting, headache, paraesthesia, fatigue, and drowsi-
ness, all of which occurred in less than 3% of patients.
The inddence of chest symptoms was 0.2% in 2 large
phase II studies.

1. Dodick DW. Oral al in the of
tolerability. Headache 2001; 41: 445-55,

clinical

safety and

ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies almotriptan as
probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions are needed.!
1. The Drug Database for Acutc Porphyria. Avallable at: http://www.
drugs-porphyria.org (accessed 11/04/11)

. Interactions

As for Sumatriptan, p. 681.3.

All cross-references refer t& entries in Volume A

Pharmacokinetics

Uses and Administration

After oral doses, peak plasma-almotriptan concentrations
occur in about 1 to 3 hours, with a bicavailability of about
70%. Protein binding is about 35%. Almotriptan is
metabolised mainly by monoamine oxidase type A to the
inactive indole acetic acid derivative, and to a lesser extent
by cytochrome P450 isoenzymes CYP3A4 and CYP2D6 to
the inactive gamma-aminobutyric acid derivative. More
than 75% of an oral dose is excreted in the urine and the
remainder in faeces. About 40% of the dose in the urine is

Dihydroergotamine is a semisynthetic ergot alkaloid ‘hat
has weaker oxytodc and vasoconstrictor effects than
ergotamine (p. 674.1). Its activity as a 5-HT, agonit is
believed to contribute to its antimigraine action. It isuse 1 in
the treatment of migraine and cluster headache, and in the
treatment of orthostatic hypotension. It has also been 1 sed
for the prophylaxis of venous thromboembolism ‘see
p. 673.1).

Dihydroergotamine is commonly used as the mesilat : by

excreted as unchanged drug. The plasma el jion half-

life is about 3.5 hours in healthy subjects, increasing to

about 7 hours in patients with severe renal impairment.
Distribution into milk has been found in studies in rats.

Referenc:s
1. JansatJM, et al. Absvlute bloavaihblllry pharmacokinetics, and urinary
of the nove! anti agent ) in healthy male
volunteers. J Clin Pharmacol 2002: 42: 1303-10.
2. JD. Fleishaker JC. Clinjcal ph. il of al. a

=~ serotonin 5-HT s.1p Teceptor agonist for the treatment of migraine. Clin
Pharmacokinet 2005; 44: 237-46.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preparations. Austria: Almogrant; Belg.:
Almogran; Canad.: Axert; Denm.: Almogran; Fin.. Almogran;
Fr.: Almogran; Ger.: Almogran; Gr.: Almog Amignult; Irl:
Almogran; Ital: Almogran; Almotrex; Neth.: Almogran; Norw.:

Almogran; Port.. Almogran; Amignulf; Spain: Al
A I; Swed.: Al ; Switz.: Al UK: Al
USA: Axert.

Dihydroergotamine g, vy
Dihidroergotamina; Dihydroergotamiini; Dihydroergotamin;
Dihydroergotaming; Dihydroergotaminum; Diidroergotami-
na; MruapoaproTamus,

(55.8R)-5'-Benzyl-9,10-dihydro- 12' hydroxy-2'-methyl-
3 6'18-trioxoergotaman,

Cy3HyN;O5=5837

CAS — 5171-12-6.

ATC — NO2CAQI.

ATC Ver — QNO2CAQT.

UNIt — 43605HMO3C.

Dihydroergotamine Mesilate aanm, innvy

Dihidroergotamina, mesilato de; Dihidroergotamin-mezilat;
Dihidroergotamino mesilatas; Dihydroergotamiinimesifaatti;
Dihydroergotamine, mésilate de; Dihydroergotamine Mesy-
late (USAN); Dihydroergotamine - Methanesulphonate;
Dihydroergotamini Mesilas; Dihydroergotaminmesilat; Dihy-
droergotamin-mesylat; Dihydroergotaminy mezylan; Mesi-
lato de dihidroergotamina; AnruaposproTammnnHa Mesunar:

C3H3NsOs, CHO35=679.8
CAS — 6190-39-2.
ATC — NO2CAO0I.

ATC Vet — QNO2CAD].
UNIl — 81AXN7R2QT.

Pharmacopoeias. In Eur. {see p. vii), Jpn, and US.

Ph. Fur. 8: (Dihydroergotamine Mesilate). Colourless
aystals or a white or almost white crystalline powder.
Slightly soluble in water and in alcohol; sparingly soluble in
methyl alcohol. A 0.1% solution in water has a pH of 4.4 to
5.4. Protect from light.

USP 36: (Dihydroergotamine Mesylate). A white to slightly
yellowish powder, or off-white to faintly red powder,
having a faint odour. Soluble 1 in 125 of water, 1 in 90 of
alcohol, 1 in 175 of chloroform, and 1 in 2600 of ether. pH of
a 0.1% solution in water is between 4.4 and 5.4. Protect
from light.

Dlhydroergommlne Tartrate BNy, iINNV)

Dlhndroergotamlna, tartrato de; D:hldroergotammo tartratas;
Dihidroergotamin-tartardt; Dihydroergotamiinitartraatti;’
Dihydroergotamine, Tartrate de; Dihydroergotamini Tartras;
Dihydroergotamin-tartarat; Dihydroergotamintartrat; Tartra
to de dihidroergotamina; Auruppcaproramuna Taprpar.
(CaHsN;02CHeOe=13175

CAS — 5989-77-5.

ATC — NO2CAO1.

ATC Vet — QNO2CAO1.

Phannocopoelas In Eur. (see p. vn)

Ph. Bur. 8: (Dihydroergotamine Tartrate). Colourless
crystals or a white or almost white crystalline powder.
Very slightly soluble in water; sparingly soluble in alcobol. A
0.1% suspension in water has a pH of 4.0 to 5.5. Protect
from light.

ubc , intramuscular, or intravenous inject on,
although it may also be given as a nasal spray or orally

For the treatrnent of migraine and to terminate an a« ute
attack of cluster headache, dihydroerg mesila e is
usually given by subcutaneous or intramuscular injectio 1in
doses of 1 mg repeated, if necessary, after 30 to 60 minites
up to a maximum daily dose of 3 mg. If a more rapid effe :tis
desired it may be given intravenously in doses of 0.5 or 1 mg
up to a maximum daily dose of 2 mg. The total weekly ¢ ose
given by any route of injection should not exceed 6 mg. The
usual nasal dose of dihydroergotamine mesilate for an acute
attack of migraine is 500micrograms sprayed into each
nostrit as a 0.4% solution followed after 15 minutes by an
additional 500 micrograms in each nostril. A total intran isal
dose of 2mg per attack should not be exceceded. In the USA,
the maximum liccnsed intranasal dose in 24 hours is 3 mg
and in a 7-day period is 4 mg, while maximum daily doses of
up to 4mg with a maximum dose of 12 mg in a 7-day peiiod
have been given in other countries. Dihydroergotar ine
may also be given orally; up to 10 mg daily has been gi ren
for the treatmen: of acute attacks of migraine while lo ver
oral doses are recommended for migraine prophylaxis.

Dihydroergotamine mesilate has also been used alon:: or
with etilefrine hydrochloride (p. 1379.1) in the treatment of
orthostatic hypotension, in usual oral doses of ur to
10 mg daily in divided doses. Doses of up to 40 10 60 mg hve
been used in some patients.

Dihydroergotamine tartrate has been used for indicati yns
similar to those of the mesilate.

Medication-overuse headache. Dihydroergotamine riay
be used in the treatment of medication-overuse heada he
(p. 670.2), induding symptoms of ergotamine withdrav al.

Migraine and cluster headache. Although sumatriptan is
often the treatment of choice to abort acute attacks of
migraine that do not respond to simple analgesic prep:ra-
tions, parenteral dihydroergotamine, espedally with an
antiemetic, is an alternative for patients who deve op
severe or refractory migraine (p. 670.3).! Preparations for
intranasal* and oral use are also available and one for
inhalation® is under development. In a compatative stu 1y,
relief of migraine was slower after subcutaneous dihydro-
ergotamine than after subcutaneous sumatriptan, »ut
headache recurred less often.® In other studies, intran: sal
dihydroergotamine was not as effective as subcutaneo 1s’
or intranasal® sumatriptan.

Dihydroergotarnine is also used m the treatment of
cluster headache (p. 670.1), usually in emergency settir gs,
where it is given to abort individual headache attacks.

i. Scott AK. Dihydroergotamine: a review of lts use in the treatmer 1 of
migraine and other headaches. Clin Neuropharmacol 1992; 15: 289~ 6.

2. snbemem SD, Young WB. Safety and cIﬁ:acyulcrgoumme tartrate wnd

in the of ine and s1atus migraino .us.
Neurology 1995; 45: 577-84.
3. Colman L ¢t al. Parenteral dihydrocrgotomine for acute migrine
ta review of the & Ann Emerg Med 2005, 45:
393-401.

4. Saper JR. Silb S. P 1 nd
evidence for efficacy and salety in migraine. rmdaduzoos 46 (supp 4):
$171-5181.

S. Aurora SK. et al. MAPOCO4, orally inhaled DHE: a randomi ed,
controlled study in the acute treaument of migraine, Headache 2011; 51:

of dihyd

507-17.

6. Winner P, et al. A double-blind study u( subcutaneous dihydroer ot-
amine vs subc in ol acure migra ne.
Arch Neurol 1996; 53: 180—4.

7. Touchon J, et al. A of sub nd

dihydroergoiamine nasal spray in the acute wreatment of migra ae.
Neurology 1996: 47: 361-5.

8. Bourcau F, et al. A clinical comparison of sumatriptan nasal spray nd
dihydroergotamine nasal spray in the acute treatment of migraine. i #J
Clin Pract 2000; 54: 2816,

Orthostatic hypotension. Dihydroergotamine may be of
use in patients with refractory orthostatic hypotension
(p. 1634.3). It is sometimes used in preparations w th
sympathomimetics such as etlefrine. After parente:al
dihydroergotamine, standing blood pressure is increas::d.
but total peripheral resistance and supine blood press: re
are also increased.! It does not prevent postprandial hyj o-
tension, presumably because it does mot constrict the
splanchnic veins, although use with caffeine may ov1-
come this problem. The main disadvantage of dihyd o-
ergotamine, however, is that it is ineffective, or at bst
weakly effective, when given orally, although there tas
been some evidence that oral ergotamine tartrate may be
of value.
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Dihydroergotamine has been suggested for use in the
prevention of hypotension associated with epidural® or
spinal anaesthesia,’ the usual management of which is
discussed in Treatment of Adverse Effects of Local
Anaesthetics, p. 1983.1. It has also been tried in the

Cardiovascular disorders. For spedific contra-indications
and precautions in cardiovascular disorders, see under
Ergotamine, p. 675.1.

. The Drug Database for Acute Porphyria, com-

of hyp associated with haemodia- | piled by the Norwegian Porphyria Centre (NAPOS) and
lysis.* the Porphyria Centre Sweden, dassifies dihydroergot-
1. : of orth hyp Lanaz 1987; 1 | amine as porphyrinogenic; it should be prescribed only for
197-8. compelling reasons and precautions should be taken in all
2. Mauila M, ef l. Dihy In the p of b i patients.
d with exwradural hesia. Br J Anaesth 1985; 57: 976-82. . )
3. Critchley LAH, Woodward DK. Hacmodynamic effects of three doses of 1. The Drug Database for Acute Porphyria. Available at: hrp:/fwww.
dihydroergotamine during spinal anaesthesia. Br J Anacsth 2001; 87: drugs-porphyria.org (accessed 11/04/11)
499-501. .
4. Mt vic S. Dihy in der Behandlung von Pati mit .
tischer Lot wABrend Dauerhimagal . | Inferactions
forschumg 1987; 37: 354-6. As for Ergotamine (p. 675.2).
. T o~ . Use with other vasoconstrictive drugs, induding
mbolism. rd prophylaxis for sur- | sypplementary antimigraine treatment with ergotamine or

gical patients at high risk of venous thromboembolism
(p- 1274.1) is usually with anticoagulants, with unfrac-
tioned or low-molecular-weight heparin being the most
widely used. Dihydroergotamine can reduce venous stasis
by vasoconstriction of capacitance vessels and has
enhanced postoperative prophylaxis when used with hep-

sumatriptan, should be avoided.

Pharmacokinetics R

Peak plasma-dihydroergotamine concentrations occur
within about 1 to 2 hours after oral doses, about 30

arin.! The use of dihydroer ine with lo lecular-
weight heparin has been shown to be of similar efficacy to
dihydroergotamine with heparin.>> However, although
dihydroergotamine might enhance the effect of heparm. a
US National . Institutes of Heal

cor

inutes after intramuscular injection, about 15 to 45
minutes after subcutaneous injection, and about 45 to 55
minutes after intranasal doses. However, the bicavailability
of dihydroergotamine after oral doses is very low; values

wame_d of the potential risk assoclated with its vasocon-
strictive effects, and the contra-indications to its use* (see
also Efféctson the Cardiovascular System, undcr Adverse
Effects, below).

1. Lindbiad B. Prophy of h bo?
dose beparin alone or In b with yd
review. Acta Chir Scand 1988; (suppl $43): 3142,

2. Sasahara AA, ¢ al. Low molecular weight heparin plus dihydroergot-
amine for of p deep vein b Br J Surg
1986; T3: 697-700.

3. Hnss,nal‘ L is in high risk patients

ing total hip weight heparin

plus dihy 1987; 37: 83943,
4. NH C ! ion of venous th
pulmonary embolism. JAMA 1986 236: 744-9.

Adverse Effects and Treaiment

As for Ergotamine Tartrate, p. 674.2, although vasoconstric-
tion may be less pronounced and the frequency of nausea

with low
a

vein

. with low mol

and

ging from less than 0.1 to 1.5% have been reported.
Although dihydroergotamine is incompletely absorbed from
the gastrointestinal tract, the low bioavailability is
considered to be determined primarily by extensive first-
pass hepatic metabolism. Bioavailability after intranasal
doses is 43%. Dihydroergotamine is 90 to 95% bound 10
plasma proteins.

Dihydroergotamine undergoes extensive metabolism,
the major metabolite, 8'-8-hydroxydihydroergotamine,
being active. Plasma concentrations of this metabolite are
greater than those of dihydroergotamine. A further
oxidation step produces &,10'-dihydroxydihydroergota-
mine, which is also actlve. Other metabolites are also
formed. Most of a dose is excreted as metabolites, mainly in
the bile; 5 to 10% is excreted in the urine of which only
trace amounts are of unch d drug. The elt tion of
dihydroergotamine is biphasic; half-lives of about 1 to 2
hours and 22 to 32 hours have been reported for the 2
phases, respectively.

Refe

and vomiting lower with dihydroergotamine mesilate than
with ergotamine tartrate. Dihydroergotamine does not
appear to produce physical dependence.

Effects on the cardiovascular system. There have been’

conflicting reports on the risk of v:

es.

1. Litde PJ, et al. ity of dthy in man. 8rJ Clin
Pharmacol 1981, 13 755—90

2. Mall E.Ph k 1 actions of the main metabolites

of dihydroergotamine. Eur J Clin Pharmacol 1984; 26: 699-705.
3. de Marées H, et al. Relationship between the venoconstrictor activity of

given dihydroergotamine with heparin for Lhmmboembo-
lism prophylaxis. Vasospastic or necrotic reactions have
been reported on several occasions during such therapy.'*
In an Austrian study of . 147290 patients given drug
prophylaxis for thromboembolism, complications attribu-
table to ergotism were seen in 142 of 61 092 (0.23%) who
received dihydroergotamine and heparin,® Others,* how-
ever, saw only 1 case of vasospasm in 5100 trauma
patients (0.02%) given the combination. In 1989 the
Swedish Adverse Drug Reactions Advisory Committee
reported’ that up to the end of September 1987 the manu-
facturer had received 201 reports of vasospastic reactions
assodated with the use of Orstanorm (dihydroergotamine +
lidocaine) with heparin. Permanent damage occurred in
59% of these patients. Vasospastic reactions had occurred
more frequently in patients who had undergone surgery
for trauma and the prognosis for such patients was gener-
ally poorer than for others. Since the risk of per

and its during acute and chronic
oral dosing. Bur J Clin Ph‘mulml 1986; 30' 685-9.
4. Humbert H, ¢t ol Human of dihyd

administered by nasal spray. Clur Pharmacol Ther 1996; 60‘ 265-75.

Preparations

Proprietary Praparations (details are given in Volume B)
Single-ingredient Preparations. Austral.: Dihydergot; Austriz:
Detemes; DHE; Dihydergot; Ergont; Ergovasan; Migranal; Belg.:
Diergo; Dihydergot; Dystonal; Canad.: Migranal; China: Seglor
(®¥%); Cz: Dihydergoty; Fin.: Orstanorm; Fr.. Ikaran;
Seglor; Tamik; Ger.: Agit}; Angionormt; DET MS; DHE+; Ergo-
tam; Verladyn; Gr.: Bobinum; Cozetamin; Dihydergot; Hemoci-
nol; Pervone; Tusedon; Verteblan; Yugovasin; India: DHE;
Migranil; Indon.: Dihydergott; Ital.: Diidergoy; Seglor; Mex.:
Dihydergot: Neth.: Migranal}; Port.: Seglor; Spain: Dihyder-
gott; Swed.: Orstanorm; Switz.: Dihydergor; Ergotoninet:
Thai.: Poligot; USA: DHE; Migranal: Venez.: Dihydergot.

damage appeared to be related to treatment length the
Committee recommended that this preparation should not
be given for more than 7 days.

1. van den Berg E, er al, Ergotism Iudmlw mr:alened limb amputation ar

Multi-ingredient P Hions. Arg.: Polper Vascular: Awstria:
Agilan; Eﬂnml mmp Hypodynt: Tonopan; Venotopt; Braz.:
Cefalium; Cefaliv; Enxak; Migraliv; Parcel; Tonopan; Chile:
Emagrim; Migratapsint; Migrax; Fr.: Diergospray; Ger.:
Dihydergot plus; Effortil plust; Mex.: Parsel; Tonopan; Spain:

1o death tn two patients given hepari
Lancet 1982; 1: 955-6.

2. van den Berg E. o aL v-scuhr spasm during thromboembolism
prophylaxis with hepar ine. Lascrt 1982; li: 268-9.

3. Monreal M. ¢ al. Skm and muscle necrosis during heparin-
dihydroergotamine prophylaxis. Lancet 1984: ii: §20.

4. Kilroy RA. et al. Vascular spasm during heparin-dihydroergotamine
prophylaxis. Clin Pharm 1987; 6: 575-7.

5. Gatterer R. Ergotism as of thrombx
with heparin and dihydroergotamine. Lancet 1986; 1i: 638-9.

6. Schlag G, etal. of hepari Y
bolic prophylaxis. Lancet 1986; ﬂ. 1465.

7. Swedish Adverse Drug Reactlon Advisory Commirttee. Dihydroergot-
amine + Udocaine - vasospasmn. Bull Swed Adverse Drug React Advisory
Commiteee 1989; (54): 1.

Flbrosu. For referénce to fibrosis associated with the
istration of ydroerg: ine, see Methysergide
Maleate, p. 677.2.

Precautions ,
As for Ergotamine Tartrate, p. 675.1.

Tonopan: Switz.: Dihydergot plust; Dihydergot: Effortil plust:
Venez.: Beudol: Difen; Dol; Ivagan; Letydol: Parsel.

Pha Preparations -
USP 36: Dihydroergotamine Mesylate Injection.

Eletriptan Hydrobromide
{BANM, USAN, rANNM}

-E(etnp(aamhydrobromtd- Elétrlptan, Bromhydrate d Eie‘

“triptan;, hldrobromurode, Elempmnhydrobromud Eletnp, ni-

The symbol t denotes a preparation no longer actively marketed

ATC Vet— QNO2CCO6.
UNIl < MATWE32TA3.

Uses and Administration

Eletriptan hydrobromide is a selective serotonin (5-HT,)
agonist with actions and uses similar to those of sumatriptan
(p- 679.3). It is used for acute treatnent of the headache
phase of migraine attacks. It should not be used for
prophylaxis. Eletriptan is given orally as the hydrobromide,
but doses are expressed in terms of the base; eletriptan
hydrobromide 24.2 mg is equivalem to about 20mg of
cletriptan.

UK licensed product information recommends a usual
dose of 40 mg; if this is ineffective, a second dose should not
be taken for the same attack. If symptoms recur within 24
hours after an initial response, a second dose may be taken
after an interval of at least 2 hours. Doses of 80 mg may be
used in subsequent attacks, but should not be repeated
within a 24-hour period. US licensed product information
allows a lower dose of 20 mg with a maximum single dose of
40mg and a maximum daily dose of 80 mg. For doses in
renal impairment, see below.

Administrafion in renal impairment. UK licensed product
informaton for eletriptan recommends an oral dose of
20 mg in patients with mild t0 moderate renal impairment;
the maximum daily dose should not exceed 40mg. Ele-
triptan should not be used in severe impairment. :

Migraine. For comparison of the relative benefits of differ-
ent triptans in migraine, see under Sumatriptan, p. 680.1.
Further references.
1. MathewNT, etal. and safety of in the of
migraine: 2 comprehensive review. Headache 2003; 43: 962-74.
2. Tahy:LnnLSafﬂyandeﬂaqo(dmlpunmmmmmlohcm:
migraine. Pharmacotherapy 2006: 26: 115-28.
3. McCormack P1, Keating GM. Eletriptan: uzvizwoﬂuuxindum.n:
treatment of migraine. Drugs 2006; 66: 1129-49.
4. Sandrini G, et 4l Eletriptan: 2 review and new perspectives. Expert Rev
Neurother 2006; 6: 1413-21.
5. Sandrini G, etal. EkmmMOmern‘MzubTmalmsr 3: 1587
98.

Adverse Effects and Precautions

As for Sumatriptan, p. 680.2 and p. 681.2.

Eletriptan should not be used in patients with severe
hepatic impairment; however, this is due to a lack of data.
No dosage adjustment is needed in mild or moderate hepatic
impairment. Blood pressure effects of cletriptan are
increased in renal impairment and therefore UK licensed
product information recommends that it should be used
with caution in patients with mild to moderate renal
impairment; its use in those with severe renal impairment is
contra-indicated.

Breast feeding. Eletriptan is distributed into breast milk.
The licensed product information states that in a study of
8 women given a single, 80-mg dose of cletriptan, the
mean total amount excreted into breast milk over 24
hours was 0.02% of the dose. Nonetheless, cauton is
advised when eletriptan is used in breast-feeding women;
infant exposure can be minimised by avoiding breast feed-
ing for 24 hours after treatment.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies eletriptan as possi-
bly porphyrinogenic; it should be used only when no safer
alternative is available and precautions should be consid-
ered in vulnerable patients.!

I. The Drug Database for Acute .

drugs-porphyria.org (accessed ll/WII)

lable at: hup:)

Interactions

As for Sumatriptan, p. 681.3.

Eletriptan should not be given with potent inhibitors of
the cytochrome P450 isoenzyme CYP3A4 such as erythro-
mycin and ketoconazole; increased plasma levels of
cletriptan have been noted after such combinations. It is
recommended that eletriptan should not be taken within at
least 72 hours of treatment with such drugs.

Pharmacokinetics

After oral doses eletriptan is rapidly and well absorbed (at
least 81%) and has a bioavailability of about 50%. Peak
plasma concentrations occur within 1.5 hours. Eletriptan is
about 85% protein bound. It is mainly metabolised by the
hepatic cytochrome P450 isoenzyme CYP3A4. Non-renal
cleatance accounts for about 90% of the elimination of
eletriptan and the plasma elimination half-life is about 4
hours. A small amount is distributed into breast mitk.
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References.

L. Shah AK. e al. Pharmacokinetics and safety of oral eletriptan during
different phases of the menstrual cycle tn healthy volunteers. J Clin
Pharmacil 2001; 41: 133944,

2. Shah AK. ef al. The pharmacokinerics and safety of single escalating oral
doses of eletriptan. J Clin Phaml 2002. 42: 520-7,

3. .Milton KA. ¢ al. Ph and safery of
the S-HT|y,p agonist elemiptan following inmavenouns and oral
administration. J Clin Phanmacol 2002; 42: 528-39.

Preparations
Proprietary Prepargtions (details are given in Volume B}

Single-ingredient Preporations. Austral: Relpax; Austria:
Relpax:; Belg.: Reler: Canad.: Relpax: Chile: Relpax: Cz.:
Relpax; Denm.: Relert; Relpax: Fin.: Reler; Fr.: Relpax; Ger.:
Relpax; Gr.: Relpax; Hung.: Relpax; Irl.: Relpax; Israel: Relery
Ital.: Relpax; Mex.: Relpax; Neth.: Relpax; Norw.: Relpax: Pol.:
Relpax; Port.: Relert; Rus.: Relpax (Penmaxc); S.Afr.: Relpax;
Singapore. Relpax; Spain: Relert; Relpax; Swed.. Relpax;
Switz.: Relpax; Thal.: Relpax: Turk.: Relpax; UK: Relpax; USA:
Relpax.

Ergotamine Tartrate saw i

Ergotamiinitartraatti; Ergotamin Tartarat; Ergotamin Tartrat;
Ergotamnina, tartrato de; Ergotamine, tartrate d'; Ergotamini
Tartras, Ergotamino tertratas; Ergotamin-tartarat; Ergotamin-
tartrat; . Ergotaminy - winian; Tartrato de ergotamnna
dproTamina: TapTpar.: ~ -

{5'S)- 12’-Hydroxy-2‘-methyl 5 benzylergotaman -3,6,18-
trione tartraté; (5'S)12'-Hydroxy-2'- methyI-S’ 6',18-trioxo-5-
benzylergotaman (+)-tartrate. '

(CasHasNsOs), CiHOg=13134 .

CAS — 113-15-5 (ergoram:ne) 379-7%-3 (ergoramme tartrate).
ATC— NOZCAOZ

ATC Vet = QNO2CA0Z.

UNIT = MRUSXH3848;

Phurrnucopoeias. In Chin., Eur. (see¢ p. vii}, Int., Jpn, and US.

Ph. Eur. 8: (Ergotamine Tartrate). Slighty hygroscopic,
colourless crystals or a white or almost white aysalline
powder. It may contain 2 molecules of methanol of
crystallisation. Slightly soluble in alcohol. Aqueous
solutions slowly become cloudy owing to hydrolysis; this
may be prevented by the addition of tartaric acid. A 0.25%
suspension in water has a pH of 4.0 to 5.5. Store in airtight
glass containers at a temperature of 2 degrees to 8 degrees.
Protect from light.

USP 36: (Ergotamine Tartrate). Colourless odourless crystals
or a white or yellowish-white crystalline powder. Soluble 1
in about 3200 of water, but soluble 1 in about 500 of water
in the presence of a slight excess of tartaric acid; soluble 1 in
500 of alcohol. Store at a ternperature not exceeding 8
degrees. Protect from hght
Stability in solufion. References.

1. ‘Kreilgird B, Kisbye J. Stability of ergotamine tartrate in aqueous

solution. Arch Pharm Chemi (Sc) 1974; 2: 1-13 and 38-49.

Uses and Administration

Ergotamine is an alkaloid derived from ergot (p. 2137.1). It
has marked vasoconstrictor effects, and a partial agonist
action at serotonin {5-HT) receptors; it also has a powerful
oxytodc action on the uterus, although less so than
ergometrine (p. 2136.2). It is used in migraine and cluster
headache, and has been tried in orthostatic hypotension.

Ergotamine is commonly used as the tartrate. It is usually
given orally, but has also been given sublingually, rectally,
and by oral inhalation. It was formerly given by
subcutaneous or intramuscular injection. Caffeine is
sometimes given with ergotamine tartrate with the
intention of improving the latter's absorption, although
whether it does so is not clear. Antiemetics such as cyclizine
hydrochloride are sometimes included in combination
preparations with ergotamine tartrate.

Ergotamine is used in migraine unresponsive to
non-opioid analgesics. However, its adverse effects limit its
use and prevent use for prophylaxis. It is most effective
when given as early as possible in a migraine attack,
preferably during the prodromal phase.

The usual oral dose is 2mg of ergotamine tartrate; if
necessary, doses of 1 to 2mg may be given at hali-hourly
intervals thereafter. Usually not more than 6 mg should be
given in 24 hours; some licensed product information
recommends not more than 8mg for each attack. The
recommended minimum interval between successive 24-
hour courses is 4 days, and the total weekly dose is limited 10
a maximum of 12rog, although some recommend a lower
weekly limit of 10mg. It is also recommended that patients
should receive no more than 2 courses in each month.
Similar doses may be given sublingually.

Ergotamine tartrate may also be given rectally as
suppositories, espedally if the oral route is not eHective or
not practicable. The rectal dose of ergotamine tartrate is

All cross-references refer to-entries in Volume A

2mg repeated, if necessary, one hour later. Usually, not
more than 4 mg should be given for each attack and not
more than 10 mg in one week with an interval of at least 4
days between successive 24-hour courses.

Ergotamine is used in patients with cluster headache to
treat individual attacks of headache. Doses used are similar
to those given to treat migraine. It has also been used to
prevent headache attacks during cluster periods, when it is
usually given daily in low doses for up to 2 weeks, either
orally or rectally {see below).

Migraine and cluster headache. Erg: was formerly
one of the main drugs used to treat acure artacks of
migraine {(p. 670.3) unresponsive to non-opioid analgesics,
but triptan serotonin (5-HT,) agonists such as sumatriptan
are now preferred. Since ergotamine may exacerbate the
nausea and vomiting that commonly develops as a
migraine attack progresses it is often necessary to give an
antiemetic as well. Poor oral bioavailability may be
reduced further during a migraine attack and ergotamine
has sometimes been given sublingually, recially, or by oral
inhalation. Adverse effects limit the dose that can be used
for an individual atack and prevent the long-term use
that would be required for migraine prophylaxis.
Ergotamine may be used similarly in cluster headache
(p- 670.1) to treart individual headaches during a cluster
period. Ergotamine is also used in low doses given orally or
rectally for limited periods of up to 2 weeks in the
prophylaxis of headache attacks during a cluster period.
Regimens that have been tried for such prophylaxis include
1 to 2 mg of ergotamine tartrate given 1 to 2 hours before an
expected attack or 1 to 2 hours before bedtime for nocturnal
artacks. The total maximum dose of ergotamine tartrate that
may be given weekly for the prevention of cluster headache
is less well established than for the treatment of migraine.
Ergotamine is often given for only 5 to 6 days in each week,
which allows the patient to assess whether the cluster
period has ended.
szerenccs.
. sdb:mln SD, Young WB. Salety and efficacy ol ergotamine rarirate and
inthe of migraine and status migrainosus.
Neumlogyl”s 45:577-84.
2. Tlelt-H; P etal in the acute of ine: 3
review and European consensus. Brain 2000; 123: 9-18.
3. Silberstein SD, McCrory DC. inc and dihyd.
history. pharmacology. and ¢ificacy. Headache 2003; 43 144-66.
4. Tleh-Hansen PC, Kochler PJ. History of the use of ergolamine and
dihydroergolamine in migraine from 1906 and onward. Cephalaigia
2008: 28: 877-86.

Orthostati Erg ine and dihydroergot-
amine may be of use in patients with refractory orthostatic
hypotension (p. 1634.3). Ergotamine is believed' to be less
selective than dihydroergotamine {p. 672.3) in its actions
and affects both venous capacitance and peripheral resis-
tance.2? However, the oral biocavailability of ergotamine is
greater® than that of dihydroergotamine and there have
also been some reports of successful treatment with
inhaled** or rectal® ergotamine.
|. Anonymous. Management of onhostatic hypotension. Lamcet 1987; i:
197-8.
2. Ahmad RAS, Watson RDS. Treatment of postural hypotension: a review.
Drugs 1990; 39: 74-85.
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become numb, cold, tingling, and pale or cyanotic, with
muscie pain; there may be no pulse in the affected limb,
Eventually gangrene develops in the toes and sometimes
the fingers. Anginal pain, tachycardia or bradycardia, and
hypertension or hypotension have been reported. Myo-
cardial infarction has occurred rarely. Pleural and peritc neal
fibrosis may occur with excessive use and there have »een
rare cases of fibrosis of the cardiac valves. Chronic,
intractable headache {rebound headache) may occur aadis
also a major withdrawal symptom following the develop-
ment of ergotamine dependence (see under Precautions,
P. 675.1). Other adverse effects include confusion and
convulsions. On rare occasions symptoms of vasocons(ric-
tion of blood vessels in the brain, eye, intestines, and
kidneys occur. Anorectal ulceration, sometimes leadir g to
rectal necrosis and stenosis or rectovaginal fistula, has t een
reported after excessive use of suppositories contai iing
ergotamine.

Effects on the cordiovascular system. Repors™ of
adverse cardiovascular effects associated with ergotamine,
including mention of fatalities.
1 Jayre DA, Gubbay SS. Arterial of migraine
hysergide and EMJ 1982; 283: 260-~1.
2. Corrocher R. ¢t al. Multiple arterial stenoses in chironic ergot toxic:y. N
Engl J Med 1984: 310: 261.
3. Fisher PE, et al. abuse and hepati
tension. Pesigrad Med J 1985; 61: 3613,
4. Deviere J, o al. lschcmlc pancreatitts and hepatitis seconda:y to
il J Clin 1987; 9: 350-2.
5. Galer BS, et al. Myocardial ischemia related 10 ergot alkaloids: a case
repon and literature review. Headache 1991; 31: 446-50.
6. Rediield MM, rr al. Valve disease associated with ergot alkaloid use:
and < i Ann Intem Med . 992:

with

porual h pe-

117: 50-2.

7. Lazarides MK, e al. Severe facial ischacmia caused by ergotisn. J
Cardiovasc Surg 1992; 33: 383-5.

8. Hillis W, Maclmiyre PD. Drug reacrions: sumatriptan and chest ain.
Lancet 1993; 341: 1564-5. Correction. ibid.; 342: 1310.

9. Zavalew EG. #t al. St Anthony’s fire {crgotamine induced leg
ischemia)—a case report and review of the literature. Angiology 2001 : 82:
349-56.

Fibrosis. For reference to fibrosis associated with the use

of ergotamine tartrate, see Methysergide Malete,
p. 677.2.
Treatment of Adverse Effects

Treatment of acute poisoning with ergotamine is symj to-
matic (see also p. 1537.1). Although the benefit of gastric
decontamination is uncertain. activated charcoal may be
given to patients who present within 1 hour of ingesting a
toxic dose {more than 125 micrograms/kg in adults) or i:ny
amount in a child or in adults with peripheral vasct lar
disease, ischaemic heart disease, severe infection, or hep.itic
or renal impairment. Alternatively, gastric lavage may be
considered in adults within 1 hour of ingesting a potenti. lly
life-threatening overdose. In chronic poisoning, withdraval
ol ergotamine may be all that is required in some patier ts.

In both acute and chronic poisoning, attempts must be
made to maintain an adequate circulation to the affec ed
parts of the body in order to prevent the onset of gangre 1e.
In severe arterial vasospasm vasodilators such as sodi'im
nitroprusside by intravenous infusion have been giv:n;
h:pann and dextran 40 have also been advocated to

3. Tonkin AL, Wing LMH. Ryp: and Med
J Aust 1950; 153: 474-85.
4. Stumpf JL. Miuzyk B. of b Am )

Hosp Pharm 1994; S1: 648-60.
S. Toh ¥, # al. Ergotamine use in severc diabetic autonomic neuropathy.
Diabet Med 2006; 23: 5746

Adbverse Effects

The adverse effects of ergotamine may be attributed either
to its effects on the CNS, or to vasoconstriction of blood
vessels and possible thrombus formation.

After therapeutic doses nausea and vomiting commonly
occur as a result of the direct emetogenic effect of
ergotamine; some patients may also have abdominal pain.
Weakness and muscle pains in the extremities and
numbness and tingling of the fingers and toes may occur.
There may occasionally be localised oedema and itching in
hypersensitive patients. Treatment should be swopped if
symptoms of vasoconstriction develop. Susceptible patients,
espedally those with sepsis, liver disease, kidney disease, or
occlusive peripheral vascular disease, may show signs of
acute or chronic poisoning with normal doses of
ergotamine.

Symptoms of acute overdosage incdlude nausea, vomi-
ting, diarrhoea, extreme thirst, coldness, tingling, and
itching of the skin, a rapid and weak pulse, hypertension or
hypotension, shock, confusion, convulsions, and uncon-
sciousness; fatalities have been reported. Further symptoms
of peripheral vasoconstriction or of cardiovascular
disturbances, as seen in chronic ergotamine poisoning,
may also occur but may be delayed.

In chronic poisoning or ergotism, resulting from
therapeutic overdosage or the use of ergotamine in
susceptible patients, severe circulatory disturbances may
develop. The extremities, especially the feet and legs,

minimise the risk of thrombosis. Analgesics may be requi ed
for severe ischaemic pain.

Cardiovascular effects. Sodium nitroprusside has been
used in severe ergotamine poisoning for its vasodilat ng
and hypotensive actions; it should, however, be used w th
care if hypotension is a symptom of poisoning. It is usualy
given by intravenous infusion!* although there have a so
been reports of intra-arterial infusion for ergotamir e-
induced ischaemia;>¢ for details of precautions, :ee
p- 1498.1.

Many other drugs have been used in the treatment of
circulatory disturbances induced by ergotamine. These
include oral captopril.” alprostadil by intra-arteral
infusion,®® and glyceryl trinitrate by intravenous in u-
sion. 101

1. Carliner NH, & al. Sodlum ni of
induced peripheral ischemia. JAMA 1974: 277: 308-9.

2. Andersen PK, o al. Sodium nitroprusside and epidural blockade in he
treatment of ergotism. N Engl J Med 1977; 296: 1271-3.

3. Eurin B, #f al. Ergot and sodium nitroprusside. N Engl J Med 1978; 278
632-3.

4. CarrP. Self-induced myocardial infarction. Posigrad Med J 1981; 57:6' 4~
5.

ie-

5. ODell CW, «f al. Sodium nitroprusside in the treazment of ergoth m.
Radiology 1977; 124: 73-4.

6. Whisett TL, « ai. Niroprusside reversal of ergotamine-indu:ed
ischemia. Am Heart J 1978; 96: 700.

7. Zimran A. ¢ gl. Treaument with captopril for peripheral ischaes us
induced by ergotamine. BMJ 1984: 288: 364,

8. Levy M. et al. P din E, for i of erot
intoxication: a case report. Cardiovasc Intervent Radiol 1934 7: 28-30

9. Horstmann R, ef al K.nusch! Exuemnazemschmuc durch Ergotism 1s*

dl E,-Inf

P ion. Disch Aed

mit
Wochenschr 1993 113: 1067-71.
10. Husum B. ef a/. Nitroglycerin infusion for ergotism. Lancet 1979; 1i: 764~
5.
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11. Tielt-H: P etal gly for 1 studies in
virro and in migraine patients and reatment of an overt case. Eur J Clin
Pharmacol 1982; 22: 105-9.

Precautions

Ergotamine tartrate is contra-indicated in patients with
severe or uncontrolled hypertension, shock, severe or
persistent sepsis, peripheral vascular disease, ischaemic
heart disease, temporal arteritis, hyperthyroidism, or
hepatic or renal impairment. It is also contra-indicated in
those with basilar or hemiplegic migraine. Ergotamine
tartrate should be used with care in patients with anaemia.
1t is contra-indicated in pregnancy because of its oxytocic
effect (see also below).

Patients should be wamed to keep within the
recommended dosage. Some symptoms of overdosage may
mimic those of migraine. Numbness or tingling of the
extremities generally indicates that ergotamine should be
stopped. Although ergotamine is used for limited periods in
the prevention of episodic cluster headache, it should not be
given prophylactically in other circumstances, as prolonged
use may give rise to gangrene. Dependence has occurred
with regular use of ergotamine tartrate ecven if dosage
recommendations are adhered to (see below).

Dizziness and feelings of anxiety have been reported; if
affected, paucms should avoid driving or operating
machmcry

Breast feeding. Although the last available guidance from
the American Academy of Pediatrics included ergotamine
among those drugs that may be given with caution to
breast-feeding mothers,' it notes that maternal use in
doses equivalent to those given for the treatment of
migraine has been associated with vomiting, diarrhoea,
and convulsions in nursing infants. UK licensed product
information reconiguends that ergotamine tartrate should
be avoided during breast feeding; the distribution of
unchanged drug and metabolites into breast milk presents
a risk of ergotism in the infant and repeated doses of
ergotamine may impair lactation.

1. American Academy of Pediatrics. The transfer of drugs and other

chemicals into human milk. Pediatrics 2001; 108: 776-89. [Retired May
2010] Correction. ikid.; 1029. A.lso availsble at: hnp://aappolicy.

cgif 3b108/3/776 {accessed

27/01/09)

Cardiovascular disorders. US licensed product informa-
tion contra-indicates the use of dihydroergotamine in
patients with ischaemic heart disease and other cardiovas-
cular disorders such as uncontrolled hypertension, periph-
cral arterial disease, or coronary artery vasospasmy it is
also recommended that dihydroergotamine should not be
given to those with a family history of ischaemic heart dis-
ease, 10 postmenopausal women, men aged over 40, or 10
those with other ischaemic risk factors such as hyper-
tension, hypercholesterolaemia, smoking, diabetes, or
obesity, unless cardiovascular evaluation to exdude such
disease has been carried out. Similar precautions and
contra-indications, which resemble those that apply to
serotonin {5-HT,} agonists such as sumatriptan {p. 681.2),
may be applicable to other ergot derivatives used in
migraine such as ergotamine.

In other countries, warnings concerning the use of ergot
derivatives in patients with risk factors for myocardial
Ischaemia appear to be less stringent, although caution is
clearly advisable.

Dependence. Dependence can develop insidiously when
crgotamine tartrate is used for more than 2 days each
week, even if total daily or weekly dosage recommenda-
tions are observed.! Individual reports indicate a state of
addiction characterised by a predictable and irresistible
pattern of drug usage, the development of tolerance to
adverse effects, and a syndrame of withdrawal on stopping
the drug. Ergotamine-dependent patients suffer from
daily, or almost daily, migraine headaches, often referred
to as medication-overuse headaches or ‘rebound head-
aches’, which are only alleviated by ergotamine. Intensify-
ing headache with autonomic disturbances occurs within
24 to 48 hours of withdrawal of ergotamine and may con-
tinue for 72 hours or longer. As with other medication-
overuse headaches (p. 670.2), supportive and symptomatic
measures should be taken to treat the withdrawal
syndrome.

1. SaperJR. Ergotamine dependency—a review. Headache 1987; 27: 435-8.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, does not dassify the por-
phyrinogenic risk for single-ingredient preparations con-
taining ergotamine although combinations containing the
drug are classified as porphyrinogenic; such products
should be prescribed only for compelling reasons and pre-
cautions should be taken in all patients.!

1. The Drug Dawabase for Acute Porphyria. Available at: hup://www.
drugs-porphyria.org {accessed 11/04/11)

Pregnancy. Ergotamine is contra-indicated in pregnancy
because of its oxytocic effect. Accidental dosage of ergot-
amine in the form of a Cafergot suppository (ergotamine
tartrate 2 mg and caffeine 100 mg) to a patient at 39 weeks
of pregnancy caused uterine contractions and fetal tachy-
cardia.! An emergency caesarean section was undertaken
because of suspected placental abruption but no clear
signs of retroplacental haemorrhage were found. The neo-
nate recovered quickly after delivery and had developed
normally during the next 10 years.

Jejunal atresia has been reported® in an infant born
preraturely to a woman who had taken ergotamine tantrate
6 to 8mg daily, as Cafergor tablets, throughout her
pregnancy. Two cases of Mobius syndrome (a condition
characterised by fadial paralysis as a result of hypoplasia of
cranial nerve nuclei) have been associated with exposure to
ergotamine during the first trimester of pregnancy.>* In the
first report’ the mother had inadvertently been given three
Cafergot suppositories within a period of 1 to 2 hours and at
the time had uterine cramping and a bloody vaginal
discharge. The second mother* had used 2-mng ergotamine
suppositories on a regular basis during the first 8 weeks of
pregnanq'

1. de Groot ANJA, et al. Ergotamine-induced fetal stress: review of side

ctfects of ergor aikaloids during pregnaacy. Eur J Obster Gynecol Reprod
Biol 1993; 51: 73-7.

tary antimigraine medication in patients receiving difzydro-
ergotamine is not recornmended.

For reports of arterial vasoconstriction in patients taking
beta blockers and antimigraine drugs, see below. See also
Interactons, above for a comment on the risk of vasospastic
reactions with serotonin (5-HT,) agonists such as sumatrip-
tan.

1. Jayce DA, Gubbay SS. Arterial complications of migraine treatment with
and BMJ 1982; 185: 260-1.

Antivirgls. There have been reports of efgotism in patients
given ergotamine with combinadon antiviral treatment for
HIV infection. It was suggested that the ergotism might
have been caused by inhibition of ergotamine metabolism
by ritonavir in 4 cases,'™ indinavir in one,’ and nelfinavirs
in another. One of the patients given ritonavir,* who had
taken three 1-mg tablets of ergotamine tartrate over the 4
days before presentation, also developed signs of cerebro-
vascular involvement and eventually went into an irrever-
sible coma.
The metabolism of ergot alkaloids may be inhibited by
delavirdine or efavirenz.
1. Caballero-Granado FJ, er al. Ergotism related to concurrent administra-
tlon of ergotamine tartrate and ritonavir in an AIDS patient. Amtimricrod
Agents Chemother 1997; 41: 1207.

2. Montero A, e af. Leg Ischemia in a padent receiving rlmuzvir and
Ast Itzrn Med 1999; 130: 329-30.

2. Graham JM, et al. Jejunal atresia d with Cafergot
during pregnancy. Clin Pediatr (Phila) 1983; 22: 226-8.

3. Gral WD, Shepard TH. Uterine contraction in the development of
Mobius syndrome. J Child Newrol 1997; 12: 225-7.

4. Smets K, ¢f af. Ergotamine as a possible cause of Mabius sequence:
additional dinical observation. J Child Neurol 2004; 19: 398.

Interactions

The vasoconstrictor effects of ergotamine are enhanced by
sympathomimetics such as adrenaline. There is also an
increased risk of peripheral vasoconstriction during use of
ergotamine with beta blockers.

Ergotamine is metabolised by the cytochrome P450
isoenzyme CYP3A4 and consequently it should not be given
with potent inhibitors of this isoenzyme; elevated
ergotamine concentrations suffident to cause ergotism
may occur with azole antifungals, fimacrolide antibacterials
such as erythromycin and clarithromycin, and HIV-protease
inhibitors including indinavir and ritonavir. Use of
tetracycline with ergotamine may also increase the risk of
ergotism and should be avoided.

Ergotamine should not be used with or given until
several hours after stopping a serotonin (5-HT,) agonist, since
there is an additional risk of prolonged vasospastic reactions;
at least 6 hours is advised for almotriptan, rizatriptan,
sumatriptan, and zolmitriptan, and at least 24 hours for
eletriptan, frovatriptan, and naratriptan. Conversely, a
delay is advised before starting a serotonin agonist in patients
who have been receiving ergotamine: almotriptan,
eletriptan, frovatriptan, narawiptan, rizatriptan, sumatrip-
tan, or zolmitriptan should not be given until at least 24
hours after stopping the use of preparations containing
ergotamine.

Antibacterials. Acute reactions ranging from minor ergo-

tism! to severe vasospasm? have been reported in patients
given erythromycin in addition to ergotamine. There are
also reports of acute ergotism in patients given ergotamine
tartrate with clarithromycin®* or troleandomycin.® The theo-
retical possibility exists that there may be a similar interac-
tion with azithromycin. Ergotism has also been reported in
patients given erythromydn® or troleandomydn’ with

dihydroergotamine.
1 Lagxer G, elal Un cas &" crgousme mineur szmblam en nppcn. avec une
de I par I'éth d'érythromycine.
Therapie 1979; 34: 515-21.
2 Ghlll R et al Ery yein iated :
. and analysis of a rare cause of severe
ischemia of the lower ities and i ischemic

Ann Vasc Surg 1993; 7: 291-6.
3. Horowhz RS, etal. Cllnlal ergousm with lingual ischemia induced by
Arch Intern Med 1996; 136: 456~

8.

4. Ausband $C, Goodman PE. An unusual case of dlarithromycin associated
ergotism. J Emerg Med 2001; 21: 411-13.

$. Macthews NT. Havill JH. Ergotism with therapeutic doses of ergotamine
tartrate. N Z Med J 1979; 89: 476-7.

6. LeroyF, etal. D yth Y
Intern Med 1988; 109' 249.

7. Franco A. e al.

uiacétylolésndomydne. va Pram Md 1978;

Antidepressants, There have been isolated case reports* of
the serotonin syndrome {p. 443.2) in patients given
dihydroergotamine with amitriptyline, imipramine, par-
oxetine, or sertraline.

1. Mathew NT, o al. d
pharmacotherapy. Cephalalgia 1996; 16: 323-7.

induced ergotism. Ann

2 205.

Antimigraine drugs. Arterial occlusion has been reported!
in 2 patients given methysergide with a high parenteral
dosage of ergotamine for cluster headache; the combina-
tion should be avoided. Use of ergotamine as supplemen-

The symbol t denotes a preparation no longer actively marketed

3. Liaudet L. ef al. Severe ergotism associated with interaction between
ritonavir and ergotamine. BMJ 1999; 318: 771.

4. Pardo Rey C, et al. Irreversible coma, ergotamine, and ritonavir. Clin
Infect Dis 2003; 37: €72-€73.

5. Rosenthal E, & af. Ergotism relared to concurrent administration of
ergotamine tartrate and indinavir, JAMA 1999; 281: 987.

6. Mortier E, et al. Ergotism related to interaction between nelfinavir and
ergotamine. Am J Med 2001; 110: 554.

Befa blockers. Peripheral vasoconstriction was reported in
a patient with migraine after addition of propranolo! to reg-
ular use of Cafergot (ergotamine and caffeine) suppositories
twice daily.! This combination has been used without
complication by others, who suggested that excessive
dosage of ergotamine tdftrate, rather than an interaction
between ergotamine and ‘propranolol, was responsible.?
However, arterial vasoconstriction has been reported after
use of methysergide with propranolol and oxprenolol with
ergotamine.? Such combinations should therefore be used
with caution.
1 JF. Drug
Med 1573; 2883: 916-17.
2. Diamond $. Propranolol and ergouamine tartrate. N Engl J Med 1973;
289: 159.
3. Venter CP, & al. Severe 13
beta blockers and ergot alkaloids. BMJ 1984; m 288-9.

and Cafergot. N Engl J

use of

Glyceryl trinifrate. Glyceryl trinitrate has been reported to
increase the oral bioavailability and plasma concentrations
of dihydroergotamine in patients with orthostatic hypo-
tension.! .
1. Bobik A. ef al. Low oral bi ilability of and first-
pass extraction in padents with YP Clin Ph. i
Ther 1981; 30: 673-9.

t dihyd

Jacrolimus. Ergotamine may inhibit the metabolism of

tacaolimus by cytochrome P450 isoenzymes (see
p.1977.3).
Pharmacokinetics

Absorption of ergotamine from the gastrointestinal tract is
poor and may be further decreased by the occurrence of
gastric stasis during migraine attacks. Bioavailability is also
reduced by a high first-pass hepatic metabolism. Ergotamine
has been given rectally or by inhalation in an attempt to
overcome ‘these effects, with some improvement in
absorption, but bioavailability is still about 5% or less.
Absorption of sublingual ergotamine is very poor. There is
considerable interindividual variation in the bioavailability
of ergotamine, regardless of the route. Caffeine is sometimes
included in oral and rectal preparations of ergotamine to
improve the latter’s absorption, although whether it does so
is not clear. Drugs such as metoclopramide are sometimes
given with the aim of alleviating gastric stasis and thus
improve the absorption of ergotamine.

Plasma protein binding is about 93 to 98%. Ergotamine is
metabolised extensively in the liver via the cytochrome
P450 isoenzyme CYP3A4; the majority of metabolites are
excreted in the bile. About 4% of a dose is excreted in the
urine. Some of the metabolites are pharmacologically
active. The elimination of ergotamine is biphasic; half-lives
of about 2 and 21 hours have been reported for the 2 phases,
respectively. Ergotamine or-its metabolites have been
detected in breast milk.

References.
1. Schmidr R, Fanchamps A. Effect of catfcine on intestinal absorption of
ergotamine in man. Eur J Clin Pharmacol 1974; 7: 213-16.
2. Eadie MJ. Ergotamine pharmacokinetics In man: an editorial.
Cephaialgia 1983; 3: 135-8.
3. Perin VL. Clinical pharmacokinetics of ergotamine in mmﬂlne and
duster beadache. Clin Pharmacokinet 1985; 10: 334-52.
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Preparations
Proprietary Preporations (details are given in Volume B)
’ Austria: Ergokaptont; Chile:

Single-ingredient F
Jaquedryl; Ger.: Ergo -Kranit Migrane; Hung.: Ergam; Itnl
Ergotan; Philipp.: Avamigran; Thai.: Ergosia; Gy

. : Prep

that it was ineffective in rheumatoid arthritis {p. 13.2),
although adverse effects were minor with short-term use.
1. Arthritis Research Campalln Complzmmury and alternative medi-

dnes for the arthritls, itis and
{issued Y 2009). Available au: hup: :
k le y*%20and% 20alternative%

di -11032010154331.pdf (accessed 25/11/10)

USA: Ergomar.

Multi-ingredient rafions. Arg.: Cafergot; Cefalex Plus; Ibu-
Tetralgin; Ibupirac Migra; Integrobe Plus; Migra Dioxadol;
Migra Dorixina; Migral Compositwn; Migral II; Migral; Mike-
san; Solacil; Tetralgin Novo; Tetralgin; Austral.: Cajergor; Awus-
tria: Avamigran; Secokapton; Synkapton; Belg.. Cafergot;
Braz.: Migrane; Neogrein; Ormigrein; Camad.: Bellergal;
Cafergot; Ergodryl Gravergolt: Chl'le' Cefadol; Cefalmin; Cina-
bel; Clonalgh Ergobelan; Ergonef; Esamigran: Fre-
dol; Mlgn-N:f:ml A Migranol; Ultrimin;
Denm.: Ergokoffin; Fin.: Anervant; Fr.. Gynergene Cafeine;
Ger.: Cafergot N+, Gr.. Cafergoy Medalidon; Hong Kong:
Cafergot; Hung.: Kefalgin; India: Ergophen; Migranil; Migri};
Mizeco:. Indon.: Bellapheen; Cafergot; Erical: Irl.: Migranats:
Israel: Cafergott; Temigrant; Ital: Cafergot; Virdex; Malaysia:
Cafergot}; Mex.: Cafergot: Caltar; Ergocaf: Optium; Sydolil; Tri-
nergot; Neth.: Cafergot; Norw.: Anervant; NZ: Cafergot; Pol.:
Bellergot; Coffecorn; Port.: Migretil: Rus.: Bellataminal
{Bennatamunan); Coffetamin {Koperamun);  Synkapton
{Carnearrron); S.Afr.: Cafergoy; Migril; Singapore: Cafergot; Caf-
fox; Spain: Cafergot; Hemicraneal; Swed.: Anervan; Switz.:
Cafergot-PB+; Cat:rgol, Thm. Avan:ugran Benerat; Cafergot;
Degran; Hof¢ Poligot- CF Polygou
Tofago; Turk.: Avmi llergal; Caf UK:
Cafergot}; Migril; Ukr.: Normgren (Howmuapen); USA: Bel-Phen-
Ergot S+ Bellaminet; Bellergal-S; Cafatine-PB; Cafatine;
Cafergot: Ercal; Folergot-DF; Migergot; Phenerbel-S; Venez.:
Ervostal; Migradorixina; Traveget.

rations

BP 2014: Ergotamine Sublingual Tablets;

USP 36: Ergotamine Tartrate and Caffeine Suppositories;
Ergotamine Tartrate and Caffeine Tablets; Ergotamine Tartrate
Inhalation Aerosol; Ergotamine Tartrate Injection; Ergotamine
Tartrate Tablets.

Feverfew

-Camornille, giahde'Ménem Matricaria; Mattram; Mutterk-
-Rimbaba - Obycajna Spllcu;é -Tanaceti Parthenii Herba
Tanaceto; Vaistiniy skaisteniy Zolé; Wen'nod Wen  Mupetpym
Desvunn; Oszi margm/lrég, [Leauuen Tpasa.

ATC Herb—= "HNO2CWS5005 (Tanaceturn parthenium: Jeaf).
6GE7ZO76IK (Tanacetum parthenium); Z64FK7P217

UNI —

Pharmacopoeias. In Eur. (see p. vu) and in US. US also
describes Powdered Feverfew.

Ph. Eur. 8: (Feveriew). The dried, whole or tragmcmed
aerial parts of Tanacetum parthenium. It contains not less than
0.2% of parthenolide (C,sH;,0;=248.3), calculated with
reference to the dried drug. It has a camphoraceous odour.
Protect from light.

USP 36: (Feverfew). It consists of the dried leaves of
Tanaceturn parthenium (Asteraccae), collected when the
plant is in flower. Store in a dry place. Protect from light.

Uses and Adminisiration

Feverfew consists of the dried leaves of the plant Tanacetum
partheniion {Asteraceae). It is a traditional herbal remedy
used in the prophylaxis of migraine. Its effects have been
attributed to the plant’s content of sesquiterpene lactones,
notably parthenolide. A preparation of the dried leaf
powder, which has been standardised to provide a
minimum of 0.2% parthenolide, is available in some
countries. A suggested oral dose is 250 mg daily; a lower
dose of 100 mg daily has also been given.

Extracts of feverfew, particularly parthenolide-free
extracts which have been promoted as less sensitising,
have been used for their supposed anti-infammatory
benefits in cosmetics and topical products.

Parthenolide has also been investigated for its antineo-
plastic potential.

Migraine. Feverfew is a traditional herbal remedy used in
the prophylaxis of migraine (p. 670.3). Studies of standar-
dised preparations of the freeze-dried powdered leaf have
produced variable results in preventing or ameliorating
migraine attacks, and a systematic review' has concluded
that its efficacy in preventing nugralne is unproven

1. Pittler ME, Emst B. for p! ilable in The
Cochrane Database of Systenndc Rmews. Iesue 1. Chichester: John
Wiley: 2004 (accessed 27/04/05).

Rheumatoid arthritis. Feverfew has anti-inflammatory
activity in vitro and has been tried in the treatment of
rheumatic diseases. However, an evidence-based report by
the Arthritis Research Campaign' in the UK considered

All cross-references refer to entries in Volume A

Adverse Effects and Precautions

Most adverse effects noted with feverfew are mild and
reversible. Mouth ulceration and soreness have been
reported, and may be due to sensitisation; if they occur
feverfew should be withdrawn. Contact dermatitis has also
been reported. Gastrointestinal effects such as nausea,
constipation or diarrhoea, and heartburn occur rarely and
there have been spontaneous reports of eosinophilia,
abnormal liver function tests, renal failure, Raynaud’s
phenomenon, and hypertension. Withdrawal symptoms
such as rebound headache, anxiety, and insomnia have
been seen in long-terrn users of feverfew who stop
treatment suddenly.

Feverfew is reputed to have abortifacient properties and
it is recommended that preparations should not be used in

pregnancy.

Effects on the blood. There have been suggestions that
feverfew may increase the risk of bleeding during surgery
or in patients taking anticoagulants. However, although
inhibition of platelet aggregation has been reported in vitro
or in animals a review' of dinical studies noted that fever-
few did not appear to affect haematological safety para-
meters.

1. Pitder MH, Emst E. for p g migraine. lable in The
Cochrane Database of synzmanc Reviews; Issue 1. Chichester: John
Wiley: 2004 (accessed 27/04/05).

Interactions

It has been suggested that feverfew may enhance the effects
of anticoagulants (but see Effects on the Blood, above).

Preparations

Proprietury Preparations (details are given in Volume B}
Single-ingredient Prep Austral.: M Aid; Braz:
Enxamedt: Tanacetot; Tenliv: Canad.: Tanacetf; Pol: Mario-
migrant; UK: DiaFeverfew; DiaMigraine; Migraherb; Tanacet.
Multi-ingredient Preparafions. Austral.: Albizia Complex; Extra-
life Arthri-Caret; Extralife Migrai-Caret; Rehmannia Complex;
Ital.: Neuralta ngrcn

H thic P Fr.: P

L P

1 no 43,

Reviews.
. Markus P, Mikko K. Frovatriptan review. Expert Opint Pharmacother 2007;
8: 3025-33.

Migraine. For comparison of the relative benefits of diffe--
ent triptans in migraine, see under Sumatriptan, p. 680.1
Further references.

1 Pookuv N, ¢ ol Bffiacy and tolerability of frovatriptan in scue
migraine ic review of fled wrials. J
Clin Pharm Ther ZMS 30: 521-32.

2. M:rl:us F, Mikko K_ Frovatriptan review. Expert Opin Pharmacother 200 *;

8: 3029-33.

3. Elkind AH, MacGregor EA. vanxiyun for lhe acute weatment
migraine and p: of p ! migraine. Expert R v
Newrother 2008 8: 723-36.

4. Guidorri M. Ravasio R. Clinical and i of 1

versus other oral triptans in the treatment of acute migraine in the rea -
world setting. CTin Drug Investiy 2009; 29: 693-702.

Adverse Effects and Precautions

As for Sumatriptan, p. 680.2 and p. 681.2.

UK licensed product information recommends that
frovatriptan should not be used in patients with sever:
hepatic impairment (Child-Pugh class C); however, this i:
due to a lack of data and no dosage adjustment is needed i\
mild or moderate hepatic impairment.

Interactions

As for Sumatriptan, p. 681.3.

Frovatriptan is metabolised by the cytochrome P45t
isoenzyme CYP1A2; fluvoxamine, a potent inhibitor of thi:
isoenzyme, has been shown to increase the bloo::
concentrations of frovatriptan by 27 t0 49%.

Pharmacokinetics

After oral doses, peak plasma-frovatriptan concentration
occur in 2 to 4 hours, and bioavailability is about 20% ir
men and 30% in women. Food may delay the dme to peal
plasma concentrations by about 1 hour. Frovatriptan is 15%
protein bound. It is mainly metabolised by the hepati
cytochrome P450 isoenzyme CYPLA2. About 32% of an ora
dose is excreted in the urine and 62% in faeces. The plasm:
elimination half-life of frovatriptan is about 26 hours.
Distribution into milk has been found in studies in rats.

References.
1. Buchan P. # al. Clinical pharmacokinetics of frovatriptan. Headach
2002; 42 (suppl 2): 554-S62.
2. BElkind AH, o al. Ph inetics of ip in
migraineurs. J Clin Pharmacol 2004; 44: 1158-65.

Preparations

Frovatriptan s~

Fravatriptaani; Frovatriptan; Frovatriptanum; SB-209509AX
{frovatriptan or frovatriptan succinate); VML-251 (frovatriptan
or frovatriptan succinate); DpoBaTPUNTaH.

(6R)-5,6.7,8- Tetrahydro&methylammocarbazole-a—carboxa-
mide.

CreHiN;0=2433
CAS — 158747-02-5,
ATC — NOZCCO7.

ATC Vet — QNO2CCO7..
UNIl — H82Q2D5WA7.

Frovatriptan Succinate BANM, USAN, iNNM)

Frovatriptan; Succinate de; " Frovatriptén, succinato- de;
Frovatriptani ' Succinas; 'SB-209509AX (frovatriptan” .or
frovatriptan succinate); Succinato de frovatriptéh VML-251
{frovatriptan or frovatnpran succinarte); tDpoaarpurnaHa
CyxcuHar. »

CraHi N0 CHOMH,0=3794

CAS — 158930-17-7.

ATC — NO2CCO7.

"ATC Vet — QNO2CCO7.

UNIl — D28J6WI18HY.:

Uses and Administration

y Preparations (details are given in Volume B)

ingle-i ient Preparations. Austria: Eumitan; ' Frovamig
Belg.: Frovatex; Migard; Canad.: Frova; Cz: Fromen; Recur
Denm.: Migard; Fin.: Migard; Tigreatt; Fr.: Isimig: Tigreat
Ger.: Allegro; Gr.: Migard; Migralin; Pitunal; Irl: Frovex; Ital.
Auradol; Rilamig; Neth.: Fromirex; Migard; Port.: Dorlise:
Migard; Spain: Forvey; Perlicc Swed.: Migard; Switz.: Menamig
Turk.: Newart; UK: Migard; USA: Frova.

Pr
Fiop@

Iprazochrome inny

Ip(atsokroml
Mnpasoxpom.
3-Hydroxy-1-isopropyl- 56—mdolmedlone S-sem)carbazone
iCiHieNOs=2643 - - . :

Iprazochromum Iprazocromo;. Iprazokmm;

CAS == 7248-21-7.
ATC == NO2CXD3.
'ATC Vet — QNO2CX03.

- 903A9KI8IP

Profile

Iprazochrome is a serotonin antagonist used in the
prophylaxis of migraine (p. 670.3) and in the management
of diabetic retinopathy. It has been given in usual oral doses
of 2.5 to 5mg three times daily.

Preparations

Frovatriptan is a selective serotonin (5-HT,) agonist with
actions and uses similar to those of sumatriptan (p. 679.3). It
is used for the acute weamment of the headache phase of
migraine attacks. It should not be used for prophylaxis.
Frovatriptan is given orally as the succinate although doses
are expressed in terms of the base; frovatriptan sucdnate
3.9mg is equivalent to about 2.5 mg of frovatriptan.

The recommended dose is 2.5 mg; if this is ineffective, a
second dose should not be taken for the same attack. If
symptoms recur after an initial response, the dose may be
repeated after an interval of at least 2 hours. The maximum
dose of frovatriptan in 24 hours is 5mg in the UK although,
in the USA, a maximum daily dose of 7.5 mg is allowed.

(details are given in Volume B}

Propriefory Prep

Single-ingredient Preparations. Hung.: Divascan; Pol.: Divascan.

Lomerizine Hydrochloride (i

Flomenzme Hydrochloride; Hidroclorure de lomérizina; KB-
-2796; Lomérizine, Chlorhydrate “de; Lomerizine Dihy-
"dre cﬁlonde, Lomerizini Hydrochlondum, J'IomepuawHa
I'unpoxnopwp,

1-[Bis(p-fluorophenyl)methyl]4-(2,3.4- trlmethoxybenzy\)
piperazine dlhydrochloride.

CoH3ofN;032HCI=541.5



Feverfew/Naratriptan Hydrochloride 677

CAS — 101477558 (lomerizine); 101477-54-7 {Iomenztne
hydrochloride).
UNI — 3W473D50LY.

Profile

Lomerizine is a calcium-channel blocker that is used orally
as the hydrochloride in the treaunent of migraine. It is also
under investigation for its potential value in glaucoma.

References.

1. Hara H, e al. Clinical potendal of lomerizine, a Ca,, channel blocker as
an ant-glaucoma drug: effeas on ocular circulaion and retinal
neuronal damage. Cardiovasc Drug Rev 2004; 22: 199-214.

2. lwasaki S, et al. Migraine-assoclated vertigo: dinical characteristics of
Japanese padents and effect of lomerizine, a caldum channel antagonist.
Ada Otolaryngol 2007; {suppl 559): 45-9.

3. ImaiN, er al. Do the effects of long.
with age? Intern Med 2007; 46: 633—4.

differ

Preparations

Propriefary Preparctions (details are given in Volume B)
Single-ingredient Preparations. China: Hou Pu (S #); Luo Mei
Er (FR&); Qing Tian (WX): Shao Rong (&%); Tesuxin (¥
fX); Xi Rui Li (E3#); Xing (#¥¥); Ya Yi Jia awm) Jpn:
Migsis: Terranas.

Meihysergnde {BAN, USAN, ANNJ

1- Methyf-oflyserglc Acid Butanolamide; Methysergld1 Méthy-
sergide; Methysergidumm; Metisergida; Metysergid: Metyser-
gidi; MeTnseprua.
N-[1-{Hydroxymethyl)prapyl)-1-methyl--lysergamide; 9,10-
Didehydro-N-[1- (hydroxymethyl)propyl] -1 6 dnmethylergo—
line-8f-carboxamide. -

CpHzNy0,=3535

CAS — 361-37-5. '\ -

ATC — NO2CAD4. )

ATC Vet — QNO2CAO4.

UNIl — XZA9HYEZ98.

Me?hyserglde Maleate zanm, iy

Maleato de metlserguda Méthyserglde Maléate de;
Methysergidi Maleas; Menserglda maleato de; MeTuaepmna
‘Manear.

CaHNy0, GH.0,=4695

CAS —- 129-49-7.

ATC — NO2CAC4.

ATC Vet — QNO2CAO4.

UNIF— 2U7H1466GH.

Pharmacopoeias. In Br. and US.

BP 2014: (Methysergide Maleate). A white or almost white
crystalline powder which may have a yellow or pink tinge;
odourless or almost odourless. Slightly soluble in water and
in methy! alcohol; practically insoluble in chloroform and in
ether. A 0.2% solution in water has a pH of 3.7 to 4.7. Store
at a temperature of 2 degrees to 8 degrees. Protect from
light.

USP 36: (Methysergide Maleate). A white to yellowish-
white or reddish-white, crystalline powder. Is odourless or
has not more than a slight odour, Soluble 1 in 200 of water
and 1 in 165 of alcohol; soluble 1 in 3400 of chloroform;
practically insoluble in ether. pH of a 1 in 500 solution is
between 3.7 and 4.7. Store in airtight containers at a
temnperature of 2 degrees to 8 degrees. Protect from light.

Uses and Administration

Methysergide maleate is a semisynthetic ergot alkaloid. It is
a potent serotonin antagonist and, compared with ergot-
amine, has only weak vasoconstrictor and oxytodic effects.
It may be used to prevent severe recurrent migraine
(p. 670.3) and headache attacks during cluster periods
(p- 670.1), although its use has declined because of adverse
effects. It is ineffective in the treatment of acute attacks.
Methysergide is given orally as the maleate but doses are
often expressed in terms of the base; 1.33mg of
methysergide maleate is equivalent to about 1mg of
methysergide. A usual dosage is 2 to 6mg daily given in
divided doses with meals. It is suggested that treatment
shouid be started with 1 mg at bedtime and doses increased
gradually over about 2 wecks; the minimum effective dose
should be used. Careful and regular observation of the
patient is essential because of the high incidence of adverse
effects and it is recommended that treatment should only be
carried out under hospital supervision. If treatment still
Pproves to be ineffective after 3 weeks, further use is unlikely
to be of benefit. Treatment should not be continued for
more than 6 months, after which it should be gradually

Methysergide maleate has also been used to control
diarrhoea associated with carcinoid syndrome (see under
Neuroendocrine Tumours, p. 716.3) in high doses
equivalent to 12 to 20 mg of methysergide daily.

As a serotonin antagonist. methysergide might be
expected to help reverse the serotonin syndrome (p. 443.2).
Reviews.

‘1. Koehler PJ, Tlek-Hansen PC. History of methysergide in migraine.
Cephalalgia 2008; 28: 112635,

Adverse Effects

Gastrointestinal effects such as nausea, vorniting, heart-
burn, and abdominal pain are commeon on initial treatment
with methysergide maleate, as are dizziness and drowsiness.
Other CNS effects reported include ataxia, insomnia,
weakness, restlessness, lightheadedness, euphoria, and
hallucinations. Peripheral or localised oedema, leg cramps,
and weight gain have occurred and there have been
occasional reports of rashes, loss of hair, joint and muscle
pain, neutropenia, and eosinophilia. Orthostatic hypo-
tension and tachycardia have been noted. There have been
isolated repornts of myocardial infarction particularly in
padents with ischaemic heart disease or when given with
other vasoconstrictive drugs, both of which are
contra-indications for methysergide therapy.

Arterial spasm has occurred in some patients, and may
present as paraesthesia of the extremities or anginal pain, as
with ergotamine (p. 674.2); if such symptoms occur
methysergide should be withdrawn, although rebound
headaches may occur if it is withdrawn suddenly. Vascular
insuffidency of the lower limbs may represent arterial
spasm or fibrotic changes. Treatment should be stopped at
the first signs of impaired peripheral crculation. Retro-
peritoneal fibrosis, with obstruction of abdominal blood
vessels and ureters, pleuropulmonary fibrosis, and fibrotic
changes in heart valves have occurred in patients on long-
term treaument. Methysergide must be withdrawn
immediately if fibrosis occurs. Retroperitoneal fibrosis is
usually reversible, but other fibrotic changes are less readily
reversed.

Effects on the skin. Scleroderma-like changes to the legs,
in addition to aortic fibrosis in the absence of retroperito-
neal fibrosis, was assodated with long-term methysergide
therapy in a 63-year old woman.! The patient presented
with a 2-month history of inflammatory oedema of the
legs and feet.

1. Xluger N, er al. induced scl

legs. Br J Dermatol 2003; 133: 224-5.

like changes of the

Fibrosis. Fibrosis has been associated with the long-term
use of methysergide maleate. In one early report! in 27
patients retroperitoneal fibrosis was attributed to use of
methysergide for periods of 9 to 54 months in doses ran-
ging from 2 to 28mg daily. There was partial or complete
regression of fibrosis in 13 of the patieats whose treatment
was withdrawn. Improvement usually began within a few
days, in some cases with the aid of prednisone. The other
14 patients were treated by surgery; those few who con-
tinued taking methysergide had difficult postoperative
courses. Cardiac murmurs occurred in 7 patients, and
regressed wholly or partially in 3 after therapy was
stopped. Fibrotic changes affecting the aorta, heart valves,
and pulmonary tissues occurred in a few of the patients.
Others have reported the development of endocardial
fibrosis indicated by cardiac murmurs in 48 patients
receiving methysergide.? The murmurs gradually regressed
in 27 when methysergide was stopped. Retroperitoneal
fibrosis was present in 9 patients and pleuropuimonary
fibrosis in 2. A patient with fibrosis of the iliac vein has
been described.?

A few cases of retroperitoneal fibrosis associated with
ergotamine tartrate or dihydroergotamine have also been
noted. These 2 drugs have also been implicated in a few
other cases of retroperitoneal fibrosis or other fibrotic
disorders in patients taking high doses for long periods.*”

1. Graham JR « af. Fibrotic disord with methyserg
therapy for headache. N Engl J Med 1966; 274; 359-68.

2. Bana DS, et al. Cardlac murmurs and endocardial Bbrosts associated with
methysergide therapy. Am Reart J 1974; 88: 640-55.

3. BucdJA, h induced 1 fibrosis:
successful outcome and two new laboratory [catures. Mayo Clin Proc
1997; 72: 1148-50.

4. Lepage-Savary D, Vallidres A. Brgotamine as a possible cause of
retraperitoneal fbrosts. Clin Pharm 1982; 1: 179-80.

S. Roben M, f al. Fibrotic processes d with long
therapy. N Engl J Med 1984; 311: 601 and 602.

6. p L Jensen TT. R, fibrosis after long:
of ctgoumlnz..!m Urol Nephrol 1986; 18: 299-301.

7. Malaquin F, ¢ al. Pleural and retroperitoneal fibrosis from dihydro-
ergotamine. N Engl J Med 1989; 321: 1760.

Treatment of Adverse Effects

daily use

withdrawn over 2 or 3 weeks and then stopped for at least a
month for reassessment. Some have considered that
treatment courses should not exceed 3 momhs without a
break.

As for Ergotamine Tartrate, p. 674.3.

Methysergide maleate should be withdrawn immedi-
ately if fibrosis develops. Corticosteroids have been used to
treat fibrosis, although surgery may be required. -

The symbol t denotes a preparation no longer actively marketed

Precautions

As for Ergotamine Tartrate, p. 675.1.

In addition, methysergide maleate is contra-indicated in
valvular heart disease, pulmonary and collagen diseases,
diseases of the urinary tract, phlebits and cellulids of the
lower extremities, and debilitated states. It should be used
with caution in patients with peptic ulcer disease because it
may increase gastric addity. Patients should be dosely
supervised. Methysergide should not be given continuously
for more than 6 months and should normally be withdrawn
gradually (see Uses and Administration, above). However, it
should be withdrawn immediately if symptoms of fibrosis or
arterial spasm develop.

Interactions

Interactions involving those ergot alkaloids used mainly in
the management of migraine are discussed under ergot-
amine {p. 675.2). References specific to methysergide may
be found there under the headings Antimigraine Drugs
{p. 675.2) and Beta Blockers (p. 675.3).

Pharmacokinetics

Methysergide maleate is rapidly absorbed from the
gastrointestinal tract with peak plasma concentrations
occurring within about one hour of ingestion. It is 66%
bound te plasma proteins. Methysergide undergoes
extensive first-pass hepatic metabolism to methylergome-
trine (p. 2137.3). About 50% of an oral dose is excreted in
the urine as unchanged drug and metabolites. The
elimination of methysergide is biphasic; half-lives of about
2.7 hours and 10 hours have been reported for the 2 phases
respectively. .

References. .

1. Bredberg U, ¢ al. Ph k and its bol
methylergometrine In man. Eur J Clm Pharmacol 1986; 30: 75-7.

Preparations -
Proprietary Preparctions (details are given in Volume B)

Single-ingredient Preparafions. Austral.: Deseril; Belg.: Deseril
Braz.: Deserila; Canad.: Sansert}; Fr.: Desernil; Neth.: Deseril;
UK: Deseril{.

Pharmacopoeicl Preparafions
BP 2014: Methysergide Tablets;
USP 36: Methysergide Maleate Tablets.

Naratriptan Hydrochloride

(BANM USAN ANNM)

} A, GR- 85548)( (naratnptan), Hidrocloruro de
naratnptén Naratriptan, Chlorhydrate ~de; - Naratriptén,
hidradl de; Naratnptanl Hydrochloridum Hapafpvlma-
Ha I'unpoxnop

N-Methyl:3- (1-methy| 4—plper|dyl)mdole—5 ethanesulfona-
mide Hydrochloride. :
CnstN;OzSHCHH 9 = : ; :
.013 121679-13-8 (narampran), 12167979-4 (nararn n
hyd(ochlonde) 143388641 (naramptan hydra(hlonde) :
ATC. — N02CCO2.
<ATC Vet — QN02CC02.
UNIE == 10X8X4P12Z

Pharmacopoeias. In US.

USP 36: (Naratriptan Hydrochloride). A white to pale
yellow solid. Soluble in water. Store in airtight containers at
a temperature not exceeding 30 degrees.

Uses and Administration

Naratriptan is a selective serotonin (5-HT;} agonist with
actions and uses similar to those of sumatriptan {p. 679.3}. It
is used for the acute treatment of the headache phase of
migraine attacks. It should not be used for prophylaxis. It is
given orally as the hydrochloride, and doses are expressed in
terms of the base; naratriptan hydrochloride 1.11mg is
equivalent to about 1 mg of naratriptan.

The recommended dose of narauiptan in the UK is
2.5mg; in the USA a dose of 1 or 2.5mg is allowed. If no
response is obtained with the initial dose, a second dose
should not be taken for the same attack. If symptoms recur
after an initial response, the dose may be repeated after an
interval of 4 hours, to a maximum of 5mg in any 24-hour
period. For doses in hepatic or renal impairment see below.

Administration in hepatic or renal impairment. Naratrip-
tan is contra-indicated in patients with severe hepatic
(Child-Pugh class C) or severe renal impairment (creat-
inine clearance less than 15 ml/minute). In patients with
mild to moderate hepatic or renal impairment, the recom-
mended maximum oral dose in 24 hours is 2. Smg and a
lower starting dose should be con.ﬂdered.



478 Anfimigraine Drugs

Migraine. For comparison of the relative benefits of differ-
ent triptans in migraine, see under Sumatriptan, p. 680.1.
Further references.
1. Ashaok DM. Mi.lkon D. Narauiptan for the rzuunem of acute
is of trials, P
miol Drug Safay 2004 13: 73-82.
2. Tieh-Hansen PC. FPublished and not fully published double-blind,
randomised, controlled tials with oral naratriptan in the treatment of
ine: a review based on the GSK Tral Register. J Headache Pain
2011; 12: 399403.

Adverse Effects and Precautions

As for Sumatriptan, p. 680.2 and p. 681.2.

Naratriptan should not be used in patients with severe
hepatic (Child-Pugh class C) or renal (creatinine clearance
less than 15 mL/minute) impairment. Naratriptan should be
used with caution in mild or moderate renal or hepatic
impairment. Patients with hypersensitivity to sulfonamides
may theoretically show a similar reaction to naratriptan.
{For discussion of cross-reactivity in sulfonamides and suifa
drugs see Hypersensitivity under Sullamethoxazole,
P. 365.3.)

Medication-overuse headache. For a report of an assodia-
tion between naratriptan and medication-overuse head-
ache, see under Adverse Effects of Sumatriptan, p. 681.2.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies naratriptan as pos-
sibly porphyrinogenic; it should be used only when no
safer alternative is available and precautions should be
considered in vulnerable patients.!

1. The Drug Database for Acute Porphyria. Available ac hup://www.
drugs-porphyria.org {accessed 11/04/11)

Inferactions
As for Sumatriptan, p. 681.3.

Pharmacokinetics

After oral doses, peak plasma-naratriptan concentrations
occur at 2 to 3 hours, and bioavailability is reported to be
63% in men and 74% in women. Plasma protein binding is
about 29%. Naratriptan undergoes some hepatic metab-
olism via a wide range of cytochrome P450 isoenzymes. It is
mainly excreted in the urine with 50% of a dose being
recovered as unchanged drug and 30% as inactive
metabolites. The elimination half-life is 6 hours, and is
significantly prolonged in patients with renal or hepatic
impairment.

Distribution into milk has been found in studies in rats.

Preparations
Pmpriehry Preparations {dctails are given in Volume B)
Single—mge&ed Prupumhom Arg.: Naramig; Austral: Nara-

mig Awstria: Antimigrint; Belg.: Braz.:
Naxarmg, Naramn, Canad.: Amerge, Chﬂt' Bagomxgral ngtaL
cz: g Denm.:
Fin.: Naram;g; Fr.: Naramig: Ger.: Fonmgran. Naranug, Gr.:
India: M ; Ink: N t: g g
Israel: ig: Mex.: igt: Neth.: Mig: i
Norw.: ig: NZ: ig; Port.: g Rus.: ig
(Hapasur); S.Afr.: ig: Singapore: g; Spain: Nara-
mig; Swed.: Switz.: ig: Turk.: ig: g

Naramig: USA: Amergc

Pharmacopoeial Preparations
USP 36: Naratriptan Hydrochloride Oral Suspension; Naratriptan
Tablets.

Oxeforone Fumarcm [USAN, ANNM)

t rona, L6257 ‘Osetdiona, fumarato de;
te d' Oxetow i Fumaras, Onceropoua

Preparations
Proprietory Preparalions (details are given in Volume B)
Preparations. Belg.: Nocertonet}; Fr.:

tone; Gr.: Nocertone.

Nocer-

Pizotifen s, »n

'BC-105; Pitsotifeeny; szottféne ‘Pizotifenc; Plzonfenum,
szotyfen Pnzotyhne (USANJ; I 30THOEH.
-9,10-Dihydro-4-(1- memylplperldln~4-yl ene)—4H-benzo[4,5]
‘cyclohepta(i,2- b]thlophene

CioHuNS=2954 .
CAS —:15574-96-6.
{ATC — NO2CX01.-
"ATC Vet — QNO2OX01.- -
UNI — OBYB440V3N. = o

Pharmacopoeias. In Chin.

Pizotifen Malate Banmv, iNnv

Malato de pizotifeno; Pizotifen Hydrogen Malate; Pizotiféne,
Malate de; Pizotifeni Malas; Pizotifeno, malato de; Pizotyline
Malate; fiusotndera Manar.

CanNS CaHsO5=4295
— 5189-11 -7 .
ATC NO2CXO1.

ATC Vet — QNO20X01.

Pharmacopoeios. In Br.

BP 2014: (Pizotifen Malate). A white or slightly yellowish-
white, odourless or almost odourless, crystalline powder.
Very slightly soluble in water; slightly soluble in alcoho! and
in chloroform; sparingly soluble in methyl alcohol. Protect
from light.

Uses and Administration

Pizotifen is a sedating antihistamine (p. 610.1) that has
strong serotonin antagonist and weak arinic

Migraine and cluster headache. Pizotifen has been widely
used for the prophylaxis of migraine (p. 670.3) but ev -
dence for its efficacy is limited. It has also been tried in the
management of cluster headache (p. 670.1) to prevert
headache attacks during a duster period.

References.

1. Cleland PG, ef al. Studies to assess if pizofen prophylaxis improv: s
migraine beyond the benefit offered by acute sumatriptan thm”
alone. Eur Nexrol 1997; 38: 31-8.

2. Barnes N, Millman G. Do pizotifen or propranolol reduce the frequenc ¢
of migraine headache? Arch Dis Child 2004; 89: 684-5.

Adverse Effects and Precauhons
As for the sedating in g I, see p. 613.
and p. 613.3.

Increased appetite and weight gain may occur with
pizotifen. Drowsiness may be troublesome.

Incidence of adverse effects. Adverse effects were noteil
in 22 of 47 patients with severe migraine given pizotifen
to 2mg daily.! These reactions included weight increas:
(15 patients), muscle pain or cramps (3 patients), heavy o~
restless legs (3 patients), fluid retention (3 patients), drow -
siness (2 patients), more frequent milder headaches ¢
patients), facial flushing (1 patient), reduced iibido (
patient), exacerbation of epilepsy (1 patient), and dream
ing (2 patients). Adverse effects necessitating withdrawa
occurred in 11 patients.

1. Peet KMS. Use of pizotifen in severe migraine: a long-term study. Cur -

Med Res Opin 1977 5: 192-9.

Porphyria. The Drug Database for Acute Porphyria, com
piled by the Norwegian Porphyria Centre (NAPOS) anc
the Porphyria Centre Sweden, classifies pizotifen as possi
bly porphyrinogenic; it should be used only when no safe:
alternative is available and precautions should be consid
ered in vulnerable patients.’

1. The Drug Database for Acute P A

drugs-porpbyria.org (accessed lll(MIu)

ilable at: h

p:

Interactions

properties. It also antagonises the action of tryptamine.
Pizotifen is used, usually as the malate, for the prophylaxis
of migraine and for the prevention of headache attacks
during cluster periods. It is not effective in treating an acute
artack. Doses of pizotifen malate are expressed in terms of
the base; pizotifen malate 1.45mg is equivalent to about
1 mg of pizotifen. Pizotifen hydrochloride has also been used
in the management of migraine.

The usual oral dose is the equivalent of 1.5mg of
pizotifen daily either in three divided doses or as a single
dose at night. Gradual increase from an inital dose of
500 micrograms may help to avoid undue drowsiness. Doses
may vary from 500 micrograms up to a maximum of 4.5mg
daily; not more than 3 mg should be given as a single dose.

For details of doses in children, see below.

Administration in children. For the prophylaxis of
migraine and for the prevention of headache antacks dur-
ing cluster periods, children aged over 2 years may be
given up to 1.5mg daily of pizotifen orally, although the
maximum single dose (at night) should not exceed 1 mg.
Gradual increase from an initial dose of 500 micrograms
may help to avoid undue drowsiness.

Ahdami

| migraine. Abdominal mi is a recurrent
disorder seen mainly in children and characterised by epi-
sodic midline abdominal pain lasting for up to 72 hours.
The pain is severe enough to disrupt nonnal activities and
may be associated with pallor, anorexia, nausea, and
vomiting.!2 Sleep, and sometimes vomiting, terminate the
attack.

In one small study pizotifen was found to be effective for
the propbylaxis of abdominal pain in children with
abdominal migraine;> however, a systematic review
concluded that there was only weak evidence in favour of
such use in recurrent abdominal pain and suggested that
pizotifen should only be used in the context of dlinical trials
or in children with  severe problems refractory to
conventional management.* Prophylactic treatment with
propranolol or cypmheplaclme may also be of benefit.’

L dache Classi of the Headache

As for the sedaring antihistamines in general, see p. 614.3.

Antihyperfensives. After a report! of loss of blood pressure
control when treatment wnh pizotifen was started in ¢
patient receiving debrisoq the facturer suggestec
that since pizotifen had a similar chemical structure to the
tricydlic antidepressants it might antagonise the actions ot
adrenergic neurone blockers in a similar manner.

). Bailey RR. Antagonism of debrisoquine sulphate by pizotfer
(Sandomigran). N Z Med J 1976; 1: 449.

Pharmacokinetics

Pizotifen is well absorbed from the gastrointéstinal tract and
peak plasma concentrations occur about 5 hours after a
single oral dose. Over 90% is bound to plasma proteins.
Pizotifen undergoes extensive metabolism. Over half of a
dose is excreted in the urine, mainly as metabolites; a
significant proportion is excreted in the faeces. The primary
metabolite of pizotifen (N-glucuronide conjugate) has a
long elimination half-life of about 23 hours.

Distribution into milk has been found in animal studies.

Preparations

Propriefary Preparations (details are given in Volume B)

Single-ingredient Preparat Arg.: ! Austral.:
domi Belg.: Sandomi Braz.: Sandonngran

Canad.: Sandomi Cz: d Denm.:

Fr.: Sanmigran; Gr.: Mosegor Hong Kon_q' sandomlgmn.

Indon Lysagor Irl: Ital.: g Malay-

sia: $ Neth.: Sandomi; NZ: Sand Phi-

Itpp Litec Mor- Vnz, Mosegor Pol.: Polomlgran, S.Afr San-

Spain: N i ; Swed.: in,

Switz.: Moscgorf‘ Tha:. Anoma Bozo; Manzofen: Migrin;

EF; Pi d; Zofen; Turk.: Sando-
migran; UK: Sanomigran.
Mulsi-ingredient Prep: Philipp.: App : Mosegor Vita.
iol
BP 2014: Pizotifen Tablets.

Sodety. The i ! dassification of headach 2nd
edition. Cephalalgia 2004; 24 (suppl 1): 9-160. Also available av: hup://
onlinelibrary.wiley.com/doi/10.1111/cha.2004.24.issue-s1/Issuetoc
{accessed 12/08/10)

2. Russell G, et al. The child with b
migraine? Br J Hosp Med 2007; 68: M110-M113.

3. Symon DNK, Russell G. Double blind placebo controlled trial of pizotifea
syrup in the treatment of abdominal migraine. Arch Dis Child 1995; T2:

pain:is it

Profile
Oxetorone fumarate is an antihistamine and scrotomn 48-50.
antagonist used orally in the w of 4 H

(p. 670.3) and duster headache (p. 670.1) in doses of up to
180mg daily. Oxetorone was reported to bave induced
hyperplastic changes in breast tissue and the uterine
endometrium of rodents.

All cross-references refer to entries in Volume A

Ceballos A. et al. Pharmacological interventions lor recurrent
abdominal pain {RAP) and krritable bowel syndrome {IBS) in childhood.
Available in The Cochrane Database of Systematic Reviews; Issue 1.
Chichester: John Wiley: 2008 (attes:d 14/12/10)

5. M etal. hyl
and follow-up. J Pediatr Gastroenterol Nutr 1999; 28: 37-40.

Rizatriptan Benzoate

[BANM, USAN, piNNAY

‘Benzoato’ de’ Tizatriptan; MK-0462; MK—462 thsatnptaam—
bentsoaam Rizatriptan, Benzoate de; Rizatriptan, benzoato,
‘de; Rlzatnptam ‘Benzoas; Puaanurn'aHa Ber3oar:
‘3-[2+(Dimethylamino)ethyl}-5-(tH-1,2,4-triazol- 1-ylmethyl)‘
‘indole monobenzoate; Dimethyl{2-[S-{1H-1,24-triazol-1-
ylmethyl)mdol 3-yi]ethyl}am|ne monobenzoate.
CrstheNsGHe0,=3915




Oxetorone Fumarate/Sumatriptan 679

CAS — 144034-800 (rlzarﬂptan) 145202-66-0" (rizatriptan
benzoate). .

ATC — NO2CC04

ATC Vet — QNO2CC04.

UNil — WR978S7QHH.

Phannacopoelus In Eur. (see p. vn) and US

Ph. Eur. 8: {Rizatriptan Benzoate). A white or almost white
powder or crystals. Soluble in water; sparingly soluble in
alcohol; slightly soluble in dichlorc h It shows
polymorphism.

USP 36: (Rizatriptan Benzoate). A white to almost white
crystalline powder. Soluble in water; sparingly soluble in
alcohol; slightly soluble in dichloromethane.

Uses and Administration

Rizatriptan is a selective serotonin (5-HT,} agonist with
actions and uses similar to those of sumatriptan {below). Itis
used for the acute treatment of the headache phase of
migraine attacks. It should not be used for prophylaxis.
Rizatriptan is given as the benzoate, and doses are expressed
in terros of the base; rizatriptan benzoate 14 5mg is
equivalent to about 10 mg of rizatriptan.

The hcensed dose in the UK of rizatriptan is the
cqulvalcnt 3110 mg orally. If this is ineffective, a second
dose should not be taken for the same attack. If symptoms
recur after an initial response, a further dose of 10 mg may
be taken aftz; an interval of at least 2 hours. In the USA
licensed doses of 5 or 10mg are used. The recommended
maximum dose in 24 hours is 20mg in the UK and 30 mg in
the USA. A reduced dose of 5mg is recommended in
padents also receiving propranolol (see Interactions,
below), with the maximum dose in 24 hours reduced to
10mg in the UK and 15mg in the USA. It is also
recommended that doses of the 2 drugs should be separated
by at least 2 hours.

For doses in children and in hepatic or renal impairment,
see below.

Administration in children. In the USA. rizawriptan is
licensed for the treatment of acute migraine in children
and adolescents aged 6 to 17 years. A single oral dose of
Smg may be given to children weighing less than 40kg
and 10mg to those weighing 40 kg or more. In children
also receiving propranolol (see Interactions, below), a sin-
gle dose of rizauiptan 5 mg is recommended in those who
weigh 40kg or more; however, it should not be given to
those who weigh less than 40kg. The safety and efficacy
of a second dose have not been established.

Administration in hepatic o rvenal impairment. UK
licensed product information recommends that in patients
with mild to moderate hepatic or renal impainment, the
oral dose of rizatriptan should be reduced to Smg. If the
headache recurs after an initial response, a further dose of
5mg may be taken after an interval of at least 2 hours.
The recommended maximum dose in 24 hours in these
patients is 10mg. It is also recommended that rizatriptan
should not be used in patients with severe hepatic or renal
impairment.

Migraine. For comparison of the relative benefits of differ-
ent triptans in migraine, see under Sumatriptan, p. 680.1.
Further references.

1. Wellington K, Plosker GL. Rizatriptan: an updatc of its use in the
managemeni of migraine. Drugs 2002; 62: 1539-74.

2. Pascual J. A review of rizatriptan, 2 quh:k and consistenc ! HTIB/1D
agonist for the acute of Expert Opin
2004; 3: 66977,

3. Ahonen K. o al. A randomized uial of rizatripwn in migraine anacks in
children. Neurology 2006; 67: 113540,

4. Mannix LK. A review of the 5-HT1B/1D agonist rizatriptan: update on
recent research and implications for the future. Expert Opin Pharmacother
2008; 9: 1601-11.

5. Hargreaves RJ, of al. Ten years of rizawiptan: from development 1o
clinical science and tuture directions. Headache 2009; 49 {suppi 1): $3-
520.

6. Gibel H Eﬁaq and ility of d with
00 mg: an evid based :nalyﬂ:. Expm Rev Newrother
2010; 10: 499—506
Adverse Effects and Precautions

As for Sumatriptan, p. 680.2 and p. 681.2. Toxic epidermal
necrolysis has also been reported with rizatriptan.

Rizatriptan should be given with caution to patients with
mild or moderate hepatic or renal impairment; UK licensed
product information contra-indicates its use in more severe
impairment.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre {NAPOS) and
the Porphyria Centre Sweden, dassifies rizatriptan as pos-
sibly porphyrinogenic; it should be used only when no

safer alternative is available and precautions should be
considered in vulnerable patienrs t

i. The Drug for Acute Available at: bep:/iwww.
drugs-porphyria.org (accessed lllOAIll)
Interactions

As for Sumatriptan, p. 681.3.

Propranolol increases plasma-rizatriptan concentrations
and it is recommended that lower doses of rizatriptan should
be used in patients receiving both drugs (see Uses and
Administration, above).

Pharmacokinetics

After oral doses, peak plasma-rizatriptan concentrations
occur in about 1 to 2.5 hours depending on the formulation.
Bioavailability is about 40 to 45%. Food may delay the time
to peak plasma concentrations of the tablet formulation by
about 1 hour. Plasma protein binding is low (14%).

Rizatriptan is metabolised mainly by monocamine oxidase
type A to the inactive indole acetic acid derivative. The
active.metabolite N-monodesmethyl-rizatriptan is formed
td a minor degree; other minor metabolites are also
produced. About 14% of an oral dose is excreted in the
urine as unchanged rizatriptan, 51% as the indole acetic
acid metabolite, and no more than 1% as N-mono-
desmethyl-rizatriptan. The plasma half life is about 2 to 3
hours.

Distribution into milk has been found in studies in rats.

References.
L Lee ¥, et al kinetics and y of oral iptan in
healthy male and female BrJ Clin Pk 1 1999; 47: 373-8.

2. Goldberg MR, ot nl Rintrlptan. l novel 5-HT gnp agoms: for migraine:
single- and mult; and ics in healthy
subjects. J Clin Phamml 2000 40; 74—-63

3. Vyas KP, e al. Disp k of the
drug, rizatripwan, in humns an Metab Dispos 2000; 28: 39-95.

4. Swan SK. e al. Ph profile of 10-mg tabiet and
10-mg orally disintegrating tablet administered with or without water in
healthy subjects: an open-label, randomized, single-dose, 3-period
crossover study. J Clin Pharmacol 2006; 46: 172-8.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preporations. Austral.: Maxalt Awstria: Max-
alt; Belg.: Maxalt; Braz.: Maxalt: Canad.: Maxalt; Chile: Maxalt;
China: Ouliting (X3 #); ShanQing (M) Xin Qu (k&)
Derm.. Maxalt; Fin.: Maxalt; Fr.. Maxalt Maxalilyo; Ger.
Maxait; Gr.: Maxalt; Modinol; India: Rizact; Israet: Rizalt; Ital.:
Maxalt; Rizaliv; Trizadol; Mex.: Maxaitt; Neth.: Latariz; Maxalt;
Rizatan; Triptosig: Norw.: Maxalt; NZ: Maxalt; Pol: Maxalt;
Port.: Maxalt; Migroff; S.Afr.: Maxalt; Spain: Maxalt: Swed.:
Maxalt; Switz.: Maxalt; Turk.: Maxalt; UK: Maxalt; USA: Max-
alt; Venez.; Maxalt.

Sumatriptan s

GR -43175%;  Sumatriptaani; Sumatriptan; Sumatnptanum
Sumatryptan, CymatpuntaH.
3-(2—D|methylam|noethyf)|ndo| Syl N-methylmethanesulfo-
" namide. "

CuHuN{OS=2954
CAS — 103628462
ATC — NO2CCOY.

ATC Vet — QNO2CCDI.
UNIl — 8R7BFELOVO, -

Pharmacopoeias. In Br. and US.

BP 2014: (Sumatriptan). A white to pale yellow powder.
Very slightly soluble in water. Protect from light.

USP 36: (Sumatriptan). A white to pale yellow powder.

Very slightly soluble in water. Store in airtight containers at
below 30 degrees. Do not allow to freeze. Protect from light.

Sumatriptan Succinate BANM, USAN, dNNv

GR43175C, SN-308; Succmato de sumatriptar; Sumatriptas-
msuksmaam Sumamptan succinate de; Sumatnptén
succinato de; Sumatnptanl Succcinas; Sumatriptani sticcinas;
"Sumatfiptano sukcinatas;. Sumatriptansuccinat; Sumatiiptan-
:sukcindg. Sumatriptanum’- Succinas; Sumatryptanu_ burszty-
nian; Szumatriptansziskcindt; Cymarpuntaia CykcuHar,:

GraHzN;0,5,CHO 4135 L
CAS — 103628-47-3 (sumatriptan hem/sucana!e) 036.

4 (sumatriptan sucanate) ‘
TATC =—NO2CCOI." »

Pharmacopoeias. In Bur. (see p. vif) and US.
Ph. Eur. 8: (Sumatriptan Succinate). A white or almost
white powder. Freely soluble in water; practically insoluble
in dichloromethane; sparingly soluble in methyl alcohol. A
1% solution in water has a pH of 4.5 1o 5.3. Protect from
light.

The symbol t denotes a preparation no longer actively marketed

USP 36: (Sumatriptan Succinate). A white or almost white
powder. Freely soluble in water; sparingly soluble in methyl
alcohol; practically insoluble in dichloromethane. Store in
airtight ¢ iners at a not exceeding 30
degrees. Do not allow to freeze. Protect from light.

Siability. Oral liquid preparations of sumatriptan 5 mg/mL
prepared from crushed sumatriptan succinate tablets in 3
different syrups were stable for at least 21 days when
stored at 4 degrees and protected from light t

1. Fish DN, et ol. Stability of
prepared aral liquids. A J Health-Syst Pharm 1997 542 1619-22.

Uses and Administration

Sumatriptan is a selective serotonin agonist that acts at 5-

HT, receptors and produces vasoconstriction of cranial

arteries. Drugs such as sumatriptan, which are commonly

known as triptans, are believed to act mainly at 5-HT) and
5-HT,p subtype receptors and are therefore sometimes
referred to as SHTyg,;p-receptor agonists. -

Sumatriptan is used for the acute treatment of migraine
attacks and of cluster headache. It should not be used for
prophylaxis, It may be given orally, subcutancously, or
transdermally as the succinate and intranasally as the base.
Doses are expressed in terms of the base; surmatriptan
succinate 70 mg is equivalent to about 50 mg of sumatrip-
tan.

For the acute treatment of migraine sumatriptan should
be used as soon as possible after the onset of the headache
phase, but efficacy is independent of the duration of the
attack before starting treatment. If no response is obtained
with the initial dose by any route, a second dose should not
be given for the same attack.

* It is given orally to adults aged 18 years and over; the
recommended dose in the UK is 50mg, although some
patients may require 100 mg. A dinical response can be
expected after about 30 minutes. If symptoms recur after
an initial response, further doses may be given provided
that there is a minimum interval of 2 hours between
doses and that not more than 300 mg is taken in any 24-
hour period. US licensed product information recom-
mends that a lower dose of 25 mg may be used, although
some patients require 50 or 100mg. This may be
{followed by a second dose of up to 100mg if the
headache returns or the patient has a partial response
provided that the total daily dose does not exceed the
recommended maximum of 200mg. A minimum
interval of 2 hours is recommended between doses. A
tablet supplying a dose equivalent to 85mg of
sumairiptan, as a fixed-dose combination with 500mg
of dium, is also available in the USA; a single
dose 1 may be taken, repeated once within 24 hours if
necessary, with a minimum interval of 2 hours.

e When used intranasally a clinical response can be
expected in 15 minutes. UK licensed product information
recommends that patients aged 18 years and over may be
given a single dose of 20 mg into one nostril, although
10mg may be effective in some patients. US licensed
product information recommends that a dose ¢f 5, 10, or
20mg may be used. If symptoms recur, a second dose
may be given at least 2 hours after the first dose. Not
more than 40 mg should be used in a 24-hour period.

« In patients agcd 18 years and over sumatﬂptan may be
self-admini: d by 1j in a single dose
of 6 mg: a dinical response may be expected after 10to 15
minutes. If symptoms recur, a second dose of 6 mg may
be injected at least one hour after the first dose; not more
than 12mg should be given in a 24-hour period. US
licensed product information recommends that it may
also be used in single doses of 1 to 5mg if adverse effects
are dose-limiting. A needle-free subcutaneous delivery system
is also available for the delivery of 6-mg doses.

s An iontophoretic transdermal delivery system, supplying
6.5 mg of sumatriptan over 4 hours, may also be used by
patients aged (8 years and over. It should be applied to
dry, intact, and non-irritated skin on the upper arm or
thigh:; it should not be applied to a previous application
site until the skin remains erythema free for at least 3
days. If symptoms recur, a second system may be applied
to a different site at least 2 hours after activation of the
first system: not more than 2 systems should be usedin a
24-hour period.

For the acute treatmnent of cluster headache, sumatriptan

succinate is given by subcutaneous injection in similar doses

to those used for migraine.

For doses in children and in-hepatic impairment, see
below and p. 680.1, respectively.

Administration in children. Sumatriptan may be givén for
the treatment of acute migraine in children and adoles-
cents. Although not licensed for oral paediatric use in the
UK, the BNFC suggests that a single oral dose of 25mg
may be given to children aged 6 to 10 years, 50mg to
those aged 10 1o 12 years, and 50 to 100 mg to those aged
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12 to 18 years. The dose may be repeated once after at
least 2 hours if symptoms recur after an initial response.
Children aged 10 to 18 years may also be given the usual
adult subcutaneous dose (see p. 679.3).

In the UK, intranasal surnatriptan is licensed for use in
adolescents aged 12 to 17 years in a dose of 10 mg into one
nostril; the dose may be repeated after at least 2 hours if
symptoms recur within 24 hours although not more than
20mg should be used within a 24-hour period.
Alternatively, the BNFC suggests that the usual adult dose
of 10 to 20mg (see p. 679.3) may be used in those aged 12
years and over.

If no response is obtained with the initial dose by any
route, a second dose should not be given for the same attack.

Sumatriptan has also been tried in the treatment of acute
cluster headache. The BNFC suggests that children aged 10
to 18 years may be given subcutaneous doses sirnilar to those
suggested in adults (see p. 679.3); alternatively, sumatriptan
may be given intranasally to children aged 12 to 18 years in
doses similar to those suggested for use in adolescents with
migraine.

Administrafion in hepatic impairment. Sumatriptan
should be used with caution in patients with hepatic
impairment. An oral dose of up to 50 mg is considered sui-
table. It should not be given 1o patienis with severe
impairment.

High-altitude disorders. Sumatriptan has been tried with
some success in a stnall study’ for the prevention of symp-
toms of acute mountain sickness {p. 1276.2).

1. Jafarian s, efal. of acute
randomized dinica) trial. Amr N:urnl 2007; 62: 273-7.

sickness:

Migraine and cluster headache. The use of sumatriptan
and other triptans in the treatment of cluster headache
(p. 670.1) and migraine (p. 670.3) has been reviewed.!"”

In migraine serotonin {5-HT,) agonists are preferred to
ergotamine for the weatment of acute attacks unresponsive
10 simple analgesics.

There are several different triptans dinically available. In a
meta-analysis of 53 studies (involving 24 089 patients) and a
separate analysis of all direct comparative studies of 5 other
triptans with sumatriptan, all were found to be more
effective than placebo.? At the marketed doses, all orat
triptans (almotriptan, eletriptan, naratriptan, rizatriptan,
sumatriptan, and zolmitriptan) were effective and well
tolerated. Almotriptan, eletriptan, or rizatriptan were
considered to provide the highest likelihood of consistent
success. A review of the efficacy of the 5 triptans available in
the USA also showed pain relief at 2 hours was comparable
for all.> Almotriptan 12.5 mg offered high tolerability and
good efficacy; eletriptan 80 mg provided high efficacy and
low recurrence; and rizatriptan 10mg was assodated with
consistent and rapid freedom from pain.? Frovatriptan was
not included in the analyses, but publicly available data
suggested lower efficacy. Only sumatriptan, though, has
parenteral and transdermal formulations;® the 6-mg
subcutaneous formulation is considered to be the fastest
and most effective acute treatment? but there is a lack of
comparative data with the newer iontophoretic transdermal
delivery preparation.®

About 21 to 57% of patients who initially respond to
sumatriptan have a recurrence of their headache withir 24 1o
48 hours; this may be related in part to its short half-life.
Such recurrences usually respond to a second dose®' but if
a first dose is ineffective subsequent doses for the same
attack are of no benefit and should not be given.
Sumatriptan is considered’! to be effective when given at
any time once the headache phase of migraine has started
but giving it during migraine aura appears to be of little
benefit since it does not affect the aura or prevent or delay
the development of headache.!? Repeated or long-term use
does not appear to be assodated with reduced efficacy.!>!*
For reports of an assodation between sumatriptan and
medication-overuse headache, see under Adverse Effects,
p- 681.2. Oral sumatriptan may also be combined with
naproxen sodium;'*!? the combination is reported to be
slightly more effective than either drug alone.!®

Sumatriptan’s efficacy appears to be maintained in
menstrual migraine, a condition which is considered to be less
responsive to treatment than nonmenstrual migraine;!? it
has also been given in a fixed-dose oral combination with
naproxen sodium.2°?! Frovatriptan,® rizatriptan,®® and
zolmitriptan?* have also been found to be effective in
menstrual migraine.

Experience of subcutaneous use in children has been
reported.?’ Results of a randomised, placebo-controlled
study? of intranasal sumatriptan in adolescents aged 12 to
17 years showed evidence of efficacy, tolerability, and safety
in this age group; it was felt that the nasal spray might be
particularly well suited for adolescent use. Intranasal
sumatriptan has also been tried in younger children (aged 8
years and over) with some success.?” For doses in children,

All cross-references refer to entries in Volume A

see p. 679.3. The use of other triptans in children with

migraine has also been reviewed.??

Subcutaneous sumatriptan has also been shown to be
effective in relieving acute attacks of headache in patients
with duster headache. In studies about 75% of patients
have obtained relief within 15 minutes of a 6-mg
subcutaneous injection;?**® the use of higher doses was
found to be of no advantage. Long term efficacy appears 1o
be maintained® but the significance of the transient
increase in the frequency of attacks seen in some patients
remains to be determined.>? It does not appear to be
effective for the prevention of headache during duster
periods.” Another triptan found to be effective in the
treatment of episodic cluster headache is zolmitriptan.>#
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Adverse Effects

The most comrmonly reported adverse effects of serotonin
(5-HT;) agonists such as sumatriptan include dizziness,
flushing, weakness, drowsiness, and fatigue. Nausea and
vomiting may occur. Dyspnoea and sensory disturbance
including paraesthesia and hypoaesthesia have been
reported. Pain or sensatons of heaviness, heat or cold,
pressure, or tightness have also been commonly reported,
can affect any part of the body including the throat and
chest, and may be intense. These symptoms may be due to
vasospasm, which on rare occasions has resulted in severe

with during a

cardiovascular events including cardiac arrhythmias, r yo-
cardial ischaemia, or myocardial infarction. There have
been isolated reports of associated cerebrovascular events in
patients receiving sumatriptan. Transient increases in bl »ad
Ppressure may occur soon after treatment. Rarely, signific ant
increases in blood pressure, induding hypertensive c isis
with acute impainment of organ systems, have occuired
even in patients without a history of hypertension.
Hypotension, bradycardia or tachycardia, palpitatic ns,
peripheral vascular disorders such as Raynaud’s syndro. ne,
and ischaemic colitis have been reported. Visual lis-
turbances have also occurred.

Medication-overuse headache has been reported vith
sumatriptan and may necessitate withdrawal of the drug.
Sumatriptan has occasionally been associated with mi 10r
disturbances in hepatic function. There have also been rare
reports of seizures with sumatriptan, Hypersensit ity
reactions ranging from rashes to, more rarely, anaphyl xis

- have occurred.

Transient pain at the injection site is common a ter
subcutaneous surnatriptan injections; stinging, burning,
erythema, bruising, and bleeding have also been reported.
Irritation of the nasal mucosa and throat and epistaxis hive
been reported after intranasal use. Application site reacti yns
such as pain, paraesthesia, pruritus, warmth, and discom:ort
have been commonly reported after use of the iontophor-:tic
transdermal delivery preparation.

Incidence of adverse effects. In a Dutch postmarket ng
survey' completed by 1187 patients the most comm on
adverse reactions attributed to sumatriptan were paraes-
thesia (reparted by 11.7% of patients), dizziness (8.1'%},
feeling of heaviness (8.0%), chest pain (7.9%), nauiea
and/or vomiting (7.3%). drowsiness/sedation (7.0%),
flushing {5.1%). fatigue (4.6%), pressure in thrat
(3.3%), headache {3.1%), injection site reaction {3.0's),
palpitations (2.8%), abdominal pain {2.6%), muscle pin
{2.4%), and dyspnoea {2.2%).
The safety and tolerability of the triptans have been
reviewed.%*
1. Otervanger JP, er al. Adverse reactions attributed to sumatripta:i: a
posumarketing study in general practice, Eur J Clin Pharmacol 1994; 47:
305-9.
. Nappi G, ¢t 4l. Tolerability of the wiptans: clinical implications. I rug
Safety 2003; 26: 93-107.
. Ticli-Hansen P. Optimal balance of cfficacy and tolerability of iral
triprans and telcagepant: a review and a clinical comment. J Head ‘che
Pain 2011; 12: 275-80.
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Effects on the cardiovascular system. About 10 mon hs
after sumatriptan injection had been made available co n-
mercially, the UK CSM noted that it had received 34
reports of pain or tightness in the chest and 2 reports of
myocardial ischaemia.! The Netherlands Centre for Mo 1i-
toring of Adverse Reactions to Drugs declared about the
same time that it had received 12 reports of chest or an3i-
nal pain mostly associated with oral sumatriptan.? A la er
postmarketing survey based on data from Dutch gene -al
practitioners identified chest pain in 1.3% of 1727
patients,’ a figure considered to be lower than that seen in
earlier studies, but in a subsequent questionnaire co.n-
pleted by 1187 of these patients 7.9% reported ch st
pain.* The Australian Adverse Drug Reactions Adviscry
Committee (ADRAC)® stated in December 1994 that it L ad
received 114 reports of chest pain since sumatriptan hd
been marketed in mid 1992. Most patients had recover:d
quickly but 2 had died. The first developed a fatal myo-
cardial infarction after coronary artery dissection but t1e
causal reladon with sumatriptan was unclear. The seco 1d
patient, who had hypertrophic obstructive cardiomyo-
pathy, developed ventricular fibrillation a few hours afier
the onset of chest pain and this led to fatal cardiac arrest

One group of workers® who studied the effect of
sumatriptan 16 mg given subcutaneously suggested that t 1e
symptoms of chest pain might be due to an effect of
sumatriptan on oesophageal function, but others have
argued against this suggestion.” ADRAC® considered tt at
the reaction in the 28 reports of throat tightness they hd
received by December 1994 was a different reaction to t} at
of chest pain, and probably resulted from changes in
oesophageal motiliry.

Several reports have provided details of individual cases
of the adverse cardiovascular effects of sumatriptan
including arrhythmias (ventricular tachycardia® ventri-
cular fibrillation,®® or atrial fibrillation'®'!), acute myo-
cardial infarction,'?!? and unstable angina.?® Most of these
reports concerned subcutaneous sumatriptan, but myo-
cardial infarction'417-1* and cardiac arthythmias®!! (some-
times fatal) may occur after oral use. These adverse effects
have also been reported in patients with no predisposing
Iaclors.”"‘”'"

A review?! of published reports on chest pain as well as
relevant data held by the UK manufacturer considered that
the risk of myocardial ischaemia after vasoconstriction
induced by sumatriptan was small. However, the
contra-indications and cautions given under Precautions,
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p. 681.2, should be observed. A study® published in 2004 of
over 63 500 migraine patients in the UK General Practice
Research Database failed to find an increased risk of
cardiovascular death in those patients treated with
serotonin agonists.
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Effects on the cerebrovascular system. Adverse cerebro-
vascular effects have been reported after the use of subcu-
taneous sumatriptan including hemiparesis,' stroke,2* and
intracerebral haemorrhage.* Cerebral vasospasm has also
been reported® with the use of oral sumatriptan. However,
a study® of over 63 500 migraine patients in the UK Gener-
al Practice Research Database failed to find an increased
risk of stroke in those patients treated with serotonin ago-
nists.
1. Luman W, Gray RS. Adverse
Lancet 1993; 341: 1091-2.
2. Cavazos], et al. Sumatripean-induced stroke in sagirtal sinus thrombosis.
Lancet 1994; 343: 1105-6.
3. Meschia JF, et al. Reversible segmental cerebra! arterial vmqusm and

d with

Medication-overuse headache. Sumatriptan and other
triptans may have a similar risk of misuse to that asso-
dated with analgesics and ergotamine compounds in
patients with medication-overuse headache (p. 670.2).
There have been reports!? of patients using one or more
daily doses of sumatriptan to control migraine.. Many of
the patients had a hxstory of abuse of other antimigrat

The distribution of sumatriptan into breast milk after a 6-
mg subcutaneous dose has been studied in 5 mothers.2 The
mean total recovery of sumatriptan in breast milk was
estimated to be 14.4micrograms or 0.24% of the dose. It
was calculated that on a weight-adjusted basis an infant
could receive a maximum of 3.5% of the maternal dose.

drugs and were using sumartriptan to prevent recurrence
of headache. Whether misuse of sumatriptan was due to
addiction or rebound headache, as seen with ergotamine,
is unknown. A postmarketing study in 952 patients receiv-
ing sumatriptan found that 36 of the patients (4%) used
sumatriptan daily or more than 10 times each week. This
overuse was related to poor efficacy and not to rebound
headache.* One study’ and an anecdotal report® suggest
that, rather than producing euphoria or other effects asso-
dated with drugs of abuse such as morphine, sumatriptan
is more likely 1o be associated with dysphoria and apa-
thetic sedation.

The development of medication-overuse headache has
also been reported with other serotonin (5-HT;) agonists
incduding naratriptan and zolmitriptan.” Indeed, US
licensed product information for the triptans states that
the safety of treating an average of more than 3 or 4
migraine attacks in a 30-day period has not been
established.
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human milk. Ar 7 Clin Pharmacol 1996: 41; 217-21.

Cerebrovascular disorders. A patient with a superior
sagittal sinus r.hrombosxs who presented with headache
and was misdi d-as having migraine variant devel-
oped a cortical ‘stroke within minutes of a second 6-mg
subcutaneous injection of sumatriptan.' The importance of
establishing a diagnosis of typical migraine or cluster head-
ache before using sumatriptan was emphasised and cau-
tion ngen agamst its use in any patent who may have
ular di or raised intracranial
pressure. Addmonally, there was no dlinical evidence that
a second injection would relieve a headache when the
initial injection had been ineffective.
1. CavazosJ, et al. Sumatriptan-induced stroke in sagirtal sinus thrombosis.
Lancet 1994; 343: 1105-6.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre {NAPOS) and
the Porphyria Centre Sweden, dassifies sumatriptan as
possibly porphyrinogenic; it should be used only when no
safer alternative is available and precautions should be

cor d in vulnerable patients.!

5. Sullivan JT. &t al. Psychoactivity and abuse of Clin
Pharmacol Ther 1992; 82: 635-42. .
6. Bakshi R, Yan-Go FL. longe g like dysphoriz afier 1d.
i Annt Ph 1996; 30: 683.

7. Limmroth V. et al. Headache aher frequent use of serotonin agonists
zolmittipran and naratripean. Lancet 1999; 353: 378.

Precautions

Sumatriptan and other serotonin (5-HT,) agonists should
only be used where there is a clear diagnosis of migraine or
cluster headache and care should be taken to exclude other
‘potentially serious neurological conditions. They should not
be used for prophylaxis and should not be given to patients
with basilar, hemiplegic, or ophthalmoplegic migraine.
Serotonin (5-HT,) agonists are contra-indicated in
patients with uncontrolled hypertension, ischaemic heart
disease (coronary artery disease), a history of myocardial
infarction, coronary vasospasm (Prinzmetal’s angina),
peripheral vascular disease, or a previous cerebrovascular
accident or transient ischaemic attack. Unrecognised
cardiovascular disease should be excluded before the use
of serotonin (5-HT,) agoni 1 women,
men over 40 years of age, and those with risk factors for
ischaemic heart disease. If chest pain and tightness occur
during use, appropriate investigations should be performed.
Sumarriptan should not be used intravenously because of
the increased risk of producing coronary vasospasm.
Drowsi may occur after treatment with serotonin (5-

in postmer

cerebral i ion: possible i with use of ip:
tan and Midrin. Ar:h Neurol 1995, 53: 711-14

- HT,) agonists and patients thus affected should not drive or

4. Edwards KR, et al. d with ip
tan, Headache 1995: 35: 309.
S. Dash S, et al. Cerebral from 2004: 63:

2128.
6. Hall GC. ¢t ol. Triptans in migraine: the risks of stroke, cardiovascular
disease, and death in practice. Neurology 2004: 62: 563-8.

Effects on the gasirointestinal fract. Ischaemic colitis and
mesenteric ischaemia have been reported in a few patients
receiving sumatriptan.'? including repeated episodes in 2
patients,? each within hours of a dose; some of these epi-
sodes were associated with doses above the recommended
daily maximum.?

Oesophageal constriction or throat tightness has been
reported in some patients using sumatriptan and may be
due 10 a direct effect on the oesophagus (see Effects on the
Cardiovascular System, p. 630.3). )

1. Knudsen JF, et al. Ischemic colitis and sumatriptan use. Arch Intern Med
1998; 158: 1946-8.

2. Liv JJ. Ardoif JC.
Intern Med 2000; 132: 597,

3. Nailk M, et al. Sumatriptan-associated ischemic colttis, Dig Dis Sa 2002;
47: 2015-16.

ischemia. Ann

Effects on the respiratory system. See Asthma under Pre-
cautions, below.

Hypersensitivity. Reactions to sumatriptan such as rashes
and, more rarely, anaphylaxis have been noted by the
manufacturer. Published reports incude angioedema
occurring in a patient 5 minutes after subcutaneous suma-
triptan,’ and urticaria occurring 20 to 24 hours after oral
or subcutaneous sumatriptan in another patient.?
1. Dachs R, Vidllo J. A d with
administration, Am J Med 1995; 99: 684-5.
2. Pradalier A, et ol. Delayed urticaria with sumatriptan. Cephalalgia 1996;
16: 280-1.

P machinery.

Sumatriptan should be used wu.h caution in patients
with hepatic or renal impairment, and should generally be
avoided if hepatic impairment is severe.

There have been rare reports of seizures after use of
sumatriptan and it should therefore be used with caution in
patients with a history of epilepsy or other conditions
predisposing to seizures. Patients with hypersensitivity to
sulfonamides may have a similar reaction to sumatriptan.
(For discussion of cross-reactivity in sulfonamides and sulfa
drugs see Hypersensitivity under Sulfamethoxazole,
p. 365.3)

Asthma. The manufacturers reviewed data from more
than 75 dinical studies of sumatriptan involving 12701
patients and reported' that the incidence of adverse events
related to asthma did not differ between patients with or
without the condition. Earlier there had been concern
over the safety of sumatriptan in patients with asthma
after 2 reports of bronchospasm and a reporn of a patient
with asthma who died during a study of sumatriptan
although the patient had not received sumatriptan in the
month before her death.

1. Lloyd DK. Pilgrim AJ. The safety of sumartriptan in asthmatic
migraineurs. Cephalalgia 1993; 13: 2014,

Breast feeding. No adverse effects have been seen in
breast-fed infants of mothers given sumatriptan, and the
last available guidance from the American Academy of
Pediatrics considered that it is therefore usually compatible
with breast Ieeding.! However, licensed product informa-
tion suggests that infant exposure can be minimised by
avoiding breast feeding for 12 hours after treatment. Pro-
duct information for other triptans suggests avoiding
breast feeding for 24 hours.

1. The Drug Database lor Acute Porphyria. Available at: hup://www.
drugs-porphyria.org {accessed !IIMI 11)

Pregnancy. Sumatriptan crosses the placenta; however,
only a very small quantity reaches the fetus. A literature
review concluded that exposure to sumatriptan in
pregnancy posed no additional risk of birth defects com-
pared with that in the general population,! but as for
other drugs sumatriptan should only be used in pregnancy
when the benefit just.iﬁcs the potential risk to the fetus.

1. Hilaire ML, et al. b hes with i in
pregnancy. Ann Pﬂumwllm 2004; 38: 1726-30.

lnlerachons

Sumatriptan and other serotonin (5-HT,) agonists should
not be given with ergotamine or related compounds
(including methysergide) since there is an increased risk of
vasospastic reactions. In addition, a delay is advised before
starting a serotonin {5-HT;) agonist in patients who have
been receiving ergotamine or related compounds: suma-
triptan, almotriptan, eletriptan, frovatriptan, naratriptan,
rizatriptan, or zolmitriptan should not be given until at least
24 hours after stopping the use of ergotamine preparations.
Conversely, ergotamine should not be given until 6 hours
after stopping these drugs or at least 24 hours in the case of
eletriptan, frovatriptan, and naratriptan. Serotonin {5-HT))
agonists should not be given together.

Sumatriptan or rizatriptan should not be used with, and
for 2 weeks after stopping, an MAOL Use with the selective
monoamine oxidase type B inhibitor selegiline is thought
unlikely to provoke an interaction, but see p. 916.1.
Opinion varies on the use of zolmitriptan with inhibitors of
monoamine oxidase type A such as moclobemide. In the UK
licensed product information recommends that the
maximum dose of zolmitriptan should be reduced when
used with inhibitors of monoamine oxidase type A whereas
in the USA it contra-indicates such combinations. There
have been rare reports of serotonin syndrome associated
with the use of wriptan serotonin {5-HT |} agonists with SSRIs
or serotonin and noradrenaline reuptake inhibitors (SNRIs),
but see also under Antidepressants, below.

Oral sumatriptan appeared to delay gastric emptymg and
might affect the absorption of other drugs, as judged by its
delaying effect on paracetamol absorption in migraine
patients.’

i. Rani PU. ef al. delays L
patients. Clin Drug [nvest 1996; L1: 300-304.

in migraine

Aniil

ts. S iptan and rizatriptan are metabo-
lised mamly by monoamine oxidase type A and licensed
product information advises that patients taking MAOL,
including reversible selective type A inhibitors such as
moclobemide, should not be given these triptan serotonin
(5-HT,) agonists. Clearance of zolmitriptan was decreased
after moclobemide and UK licensed product information
recommends a reduced dose of zolmitriptan if the drug is
used with an inhibitor of monoamine oxidase -type A in
the USA, the use of these drugs together is
contra-indicated.

SSRIs such as fluoxetine may also interact with serotonin
{5-HT;} agonists with an increased risk of serotonin
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syndrome (p. 443.2), and it has been suggested that lithium
and sumatriptan may interact similarly. However, a review
of the use of sumatriptan with MAOTs, SSRIs, or lithium
found little evidence of an increased risk of serotonin
syndrome.! It was conduded that most patients tolerate the
combination of sumatriptan and an SSRI or lithium without
incident. However, it was suggested that the use of
sumatriptan with an MAOI should continue to be avoided
until further data supporting safety become available. As
there have since been rare reports of serotonin syndrome
assodiated with the use of triptans with SSRIs or serotonin
and noradrenaline reuptake inhibitors (SNRIs), licensed product
information for the triptans states that when such use is
clinically warranted, appropriate observation of the patient
is advised, particularly when stanting treatment, with dose
increases, or with addition of another serotonergic drug.
Product information for zolmitriptan also advises a
reduction in dosage if it is given with fluvoxamine as the
latter may inhibit zolmitriptan metabolism through its
effects on the cytochrome P450 isoenzyme CYP1A2. The
American Headache Society has stated? that caution is
certainly warranted but that official FDA advice should be
reviewed as it is not clear what role triptans might play in
contributing to serotonin syndrome with or without SSRIs
or SNRIis.

Increased serotonergic effects with increased incidence of
adverse effects have been reported following the use of St
John's wort with triptans.® Patients should be advised to stop
taking St John’s wort if treatment with a serotonin (5-HT,)
agonist is necessary.

1. Gardner DM, Lynd LD. di
syndrome. Ann Pharmacother 1998; 32: 33-8.

2. Evans RW, e al. The FDA alert on seraienin syndrome with use of
wiptans combined with sekcuv: serotonin reuptake inhibitors or
selective ine reuptake il
Headache Sodiety position paper. Headache 2010: 50z 1089-99.

3. CSM/MCA. Reminder. St John’s wort {Hypericum perforatum)
Interactions. Current Problems 2000; 26: 6-7. Also available ar: hup://
‘www.mbhra.gov. uklhom:/xdcpl;?lchmlanET_m.EsdDocName-
CONBO74626Revisi
16/06/06)

Antimigraine drugs. Although the efficacy and tolerability
of subcutaneous sumatriptan in the acute eatment of
migraine did not appear to be affected in patients already
taking dihydroergotamine orally for migraine prophylaxis,
the bioavailability of oral dihydroergotamine is low and it
could not be assumed that it was safe to use parenteral
dihydroergotamine with sumatriptan.? Licensed product
information for sumatriptan contra-indicates its use with
ergotamine or other related compounds and also recom-
mend that it should not be given until at least 24 hours
after stopping ergotamine or related compounds (see
Interactions, p. 681.3).

Acute myocardial infarction has been reported® in a
premenopausal woman with controlled hypertension and
no known coronary artery disease after subcutaneous use of
sumatriptan within a few hours of taking methysergide orally

1. Henry P, et al in the acute
migraine in patients using dihydroergotamine as prophylaxis. Hmiadw
1993; 33: 432-5.

Campbell JK. Bditor's comment). Headache 1993 33 435,
Liston H. a -l 'l'he i of the

and the

-

and
woman. Arck

Irtern Med 1999; l!t 511-13.

Anti For reference to a potential interaction
between sumatriptan and loxapine, see Chlorpromazine,
p. 1052.3.

Pharmacokinetics

Sumatriptan is rapidly but incompletely absorbed when
given orally and undergoes first-pass metabolism, resulting
in a low absolute bioavailability of about 14%. Peak plasma
concentrations after oral doses occur in about 2 hours.
Bioavailability is much higher (96%) after subcutaneous
doses with peak concentrations occurring within 25
minutes. Bioavailability after intranasal doses is 16% of
that achieved subcutaneously, with peak concentrations
occurring in about 1.5 hours. Peak concentrations after
iontophoretic transdermal delivery occur in about 1.1
hours; bioavailability is lower than that achieved after oral
doses. Plasma protein binding is low at about 14 to 21%.
The elimination half-life of sumatriptan is about 2 hours.
Sumatriptan is extensively metabolised in the liver mainly
by monoamine oxidase type A and is excreted mainly in the
urine as the inactive indole acetic acid derivative and its
glucuronide. Sumatriptan and its metabolites also appear in
the faeces. Small amounts of sumatriptan are distributed
into breast milk (see Breast Feeding, p. 681.2).
Revnews.
. Scott AK.
1994: 27: 337-44.
2. Lacey LF, o al. Single dose pharmacokinetics of sumatriptan in healthy
volunteers. B J Clin Pharmacol 1995 47: 543-8.
3. FuseauE, ¢t al. Clinical ph. of i
Pharmacokinet 2002; A1: 801-11.
4. Moen MD, Keating GM_ iptan fast-d 1

dinical ph, Clin Pharmacoki
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Preparations
Propriefory Preporations (details are given in Volume B)
Single-i Preporotions. Arg.: Imigran; Micranil; Migra-
neitor; Austral.: 1mij, b; Suvalan; Aus-
tria; Imigran; Belg.: Fimmmer Imitrex; Brnz. Imigran:
Sumax; Sutriptan; Canad.: : Chile: 1
China: Dan Tong Jing (ﬂ'ﬁlﬁ) Na Chuan (!l’!)ll) Youshu ('
#); Cz: Cinie; D
Sumigra; Wu-pn Denm.: lm.igran. l:mgrane, Onpxan. Sumavel;
Fin.: Ciniet; Imig Oriptan; ; Fr.: 1 Imi-
ject; Ger.: Imigran; Sumavel; Gr.: Altaxa; Forcet; hrugnn Pre-
cipitan; Sumyun, Hnng Kong: Imlgran Hung Cinde; llu-
mentt; gT India: Mig) i Indon.:
Cetatrext; Imluexf Triptaglc; Irl: Imigran: Imitagt: Migrastat;
Sumagran; Sumatran; Suvalan; Isracl: Imitrex; Sumatridex;
ItaL umgnn. Mnlnysw Imigran; Sumitran; Mex.: Fermig:
b ; Neth.: Imi Suma-
lin; Swmarix; Norw.: Imigran; NZ: Imigran; MyGran; Surna-

grant; Philipp.: Ixmgran, Sumrgran Pol.: Amlgrencx. Cinie;
anxg. i igra; Port.:

; Rus.: Amig (Auurpemm), Imigran
(Hmurpan); Myg {Mnrpenam); i {Cymamurpen);

Sumig (Cymur): Sumitran {Cymnpar); Trimigren (Tpumurpes);
S.Afr.: Imigen; Imigran; Migrex: Triptam: Singapore: Imigran;
Sumatran; Sumitran; Spain: Imigran; Sumamylant; Swed.:
Imigran; Oriptan; Zumof Smrz lmlgrﬂn Thai.: lmigran;
Turk.: i UK: Imig Ukr.: Algomax
{AnsroMaxc); Antimigren {AHTHMHTDeH); Sumamigren
(Cymamnrpen); USA: [Imitrex; Sumavel; Zecuity: Venez.:
Imigran; Migraval.

Multi-ingredient Preparations. USA: Treximet.

Pharmacopoeiol

BP 2014: Sumartriptan Injection; Sumatriptan Nasal Spray:
Sumatriptan Tablets;

USP 36: Sumatriptan Injection; Sumatriptan Nasal Spray:
Surnatriptan Succinate Oral Suspension; Sumatriptan Tablets.

Zolmitriptan s usan, mn

311C90; Tsolmmnptaam, Zolmn(nptan, Zolml’mptano, Zoimi-
tnptanum, Zolmitryptan; 3onmuTpurTan,
(S)-4-{3-[2 (Dlmethy!ammo)erhyl]mdol 5-ylmethyl}~1,3-oxa-

zolidin-2-one. '

CigHaN;0=287.4
CAS — 139264-178
ATC — NO2CCO03.
ATC Vet — QNO2CCO3.
UNIt — 2FSE6TH3YW.

Uses and Administration

Zolmitriptan is a selective serotonin (5-HT,) agonist with
actions and uses similar to those of sumatriptan (p. 679.3). It
is used for the acute treatment of migraine attacks.
Zolmitriptan should not be used for prophylaxis.

The licensed dose in the UK is 2.5mg orally. A clinical
response can be expected within 1 hour. i symptoms persist
or return within 24 hours, a second dose may be taken not
less than 2 hours after the first dose. If a patient does not
achieve satisfactory relief with a dose of 2.5 mg, subsequent
attacks may be treated with doses of 5mg. The maximum
dose of zolmitriptan in 24 hours is 10 mg. Licensed doses in
the USA are somewhat lower; the dose is 1.25 or 2.5mg
with a maximum dose of 10 mg in 24 hours.

When used intranasally a clinical response can be
expected in 15 minutes. The usual dose is 5 mg as a single
dose into one nostril. If symptoms persist or return within
24 hours, a second dose may be given after at least 2 hours,
up to a maximum of 10mg daily.

Dose reductions are recommended in patients taking
certain other drugs (see¢ also Interactions, below). The
maximum dose of zolmitriptan in 24 hours should be 5mg
in those receiving cimetidine or an inhibitor of monoamine
oxidase type A (although use with inhibitors of monoamine
oxidase type A is contra-indicated in US licensed product
information). A similar reduction is also recommended in
those taking drugs, such as fluvoxamine and dprofloxacin,
that inhibit the cytochrome P450 isoenzyme CYP1A2.

For dosage in children and in hepatic impairment, see
below.

Administration in children. Although unlicensed for use
in children in the UK, the BNFC suggests that zolmitriptan
may be used in those aged 12 to 18 years for the treat-
ment of acute duster headache (intranasal route only) or
migraine. Doses are similar to those used in adults {see
above).

Administration in hepatic impairment. A study® has indi-
cated that while there is no need to reduce the size of the
initial dose of zolmitriptan in patients with moderate or
severe hepatic impairment, accumulation may occur with
repeated doses in patients with severe impairment and

tablets. Drugs 2006; 66: 883-90.

All cross-references refer to entries in Volume A

their total daily dosage should be reduced.

UK licensed product information recommends a
maximum oral dose of 5mg in 24 hours in patients wih
moderate to severe impairment. In the USA, a dose of
1.25 mg is recommended in those with moderate to seve e
impairment, with a maximum total daily dose of 5mg n
severe impairment.

1. Dixon R e ol. Effect of hepatic i on the ph ics of
zolmitriptan. J Clin Pharmacol 1998; 38: 694-701.

Migraine and cluster headache. For comparison of tl e
relative benefits of different triptans in migraine, sie
under Sumatriptan, p. 680.1.

Further references. -

1. Spencer CM, e al. Zolmitriplan: a review of its use in migraine, D g5
1999; 58: 347-74.

2. Bahra A, #f al. Oral zolmitriptan is cfiective in the acute weatment >f
duster headache. Neurvlogy 2000; 54: 1832-9,

3. Dowson Al Charlesworth B. Review of zolmitriptan and its clinical
applications in migraine. Expert Opin Pharmacother 2002; 3: 993-1005

4. Charlesworth BR. et al. Speed ol onsct and eﬂ'it:cy of zolmitriptan nasil
spray in the acute of mi a ised, double-blin i,
placebo-controlled, dose-ranging study versus zolmitriptan tabler. Cr'S
Drugs 2003; 17: 653—67.

5. Dowson AJ. et al. and 1 y of effect of itript: n
nasal spray in a long-term migraine treatment trial. CNS Drugs 2003, 1
839-51.

6. Lewis DW, er al. Adolescent Migraine Steering Committee. Efficacy f
zolmitriptan nasal spray in adolescent migraine. Pediatrics 2007; 121
390-6.

7. Rapoport AM. «f al. Zolmitriptan nasal spray in the acute treatment : [
cluster headache: a double-blind study. Neurolagy 2007: 69: 821— .
Correcrion, ibid.; 2029.

8. Hedlund C. et al. Zolmitriptan nasal spray in the acute treatment : {
dusnier headache: a meta-analysis of two studies. Headache 2009; 4°:
1315-23.

Adverse Effects and Precautions

As for Sumatriptan, p. 680.2 and p. 681.2.

Zolmitriptan should also be avoided in patients with
WolH-Parkinson-White syndrome or arthythmias asso-
ciated with accessory cardiac conduction pathways. I
should be given with caution in patients with moderate to
severe hepatic impairment.

Ischaemia. A spinal cord lesion related to the use of zolmi
triptan has been reported in a 50-year-old woman;' clini
cal features suggested that the lesion was an ischaemi
infarct.

1. Vijayan N, Peacock JH. Spinal cord infarction during use of zolmitriptan
2 case repon. Headache 2000; 40: 57-60.

Medication-overuse headache. For a report of an assoda-
tion between zolmitriptan and medication-overuse head-
ache, see under Adverse Effects of Sumatriptan, p. 681.2.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies zolmitriptan as
possibly porphyrinogenic; it should be used only when no
safer alternative is available and precautions should be
cousidered in vulnerable patients.’

). The Drug Database for Acute Porphyria. Available at hitp://www.
drugs-porphyria.org {accessed 11/04/11)

Renal impairment. Although renal dearance of zolmitrip-
tan and its metabolites was reduced in patients with mod-
erate to severe impainment,’ the resulting effect was unli-
kely to be of clinical importance and adjustment  of
zolmitriptan dosage in patients with renal impairment was
considered unnecessary.

1. Gillotin C, f al. No need to adjust the dose of 311C90 (zolmitriptan), a

povel ant-migraine treatmeni in patients with renal failure not
requiring dialysis. Int J Clin Pharmaco! Ther 1997; 35: 522-6.

Interactions

As for Sumauiptan, p. 681.3.

Zolmitriptan undergoes hepatic metabolism, mainly
mediated by the cytochrome P450 isoenzyme CYP1A2 and
also involving monoamine oxidase type A. It is
recommended that the maximum dose of zolmitriptan in
24 hours should be reduced in patients receiving cimetidine,
a general P450 inhibitor (see Uses and Administration,
above). A similar reduction in zolmitriptan dosage is
anticipated if it is given with drugs, such as fluvoxamine and
ciprofloxacin, that inhibit the isoenzyme CYP1A2. Opinion
varies on the use of zolmitriptan with inhibitors of
monoamine oxidase type A such as moclobemide. In the UK
licensed product informati recc ds that the
maximum dose of zolmitriptan should be reduced when
used with inhibitors of monoamine oxidase type A (see Uses
and Administration, above), whereas US licensed product
information states that such combinations are
contra-indicated.

References.
1. Dixon R, ef al. The metabolism of zolmitriptan: effects of an inducer and
an inhibitor of cytochrome P450 on its pharmacokinetics in healthy
volunteers. Clin Drug Invest 1998; 15: 515-22.
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Beta blockers. Propranolo! increased plasma-zolmitriptan
concentrations in a study in 12 healthy subjects, but the
changes were not thought to be dinically important
enough to warrant dosage adjustment during concomitant
use.!

1. Peck RW, e al. The interaction berween propranolol and the novel
andmigraine agen: zolmitriptan (311C90). Br J Clin Pharmacol 1997; 44
595-9.

Pharmacokinetics

The absolute bioavailability of zolmitripian after oral and
intranasal doses is about 40%, and peak plasma
concentrations occur about 1.5 to 3 hours after oral
doses, depending on the forrnulation, and in about 3 hours
with the intranasal spray. Plasma protein binding is about
25%. Zolmitriptan undergoes hepatic metabolism, mainly
to the indole acetic acid, and also the N-oxide and N-
desmethyl analogues. The N-desmethyl metabolite
(183C91) was more active than the parent compound in
animal studies, and would be expected to contribute to the
therapeutic effect of zolmitriptan. The primary metabolism

of zolmitriptan is mediated mainly by the cytochrome P450
isoenzyme CYP1A2 while monocamine oxidase type A is
responsible for further metabolism of the N-desmethyl
metabolite. Over 60% of a dose is excreted in the urine,
mainly as the indole acetic acid, and about 30% appears in
the faeces, mainly as unchanged drug. The elimination
half-life is 2.5 to 3 hours, and is prolonged in patients with
liver disease.

Distribution into milk has been found in studies in rats.

References.

.1. Dixon R, ¢t al. The pharmacokinetics and effects on blood pressure of
muitiple doscs of the aovel and-migraine drug zolmitriptan (311€90) in
healthy volunteess. Br J Clin Pharmacol 1997; 43: 273-81.

2. SeabexE. et al. The absolute labilicy and bol ion of
the novel pound (311C90). Br J Clin
Pharmacnl 1997; 43: 579-87.

3. Peck RW, et al. The ph and of the
SHT;p,yp-agonist zolmitriptan in healthy young and elderly men and
women. Clin Pharmacol Ther 1998; 63: 342-53. .

4. DixonR,aal A of the ph. i and ility of
the novel in and
adults, J Child Adolesc Psychopharmacol 1999; 9: 3542,

The symbol t denotes a preparation no longer actively marketed

5. YatesR gtal. Ph ki dose y, and of

single and repeat doses of & nasal spr;y formulation of mlmtulpm: in
healthy volunteers. J Clin Pharmacol 2002; 42: 1244-50.

Preparations -
Proprietary Preparations (details are given in Volume B)

Single-ingredient Nons. Arg.: Zomigon; Austral: Zomig;
Austrig: Zomig; Belg.: Zomig: Braz: Zomig Canad.: Zomig
China: Dining (#F); Heng Ll An (1%); Ka Qu (¥#); Lin
Ke Shu (KI[#F); Nao Rui An (ME); Shu Fu Lai (IEX%);
Tian Shu {KK); Tuo Fu Ning (¥c8kF); Zomig (¥£k#): Cz:
Zolmiles; Zomig: Demm.: Zoimiles; Zomig; Fin.: Zolmistad;
Zomig: Fr.. Zomig; Zomigoro; Ger.: AscoTop; Gr.. Zomigon;
Hong Kong: Zomig Humg.: Zomig; Irl.: Magrezol; Zolmilest;
Zomig: Israel: Zomig Ital: Headzol: Ponesta; Zomig Mex.:
Zomig; Neth.: Zalsterim; Zomig; Norw.: Zomig; NZ: Zomig: Phi-
lipp.: Zomig; Pol.: Zolmiles; Zomig; Port.: Zomig: Rus.: Zomig
(3onarr); S.Afr.: Zomig: Singapore: Zomig: Spain: Zomig Swed.:
Zomig: Switz.: Zomig; Thai.: Zomig; Turk.: Gravis; Zomig: UK:
Zomig: Ukr.: Rapimig (Pamuumr); Zolmigren (3omarpen); USA:
Zomig; Venez: Zomig. ’
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Antimyasthenics

This chapter includes those drugs used for their antic-
holinesterase action in the treatment of myasthenia gravis
and related neuromuscular disorders. Other groups of drugs
playing an important role in the management of
myasthenia are the corticosteroids (p. 1597.1) and some
drugs with iImmunosuppressant actions discussed in the
chapters on Antinecplastics (p. 691.1) and Immuno-
suppressants (p. 1936.1).

Eaton-Lambert myasthenic syndrome

Eaton-Lambert myasthenic syndrome is a rare auto-
immune disease of the neuromuscular junction. Unlike
myasthenia gravis (below), in which autoantibodies affect
acetylcholine receptors, antibodies in Eaton-Lambert
syndrome act presynaptically to reduce release of acetyl-
choline. Weakness mostly affects the proximal musdles,

particularly those of the limbs: respiratory and ocular .

muscles are usually spared. Autonomic symptoms including
dry mouth, constipation, and impotence are common. Over
half of patients also have underlying small cell carcinoma of
the lung. Successful treatment of the tumour often leads to
some improvement in symptoms.

The symptomatic treatment of Eaton-Lambert syndrome
involves the use of drugs that increase the availability of
acetylcholine at the neuromuscular junction.!*® Response to
treatment with anticholinesterases alone is poor and
treatment with amifampridine, which increases acetylcho-
line release, appears 1o be more effective, particularly when
given with an anticholinesterase such as pyridostigmine. The
use of drugs with a similar action such as gwanidine and
fampridine has been limited by severe adverse effects. Low-
dose guanidine has been tried with pyridostigmine where
amifampridine is not readily available;® although there has
been some improvement with the combination, the
inddence of adverse effects, espedally gastrointestinal
reactions, was still high. Immunosuppressants including
azathioprine and corticosteroids are also used in patients who
have an inadequate response to symptomatic treatment,
and unlike in treatment for myasthenia gravis, corticoster-
oids do not appear to induce an initial exacerbaton of
symptoms. Plasma exchange or high-dose intravenous
normal immunoglobulin have been tried in patients with
severe weakness.

L. Seneviratme U, de Silva R Lamben-E yd
Postgrad Med 1 1999; 75: 516-20.

2. Pascuzri RM. Myasthenia gravis and Lambert-Eaton syndrome. Ther
Apher 2002; 6: 57-68.

3. Sanders DB. Lambert-E: he ynd diagn and
weaument. Ann N ¥ Acad Sa 2003; 998: 500-8.

4. Newsom-Davis J, Lamben-E yasthenic sy . Rev Neurol
(Paris) 2004; 160; 177-80.

S. 13, et al. Availabl options for the
of Lamben-Eaton d Expert Opin Ph. 2006;
% 1323-36.

6. Pourmand R. Lambert-Eaton myasthenic syndrome. Fromt Neurol
Neurpsa 2009; 26: 120-5.

7. Skeie GO, e al p of ical Societies.

ines for of issi
disorders. Bur J Neuro! 2010; 17 893-902.

8. Keogh M, et al. Treatment for Lamben-Eaton myasthenic syndrome.
Available in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley: 2011 (accessed 08/04/11).

9. Oh S, «f /. Low-dose guanidine and pyrid i
effective long. Y ic therapy In Lambert-£:
syndrome. Muscle Nerve 1997; 20: 114652,
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Myasthenia gravis

Myasthenia gravis is an auto-imrnune disorder charac-
terised by defective neuromuscular transmission and
consequent muscular weakness. It is caused by the
formation of autoantibodies to clements of the neuro-
muscular junction. In most patients, antibodies to the
postsynaptic nicotinic acetylcholine receptor are present
(described as ‘seropositive myasthenia’). However, about 10
to 15% of patients have so-called ‘seronegative myas-
thenia’, in whom antibodies to other elements such as
musde-spedific tyrosine kinase (MuSK) may be present
instead; the proportion of such patients is much higher
among those with ocular myasthenia (where the disease is
initially confined to the extra-ocular muscles but may
progress to generalised myasthenia). The thymus appears to
be involved in many patients and some have a thymoma.
Classifications of the disease may be based on the
distribution and severity of symptoms, on the age of onset,
and on the presence or absence of thymoma. Other types of
myasthenia include transient neonatal myasthenia due to
transplacental passage of receptor antibodies, which may
persist for 1 10 6 weeks in the infan1s of myasthenic mothers,
penicillamine-induced myasthenia, and congenital myas-
thenia (sce under Amifampridine, p. 685.1).

All cross-references refer to entries in Volume A

Diagnosis of myasthenia gravis.'”’

Antibody testing remains the gold standard for diagnosis
of myasthenia gravis. Patients may often be tested first for
their reaction to an anticholinesterase. Intravenous edro-
phonium preceded by atropine (Tensilon test) is the most
commonly used anticholinesterase test because of its rapid
onset and short duration of action. Severe adverse effects
can occasionally occur so testing should only be undertaken
when fadlities for endotracheal intubation and controlled
ventilation are immediately available. A positive result is
considered to be a rapid but temporary increase in muscle
strength. Repetitive nerve stimulation and/or single-fibre
electromyography are also used as a diagnostic test but, like
the anticholinesterase test, are not specific for myasthenia
gravis. Computed tomography or magnetic resonance
imaging may be used to detect thymoma.

Treatment of myasthenia gravis.""'?

« Symptomatic treatment is with an anicholinesterase;

pyridostigmine and neostigmine are those most

commeonly used. Most patients prefer pyridostigmine as

it produces less muscarinic adverse effects and has a

longer duration of action, although the quicker onset of

action of neostigmine may offer an advaniage at the
beginning of the day. The dose must be adjusted to give
the optimum therapeutic response but muscle strength
may not be restored to normal and some patients must
live with a degree of disability. The effect may vary for
different muscles and the dosage should be adjusted so
that the bulbar and respiratory muscles receive optimum
treatment. Generally, anticholinesterases only provide
partial remission and their effects tend to diminish with

continued treatment. Overdosage may lead to a

‘cholinergic crisis’ (see Adverse Effects of Neostigmine,

p. 688.2). Edrophonium may be used to establish

whether the patient is underdosed or overdosed.

Corticosteroids are the main immunosuppressive drugs

used for treatment. They are also useful in patients with

ocular myasthenia, who as a group respond poorly to
anticholinesterases and to thymectomy, provided that
their disability is severe enough to warrant long-term
corticosteroid treatment with its attendant adverse
effects. Many start with low doses such as 5 to 20mg of
prednisolone daily or on alternate days, to reduce the risk
of steroid-induced exacerbations of weakness, and
increase the dose slowly thereafter according to response;
an improvement is usually seen after a few weeks, Others
use more aggressive regimens to obtain a more rapid
response and start with large doses such as 60 to 80 mg of
prednisolone daily. Whichever method is used, once
dinical benefit has been obtained the regimen should be
modified to alternate-day dosage, with the dose being
slowly tapered when the patient is in remission. Patients
taking corticosteroids require less anticholinesterase
therapy and, if the dosage of the anticholinesterase is not
reduced, an initial deterioration in the myasthenia may
occur in the first few weeks of treatment (see also under

Interactions of Neostigmine, p. 689.1). It is rarely possible

to withdraw corticosteroids completely but some patients

may be maintained satsfactorily on as little as 10 mg on
alternate days. If remission cannot be maintained on

low-dose prednisolone, addition of azathioprine at a

dosage of 2 10 3 mg/kg daily may be considered.

e Addition of azathioprine to treatment may allow a
reduction in the dose of both corticosteroids and
anticholinesterases. Azathioprine may also be of use
when corticosteroids are contra-indicated or when
response to corticosteroids alone is insufficient, but it has
a much slower onset of action than corticosteroids and is
not usually used alone. Ciclosporin is effective in some
patients unresponsive to standard combinations but
serious adverse effects including nephrotoxidty may
limit its use; the time to vesponse is similar to that with
corticosteroids. Other drugs such as cyclophosphamide,
mycophenolate mofetil, and methotrexate have also been
tried and benefit has been reported with tacrolimus.
However, a systematic review'* has found that only a
small number of randomised controlled studies have
been conducted on the use of immunosuppressive drugs
for myasthenia gravis and most have been short-term.
The review of this limited evidence concluded that, apart
from cyclophosphamide used alone or ciclosporin used
alone or with corticosteroids, there was no clear evidence
of benefit from use of other immunosuppressants.

e Plasma exchange provides a dramatic but short-lived
improvement and is useful as a short-term measure in
myasthenic crisis to improve ill patients while other
therapies take effect, but there is no evidence that

pression is superior to immunosuppression alone. A
similar short-term benefit has been seen from the use of
high-dose intravenous normal immunoglobulins; howe ver,
a systematic review'® considered further study tc be
warranted.

* Thymectomy may be offered to all patients suffident) / fit

to undergo surgery unless they have minimal symptc ms,
purely ocular disease, or late onset or seronegaive
disease. Thymectomy is usually avoided in prepube rtal
children because of concern over the effect on gro vth
and the developing immune system: it has b:en
suggested that symptomatic treatment with anticho in-
esterases should be continued until adolescence, wilen
the disease often improves spontaneously. A ‘ter
thymectomy, remission or improvement may be
expected in about 80% of patients without thymonas,
although this may take some years; the respons: is
poorer in those with thymomas.
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. Hart 1K, ¢t al. Immunosuppressive agents for myasthenia grzvis.

Available in The Cochrane Database of Systematic Reviews: Issu - 4.

Chichesier: John Wiley: 2007 {accessed 24/01/08).

Gajdos P, ef al. lobulin for my grs vis.

Available in The Cochrane Database of Sysiematic Reviews; Issu 1.

Chichester: John Wiley; 2008 {accessed 28/05/08).
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Ambenonium Chloride s, inny

Ambenonii Chloridum; Ambenonio, cloruro de; Amben >-
nium Chlorid; Ambénonium, Chlorure d’; Ambenoniumkic r-
id; Ambenoniumkloridi; Ambestigmini Chloridum; Chlorue
d’Ambénonium; Cloruro de ambenonio; Win-8077; Am6 -
HOHMA XNOopug.
NN-Oxalylbis(N-2-aminoethyl-N-2-chlorobenzyldiethylar 1-
monium) dichloride. ’
CagHeCleN,O,=<6085

CAS — 7648-98-8 (ambenonium); 115-79-7 (anhydro:'s
ambenonium chloride); 52022-31-8 (ambenonium chioric'e
tetrahydrate).

ATC — NO7AA30.

ATC Vet — QNO7AA30.

UNIl — 51F0OB87G3! (ambenonium chloride); 9T10TOIKA !
(ambenonium chloride tetrahydrate).

Pharmacopceias. In Jpn.
Uses and Administration

Ambenonium is a quaternary ammonium compound that is
a reversible inhibitor of cholinesterase activity with actio 1s
similar to those of neostigmine (p. 687.2), but of long:r
duration. Ambenonium chloride is given orally in tie
treatment of myasthenia gravis {above) in usual doses of 5
to 25mg three or four times daily, adjusted according 0
response. It may be of value in patients who cannot tolera:e
neostigmine or pyridostigmine.

Adverse Effects, Treatment, and Precautions

As for Neostigmine, p. 688.2.

Ambenonium produces fewer muscarinic adverse effects

than neostigmine. As there is only slight warning >f
overdosage, routine use of atropine with ambenonium is
contra-indicated because the muscarinic symptoms >f

repeated plasma exchange combined with immunosup- | overdosage may be suppressed leaving only the moe
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serious nicotinic effects {fasdculation and paralysis of
voluntary muscle).

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies ambenonium as
probably not porphyrinogenic it may be used as a drug of
first choice and no precautions are needed.!
1. The Drug Database for Acute Porphyria. Available at: hup:!iwww.
drugs-porphyria.org {accessed 27/07/11)

Pharmacokinetics

Ambenonium chloride is poorly absorbed from the
gastrointestinal tract. It does not appear to be hydrolysed
by cholinesterases.

Preparations

Proprietary Preparations (details are given in Volume B) .
Single-ingredient Preparcfions. Cz.: Mytelase; Fr.: Mytelase; Gr.:
Mytelase; Hung.: Mytclase; Pol: Mytelase; Swed.: Mytelase;
USA: Mytelase.

times daily, has also been shown to be of benefit in certain
types of congenital myasthenia although its mode of
action is unclear.

L. Engel AG. C ¥ ¢ synd Neurol Clin North Am
1934; 12: 401-37.
2. Engel AG. The therapy of ital myasthenic synd
Neurotherapeutics 2007; 4: 252-7. .
3. Schara U. Loch R. Therap in
d; fs 2008; 5: 342-7. -

Eaton-Lombert theni d Oral daily doses of
up to 100mg of amlfampndme have been found"? to be
effective in the treatment of both the motor and auto-
nomic deficits of patients with Eaton-Lambert syndrome
(p. 684.1). However, some workers have recommended
limiting the dose to 80mg daily because of the increased
risk of seizures with hngher doses.>* (UK licensed product
information recom a xi daily dose of
60 mg.) Amifampridine can produce mild excitatory effects
and some patients may have difficulty in sleeping.
1. McBvoy KM, et al. 3.4 in the 1
Eaton myasthenlc syndrome. N Engl J Med 1989; 321:'1567-71.
2. N:wsom Davis J. Myasthenia gravis and the Lambert-Eaton my

fatigue. The infant’s weight and height were within norrnal
limits when seen aged 5 months.

1. Pelufo-Pellicer A, et al. Fetai exposure to 34—d{amlncpyr(dine in a
pregnant woman with Y . Ann
Pharmacother 2006; 40z 762-6.

Interactions

Use of amifampridine with sultopride is contra-indicated
due to the increased risk of ventricular tachycardia,
particularly torsade de pointes. The risk of seizures is
increased if amifampridine is used with other drugs that are
known to lower the seizure threshold.

Pharmacokinetics

Amifampridine is rapidly absorbed after oral use and peak
plasma concentrations occur after 20 to 60 minutes. Its

elimination half-life is about 2 hours.
f Lambert- .
¥ Preparafions
Proprietory Prep (details are given in Volume B)

Prescribers” J 1993. 33 205-212.

Amifampridine s, i

Armfampndnn, Amifampridifa;; Amlfampndmum 34-Diami-
nopiridina; 34 Dlammopyndme, AMM¢aMﬂpmMH
Pyridine-3,4-diamine. .

CeHyNy=109.1

CAS — 54-96-6.

ATC — NOZXX05.

ATC Vet - QNO7XX05.

UNIl — RU4S6E2GQJ.

Amifampridine Phosphate i

Amifampridine, Phosphate de; -Amifampridini Phosphas,
Fosfato de amifampridina; Awd)amnpunuua tDocq:aT :
CsHyNy,H3PQ,=207.1 )
ATC — NO7XX0S. - - : R

ATC Vet — QNO7XX05. e

Uses and Administration

Amifampridine enhances the release of acetylcholine from
nerve terminals; its actions and uses are similar to those of
fampridine (p. 686.2) but it is reported to be more potent. It
is used in the Eaton-Lambert myasthenic syndrome {below)
and other myasthenic conditions. It has been tried in
multiple sclerosis and in botulism. Amifampridine is given
as the phosphate but doses are expressed as the base;
18.98 mg of amifampridine phosphate is equivalent to about
10 mg of amifampridine. The recommended oral starting
dose in adults with Eaton-Lambert myasthenic syndrome is
the equivalent of 15 mg daily given in 3 or 4 divided doses;
the dose may be increased in steps of 5 mg every 4 or 5 days
to a maximum of 60mg daily. For doses in patients with
hepatic or renal impairment see below.

Administration in ic or renal impairment. An oral
starting dose the equivalent of amifampridine 5 mg daily is
recommended in patients with moderate to severe hepatic
or renal impairment; those with mild impairment may be
given a starting dose of 10mg daily. The dose may be
increased in steps of 5 mg every 7 days.

Congenital myasthenia. Congenital or hereditary myas-
thenia'?? is a heterogeneous group of rare disorders asso-
ciated with various defects in neuromuscular transmission
including presynaptic impairment of acetyicholinesterase
release, postsynaptic abnormality of acetylcholine recep-
tors, or a deficiency of acetylcholinesterase. Consequently,
for any given congenital myasthenic syndrome, the synap-
tic response to acetylcholine is either increased or
decreased. Symptoms may be similar to those of myas-
thenia gravis (p. 684.1) but there are no immunological
abnormalities. Treatment®? is symptomatic and depends
on both the structural defect of the neuromuscular junc-
tion and the underlying genetic defect. Drugs that are ben-
eficial for one type of congenital myasthenia can be harm-
ful for another; hence, a precise diagnosis including
genetic testing is recommended for rational therapy.
Anticholinesterases and amifampridine may be used when
there is a decreased synaptic response to acetylcholine; up
to 1mg/kg daily of amifampridine has been given in
divided doses. Quinidine sulfate and fluoxetine, both
-open-channel blockers of acetylcholine receptors, have
been used when the synaptic response is increased, such
as in the slow-channel syndromes. Initially, quinidine sul-
fate 200mg may be given 3 times daily for a week,
adjusted according to serum levels thereafter; when quini-
dine is not tolerated, fluoxetine may be given in gradual
increments untl a total daily dose of 80 to 100mg is
reached. Ephedrine, given in doses of 25 to 50mg 2 or 3

3. SandersDB, etal. A rand wlalof 3,4-d idine in Lambert-
Eaton myasthenic syndrome, Neurology 2000; 54: 603-7.
4. Oh SJ, o al. 3,4-Diaminopyridine is more effectve than placebo in a
d: d, double-blind, drug study in LEMS. Muscle Nerve
2009; 40: 793-800.

Multiple sclerosis. Amifampridine has been tied in the
management of multiple sclerosis (p. 996.3). In a crossover
study! involving 36 patients with multiple sclerosis, ami-
fampridine given in a dosage of up to 100mg daily
improved symptoms of leg weakness to a greater extent
than placebo but paraesthesia and abdominal pain, which
occurred in most patients, were dose-limiting in some. A
systematic review? of the use of aminopyridines for symp-
tomatic management of multiple sclerosis was unable to
come to any condusion, and commented on the problem
of publication bias in this area.

L. Bever CT, et al. with oral 3,4-dl idine i leg
swrength in multiple sclerosds patients: resulis of a randomlud. double-
blind. placebs ial. My 1996; 47: 145762

2. Solari A, &t al. Aminopyrid for symp in muldple
sclerosis. Available in The Cothrune Database of Systematic Reviews:
Issue 4. Chichester: John Wiley: 2002 (accessed (5/02/06).

Adverse Effects and Precautions

The most cormmon adverse effects with amifampridine are
paraesthesias and gaswrointestinal disturbances such as
epigastralgia, diarthoea, nausea, and abdominal pain. Sleep
disorders, anxiety, weakness, fatigue, headache, chorea,
myodonus, Raynaud’s syndrome, cough, bronchial hyper-
secretion, and elevated liver enzyme values have also been
reported. The severity and incidence of most adverse effects
are dose-dependent.

Arthythmias have been reported with amifampridine
and BCG monitoring should be performed at the start of
mreatment and yearly thereafter; amifampridine should not
be used in patients with congenital QT interval prolonga-

- tion. There have also been isolated reports of seizures and

amifampridine is therefore contra-indicated in patients with
epilepsy. Asthma attacks have occurred in patents with
asthma or a history of the disease; amifampridine should not
be used in those with uncontrolled asthma.

Blurred vision, drowsiness, and dizziness have been
reported with amifampridine and may affect the ability of a
patient to drive or operate machinery.

References.
t. Flet L e al. 3,4-Diaminopyridine safety in clinical practice: an
observational. retrospective cohort study. J Neurof 2010; 257: 937-46.

@. A 65-year-old woman with Eaton-Lambert
myasthenic syndrome suffered a cardiac arrest 11 days
after her dose of amifampridine had been mistakenly
altered to 60 mg 6 times daily instead of her usual dose of
10mg 6 times daily;' she had also complained of paraes-
thesia, nausea, vomiting, and palpitations and had suf-
fered generalised convulsions in the days preceding the
cardiac arrest. She recovered completely after amifampri-
dine was stopped.

1. Boerma CE. e al. Cardiac arrest following an iatrogenic 3,4-
diaminopyridine iatoxication in a patient with Lambert-Eaton
myasthenic syndrome. J Taxieol Clin Toxicol 1995; 33: 249-51.

Pregnancy. Licensed product information states that there
are no adequate clinical data on the use-of amifampridine
during pregnancy; it is recommended that men and
women of child-bearing potential use effective
contraception during amifampridine treatment.

" A healthy infant was born to a woman with congenital
myasthenia who took pyridostigmine and amifampridine
throughout her pregnancy.! Her dose of pyridostigmine was
maintained at her pre-conception dose of 180mg daily
while her amifampridine dose was progressively reduced to
about 20mg daily which allowed an acceptable level of

The symbol t denotes a preparation no longer actively marketed

Single-k Cz.: Firdapse; Denm.: Firdapse;
Fr.: Firdapse: Ger.: Firdapse; Iri.: Firdapse; Israel: Firdapse:
Neth.: Firdapse; Pol.: Pirdapse; Port.: Firdapse; Swed.: Firdapse;
Switz.: Firdapse; UK: Pirdapse.

Distigmine Bromide (AN, ANN]

BC-51; anpyndostigrnme Bromide; Bromure de Dlstvgmlne
Bromuro de distigmina; - Distigmiinibromidi;+ ‘Distigmin
Bromid; Distigmina,: bromuro de; Distigminbromid; Distig-
mine, Bromure - de; Distigmini“Bromidum'”-Hexamariur‘n‘
Bromide; Jucturmna Bpommg,

3,3-[NN- Hexamethyleneb;s(methy!carbamoyloxy)]bls(l-
methylpyridinium brom»de)
CaygH3sBrN,O=5763 =
CAS — 15876-67-2.
ATC — NO7AAD3. .
ATC Ver'— QNO7AAD3, -
UNIl — 750F360P6).

Pharmacopoeias. In Jpa.

Uses and Administration

Distigmine is a quaternary ammoniwmn compound that is a
reversible inhibitor of cholinesterase activity with actions
similar to those of neostigmine (p. 687.2) but more
prolonged. Maximum inhibition of plasma cholinesterase
occurs 9 hours after a single intramuscular dose, and persists
for about 24 hours.

Although it is rarely used distigmine bromide may be
given orally with other short-acting parasympathomimetics
for the treatment of myasthenia gravis (p. 684.1); patents
being treated with parasympathomimetics tend to prefer
pyridostigmine. The initial dose is 5 mg daily 30 minutes
before breakfast, increased at intervals of 3 to 4 days if
necessary to a maximum of 20 mg daily. For details of doses
in children, see below.

Distigmine is one of several drugs that have been used in
the prevention and treatment of postoperative gastro-
intestinal atony (see Decreased Gastrointestinal Motility,
p. 1808.2). It has also been used in postoperative urinary
retention (p. 2349.2), although it has been superseded by
catheterisation. An oral dose of 5mg daily 30 minutes
before breakfast may be given. A similar oral dose, given
daily or on altermate days, has been used in the
management of neurogenic bladder.

Distigmine has been given by intramuscular injection.

Administration in children. Although it is rarely used,
distigmine bromide may be given to children for the treat-
ment of myasthenia gravis in oral doses of up to 10mg
daily according to age.

Adverse Effects, Treatment, and Precautions

As for Neostigmine, p. 688.2. The anticholinesterase action
of distigmine, and hence its adverse effects, may be
prolonged, and if treatment with atropine is required it
should be majntained for at least 24 hours. Distigmine may
stimulate uterine contractions and licensed product
information advises that it should be avoided in pregnancy.

Inferactions
As for Neostigmine, p. 688.3.

Pharmacokinetics

Distigmine is poorly absorbed from the gastro\mestina.l
tract.
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Preparations
Proprielary Preparations (details are given in Volume B)

Single-ingredient Preparafions, Cz.: Ubretid; Ger.: Ubrctid; Gr.:
Ubretid; Hong Kong: Ubretid; Neth.: Ubretid; Pol.: Ubretid;
Rus.: Ubretid (Y6perun); Singapore. Ubreud; Swirz.: Ubretid;
UK: Ubretidt.

Edrophomum Chloride i, i

Clorurd dé'edr 0; Edrofonro chloridas- Edrofonio, clorufo”
de; Edrofonlum-chlorld -Edrofoniumidorid; Edrofoniumklor--
“idi; Edro nyum KJorur Edrophonn Chloridum; Edrophon-
) chlorure d; Edrophoniumchlor-

Ethy!(}hydroxyphenyf)dnm thylammomum chloride.
CmH,gCINO=201 7
CAS = 312481 {edrophomum), 116-38-1 (edrophonium
chioride).

UNIF— OOGHIGMSP.

Pharmacoposias. In Eur. (see p. vii), Int., Jpn, and US.

Ph. Eur. 8: {Edrophonium Chloride). A white or almost
white aystalline powder. Very soluble in water; freely
soluble in alcohol; practically insoluble in dichloromethane.
A 10% solution in water has a pH of 4.0 10 5.0. Protect from
light.

USP 36: (Edrophonium Chloride). A white odourless
crystalline powder. Soluble 1 in 0.5 of water and 1 in 5 of
alcohol; insoluble in chloroform and in ether. A 10%
solution in water is practically colourless and the pH is
berween 4.0 and 5.0.

Uses and Administration

Edrophonium is a quaternary ammonium compound that is
areversible inhibitor of cholinesterase activity. It has actions
similar to those of neostigmine (p. 687.2}) but its effect on
skeletal muscle is claimed to be particularly prominent. It
has a rapid onset but short duration of action. In patients
with myasthenia gravis, there is immediate subjective
improvement and muscle strength increases. This effect
usually lasts only for about 5 to 15 minutes, alter which
time the typical signs and symptoms return; because of its
brief action the drug is not sujtable for the routine treatrment
of myasthenia gravis.

Edrophonium chloride is used in myasthenia gravis
(p. 684.1) both diagnostically and to distinguish between
under- and over-treatment with other anticholinesterases.
o The usual diagnostic procedure is to inject 2mg

intravenously and, if no adverse reaction occurs within

30 to 45 seconds, to continue with the injection of a

further 8 mg; the test may be repeated after 30 minutes if

necessary.

When intravenous injection is difficult edrophonium

chloride may be given by intramuscular injection in a

usual dose of 10 mg. Atropine should always be available

when the test is carried out in order to treat any severe
muscarinic reactions that may occur.

o To detect under- or over-treatment, test doses of 1 to 2mg of
edrophonium chloride are given intravenously to
distinguish severe symptoms of myasthenia gravis due

 to inadequate therapy from the effects of overdosage
with anticholinesterase drugs. If treatment has been
inadequate, edrophonium chloride will produce an

‘immediate amelioration of symptoms, whereas in

cholinergic crises due to over-treatment the symptoms

will be temporarily aggravated. Licensed product
information suggests testing one hour after the last
dose of treatment but the BNF recommends testing just
before the next dose is due. Testing should only be
undertaken when' facilities for endotracheal intubation
and controlled ventilation are immediately available.
deophomum chloride was originally introduced for the
reversal of neuromuscular blockade in anaesthesia. In
the UK, the recommended dose for the reversal of the effects
of competitive neuromuscular blockers is 500 to 700 micro-
grams/kg given by intravenous injection over several
minutes either with or after atropine sulfate 7 micro-
grams/kg. It has been suggested that in the presence of
bradycardia atropine sulfate should be given several
minutes before edrophonium. In the USA, a dose of 10mg
of edrophonjum chloride is given over 30 to 45 seconds and
repeated as required up to a maximum of 40 mg. The breviry
of its action limits its value. Prolonged apnoea may occur in
patients treated with a depolarising neuromuscular blocker,

such as suxamethonium; to determine if this is caused by a

phase II block {see p. 2037.2), edrophonium chloride 10 mg

may be given intravenously with atropine.  °

For details of doses in children, see below.

Edrophonium bromide has been used similarly to
edrophonium chloride.

All cross-references refer 10 entries in Volume A

Administrafion in children. The use of edrophonium
chloride in children with myasthenia gravis is similar to
that in adults (see Uses and Administration, above).

» The usual diagnostic procedure in the UK is to inject
20 micrograms/kg inmravenously and, if no adverse
reaction occurs within 30 seconds, to continue with the
injection of a further 80micrograms/kg. The BNFC
suggests that this dose may be given to those aged from 1
month ta 12 years. Older children may be given the usual
adult dose. In the USA a total intravenous dose of Smg
for children weighing less than 34kg and 10mg for
heavier children is reccommended, with one-fifth of the
dose being given initially followed by increments of 1 mg
every 30 to 45 seconds. Alternatively, a total of
200 micrograms/kg may be given, with one-fifth of the
dose being given initially over 1 minute followed by the
remainder if no adverse reactions occur within 45
seconds. The recommended total dose for infants is
500 micrograms. When intravenous injection is difficuit
edrophonium chloride may be given by intramuscular
injection; children weighing under 34kg may be given
2mg and heavier children § mg. The recommended dose
for infants is 0.5 to 1mg given intramuscularly or
subcutaneously.

o To detect under- or over-treatment, the BNFC recommends
that children aged from 1 month to 12 years be given a
dose of 20 micrograms/kg by intravenous injection just
belore the next dose of anticholinesterase. Older children
may be given the usual adult dose.

For the reversal of neuromuscular blockade in

anaesthesia, usual doses in the UK for children are as for

adults; the BNFC suggests that these doses may be given to
children as young as 1 month of age.

Reversal of neuromuscular blockade. For a discussion of
whether edrophonium might be more suitable than neo-
stigmine for reversal of residual block after the use of the
shorter-acting competitive neuromuscular blockers, see
under Uses and Administration of Neostigmine, p. 688.1.

Snake bife. For the use of anticholinesterases in the treat-
ment of snake bite, see under Uses and Administration of
Neostigmine, p. 688.1.

Tohod : CH) M

Tefr gement of poisoning due to
tetrodotoxin, a heat stable neuromuscular blocking toxin
found in various marine animals, such as puffer fish, is
mainly symptomatic and supportive. Reports'™ on the effi-
cacy of intravenous anticholinesterases such as edrophon-
ium or neostigmine in reversing muscle weakness in terro-
dotoxin poisoning have been conflicting. Although it
appears that anticholinesterases may only be effective dur-
ing partial block produced by tetrodotoxin, some consider®
that, as there is no specific antidote, any measure that
brings about improvement may be tried.
For a discussion of the general prindples of the
manag of acute poisoning, see p. 1537.1.
L. Chew SK. etal Anticholi drugs in the of
poisoning. Lancet 1984; ik: 108.
2. Tibballs J. Severe tetrodotoxic fish poisoning. Anaesth Intensive Care 1988;
16: 215-17.
3. Isbister GK. Kieman MC. Neurotoxic marine paisoning. Lawat Neura!
2005; 4: 21928,
4. Hwang D-F, Noguchi T. Tetrodotoxin poisoning. Adv Food Nutr Res 2007,
S2: 141-236.
5. Karalli
75: 500,

Adverse Effects, Treatment, and Precautions
As for Neostigmine, p. 688.2. ’

Br ] Anaesth 1993;

of puffer fish

Interactions
As for Neostigmine, p. 688.3.

Preparations

Proprietory Preparations (details are given in Volume B)
Single-ingredient Prep Canad.: Tensilon; Gr.: Anticude;
Singapore: Tensﬂon, Spain: Anticude; USA: Enlon-Plus; Enlou.
Reversolt; Tensilon.

Pha Preparations

BP 2014: Edrophonium Injection;

USP 36: Edrophonium Chloride Injection.

Fampridine /)
Dalfampndlne (USAN); - EL-970; Fampndm, Fampndnna .
Fampndlnum, tDaann,qw-i

ATC Vet — QNO7XX07.
UNIf — BH3B640K09.

Uses and Administration

Fampridine is an aminopyridine that, like its derivative
amifampridine (p. 685.1), enhances the release of acetyl-
choline from nerve terminals. It is used to improve walkng
in patients with multiple sclerosis (below); the licensed dose
is 10 mg twice daily as an oral modified-release preparation
Fampridine has also been tried in the management of
Guillain-Barré syndrome (p. 2406.1} and spinal cord injury;
oral doses used in patients with spinal cord injuries h: ve
ranged from 30 to 50 mg daily. Other uses of fampridine that
have been investigated indude the neurological disord :rs
Eaton-Lambert myasthenic syndrome {(p. 684.1) aid
Alzheimer’s di (see D« p. 388.1), and tae
reversal of neuromuscular blockade in patients wth
botulism (p. 2380.2) or after the use of competitive
neuromuscular blockers.

Fampridine has also been considered as a speciic
antidote in poisoning with calcium-channel blockers {s:¢
Overdosage under Treatment of Adverse Effects of
Nifedipine, p. 1452.3).

References.

1. Soni N, Kam P. 4-Aminopyridine: a review. Andesth Intensive Care 19 12:
10: 120-6.

2. TerWee PM, rral. 4-A pyridine and is in the weaim«mt
of verapamil mmncamm Hum Toxicol 1985: 4: 327-9.

3. Davidson M, e al. in the of Alzheimers
disease. Biol hydu-ny 19838: 23: 485-90.

4. RR. ¢t al. 4 i in chronic spinal cord injury a
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Neurotrauma 1993; 10: l-la
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chronic spinal cord injury. Spinal Cord 2007; 45: 158-68.

Multiple sclerosis. Fampridine has potassium-chann 1
blocking activity and has been tried in the treatment f
multiple sclerosis (p. 996.3) to improve conduction in
demyelinated fibres. Improvements have been reported ia
walking, dexterity, and vision, but only small pumbers : {
patients have been studied. An early systematic review!
was unable to come to a condusion about its safety and
efficacy, noting that publication bias posed a problem i3
this area. However, further multicentre randomised cor -
trolled studies,? and reviews®7 of these studies, suggested
that fampridine improved walking ability in some patient ..
Any benefit is generally noted within 2 weeks of starting
treatment.

1. Solant A. et al. A i for in muldp =
sclerosis. Available in The Cochrane Dawubase of Systematic Review ;
lssue 4. Chichester: John Wiley; 2002 {accessed 15/02/06).

2 d AD, et al Msmz Smdy Group. Dos:
wal of 1 sclerosi .
anmln_qy 2005 7L 1114-41
3. MS-F203

release oral hmpddme in multiple sclerosis: 2 randomised, dcmhk
blind, controlled tial, Lancet 2009; 373: 732-8.

4. Goodman AD, & al. MSF204 Investigators. A phase 3 trial of extende |
release oral dalfampridine in multiple sderosis. Ann Newrol 2010; 6¢:
494-502.

5. Xorenke AR, et al i el L for :
treatment of muRtiple sderosis. Ann Pharmacother 2008; 42: 1458-63.

6. Bight AR. Treatment of walking impairment in multiple scletosis win,
dalfampridine. WMN!WIDB 2011; 4 99-109.

7. McDonald S, Clements JN. Dalfampridine: a new agent for symptomati
management of muldple sclerosis. Am J Health-Syst Pharm 2011; 68
2335-40.

Adverse Effects and Precautions

The most common adverse effect with fampridine i
urinary-tract “infection. Other adverse effects indude
insomnia, dizziness, headache, gastrointestinal disturbance:
such as constipation, dyspepsia, and nausea, asthenia, back
pain, paraesthesia, and nasopharyngitis.

A dose-dependent increase in the inddence of seizure:
has been noted with fampridine treatment and therefore it
use is contra-indicated in patients with a history of seizures

Fampridine is mainly eliminated unchanged by the
kidneys and patients with renal impairment therefore have
an increased risk of adverse effects, particularly neurological
reactions. Consequently, its use is contra-indicated in
patients with moderate to severe renal impairment
{creatinine clearance of 50mL/min or less). In patients
with mild renal impairment (creatinine dearance of 80 mL/
min or less), the risk of seizures is unknown although
plasma levels of fampridine may approach those assodated
with an increased risk; UK licensed product information also
contra-indicates fampridine use in this patient group.

Overdosage. An 8-month-old boy had dramatic opistho-
tonic posturing and vermiform tongue fasciculations after
ingestion ‘of up to 20 mg of fampridine;! the child was also
noted to be tachycardic and tachypnoeic. His symptoms
resolved after treatment with benzodiazepines. Chor-
eoathetoid movements in all limbs were also reported in a
45-year-old woman with multiple sclerosis who acciden-
tally overdosed with fampridine;? when rechallenged,
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symptoms including confusion, opisthotonus, risus sardo-

nicus, motor distress, and head tremor were noted

instantly.

Three adult patients® with multiple sclerosis developed
status epilepticus within minutes to hours of taking
incorrectly-compounded tablets that contained between
90.1 and 125.6 mg of fampridine per tablet instead of the
prescribed 10 mg. Although acute recovery was seen in all 3
patients after treatment with benzodiazepines and pheny-
toin, chronic neurological disabilities remained.

In another case, a 56-year-old man developed altered
mental status, hypothermia, and atrial fibrillation after
taking an unknown quantity of fampridine for toothache.*
He had rubbed a large ‘rock’ of fampridine against his tooth
in an attemnpt to relieve the pain, inadvertently swallowing
some flakes of drug, whlch resulted in the overdose.

1. Velez L, eral. O with
a4 ion by a heaithy p(dhmt pllient.
Abstract: Pzdmma 2003 111: 192-3. Fnll wversion: hup://pediatrics.

111/1/e82 (accessed 15/02/06)

2. De Cauwer H, &t al. An unusual case of 4- e toxicity in &
multiple scerosis patient: epilepric disorder or toxic encephalopathy?
Acta Neurol Belg 2009; 109: 40-1.

3. Burton M, etal. 4 dine toxicity with overdose
in four patients with multiple sdierosis. Neurology 2008; T1: 1833-4.

4. Johnson NC, Morgan MW. An unusual case of 4-aminopyridine
oxidty. J Emery Med 2006; 30: 175-7.

Pharmacokinetics
Farapridine is rapidly and extensively absorbed from the
gastrointestinal tract after oral use. Plasma protein binding is
minimal (1, to 3%). Fampridine is eliminated mostly
unchanged in the urine; less than 10% of the drug is
metabolised, some via the cytochrome P450 iscenzyme
CYP2E]. Two major metaboiites have been identified: 3-
hydroxy-4-aminopytidine and 3-hydroxy-4-aminopyridine

sulfate.
References.
i szcs KC, eral.'“ kil of an dl ! oral
{4-amil in normal subjects and

patents with sphu.l cord m)ury J Clin Pharmacol 2003; 43: 379—85

2. Smhh W, & al. Single-dose
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xmpalxm:m. J Clin Phammvl 2010; 50: 151-9,
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Preparations
Proprielary Prepcrations (dewls are given in Volume B)
Single-ingredient Prep Denm.: Fam-

pyra; Fr.. Fampy yra; Neth.:
pyra; Norw.: Fampy UK: Fampyra;
UsA: Ampyra.

Ger.: Fampy BE',
Swed.: Fampy

Ipidacrine iy

“Amifidin " (base ‘or hydrochlonde) Ipidactin Il
NIK 247 (hydrochlonde), M3KPMH. :
9-Ammo-2,3,5 6, 7,8—hexahydro—1 H-cyclopenta[b]qumohne
“CiaHigNy=1883

A — 62733-44-9 (ipidacrine); - 90043~86-0 (p/dacnne
hydrochloride); 118499-70-0 (ipidacrine hydrochlonde mono-
hydrate}.

“UNil — CVZIVIPOWN.

Profile

Ipidacrine, an analogue of tacrine (p. 396.1), is a
cholinesterase inhibitor. It is used in the management of
various neurological disorders induding CNS and peripheral
nervous system disorders, demyelinating disease, myas-
thenia gravis (p. 684.1) and other myasthenic syndromes,
Alzheimer’s disease (see Dementia, p. 388.1), and
gastrointestinal atony. For myasthenic syndromes an oral
dose of 20 to 40mg has been given up to 5 times daily. A
usual dosage in Alzheimer’s disease is 10 to 20 mg given 2 or
3 times daily but this may be increased gradually up to
200 mg daily given tn divided doses.

Ipidacrine has also been given by injection as the
hydrochloride. .

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient Pmpumhons. Rus.: Ammdine (Ampmn),
Axamon (A ) idin (Heitp
dinum (Hefipoums).

Neostigmine @«

o
%

ATC Ver — QAO3AB93; QNO7AAQT; QSO!EBO&
“UNIE — 3982TWQI6G.

Neostigmine Bromide BANM, piNN)

‘Bromuru de neostigmina; Bromuro de Slnsngmma, Neostlg
:Brom; Neostigriinibromidi; - Neostigmina, * bromuro~de;:
Neostigminbromid; Néostigmine, Bromiire de; Neosngmml
Bromidurn; Neostigminii Bromidum; Neosugmmaum~bro—
mid; Neostigmine bromidas; Neostugmmum Bromatur;
Neosztngmm bromid; Synsngmlmum Bromatum; Heocmr-
muHa Bpomug. . .
CiaHheBNO,=3033

CAS — 114-80-7.

ATC -~ NO7AAOY; SO1EBOS.. .

ATC Vet — QNO7AAQ1; QSO1EB06.
UNIt — 005SYPS0GS.

Pharmacopoeias. In Chin., Eur. {sec p. vii), Int., and US.
Ph. Eur. 8: (Neostigmine Bromide). Hygroscopic, colourless
crystals or a white or almost white, crystalline powder. Very
soluble in water; freely soluble in alcohol. Protect from light.
USP 36: (Neostigmine Bromide). Store in airtight contain-
€ers. .

Stability. References.
1. Porst H, Kny L. Kinetics of the degradaton of neostigmine bromide in
aqueous solution. Pharmazie 1985; 40: 713-17.

Neostigmine Metilsulfate ganvy

Neostig. Methylsulph; Neostigmiinimetilsulfaatti; |

mina, metiisulfato de; Neostigmine Methylsulfate; “Neo--
stigmine Methylsulphate; - Néostigmine, métilsulfate . de;
Neostigmini_metilsulfas; -Neostigmjnii Meu!surfas ‘Negstig-
 minium-methylsulfat Neastigminmetilsuifat; Neostigmin-
metylsuifat; Neostigmino metilsulfatas; Neostygmlny mety
losiarczan; Neosmgmnn-metnlszulfat, Prosennum
C,HpN;Og5=334.4

CAS — 51-60-5.

ATC — NO7AAQ1; SO1€BO6.

ATC Vet — QNO7AAQT; QSOTEBOG.
UNI — 9BIMHTM3B6. - T
Phannccopoeius. In Chin., Eur. (see p. vii), Int., Jpn, and US.
Ph. Fur. 8: (Neostigimine Medlsulfate). Hygroscoplc.
colourless aystals or a white or almost white,

powder. Very soluble in water; freely soluble in alcohol.
Store in airtight containers. Protect from light.

USP 36: (Neostigmine Methylsulfate). Store in airtight
containers.

Uses and Administration

Neostigmine is a quaternary ammonium compound that
inhibits cholinesterase activity and thus prolongs ‘and
intensifies the . physiological actions of acetylcholine
(p- 2003.2). It probably also has direct effects on skeletal

-muscle fibres. The anticholinesterase actions of neostigmine

are reversible.
Neostigmine is used in the treatment of myasthenia
gravis, and has been used as an alternative to edrophonium

" in the diagnosis of myasthenia gravis (p. 684.1). It is used in

anaesthesia to reverse the neuromuscular blockade
produced by competitive neuromuscular blockers (see
p. 688.1). It is also used in the management of paralytic
ileus. Neostigmine has been used in the management of
postoperative urinary retention (p. 2349.2) but has
generally been superseded by catheterisation. It has also
been used to lower intra-ocular pressure in the manage-
ment of glaucoma and to reduce rises in intra-ocular
pressure associated with ophthalmic surgery, although
other parasympathornimetics are usually used when such
miotics are required.

Neostigmine is given as the bromide and as the
metilsulfate. Neostigmine bromide is given orally and has
been used topically as eye drops; the metilsulfate is given by
intramuscular, intravenous, or subcutaneous injection.

Licensed product information states that 500 micrograms
of neostigmine metilsulfate by intravenous injection is
equivalent in effect to about 1 to 1.5mg of ncostigmine
metilsulfate by intramuscular or subcutaneous injection, or
15 mg of neostigmine bromide orally.

In the trecatment of myasthenia gravis, neostigmine
bromide is given orally in a total daily dose that ranges from
75 to 300mg, divided throughout the day, and if necessary
the night, according to response; larger portions of the total
dose may be given at times of greater fatigue. The BNF states
that the maximum daily dose that most patients can tolerate
is 180 mg. In patients in whom oral therapy is impractical
neostigmine metilsulfate may be given in doses of 0.5 to
2.5mg by intramuscular or subcutaneous injection at
intervals, giving a total daily dose usually in the range 5 to
20mg.

The symbol { denotes a preparation no longer actively marketed

To reverse neuromuscular blockade produced by
competiive neuromuscular blockers, the usual licensed
dose in the UK is 50 to 70micrograms/kg given by
intravenous injection over a period of 60 seconds; the BNF
suggests giving a dose of 2.5 mg. In the USA licensed doses of
0.5 to 2 mg are recommended. Additional neostigmine may
be given until the muscle power is normalbut a total of 5mg
should not be exceeded. The patient should be ventilated
until complete recovery of normal respiration is assured. To
counteract any muscarinic effects 0.6 to 1.2mg (20 to
30 micrograms/kg) of atropine sulfate is given by intra-
venous injection with or before the dose of neostigmine. It
has been suggested that in the presence of bradycardia
atropine sulfate should be given several minutes before
neostigmine. Glycopyrronium bromide has beer.\ used as an
alternative 1o atropine sulfate.

In the wreatnent of paralytic ileus and postopexatxve
urinary retention, oral doses of 15 t0 30mg of the
bromide, or more usually 0.5 to 2.5 mg of the metilsulfate by
subcutaneous or intramuscular injection, have been used.

For details of doses in children, see below.

Administrafion in children. The use of neostigmine in
children is similar to that in adults (see Uses and Adminis-
tration above).

For the reatment of myasthenia gravis UK licensed
product informatjon states that neostigmine bromide may
be given orally in an initial dose of 7.5 mg to children-aged
under 6 years, or 15mg to those aged 6 to 12 years. This is
adjusted according to response to a usual total daily dose of
15 to 90mg, divided throughout the day.

When oral therapy is impractical, children aged under 12
years may be -given intramuscular or ‘subcutaneous
injections of ncosugnune metilsuifate in doses of 200 to
500 micrograms, rep d at’suitabk intervals throughout
the day.

For all routes of administration, children aged over 12
years may be given the usual adult dose.

In the weatment of neonatal myasthenia gravis, UK
licensed product inforfiation 'states that neostigmine
metilsulfate may be given inan initial intramuscular dose
of 100 micrograms followed by a usual dose of 50 to
250 micrograms, or 30 micrograms/kg, every 2 to 4 hours.
The BNFC recommends higher doses: an initdal intramus-
cular or subc dose of 150 mic kg every 6 10
8 hours, increased to a of 300 microgramsi/kg
every 4 hours if necessary. Alternatively, the BNFC suggests
that neostigmine bromide may be given in an initial oral
dose of 1 to 2 mg followed by 1 to 5 mg every 4 hours. Forall
routes of administration, doses should be given 30 minutes
before feeding. Treatment is rarely necdcd beyond 8 weeks
of age.

To reverse neuromuscular blockade produced by
competitive neuromuscular blockers, children may be given
doses similar to those used in adults; the BNFC recommends
an intravenous dose of 50 micrograms/kg (to a maximum of
2.5 mg) in neonates and those aged up to 18 years; a further
dose of 25 micrograms/kg may be given if required. To
counteract any muscarinic effects, neonates and children
may be given atropine sulate 20micrograms/kg (1o a
maximum of 1.2mg) by intravenous injection with or
before the dose of neostigmine. Glycopyrronium may be
used as an alternative to atropine.

For the treatmnent of paralytic ileus or postoperative
urinary retention in children, oral doses of 2.5 to 15mgof -
the bromide, or more usually 0.125 to 1mg of the
metilsulfate by subcutaneous or intramuscular injection,
have been used.

Decreased gastrointestinal  molility.  Parasympatho-
mimetics enhance gastric contractions and increase intes-
tinal motility and have been used in conditions associated
with decreased gastrointestinal motility (p. 1808.2). Good
results have been reported with intravenous neostigmine
in the treatment of acute colonic pseudo-obstruction,'? a
condition that appears to be due to parasympathomimetic
dysfunction. These results have been confirmed in a ran-
domised double-blind study.® It has therefore been sug-
gested that parasympathomimetics should be tried before
colonic decompression or surgery when conservative man-
agement has failed or a rapid resolution is required.> Neo-
stigmine has also been used in the treatment of severe
constipation due to disrupted intestinal motility.*¢
1. Huwhinson R, Griffiths C. Acute colonic pseudo-cbstruction: a
pharmacological apgroach. Anms R Coll Skrg Engl 1992; 74: 364-7.
2. BM, et al. of acute
colonic pseudo-obstruction. Lancet 1993; 342: 1181-2.
3. PonecRJ, ef al. Ne for the treatment of acute colonic pseudo-
obstruction. N Engl J Med 1999; 341: 137-41.

4. Miller LS. {or severe with spinal cord lesions.
Amn Iuern Med 1984; 10): 279. : .
3. ‘munk OA, d ¢l In malf Phacoch;
with adre gic blockade and choll

druss.JRSo:MedWM.W 327-8.

6. Rosman AS, o al. and gly Jate safely
accelerated bowe! evacuation in patients with spinal mrd injury and
defecatory disorders. Dig Dis Sai 2008; 5$3: 2710-13.
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Local ancesthesia. Intrathecal neostigmine has been
added to spinal local anaesthetics or opioids as an adjunct
to prolong regional analgesia and improve haemodynamic
stability. A systematic review! of studies of such use found
that although peostigmine in doses up to 500 micrograms
produced a very modest increase in analgesia in the perio-
perative and peripartum setting, it did not appear te
improve haemodynamic stability and the inddence of
adverse effects was greatly increased, even at low doses.
The disadvantages were felt to outweigh whatever benefits
such therapy might have.

Neostigmine has also been given by the epidural route as
an adjunct to analgesia;? some adverse effects such as
nausea may be less with this route.

1. Ho KM. et al. Use of intrathecal neosﬂ;mme asan :djunn 10 other splnal
in and

ly

Araesth [mensive Care 2005; 33: 41-53.

2. Ross VH, o al. Neostigmine decreases bupivacaine use by patient-
controlled epidural analgesia during labor: a randomized controlied
study. Anestk Analy 2009; 109: 524-31.

Reversal of neuromuscular blockade. Anticholinesterases
have often been used alter surgery to antagonise residual
neuromuscular block induced by long-acting competitive
neuromuscular blockers. However, there has been conti-
nuing debate'? on whether anticholinesterases can be
used in reduced doses or even omitted for intermediate-
acting blockers such as atracurium and vecuronium and
shorter-acting blockers such as mivacurium.

Decreasing the anticholinesterase dose may reduce
adverse effects. Although.it is not clear whether omitting
neostigmine reversal reduces nausea and vomiting>* it
avoids any adverse effects neostigmine may have on gut
a )ses. One « idered that the wide
variation in recovery time with aminosteroid blockers such
as rocuronium was an indication for always using at least a
small dose of anticholinesterase when these drugs were
used. However, it was suggested that, if the block was being
carefully monitored and recovery was established, a
reduced dose of 1.25 mg of néostigmine might be preferable
after a benzylisoquinolinium blocker such as atracurium or
mivacurium, In children, smaller doses of an antic-
holinesterase could be used, even after an aminosteroid
blocker, and after a blocker such as mivacurium, they might
not be nceded at all.

Others have preferred to reserve neostigmine reversal for
cases where it was deemed dinically necessary: in a study*
using such a protocol, 68% of those receiving rocuronium
were given neostigmine, against 10% of those receiving
mivacuriun.

It has been suggested that because of its shorter duration
of action edrophonium might be more suitable than
neostigmine to antagonise residual block for neuromuscular
blockers with shorter actions and in particular, that
edrophonium might be more appropriate than neostigmine
for use with mivacurium. Neostigmine inhibits the plasma
cholinesterase responsible for the"metabolism of mivacur-
fum and its use can in theory delay rather than speed
recovery, although in practice there is considered to be little
evidence for such an effect.! Edrophonium also has lesser
effects on the vagus, a more rapid onset of action, and may
be associated with a lower incidence of nausea and vomiting
than neostigmine.’ Neostigmine can cause dinically
significant neuromuscular blockade if it is given to a patient
who has already recovered alarge degree of neuromuscular
function®’ but edrophonium appears not to have this
effect.® However, the antagonism produced by edrophon-
fum is not adequately and reliably sustained especially after
profound block *1°
. Hunter JM. E it always 10 residual

block? Do children ditfer from adulis? Br J Anaexth 1996; 77: 707-9.
Fawcett W], Neuromuscular biock in children. Br J Anomsth 1957; 78:
627.
Fuchs-Buder T, Mencke T. Use of reversal agents in day care procedures
. (with spédal reference 1o postoperative nausea and vomiting). Eur J
Anacsthesiol 2001; 18 (suppl 23): 53-9.
4. Joshi GP, et al. The effecs of i residual

blockade by neostigmine and glycopyrrolate on nausea and vomiting

after ambulatory surgery. Arestk Analg 1999; 89: 628-31.
5. Watcha MF, ¢t al. Bffeat of of mivac

[

w

induced

block on emesis in children. Anesth Analg
1995; 80: 713-17.
6. BHughesR. et al lar blockade by Br J Anaesth
1979; 51: 568P.
7. Payne JP, ot al. ular blockade b in

anaesthetized man. Br J Anaesth 1980; 52: 69-75.
8. Astley BA, o ol Electrical and medunilz! responses after neuro-

muscular blockade with with
neostigmine or edrophonium. JrJAnmh 1987; 59: 983-8.

9. Caldwell JE, e al. blockade
induced by or i of ine with
edrophoniur. Br J Anaesth 1986; 38: 1255-9

10. Mirakhur RK, er al. of induced

blockade with edrophonjum ot neostigmine. BrJ Anaesth 1987; 59: 473
7.

Snake bite. The general management of snake bites is dis-
cussed on p. 2419.2. Many reports from India have
claimed benefit for anticholinesterases in the treatment of
neurotoxic snake bites but failure to distinguish between
cobra and krait bites, lack of controls, and inadequate

All cross-references refer to entries in Volume A

information about other therapy weaken the claims.}
However, edrophonium has been shown in 2 double-blind
studies to be more effective than placebo? and antivenom?
in the treatment of snake bite due to the Philippine cobra
(Naja naja philippinensis). Neostigmine has also been

for the control of muscle twitching. Use of the cholineste -
ase reactivator pralidoxime as an adjunct to atropine h.is
also been suggested (see p. 1571.2). Further supportive
treatment should be given as required.

For a discussion of the general principles of tte

reported* to have been effective in reversing paralysis in 2
patients bitten by Micrurus frontalis (a coral snake). Simi-
larly, another patient made 2 remarkable recovery when
treated with neostigmine after being bitten by an Asiatic
cobra (Naja naja kaouthia).’ Anticholi would be
expected to be of little valuc for bites from snakes whase
venom contains neurotoxins which act presynaptically,
including the Asian krait, the Ausmralian tger snake, and
the taipan® and, although benefidal results have been
reported in individual patients,” overall results are consid-
ered to be inconsistent.*® However, it is recommended
that a test dose of edrophonium preceded by atropine
should be given to patients with neurological signs after a
snake bite by any spedes and if improvement occurs, a
longer acting anticholinesterase such as neostigmine can
be given.??
1. Reid HA. Yenoms and antivenoms. Trop Dis Buil 1983; 80: 23.
2. Wan G, et al. Positive response to edrophonjum in patients with
ncurotoxic envenuming by cobras {Naja naja philippinensis). N Engl J
Med 1986; 315: 1444-8.
3. Wau G. ct al. Comparison of Tensilon and antivenom for the wreatment
ol cobra-bite paralysis. Trans R Soc Trop Med Hys 1989; 83: 570-3.
. Vital Brazil O, Vieira RJ. in the of snake
caused by Micrurus fronulis: report of two cases. Rev Inst Med Trop Sao
Paulo 1996: 38: 61-7.
5. Gold BS. for the of ing
envenomation by the Ashlk cobra. Ann Emerg Med 1996; 18: 87-9.
. Brophy T. h d SK. Use of ine aher snake bite. Br J
Anaesth 1979: 51: 264-5.
. Warrell DA, ¢t al. Severe neurotoxic envenoming by the Malayan krait
didus (L response to i and antic-
holinesterase. BMJ 1983; 286: 678-80.
. Treveit AJ, of al. Failure of 3,4-di and
produce significant dinical benefitin ncumltmmy {ollowing the bite o{
Papuan taipan (Oxyuranus scutellatus canini). Trans R Soc Trop Med Hys
1995; 89: 444-6.
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Tetrodotoxin poisoning. For reference 1o the use of neo-
stigmine in the treatment of tetrodotoxin poisoning caused
by eating puffer fish, see under Uses and Administration
of Edrophonium Chloride, p. 686.2.

Adverse Effects

The adverse effects of neostigmine are chiefly due to
excessive cholinergic stimulation and most commonly
include increased salivation, nausea and vomiting, abdo-
minal cramps. and diarrhoea. Allergic reactions have been
reported; rashes have been associated with the use of the
bromide salt. Neostigmine penetrates the blood-brain
barrier poorly and CNS effects are usually only seen with
high doses.

Overdosage may lead to a ‘cholinergic crisis’, char-
acterised by both muscarinic and nicotinic effects. These
effects may include excessive sweating, lachrymation,
increased peristalsis, involuntary defaecation and urination
or desire 10 urinate, miosis, ciliary spasm. nystagmus,
bradycardia and other arrhythmias, hypotension, muscle
cramps, fasciculations, weakness and paralysis, tight chest,
wheezing, and increased bronchial secretion combined with
bronchoconstricion. CNS effects include ataxia, con-
vulsions, coma, slurred speech, restlessness, agitation, and
fear, Death may result from respiratory failure, due to a
combination of the muscarinic, nicotinic, and central
effects, or cardiac arrest.

It has been reported that a paradoxical increase in blood
pressure and heart rate may result from nicotinic
stimulation of sympatheric ganglia, especially where
atropine has been given to reverse the muscarinic effects
(see Treatrnent of Adverse Effects, below).

In patients with myasthenia gravis, in whom other
symptoms of overdosage may be mild or absent, the major
symptom of cholinergic crisis is increased muscular
weakness, which must be differentated from the muscular
weakness caused by an exacerbation of the disease itsell
(myasthenic crisis).

The adverse effects of parasympathomimetics applied
topically for their miotic action are discussed under
Pilocarpine on p. 2011.2.

Treatment of Adverse Effects

of acute p ing, see p. 1537.1.

Precautions

The precautions and contra-indications to be observed wita
neostigmine use relate mainly to its cholinergic effects.

Neostigmine is contra-indicated in patients wita
mechanical gastrointestinal or urinary-tract obstruction, ¢r
peritonitis. It should be used with extreme cauton i1
patients who have undergone recent intestinal or bladder
surgery and in patients with bronchial asthma. It should b=
used with caution in patients with cardiovascular disorde:s
including arrhythmias, bradycardia, recent myocardi:l
infarcrion, and hypotension, as well as in patients wit1
vagotonia, epilepsy, hypcn.hyro:dism, parkmsomsm ren:l
impairment, or peptic ulcer d When neostigmine :s
given by injection, atropine should always be available 1>
counteract any excessive muscarinic reactions; atropin:
may also be given before, or with, neostigmine to preventcr
minimise muscarinic adverse effects but this may mask th:
inital symptoms of overdosage and lead to cholinergic crisi: .

UK licensed product information states that as th:
severity of myasthenia gravis often fluctuates considerabl /
during pregnancy, particular care is needed to avoil
cholinergic crisis caused by overdosage; it has also been
reported that neonatal myasthenia may follow large dose;
during pregnancy. The amount of neostigmine distribute:(
into breast milk is very small but breast-fed infants need t
be monitored.

Large oral doses of neostigmine should be avoided ir.
conditions where there may be increased absorption fron.
the gastrointestinal tract. It should be avoided in patient:
known to be hypersensitive 1o neostigmine; the bromide io:
from neostigmine bromide may contribute to any allergi
reaction,

The precautions of parasympathomimetics appliec
topically for their miotic action are discussed unde -
Pilocarpine on p. 2011.2.

Neuromuscular  disorders. Residual non-depolarising
neuromuscular block in a patient with dystrophia myoto
nica was only partly reversed by neostigmine and atro-
pine, and following a second dose of both drugs complete
neuromuscular block developed.! In a second patient
with a history of progressive muscle dystrophy. the use o

igmine to reverse residual non-depolarising blockade
gave rise 10 a tonic response in the indirectly stimulatec
musde. The type and degree of the response to neo-
stigmine, and probably other anticholinesterases, canno:
be predicted in patients with neuromuscular disease.

A patient with sero-negative ocular myasthenia gravis
had exaggerated responses to both vecuronium and
neostigmine.? The dose of neuromuscular blockers and
their antagonists used in patients with myasthenia gravis
should be titrated carefully regardless of the severity of the
condition.

1. Buzello W, ef al. Hazards of neostigmine in patients with neuromuscular
disorders: repor of two cases. Br J Anaesth 1982; 34: 529-34.

2. KimJ-M. MaogoldJ. ivity to both v ium and in
a sero-pegative myasthenic patient. Br J Anaesth 1989; 63: 497-500.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies neostigmine as
probably not porphyrinogenic it may be used as a drug of
first choice and no precautions are needed.!
1. The Drug Database for Acute Porphyria. Available ac hup://www.
drugs-porphyria.org {accessed 27/07/11)

Renal impairment. The dosage of neostigmine may need
10 be adjusted in patients with renal impairment. The
mean serum elimination half-life of 79.8 minutes obtained
in patients with normal renal function was found to be
prolonged to 181.1 minutes in anephric patients.}

1. Cxonnc!ly R. et al. ncml function and the pharmacokinetics of
d man. i 1979; 51: 222-6.

Interactions

If a life-threatening amount of neostigmine has been taken
orally and the patient presents within 1 hour, the stomach
may be emptied by lavage: giving activated charcoal to
decrease absorption should also be considered. When
necessary maintenance of respiration should take priority.
Atropine sulfate should be given in usual doses of 1 to 2mg,
preferably intravenously, or else intramuscularly and
repeated as necessary to control the muscarinic effects;
single doses of up to 4mg have also been suggested.
Nicotinic effects, including muscle weakness and paralysis,
are not antagonised by atropine; smail doses of a
competitive neuromuscular blocker have been suggested

Drugs with neuromuscular blocking activity, such as the
aminoglycosides, clindamysdin, colistin, cyclopropane, and
the halogenated inhalational anaesthetics, may antagonise
the effects of neostigmine. Those such as quinine,
chloroquine, hydroxychloroquine, quinidine, procain-
amide, propafenone, lithium, and the beta blockers, that
have the potential 10 aggravate myasthenia gravis, can
reduce the efficacy of treatment with parasympatho-
mimetics. Prolonged bradycardia has also occurred in
patients receiving beta blockers when given neostigmine.
Anticholinesterases, such as neostigmine, can inhibit the
metabolism of suxamethonium, a depolarising neuro-



muscular blocker, and enhance and prolong its action;
combined use is not recommended.

Ophthalmic use of anticholinesterases, such as ecothio-
pate, should be undertaken with care in patients receiving
neostigmine systemically for myasthenia gravis, because of
possible additive toxicity.

Antimuscarinics such as atropine antagonise the
muscarinic effects of neostigmine.

Beta blockers. There have been several reports of brady-
cardia and hypotension when neostigmine or physo-
stigmine were given to patients receiving beta blockers!*
but no significant changes in heart rate were noted in a
study of pyridostigmine given to 8 patients taking beta
blockers.> Beta blockers have the potential to aggravate
the symptoms of myasthenia gravis and may therefore
reduce the efficacy of parasympathomimetic treatment.
1. Spraguc DH. Severe bradycardia |fr.er neosdgmmz in a padenl uldng
ol 10 conuol paroxy atrial
1975; 42: 208-10.
2. Scidl DC, Martin DE. l after i
administration in a patlent taking mdoloLAmumulgwm 63:365-7.
3. Baraka A, Dajani A. Severe brady in the
presence of betz-adrenergic blockade: a case repon Middle East J
Anesthesiol 1984; 7: 291-3.
4, Eldor J, et al. Prolonged bradycardia and hy
administration in.a_patent receiving n:nnlnl Ammhmn 1987; 42:
1294-7.
5. Arad M. etal, Safety of py inh
- beta blockers. AmJmemlwsz 69:518-22.

patients

Calcium-channel blockers. Use of calcum-channel block-
ers such as verapamil with neuromuscular blockers may
produce an enhanced muscle block which is resistant to
reversal with neostigmine’ but which can be reversed by
edrophonium.?
1. van Poorten JF, % al Verapamil and reversal of vecuronium
neuromuscular blockade. Ane:lh Analg 1984; 63: 155-7.
2. Jones RM, et al. B of ular
failure of reversal with neostugmine but prompt reversal with
edrpphonium. Anesth Analg 1985; 64: 1021-5.

Corticosteroids. Although use of glucocorticoids alone
may improve strength in myasthenic patients, use of
methylprednisolone in patients recelving neostigmine or
pyridostigmine has exacerbated symptoms and produced
profound weakness needing assisted ventilation.! Since
the adverse effects of combined therapy usually occur
before any expected benefits it has been suggested that
the glucocorticoid should be given on alternate days in
small doses which are increased gradually until the opti-
mal effect is achieved.?
1. BrunnerG etal. C dsin of severe,
h gravis: and P with hi;
!henpy Neurology 1972; 22: 603-10.
2. Jubiz W, Meikle AW. Alterations of glucocorticoid actions by other drugs
and disease states. Drugs 1979; 18: 113-21.

lized

Pharmacokinetics

Neostigmine is a quaternary ammonium compound and, as
the bromide, is poorly absorbed from the gastrointestinal
tract. After p. ral doses as the metilsulfate, neostigmine
is rapidly eliminated and is excreted in the urine both as
unchanged drug and metabolites. Neostigmine undergoes
hydrolysis by cholinesterases and is also metabolised in the
liver. Protein binding to human serum albumin is reported
to range from 15 to 25%. Penetration into the CNS is poor.

Neostigmine crosses the placenta and very small amounts |

are distributed into breast milk.

Neostigmine appears to be poorly and variably absorbed
when given orally. In 3 myasthenic patients peak plasma
concentrations were obtained 1 to 2 hours after a single 30-
mg oral dose and the mean plasma half-life was 0.87 hours;
bioavailability was estimated to be 1 to 2%.! Mean plasma
half-lives of 0.89 and 1.20 hours have been obtained after
intravenous! and intramuscular? injections of neostigmine
metilsulfate, respectively, although again only a few
patients were studied. Metabolism and biliary excretion
may play significant roles in the eliminaton of neo-
stigmine.? About 80% of a dose may be excreted in the
urine within 24 hours: about 50% of a dose as unchanged
drug and 15% as 3-hydroxyphenyltrimethylammonium.?

Mean plasma elimination half-lives for neostigmine have:_

been found to be shorter in infants (0.65 hours) and
children (0.80 hours) compared with adults {1.12 hours)
but this does not appear to be related to its duration of effect
in antagonising neuromuscular blockade.? For the half-life
in anephric patients, see Renal Impairment, p. 688.3.

1. Aquil §-M, etal A ph study of in man
using gas h P Y. Eur J Clin Phar i
1979; 13: 367-71.

2. Somani SM, e al. Kinetics and ofi
in myasthenia gravis. Clin Pmml 17wr 1980; 28: 64-8.

3. Fisher DM, et al. The logy ol ine in

infants and children. Anesthesiology 1983; 59 2205,

Preparations

Proprietary Preparations (details are given in Volume B}
Single-ingradient Pri ions. Arg.: Fad i i
Austral.: Prosugmmf Austria: Normastigmin: Prosugmmf.
Belg.: Prostigmine; Robinul-Neostigmine; Braz.: Normastig:
Prostigmine; Canad.: Prosngmu: China: Yi Ding (KE) Cz:
Sy in; Denm.: Robi Fin.: Gly
Robinul-Neostigmin; Fr.: Prosugmme Ger.: Neostig: Gr.: Nor-
mastigmin; Prostigmine; Hung.: Sti India: B

Neostigmine,/Pyridostigmine Bromide 689

micrograms/kg (about 10 to 20mg) have been given
intravenously, with or preceded by inravenous atropine
sulfate 0.6 to 1.2mg to counteract any muscarinic effects.
Glycopyrronium bromide has been used as an alternative to
atropine.

Pyridostigmine is also used for prophylaxis agamst the
neuromuscular effects of nerve gas poisoning, including
soman, in military combat use only; the recommended oral
dose is 30 mg every 8 hours started at least several hours

Myostigmin; Tilstigmin; Indon.: Prostigmin; Ital: Intrastigmina;
Prosngmlna Malaysia: Sensm Mex.: Prostigmine; Netf.: Pro-
; Norw.: Robi in; Philipp.: Prostig; Pro-
stigmin; Pol.: Polst Port.: Int gmit Singapore:
Prostigmin; Sertisin; Spain Prostigrminet; Swed.: Robinul-N
ugmm, Switz.: Br i binul ; Thai.: Pro-
Turk: Plantigmin; UK: Robinul-Neosti t USA:

Blox'xverz. Neostigmine Min-I-Mix; Prostigmin.

i ent Preporations, Austria: Normastigmin mit Pilo-
carpin; China: Xin Le Dun (¥ 5k ¥); India: Myo-Pyrolate.
Pharmacopoeial Preparations
BP 2014: g Injecti igmine Tablets;

USP 36: Neostigmine Bromxde Tablets, Neostigmine Methylsul-
fate Injection.

before exp . If nerve gas poisoning occurs, pyrido-
stigmine should be stopped and the patient should be
treated with atropine and pralidoxime immedjately.

In the weatment of paralytic ileus and postoperative
urinary retention pyridostigmine bromide has been given
in oral doses of 60 to 240 mg.

For details of doses in children, see below.

Administration in children. The use of pyridostigmine in
children is similar to that in adults {see Uses and Adminis-
tration, above).

UK licensed product information states that dnldren may
be given pyridostigmine, as the bromide, for the treatment
of myasthenia gravis in an initial oral dose of 30 mg for
those aged under 6 years or 60 mg for those aged 6 to 12

Pyridostigmine Bromide pa, anny-

Bromure de Pyridostigmine; Bromuro de pmdostlgmma,
Piridostigmin Bromir; Piridostigmina, bromuro de; Piridos-
tigmino bromidas; Piridosztigmin-bromid; Pyridastig. Brom.;
Pyridostigmitnibromidi; Pyridastigmin 'Bromid;" Pyridostig-
minbromid; Pyridostigmine, Bromure de; Pyridostigmini
bromidum; Pyridostigminii Bromidum; ‘Pyridostigminium-
bromid; MupugoctvrMuya Bpoming,
3-Dimethylcarbamoyloxy-1 -methylpyndmlum bromlde
CoHy3BrN,0=261.1 -

CAS — 155-97-5 (pyndomgm/ne), 101-26-8 (pyndosugmlne
bromide).

ATC — NO7AAQ2. ;

ATC Vet — QNO7AA02. .

UNIf — KVI301NAS3. Trane

Pharmecopoeias. In Chin., Eur. (see p. vii), Int., Jpn, and US.
Ph. Eur. 8: (Pyridostigmine Bromide). A white or almost
white deliquescent crystalline powder. Very soluble in
water and in alcohol. Store in airtight containers. Protect
from light.

USP 36: (Pyridostigmine Bromide). A white or practically
white, hygroscopic, aystalline powder, having an agreeable
characteristic odour. Freely soluble in water, in alcohol, and
in chloroform; practically insoluble in ether; slightly soluble
in petroleum spirit. Store in airtight containers.

Uses and Administration

Pyridostigmine is a quaternary ammonium compound that
is a reversible inhibitor of cholinesterase activity with
actions similar to those of neostigmine (p. 687.2), but is

“slower in onset and of longer duration. It is given as the

bromide.

Pyridostigmine is mainly used in the treatment of
myasthenia gravis (p. 684.1) although its use in neonatal
myasthenia has declined in favour of neostigmine. It has
also been used in the treatment of paralytic ileus.
Pyridostigmine is sometimes used to reverse the neuro-
muscular blockade produced by competitive neuromuscular
blockers but is generally considered less satisfactory than
neostigmine. It has also been used as prophylaxis against the
neuromuscular effects of nerve gas poisoning (below).
Pyridostigmine has been used in the management of
postoperative urinary retention (p. 2349.2) but has
generally been superseded by catheterisation.

For myasthenia gravis, UK licensed product informa-
tion states that total daily oral doses may range from 300 mg
to 1.2 g; however, the BNF states that daily doses of 450 mg
should not be exceeded in order to avoid receptor
downregulation. It also noted that patients receiving
pyridostigmine in doses over 360 mg daily may need more
aggressive therapy. In the USA, licensed doses are
somewhat higher, ranging up to 1.5 g daily.

The dose should be divided throughout the day and, if
necessary, the night, according to response; larger portions
of the total daily dose may be given at times of greater
fatigue.

Pyridostigmine has also been given as modified-release
tablets, usually once or twice daily but these offer less
flexibility of dosage. If necessary it has also been given by
intramuscular injection or in severe cases by very slow
intravenous injection. However, the intravenous route is
hazardous and, il used, atropine must be available to
counteract any severe muscarinic reactions. Parenteral
doses are about one-thirtieth of the usual oral dose.

To reverse neuromuscular blockade produced by
competitive neuromuscular blockers, doses of 100 to 250

The symbol t denotes a preparation no longer actively marketed

years, repeated throughout the day. This is increased
gradually by increments of 15 to 30mg daily until a
satisfactory response is obtained, which is usually within the
dosage range of 30 to 360 mg daily. Alternatively, the BNFC
suggests that children aged 1 month to 12 years may be
given an initial oral dose of 1 to 1.5 mg/kg daily, increased
gradually to 7 mg/kg daily in 6 divided doses, to a usual total
dose of 30 to 360 mg daily. Older children may be given the
usual adult dose. In the USA, an oral dose of 7 mg/kg daily in
5 or 6 divided doses has also been suggested. Those patients
who require parenteral therapy have been given an
intramuscular or intravenous dose of 50 to 130 micro-
grams/kg (up to a maximum of 10 mg) every 4 to 6 hours.

In the treatment of neonatal myasthenia doses in the
range of S0 to 150micograms/kg by intramuscular
injection or 5mg orally” have "been given every 4 to 6
hours. Alternatively, the BNFC recommends an oral dose
based on neonatal weight: initially 1 to 1.5 mg/kg, increased
graduallyto a imum of 10 mg, rep d throughour the
day, and given 30 to 60 minutes before feeds. Treatment is
rarely needed beyond 8 weeks of age.

For the treatment of paralytic ileus and postoperative
urinary retention, chiidren have been given oral doses of
15 to 60mg.

Decreased gastrointesiinal metility.  Parasympatho-
mimetics such as pyridostigmine enhance gastric contrac-
tons and increase intestinal motility; they have been used
in conditions associated with decreased gastrointestinal
motility (p. 1808.2).

Pyridostigmine, generally in doses of 60 mg up to 3 times
daily, has been used to relieve severe constipation in
patients with impaired intestinal motility due to Parkinson’s
disease.! It has also been tried in patients with constipation
due 10 autonomic neuropathy;? however, results have been
equivocal.

1. Sadjadpour K. Pyridostigmine bromide and constipation In Parkinson’s
disease. JAMA 1983; 249: 1148,

2. Bharucha AE, ¢t al. Pllot study of pyridostigmine in constipated patients
with autonomic neurapathy. Clin Auton Res 2008; 18: 194-202.

Growth hormone deficiency. Although the value of sti-
mulated growth hormone secretion tests in children has
been questioned (see Growth Retardation, p. 1921.3),
pyridostigmine with somatorelin has been found to be a
potent and reproducible test for distinguishing adults with
severe growth hormone deficiency from normal subjects.’
However, the combination is not effective in patients over
55 years of age,? and somatorelin with arginine is gener-
ally preferred where an alternative to the gold standard of
the insulin-tolerance test is required.}

1. Ghigo E, e al. Diagnostic and therapeutic uses of growth hormone-
releasing substances in adult and elderly subjects. Baillieres Qlin
Endocrinol Metab 1998; 12: 341-58.

2. Vierhapper H, et al. The use of the pyridostigmine growth horrone-
releasing hormoane stimulation test to detect growth hormone deficiency
in padents with pituitary adenomas. Metadolism 2002; 51: 34-7.

Nerve gos poisoning. Pyridostigmine has been used pro-
phylactically to protect soldiers in the event of an attack
with nerve gas agents (p. 2568.3) that inhibit acetylcholi-
nesterase.! Pyridostigmine binds reversibly to acetylcholi-
nesterase and provides a protected store from which acet-
yicholinesterase is later released.!” Prophylaxis with
pyridostigmine greatly enhances the efficacy of treatment
with atropine and pralidoxime against exposure to soman
but it is not effective alone and may not be uniformly
effective against other nerve agents.! Giving 30mg of
pyridostigmine every 8 hours provides the optimum level
of protection? and, although adverse effects are common
at this dosage, the performance of military duties is not
impaired.* However, neurological symptoms in veterans
suffering the so-called Gulf War Syndrome appear to be
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more common in those who reported exposure to a range
of potentially toxic substances which include pyrido-
stigmine.® It has been suggested that these symptomns may
be: evidence of organophosphate-induced polyneuropathy
resulting from exposure to a combination of organophos-
phorus compounds and other cholinesterase inhibitors
such as pyridostigmine.$ A study in hens? (a species suscep-
tible to anticholinesterases) has also found symptoms of
enhanced neurotoxicity when pyridostigmine, the insect

pellent diethyltol ide, and the pyrethroid insecticide
permethrin were used together.

1. United States Army. Medical management of chemica! casualties handbook.
3rd ed. Aberdeen, Maryland: Medical Research lnnhum of Chemical

for myasthenia gravis, in a concentration between 36 and
113% of that in maternal plasma,! but in both cases the
dose ingested per kg body-weight by the nursing infant
was 0.1% or less of that ingested by the mother. Maternal
medication with pyridostigmine should be no obstadle to
breast feeding, at least with doses in the range of 180 to
300mg daily.

On the basis of this study, the last available guidance
from the American Academy of Pediatrics considered? that
pyridostigmine is usually compatible with breast feeding.

1. Hardell L-I, &t al. Pyridostigmine In human breast milk. Br J Clin
Pharmaco! 1982: 14: 565-7.

2. American Academy of Pediawrics. The wansfer of drugs and other

into buman milk. Pediatrics 2001: 108: 776~89. [Retired May

Defense:1999. Also available au  hnp: P org/
Produc DATA.
Handbook/001 TitiePage.hun (accessed 15/02/06)

2. Ministry of Defence. Medical manual of defence against chemical agents.
London: HMSO, 1987. {JSP312).

3. and of Injury from cheraical warfare
agents. Med Lett Drugs Ther 2002; 44: 1-4.

2010] Correction. ibid.; 1019 Alw available at: hop://aappolicy.

Pharmacokinetics

Pyridostigmine bromide is poorly absorbed from the
gastrointestinal tract. It undergoes hydrolysis by cholin:s-
terases and is also metabolised in the liver. Pyridostigmine is
excreted mainly in the urine as unchanged drug ad
metabolites. Pyridostigmine crosses the placenta and is
distributed into breast milk {see Breast Feeding, abov:).
Penetration into the CNS is poor.

It has been suggested’ that data from pharmacokine:ic
studies of pyridostigmine might have varied because of t1e
analytical methods used or inappropriate storage conditions
of plasma samples; it was recommended that samples shot 1d
be addified and stored at -75 degrees. Mean termir al

limination half-life was 200 minutesin 11 healthy subje: s

gl %3b108/3/776 d
15/02/06) :

Effeds on the joints. Several years after starting oral
pyridostigmine bromide 60 mg five times daily, a middle-

4. Keeler JR, ¢t al. Pyridostigmine uscd as a nerve agent p
under wartime conditions. JAMA 1991; 266: 693-5.

5. The lowa Persian Gulf Study Group. Sell-ceported illness and health
staws among gulf war veterans: a population-based study. JAMA 1997:
277: 238-45.

€. Haley RW, Kurt TL. Self-reported exposurc to neurotoxic chemical
combinations in the gull war: a cross-sectional epideminlogic study.
JAMA 1997; 277: 231-7.

7. Abou-Donia MB, ef al. Neurotoxicity resulting from coexposure o
pyridostigmine bromide, DEET. and permethrin: implications of gulf war
chemical expasure. J Toxicol Environ Health 1996; 48: 35-56.

Orthostatic hypotension. Pyridostigmine has been investi-
gated in the treatment of orthostatic hypotension
(p. 1634.3). A review' of 4 single-dose studies and a fol-
low-up survey {involving a total of 106 patients and gen-
erally reporting an improvement in haemodynamic mea-
surements} concluded that there was insuffident long-
term data to support the routine use of pyridostigmine in
the treatment of orthostatic hypotension.

1. Gales BJ, Gales MA. Pyri in the of
intolerance. Ann Pharmacother 2007; 41: 314-18.

syndrome. Although pyridostigmine
has been reported' in some patients to reduce fatigue asso-
ciated with post-poliomyelitis syndrome, a systematic
review failed to find any benefit? Doses used® have
induded 30mg daily increased gradually 10 about 60 mg
three times daily but adverse eﬁecrs are common.

1. Trojan DA. Cashman NR.
syndrome. Ann N Y Acad Sci 1995; 753: 285-95.

2. FS, etal. for Available in The
Cochrane Database of Systematic Reviews; lssu: 2 Chld\esltr John
Wiley: 2011 (accessed 12/04/11).

3. Th G. of lio synd . Maye Clin Proc
1997; 72: 627-38.

Adverse Effects, Treatment, and Precautions

As for Neostigmine, p. 688.2. It has been stated that
muscarinic adverse effects occur less frequently with
pyridostigmine treatment than with neostigmine.

in post-poliomy

Breast feeding. Pyridostigmine was present in the breast
milk of 2 nursing mothers, receiving maintenance therapy

All cross-references refer to entries in Volume A

aged woman had episodes of bilateral arthralgia and
hyperalgesia of her hips. knees, toes, and shoulders.!
Symptoms resolved when pyridostigmine was stopped and
rechallenge was positive on several occasions.

1. Rostedt A, Stilberg E. Joim pain and hyperalgesia due to pyridosiigmine
bromide in a patient with myasthenia gravis. Neurvlogy 2004; 62: 835-6.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies pyridostigmine as
probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions are needed.'

1. The Drug Database for Acute Porphyri. ilabl
drugs-porphyria.org {accessed 27/07/11)

au hup:

Psychosis. Postoperative psychosis in a patient with myas-
thenia gravis who received large doses of pyridostigmine
bromide was auributed to bromide intoxication,' but this
diagnosis has been challenged.?

1. Rothenberg DM, e al. Bromide i secondary 10
bromide therapy. JAMA 1990; 263: 1121-2.

2. Senecal P-E, Osterioh J. Coniusion from pyridostigmine bromide: was
there bromide intoxication? JAMA 1990; 264: 454-5.

Renal impairment. During use of pyridostigmine for the
reversal of neuromuscular blockade produced by competi-
tive neuromuscular blockers, pyridostigmine kinetics were
not significantly different after renal transplantaton in 5
patients compared with those in 5 patients with nommal
renal function. However, in 4 anephric patients the elimi-
nation half-life was significantly increased and the plasma
clearance significantly decreased.! It appeared that about
75% of the plasma clearance of pyridostigmine depended
on renal function.

1. Cronnelly R. et al. Pyridosiigmine kinetics with and without renal
function. Clin Pharmacol Ther 1980; 28: 76-81.

Interactions

given 60mg of pyridostigmine orally; peak plasria
concentrations were obtained 1 to 5 hours after dosirg.
The mean terminal elimination half-life after a 4-rig
intravenous infusion in 10 of these subjects was 17
minutes.! Oral bioavailability was calculated to vary frem
11.5 to 18.9%. In an earlier study food did not appear ‘o
affect bioavailability but did delay the time taken to achie /e
peak plasma concentrations.? It appears that 75% of tae
plasma clearance of pyridostigmine depends on reral
function.’ 3-Hydroxy-N-methylpyridinium has been ide 1-
tified as one of the 3 metabolites isolated from the urine >f
patients taking pyridostigmine.*
1. Breyer-Plalf U, &t al. Pyridostigmine kinetics in healthy subjects ad
patients with myasthenia gravis. Clin Pharmacol Ther 1985; 17 495—5\ 1.
2. A S-M. et al. Ph i and oral bi of
pyridostigmine in man. Eur J Clin Pharmacol 1980; 18: 423-8.
3. Cronnelly R. er al. Pyridostigmine kinetics with and without re: al
function. Clin Pharmacol Ther 1980: 28: 78-81.
4. Somani SM. er al. Pyridostigmine in man. Clin Phannacol Ther 1972; . 3:
393-9.

Preparations
Proprietury Preparations (details are given in Volume B)

Single-ingredient Preparations. Arg.: Mestinon; Piridost: Aus-
tral: Mestinon; Awstriz: Mestinon; Belg.: Mcsunon. Bm
Mestinon; Canad.: M ; Chile: M on; Cz.: %
Denm.: Mestinon; Fin.: Mestinon; Fr.: Mestinon; Ger.: Kal /-
min; Mestinon; Gr.: Mestinon; Hong Kong: Mestinon; Hum,'.:
Mestinon; India: Distinon; Gravitor: Mesilon; Mustone; Myes-
tin; Indon.: Mestinon; Irl.: Mestinon; Israel: Mestinon: Ita':
Mestinon; laysi M . Mex. M Net} .
Mestinon; Norw.: M; NZ: M Philipp.: Astinot
Mestinon; Pyrinon; Pol.: Mestinon; Port.: Mestinon; Rus.: Kal -
min (Kanmwom); S.Afr.: Mt:stinozr}L Singapore: Mesnno 4
Spain: Mestinon; Swed.: i Switz.: i ; Tha'.:
Mestinon; Pyrimine; Twurk.: Mestinon; UK: Mestinon; Nere
Agent Pre-Treatment Tablet Set L1A1l; USA: Mestinon; Vene..:
Mestinon.

Preparations
BP 2014: Pyridostigmine Tablets;
USP 36: Pyridostigmine Bromide Injection; Pyridostigmis ¢

As for Neostigmine, p. 688.3.

Bromide Syrup; Pyridostigmine Bromide Tablets.
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