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Description

[0001] The present invention relates to a compound
for use in treating organophosphorous poisoning in an
animal, in particular a mammal, specifically a human.
[0002] Organophosphorous compounds (OPs), due to
their physical state and high lipophilicity, rapidly pene-
trate and accumulate in the central nervous system
(CNS). OP poisoning of military personnel on the battle-
field and of common citizens in the event of a terrorist
attack with nerve gas, for example, has caused an in-
crease in concern for public and governmental authorities
around the world in recent years. In addition, increased
demands for food and ornamental crops have resulted
in an increase in the use of toxic anticholinesterase (anti-
ChE)-based pesticides, including OPs such as parathion
and malathion, in developed and developing countries.
This has resulted in an increase in the accidental poison-
ing of farmers and gardeners.
[0003] It has long been known that the main toxic ef-
fects of OPs and other anti-ChE agents result from the
inhibition of the enzyme ChE, which is responsible for
the inactivation of the neurotransmitter acetylcholine
(ACh) in the CNS and peripheral nervous system (PNS),
thereby abnormally increasing and prolonging muscarin-
ic and nicotinic cholinergic responses. Unfortunately,
current methods to treat or prevent the toxic effects of
OPs are still far from acceptable, particularly in the event
of acute exposure to nerve agents that are highly absorb-
able and readily accessible to the brain.
[0004] Reversible ChE inhibitors, such as pyridostig-
mine bromine (PB), physostigmine, and huperzine, have
been tested as antidotal therapy against OP poisoning.
PB has been used as a preventive treatment by soldiers
in the field. While it is a powerful anti-ChE agent, its action
is mostly limited to the PNS, due to the fact that it is a
charged molecule that hardly penetrates the CNS. There-
fore, PB does not effectively confer protection of brain
ChE against nerve gases. Physostigmine is more effec-
tive than PB, but less safe. Therefore, there currently is
no method of protecting the brain from irreversible ChE
inhibition by OPs. Rather, those individuals, who have
been exposed to OP, have been treated post-exposure
with antimuscarinic agents, such as atropine, ChE reac-
tivators, such as oximes, e.g., pyridine-2-aldoxime (2-
PAM), and anticonvulsants, e.g., Diazepam.
[0005] In view of the above, it is an object of the present
invention to provide a compound for use in of treating OP
poisoning. This and other objects and advantages, as
well as additional inventive features, will become appar-
ent from the detailed description provided herein.
[0006] The present invention is predicated, at least in
part, on the surprising and unexpected discovery, that a
tertiary alkaloid, such as galantamine, can be adminis-
tered to an animal, in particular a mammal, specifically
a human, at risk of OP poisoning to protect the animal
from OP poisoning. While galantamine is a weaker ChE
inhibitor as compared to PB and physostigmine, it is a

non-charged molecule and, therefore, has the ability to
pass through the blood-brain barrier. Galantamine also
functions as an allosteric potentiating ligand (APL) of nic-
otinic receptors (nAChRs), and is able to "rescue" some
nicotinic receptors from desensitization. This property is
important in the context of OP poisoning when excess
ACh induces massive desensitization of nAChRs.
[0007] In view of the above, the present invention pro-
vides galantamine and an antimuscarinic agent for use
according to claim 1 and the use of galantamine and an
antimuscarinic agent for the preparation of a medicament
according to claim 2. This compound for use or use com-
prises administering to a mammal at risk for OP poisoning
an OP poisoning-inhibiting amount of galantamine,
whereupon the mammal is protected from OP poisoning
upon subsequent exposure to an OP. The galantamine
is administered to the mammal before exposure to an OP.
[0008] The compound for use or use further comprises
subsequently administering to the mammal effective
amount of an antimuscarinic agent, such as atropine.
[0009] A mammal is at risk for OP poisoning if it is cur-
rently exposed to or is at risk of being exposed to a level
of OP that is sufficiently high to poison the mammal. Such
risk exists for military personnel on the battlefield, com-
mon citizens in the event of a terrorist attack with nerve
gas, and farmers and gardeners who work with food and
ornamental crops treated with anti-ChE-based pesti-
cides.
[0010] An amount of galantamine is an "OP poisoning-
inhibiting amount" or an "effective amount" when it is suf-
ficient to diminish significantly, preferably completely, the
detrimental effects of exposure to OPs as evidenced by
signs of ill health any peripheral and central hypercholin-
ergic signs of OP intoxication, such as hypersecretion,
muscle contraction, respiratory difficulties, convulsion, or
behavioral abnormalities. Amounts of galantamine that
are sufficient to inhibit OP poisoning can be determined
in accordance with dosage range-finding techniques as
are known in the art. For example, an optimal dose can
be determined by a skilled clinician in a clinical setting or
in the field. Generally, optimal doses are determined by
incrementally altering an initial dose until the optimum
effect under the circumstances is achieved. Doses of
galantamine, such as galantamine hydrobromide, rang-
ing from 5 mg/kg to 8 mg/kg effectively prevent toxicity
and lethality induced by lethal doses of the nerve agents
soman and sarin when 10 mg/kg atropine, such as atro-
pine sulfate, are also administered. Galantamine is an
effective antidotal therapy when used acutely for up to 1
hr before or up to 5 min after exposure to an OP.
[0011] Galantamine is commercially available from
Hande Industry & Trade Holdings Co., Ltd., Shenzhen,
China, among others. Desirably, the galantamine is suit-
able for administration to an animal, such as a mammal,
in particular a human, as a pharmaceutical composition.
The formulation of pharmaceutical compositions is
known in the art (see, e.g., Remington: The Science and
Practice of Pharmacy, Mack Pub. Co.). Galantamine is
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currently available as a pharmaceutical composition un-
der the name Reminyl ™ (Janssen-Cilag, Ltd., UK) for
the treatment of Alzheimer’s disease.
[0012] The galantamine can be administered by any
suitable route of administration as is known in the art.
Preferred routes of administration include oral and intra-
muscular. The route of administration will depend, in part,
upon the circumstances of risk of exposure. For example,
oral administration can be preferred for pre-treatment of
a predicted exposure, as in the case of farm workers and
other individuals who handle OP insecticides on a regular
basis, e.g., daily.
[0013] If the mammal is exposed to an OP after admin-
istration of galantamine, preferably, an effective amount
of an antimuscarinic agent, such as atropine, is admin-
istered to the mammal as soon as possible after exposure
to the OP. The antimuscarinic agent can be administered
by any suitable route. Intramuscular administration is nor-
mally preferred. An amount of an antimuscarinic agent,
such as atropine, is an "effective amount" when it is suf-
ficient to inhibit, preferably prevent, any adverse effects
of exposure to OP. An effective amount of an antimus-
carinic agent can be determined in accordance with dos-
age range-finding techniques as are known in the art.
For example, an optimal dose can be determined by a
skilled clinician in a clinical setting or in the field. Gener-
ally, optimal doses are determined by incrementally al-
tering an initial dose until the optimum effect under the
circumstances is achieved. As mentioned above, about
10 mg/kg is the most effective dose of atropine, such as
atropine sulfate, when galantamine, such as galantamine
hydrobromide, is administered in a dose of 5 mg/kg to 8
mg/kg.
[0014] Atropine is available from Sigma Chemical Co.
(St. Louis, MO). Desirably, the atropine or other antimus-
carinic agent is suitable for administration to an animal,
such as a mammal, in particular a human, as a pharma-
ceutical composition (see, e.g., Remington, supra).

EXAMPLES

[0015] The following examples serve to illustrate the
present invention.

Example 1

[0016] This example demonstrates the effectiveness
of pre-treatment with galantamine in a mammal subse-
quently exposed to an OP.
[0017] Galantamine (4-10 mg/kg) was administered
(intramuscularly) to guinea pigs (young males weighing
300-420 g) 30 min prior to or 5 min after exposure of the
guinea pigs to 1.5-2.0 x the 50% lethal dose (LD50) of
soman (42 or 56 mg/kg subcutaneous injection) or sarin
(63 or 73.5 mg/kg subcutaneous injection). Atropine sul-
fate (6-16 mg/kg) was administered (intramuscularly) to
some of the guinea pigs 1-2 min after administration of
the nerve agent soman or sarin. Simultaneously with or

subsequently to (e.g., within about 4 min) atropine ad-
ministration, some of the guinea pigs received galan-
tamine (intramuscularly). Control guinea pigs received
galantamine (4-8 mg/kg), atropine (6-16 mg/kg), a com-
bination thereof, or saline. Survival and body weight were
followed for at least one week.
[0018] Galantamine was found to protect the guinea
pigs against lethal doses of soman or sarin. A treatment
consisting of 5-8 mg/kg galantamine and 10 mg/kg atro-
pine fully protected the guinea pigs against toxicity and
lethality induced by 1.5 x LD50s of soman and sarin. Not
only did galantamine fully protect the guinea pigs against
death but, shortly after OP injection, the guinea pigs did
not show any peripheral and central hypercholinergic
signs of OP intoxication, such as hypersecretion, muscle
contraction, respiratory difficulties, convulsion, or behav-
ioral abnormalities, and, during the observation period of
up to 1-2 weeks, they showed no signs of ill health. Those
guinea pigs that received soman or sarin followed by at-
ropine sulfate all presented life-threatening symptoms
within 10-20 min and were euthanized as per the IACUC-
approved protocol for animal care and handling.
[0019] In the first 24 hr, all guinea pigs receiving OP
showed 5-10% weight loss; however, in the following
days, the guinea pigs gained weight. With galantamine
doses giving partial protection, some guinea pigs showed
signs of OP intoxication. These guinea pigs had life-
threatening symptoms within hours or days after the OP
challenge and were euthanized as per the IACUC-ap-
proved protocol for animal care and handling. Such guin-
ea pigs showed different degrees of OP toxicity and did
not recover their body weights. However, after 3-4 days
following the OP challenge, no further deaths were re-
corded. Control guinea pigs receiving either galantamine
(up to 8 mg/kg) or atropine (6-10 mg/kg) or the mixture
of the two protecting agents showed no loss of body
weight or other untoward effects or signs of intoxication.
[0020] When the guinea pigs were euthanized by de-
capitation following deep anesthesia with CO2, blood
samples (obtained by cardiac puncture) and whole brains
were removed and immediately frozen in dry ice for sub-
sequent analysis of cholinesterase inhibition and galan-
tamine levels. Initial measurements indicated that intra-
muscular injection of 8 mg/kg galantamine resulted in
plasma and brain concentrations of the agent of approx-
imately 1-3 mM, which are similar to the concentrations
of galantamine observed in the plasma of humans treated
with doses of galantamine clinically recommended for
treatment of Alzheimer’s disease. The concentrations of
galantamine in the brain are sufficient to prevent desen-
sitization of nAChRs by rising levels of ACh resulting from
OP-induced irreversible inhibition of cholinesterases.
Cholinesterase inhibition in the brain was in the range of
20% to <1% from the highest to the lowest measured
concentrations of galantamine. Even when brain
cholinesterase inhibition was negligible, galantamine still
arrested OP-induced toxicity.
[0021] The brains of those guinea pigs that were suc-
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cessfully protected from OP poisoning by pre- or post-
treatment with galantamine were compared to those of
control guinea pigs morphometrically using Fluoro Jade
B staining. Neuronal viability and structures were very
similar in the brains of control and (galantamine + atro-
pine)-treated, OP-challenged animals.

Example 2 (Reference Example)

[0022] This example demonstrates the effectiveness
of post-treatment with galantamine in a mammal, which
has been exposed to an OP.
[0023] Soman (42 mg/kg) was administered (subcuta-
neously) to guinea pigs (young males weighing 300-420
g). After 1 min, atropine (10 mg/kg) was administered
(intramuscularly) to the animals. Simultaneously with or
subsequently to (e.g., 4 min later) atropine administra-
tion, galantamine (8-10 mg/kg) was administered (intra-
muscularly) to the animals. Administration of 8-10 mg/kg
galantamine within 5 min of administration of soman pro-
vided 100% protection. In contrast, administration of 6
mg/kg galantamine within 5 min of administration of so-
man only provided approximately 35% survival. In the
first 24 hrs, all guinea pigs showed about a 5% weight
loss; however, in the following days, the guinea pigs
gained weight at the same rate as control animals that
were not challenged with OPs.
[0024] The use of the terms "a" and "an" and "the" and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to
be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted
by context. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of re-
ferring individually to each separate value falling within
the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as
if it were individually recited herein. All methods de-
scribed herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples,
or exemplary language (e.g., "such as") provided herein,
is intended merely to better illuminate the invention and
does not pose a limitation on the scope of the invention
unless otherwise claimed. No language in the specifica-
tion should be construed as indicating any non-claimed
element as essential to the practice of the invention.

Claims

1. Galantamine and an antimuscarinic agent for use in
preventing or treating organophosphorous (OP) poi-
soning, comprising administering an OP poisoning-
inhibiting amount of galantamine to a mammal be-
fore exposure to an OP and subsequently adminis-
tering an effective amount of an antimuscarinic agent
after exposure to an OP.

2. Use of galantamine and an antimuscarinic agent for
the preparation of a medicament for preventing or
treating organophosphorous (OP) poisoning, com-
prising administering an OP poisoning-inhibiting
amount of galantamine to a mammal before expo-
sure to an OP and subsequently administering an
effective amount of an antimuscarinic agent after ex-
posure to an OP.

3. Galantamine and an antimuscarinic agent for use or
use according to claim 1 or 2, wherein the antimus-
carinic agent is atropine.

4. Galantamine and an antimuscarinic agent for use or
use according to any of claims 1 to 3, wherein the
route of administration for galantamine is oral and
for the antimuscarinic agent is intramuscular.

Patentansprüche

1. Galantamin und ein antimuskarinisches Agens zur
Verwendung zum Verhüten oder Behandeln einer
Organophosphor (OP)-Vergiftung, umfassend das
Verabreichen einer eine OP-Vergiftung inhibieren-
den Menge von Galantamin an einen Säuger vor der
Einwirkung eines OP und weiterhin das Verabrei-
chen einer wirksamen Menge eines antimuskarini-
schen Agens nach der Einwirkung eines OP.

2. Verwendung von Galantamin und einem antimuska-
rinischen Agens für die Herstellung eines Medika-
ments zum Verhüten oder Behandeln einer Organo-
phosphor (OP)-Vergiftung, umfassend das Verab-
reichen einer eine OP-Vergiftung inhibierenden
Menge von Galantamin an einen Säuger vor der Ein-
wirkung eines OP und weiterhin das Verabreichen
einer wirksamen Menge eines antimuskarinischen
Agens nach der Einwirkung eines OP.

3. Galantamin und ein antimuskarinisches Agens zur
Verwendung oder Verwendung gemäß Anspruch 1
oder 2, wobei das antimuskarinische Agens Atropin
ist.

4. Galantamin und ein antimuskarinisches Agens zur
Verwendung oder Verwendung gemäß einem der
Ansprüche 1 bis 3, wobei der Verabreichungsweg
für Galantamin oral und für das antimuskarinische
Agens intramuskulär ist.

Revendications

1. Galantamine et agent antimuscarinique destinés à
une utilisation dans la prévention ou le traitement
d’un empoisonnement aux organophosphorés (OP),
comprenant l’administration d’une quantité inhibant
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l’empoisonnement aux OP de galantamine à un
mammifère avant l’exposition à un OP et par la suite
l’administration d’une quantité efficace d’un agent
antimuscarinique après l’exposition à un OP.

2. Utilisation de galantamine et d’un agent antimusca-
rinique pour la préparation d’un médicament destiné
à prévenir ou traiter l’empoisonnement aux organo-
phosphorés (OP), comprenant l’administration
d’une quantité inhibant l’empoisonnement aux OP
de galantamine à un mammifère avant l’exposition
à un OP et par la suite l’administration d’une quantité
efficace d’un agent antimuscarinique après l’expo-
sition à un OP.

3. Galantamine et agent antimuscarinique destinés à
une utilisation ou utilisation selon la revendication 1
ou 2, l’agent antimuscarinique étant l’atropine.

4. Galantamine et agent antimuscarinique destinés à
une utilisation ou utilisation selon l’une quelconque
des revendications 1 à 3, la voie d’administration de
galantamine étant buccale et l’agent antimuscarini-
que étant intramusculaire.
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