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

Ph. Eur. 6.2 (Physostigmine Salicylate). Colourless or almost col-
ourless crystals. It becomes red on exposure to air and light; the
colour develops more quickly in the presence of moisture. Spar-
ingly soluble in water; soluble in alcohol. A 0.9% solution in wa-
ter has a pH of 5.1 to 5.9. Store in airtight containers. Protect
from light. Aqueous solutions are unstable.

USP 31 (Physostigmine Salicylate). White, shining, odourless,
crystals or white powder. It acquires a red tint on exposure to
heat, light, or air, or on contact with traces of metals for long pe-
riods. Soluble 1 in 75 of water, 1 in 16 of alcohol, 1 in 6 of chlo-
roform, and 1 in 250 of ether. Store in airtight containers at a tem-
perature of 25°, excursions permitted between 15° and 30°.
Protect from light.

Stability. See below.

Physostigmine Sulfate

Esérine, sulfate d’; Eserine Sulphate; Eserini Sulfas; Ezerino sulfa-
tas; Fisostigmina, sulfato de; Fizostigmino sulfatas; Fizosztigmin-
szulfdt; Fysostigmiinisulfaatti; Fysostigminsulfat; Fysostigmin-sulfat;
Physostig. Sulph.; Physostigmine Sulphate (BANM); Physostigmini
sulfas.

(CisHy N30,5),,H,SO, = 648.8.

CAS — 64-47-1.

ATC — SOIEBOS; VO3ABI9.

ATC Vet — QSOIEBOS; QVO3ABI9

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

Ph. Eur. 6.2 (Physostigmine Sulphate). A white or almost white,
hygroscopic crystalline powder. It becomes red on exposure to
air and light; the colour develops more quickly in the presence of
moisture. Very soluble in water; freely soluble in alcohol. A 1%
solution in water has a pH of 3.5 to 5.5. Store in well-filled air-
tight glass containers. Protect from light. Aqueous solutions are
unstable.

USP 31 (Physostigmine Sulfate). A white, odourless, microcrys-
talline powder. It is deliquescent in moist air, and acquires a red
tint on exposure to heat, light, or air, or on contact with traces of
metals for long periods. Soluble 1 in 4 of water, 1 in 0.4 of alco-
hol, and 1 in 1200 of ether. Store in airtight containers. Protect
from light.

Stability. In aqueous solutions physostigmine is hydrolysed to
eseroline and subsequently oxidised to the red compound rubre-
serine and other coloured products. Solutions for injection or
ophthalmic use should not be used if more than slightly discol-
oured.

Adverse Effects, Treatment, and Precautions
Systemic effects as for Neostigmine, p.631, although usually
more severe. Physostigmine crosses the blood-brain barrier and
may therefore produce CNS effects.

For adverse effects and precautions for topical miotics see also
under Pilocarpine, p.1885. Physostigmine is not well tolerated
when used in the eyes for long periods and may produce follicles
in the conjunctiva; hypersensitivity reactions are also common.
Prolonged use of ophthalmic ointments containing physostig-
mine may cause depigmentation of the lid margins in dark-
skinned patients.

Overdosage. Symptomatic and supportive treatment, includ-

ing the use of diazepam and atropine where necessary, is gener-

ally recommended for systemic toxicity due to physostigmine.

However, in an early report, the use of atropine in a patient who

had taken 1 g of physostigmine had to be abandoned after it pro-

duced tachycardia and multifocal ventricular ectopic beats.* In a

similar case of severe poisoning a slow intravenous injection of

propranolol 5 mg reduced the high pulse rate and controlled

pulse irregularities despite frequent intravenous doses of atro-

pine.?

1. Cumming G, et al. Treatment and recovery after massive over-
dosage of physostigmine. Lancet 1968; ii: 147-9.

2. Valero A. Treatment of severe physostigmine poisoning. Lancet
1968; ii: 459-60.

Interactions

As for Neostigmine, p.632.

Pharmacokinetics

Physostigmine is readily absorbed from the gastrointestinal tract,
subcutaneous tissues, and mucous membranes. It is largely de-
stroyed in the body by hydrolysis of the ester linkage by
cholinesterases; a parenteral dose is claimed to be destroyed
within 2 hours. It crosses the blood-brain barrier. Little is excret-
ed in the urine.

¢ Small studies suggest marked interindividual differences in the
absorption and metabolism of physostigmine salicylate after
doses of up to 4 mg by mouth, perhaps because of saturable pre-
systemic metabolism.* Oral bioavailability ranged from 5.2 to
11.7% in 3 of 5 subjects.?

In a study” of a single application of a physostigmine (base)
transdermal system in 6 subjects, the mean absolute bioavailabil-
ity was 36% (range 12.6 to 53.2%); the interindividual variability
in absolute bioavailability was decreased by about 30% in com-

parison with an oral solution of physostigmine salicylate. There
was continued absorption of physostigmine after removal of the
transdermal system, indicating a drug reservoir in the skin.

In a study® of 9 patients with Alzheimer’s disease, a mean elim-
ination half-life for physostigmine of 16.4 minutes was reported
with intravenous physostigmine salicylate. Cholinesterase inhi-
bition was more prolonged than suggested by its elimination
half-life.
1. Gibson M, et al. Physostigmine concentrations after oral doses.
Lancet 1985; i: 695-6.

2. Sharpless NS, Thal LJ. Plasma physostigmine concentrations af-
ter oral administration. Lancet 1985; i: 1397-8.

3. Whelpton R, Hurst P. Bioavailability of oral physostigmine. N
Engl J Med 1985; 313: 1293-4.

4. Walker K, et al. Pharmacokinetics of physostigmine in man fol-
lowing a single application of a transdermal system. Br J Clin
Pharmacol 1995; 39: 59-63.

. Asthana S, et al. Clinical pharmacokinetics of physostigmine in
patients with Alzheimer’s disease. Clin Pharmacol Ther 1995;
58: 299-309.
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Uses and Administration

Physostigmine is a reversible tertiary amine inhibitor of
cholinesterase activity with actions similar to those of neostig-
mine (p.632). Physostigmine has been used, alone or more usu-
ally with other miotics such as pilocarpine, to decrease intra-
ocular pressure in glaucoma (p.1873). It is a more potent miotic
than pilocarpine but is rarely tolerated for prolonged periods.
When itis used in glaucoma physostigmine has usually been giv-
en as eye drops containing 0.25 or 0.5% of the salicylate or as an
ophthalmic ointment containing 0.25% of the sulfate.

Physostigmine crosses the blood-brain barrier and has been used
to reverse the central as well as the peripheral effects of agents
with antimuscarinic actions after overdosage but such treatment
is not usually recommended. Physostigmine is also under inves-
tigation in the management of Alzheimer’s disease (see Demen-
tia, below).

Antimuscarinic poisoning. As physostigmine penetrates the
blood-brain barrier it has been used to reverse the central effects
of poisoning with agents that have antimuscarinic actions includ-
ing tricyclic antidepressants, antihistamines, some antiemetics,
some antiparkinsonian drugs, and phenothiazines. However, re-
viewers agree that in general such use is inappropriate and haz-
ardous. Physostigmine does not appear to affect the mortality
rate in tricyclic antidepressant poisoning1 and its use can lead to
severe cardiac?® and respiratory effects?3 and to convulsions.®*
1. Aquilonius S-M, Hedstrand U. The use of physostigmine as an
antidote in tricyclic anti-depressant intoxication. Acta Anaesthe-
siol Scand 1978; 22: 40-5.
. Caine ED. Anticholinergic toxicity. N Engl J Med 1979; 300:
1278.
. Newton RW. Physostigmine salicylate in the treatment of tricy-
clic antidepressant overdosage. JAMA 1975; 231: 941-3.
. Knudsen K, Heath A. Effects of self poisoning with maprotiline.
BMJ 1984; 288: 601-3.
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Baclofen overdosage. For references to the use of physostig-
mine in the treatment of baclofen overdosage, see p.1888.

Cerebellar ataxias. Double-blind controlled studies indicate

that physostigmine’? can produce symptomatic improvement in

some patients with cerebellar ataxia including those with hered-

itary forms of spinocerebellar degeneration such as Friedreich’s

ataxia. However, another study did not show any significant im-

provement in patients given physostigmine for cerebellar ataxia.®

1. Rodriguez-Budelli MM, et al. Action of physostigmine on inher-
ited ataxias. Adv Neurol 1978; 21: 195-202.

2. Aschoff JC, et al. Physostigmin in der Behandlung von Kleinhir-
nataxien. Nervenarzt 1996; 67: 311-18.

3. Wessel K, et al. Double-blind crossover study with physostig-
mine in patients with degenerative cerebellar diseases. Arch
Neurol 1997; 54: 397-400.

Dementia. Physostigmine has been studied in the symptomatic
management of Alzheimer’s disease (see Dementia, p.362).
However, a systematic review concluded that the evidence of its
effectiveness was limited and the benefits shown were not con-
vincing.! Small early studies with oral physostigmine in Alzhe-
imer’s disease were inconclusive; a larger multicentre study? us-
ing controlled-release physostigmine found that it produced
some improvement in cognitive and global function, but gas-
trointestinal adverse effects were common and led to a high drop-
out rate.

1. Coelho Filho JM, Birks J. Physostigmine for dementia due to
Alzheimer’s disease. Available in The Cochrane Database of
Systematic Reviews; Issue 2. Chichester: John Wiley; 2001 (ac-
cessed 17/03/06).

. Thal LJ, et al. A 24-week randomized trial of controlled-release
physostigmine in patients with Alzheimer’s disease. Neurology
1999; 52: 1146-52.

Preparations

USP 31: Physostigmine Salicylate Injection; Physostigmine Salicylate Oph-
thalmic Solution; Physostigmine Sulfate Ophthalmic Ointment.
Proprietary Preparations (details are given in Part 3)

Austria: Anticholium; Cz.: Anticholium; Ger.: Anticholium; Gr.: Anticho-
lium; USA: Antilirium.

Multi-ingredient: India: Bi-Miotic.
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Pilocarpine @an

Pilocarpina; Pilocarpinum; Pilokarpiini; Pilokarpin. (35,4R)-3-Ethyl-
dihydro-4-[(I-methyl- | H-imidazol-5-yl)methyl]furan-2(3H)-one.
Ci1H1¢N,O, = 208.3.

CAS — 92-13-7.

ATC — NO7AXO0!; SOIEBOI.

ATC Vet — QNO7AXO01; QSOIEBOI.
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Description. An alkaloid obtained from the leaves of jaboran-
di, Pilocarpus microphyllus (Rutaceae) and other species of Pi-
locarpus.

Pharmacopoeias. In US.

USP 31 (Pilocarpine). A viscous, exceedingly hygroscopic, oily
liquid or crystals. M.p. about 34°. Soluble in water, in alcohol,
and in chloroform; sparingly soluble in ether and in benzene;
practically insoluble in petroleum spirit. Store in airtight contain-
ers at a temperature not exceeding 8°. Protect from light.

Pilocarpine Borate

Pilocarpina, borato de.

C,1H ¢N;O4,xBH503.

CAS — 16509-56-1.

ATC — NO7AXOI; SOIEBOI.

ATC Vet — QNO7AX0I; QSOIEBOI.

Pilocarpine Hydrochloride 3ANM)

Pilocarp. Hydrochlor; Pilocarpina, hidrocloruro de; Pilocarpine,
chlorhydrate de; Pilocarpine Monohydrochloride; Pilocarpini
Chloridum; Pilocarpini hydrochloridum; Pilocarpinium Chlora-
tum; Pilokarpiinihydrokloridi; Pilokarpin Hidrokloriir; Pilokarpin-
hidroklorid; Pilokarpin-hydrochlorid; Pilokarpinhydroklorid; Pi-
lokarpino hidrochloridas; Pilokarpiny chlorowodorek.
CH(N,O, HCI = 244.7.

CAS — 54-71-7.

ATC — NO7AXO01; SOIEBOI.

ATC Vet — QNO7AXO0!; QSOIEBOI.

NoTE. PIL is a code approved by the BP 2008 for use on single
unit doses of eye drops containing pilocarpine hydrochloride
where the individual container may be too small to bear all the
appropriate labelling information.

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

Ph. Eur. 6.2 (Pilocarpine Hydrochloride). Hygroscopic, colour-
less crystals or white or almost white crystalline powder. Very
soluble in water and in alcohol. A 5% solution in water has a pH
of 3.5 to 4.5. Store in airtight containers. Protect from light.
USP 31 (Pilocarpine Hydrochloride). Colourless, translucent,
odourless, hygroscopic crystals. Soluble 1 in 0.3 of water, 1in 3
of alcohol, and 1 in 360 of chloroform; insoluble in ether. Its so-
lutions are acid to litmus. Store in airtight containers. Protect
from light.

Stability. Pilocarpine hydrochloride oral solution, prepared
from powder or eye drops and buffered at pH 5.5, was found? to
be stable for 60 days at 25° and for 90 days at 4°.

1. Fawcett JP, et al. Formulation and stability of pilocarpine oral
solution. Int J Pharm Pract 1994; 3: 14-18.

Pilocarpine Nitrate Banm)

Pilocarp. Nit;; Pilocarpina, nitrato de; Pilocarpine Mononitrate; Pi-
locarpine, nitrate de; Pilocarpini nitras; Pilocarpinii Nitras; Pilo-
carpinium  Nitricum;  Pilokarpiininitraatti; Pilokarpinnitrat; Pi-
lokarpin-nitrdt; Pilokarpino nitratas.

Cy1HgNyOy HNO; = 271.3.

CAS — 148-72-1.

ATC — NO7AXO0!; SOIEBOI.

ATC Vet — QNO7AX0I; QSOIEBOI.

NoTE. PIL is a code approved by the BP 2008 for use on single
unit doses of eye drops containing pilocarpine nitrate where the
individual container may be too small to bear all the appropriate
labelling information.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., US, and Viet.
Ph. Eur. 6.2 (Pilocarpine Nitrate). Colourless crystals, or white
or almost white crystalline powder. Freely soluble in water; spar-
ingly soluble in alcohol. A 5% solution in water has a pH of 3.5
to 4.5. Protect from light.

USP 31 (Pilocarpine Nitrate). Shining white crystals. Soluble 1
in 4 of water and 1 in 75 of alcohol; insoluble in chloroform and
in ether. Its solutions are acid to litmus. Store in airtight contain-
ers. Protect from light.



