Aminopyridines

OVERVIEW

2-Aminopyidine, 3-aminopyidine and 4-aminopyridine came to the attention of the NCI
Division of Cancer Biology as representatives of the monoaminopyrdines, aclass of chemicals
with asignificant ggp in knowledgeas to thar chronic toxicity and carcinogenic activity.
Information on chemical identification, exposure, and toxicity of each aminopyrdineis
discussed separately in thisreview. A structure-activity andysis for the class of chemicals and

the references are presented at the end of the doaument.

Of thethree monoaminopyridines, 2-aminopyidine appears to have the highest produdion,
ranging from 10,000to 500000 poundsfrom 19862002except in 1998when produdion
climbed to 1,000000to 10,000000pounds 2-Aminopyridine has varioususes, butis primarily
a starting material in theprodudion of variousdrugs Informationin the paent literature
suggests many possible uses for 3-aminopyidine, and this chemical is clearly achemical of
commerce. 4-Aminopyrdinehas varioususes, butis mos noted as an experimental drugfor the
treatment of variousneurological diseases and as a somewha controversial bird “frightening”
agent tha aso causes the desth of both target and nontarget species.

Readily absorbed throughthe skin and the gastrointestind tract, monoaminopyidines are widdy
distributed in thebody,indudingthebrain. Studiesin animals and humanshave shown tha the
monoaninopyindines are acutely toxic compounds Part of this toxic respone may bedueto its
ability to block K* channds causing, amongother effects, convulsionsor seizures. The
structurally ssimilar compound pyridine was postive in a 2-year rodent carcinogenesis assay.
Based on structure-activity andysis and actud data, the monoaminopyridines are unlikely to be

mutagenic in standard genotoxicity assays.

DATA GAPSIDENTIFIED BY NCI
Thefollowing studies were identified as data ggosneeded to characterize thetoxicity of the
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aminopyrndines:
*  Complete toxicological characterization,induding histopahology, in a 2-year
carcinogenesis bioassay of 2-aminopyiidine

*  Evaluaion of 3- and 4-aminopyridinein short-term mechanistic studies to characterize the
similarities and differences among this class of chemicals.

e Condud comparative neurotoxicity studies, as needed, to characterize smilarities and
differences amongthe monoanminopyridines.

INPUT FROM GOVERNMENT AGENCIES/INDUSTRY
In 2001,Dr. JohnWalker, Executive Director of the TSCA Interagency Testing Committee

(ITC), EPA, provided information on the annud produdion rangeof 2-pyridinamine (2-

aminopyrndineg).

An earlier draft of the Aminopyindines Summary Sheet was reviewed by the Chemical Selection
Working Group(CSWG) in July 2003 At that time, Dr. Walker addad tha the | TC was
investigating hdogenated pyridines and the NTP has condudeal tha some of them are
carcinoganic. CSWG members expressed additiond conaernsaboutthe neurotoxicity of this
class of chemicals that can easily pass throughtheblood-brain barier. Thegroupnoted the high
1998 produdion volume for 2-aminopyidine and asked tha this quantity be confirmed through
thel TC' suse of aPreliminay Assessment Information Rule (PAIR) unde section 8(a) of
TSCA.

Based ontherequest of the CSWG, thepyridinamines, 2-pyridinaming 3-pyridinamine, and 4-
pyridinamine, were added to the Priority Testing List to obtain information on annud produdion
and importation volumes and trends information on specific uses; and estimates of the nunber
of personspotentially exposed during manufacture and use (539 Report of the TSCA
Interagency Testing Committee) (EPA, 2004) Based ontherespong received, which did not
suppot an increasing trendin theuse of 2-aminopyridineg, the ITC removed thethree

pyridinamines fromthe Priority Testing List because of low potential for occupédiond exposure
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(56" Report of the TSCA Interagency Testing Committee) (EPA, 20053.

It should be nated tha unde PAIR, producers and importers of alisted chemical are exempted
fromreportingif produdion or importationis for the sole purpo of research and development
or if produdion or importationis less than 500kilograms during thereporting peiod at asingle
plant site. Companies whos total annud sales from all sites are bdow $30million for the
reporting period and who produced or imported less than 45,400kilograms of the chemical are

also exempt.

NOMINATION OFAMINOPYRIDINESTO THE NTP

Based on areview of theliterature available as of December 15, 2005 and the recommendaions
of the Chemica Selection Working Group (CSWG) on that dae, NCI nominates this chemical
for testing by the Nationd Toxicology Program (NTP) and forwardsthe following information:

* Theattached Summary of Datafor Chemical Selection

* Copiesof references cited in the Summary of Datafor Chemical Selectionand Dr.

Walker’ s pog-meeting comments

*  CSWG recommendéionsto:

(1) Condud genotoxicity tests on all three aminopyridines.

(2) Condud short term mechanistic studies on al three aminopyrdines,

(3) Comparative studies of metabolism
The CSWG assigned the priority for testing these chemicals as high.

Comments:
Theprimary concern regarding these chemicalsisthelack of informationto pamit QSAR
andysis for chronic effects for the entire class of monoaminopyirdines even thoughit is clear

tha they possess biological activity.

Thelimited number of workers exposed during manufacture, as deermined by the PAIR rule,

does not take into accountdowngream uses or exposure potential.
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SUMMARY OF DATA FOR CHEMICAL SELECTION

CHEMICAL IDENTIFICATION

2-Aminopyridine

CAS Reqgistry Number:

Chemica Abgracts Service Name:

Synonyns and Trade Name:

Structural Class:

504-29-0

2-Pyridinamine (9Cl)

I -Aminopyidine 2-pyridinaming 2-pyridylamineg o-
aminopyridine, 2-AP (ChemlID, 2003; Trochimowicz et al.,
1994)

Heterocyclic arometic tertiary amine derivatives

Structure, Molecular Formula, and Molecular Weight

CsHsN2

Chemica and Physca Propeties:

Description:

Boiling Point:
Melting Point:
Flash Point:

Dendty/Specific Gravity:

Log KO/_WZ

Solubility:

Mol. wt.: 9412

White leaflets or large colorless crystals (Lewis, 2002;
Merck, 2001)

2106 °C (Lewis, 2002;Merck, 2001)

575°C, 581" C (Lewis, 2002;Lide 2003;Merck, 2001)
92°C (Trochimowicz et al., 1994)

1.065at 20°C (Scriven et al., 1996)

0.49 (measured) (Hansch ef al., 1995)

Soluble in water, alcohol, benzene, ether, hot perol ether,

acetoneand organic solvents; dightly soluble in chloroform
(Lewis, 2002;Lide 2003;Merck, 2007
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Reactivity: Incompdible with acids highly flammable (Sigma-Aldrich,
2003)

Technical Produds and | mpurities:

2-Aminopyidine (#99.0%) is available from the Aldrich divison of Sigma-Aldrich (Sigma-
Aldrich, 2005.

2-Aminopyidine exists as a mixture of tautomeric amino and imino isomers with the

predominance of theamino form ove theiminoform (10001) (Shimizu et al., 1993)
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EXPOSURE INFORMATION

Produars:

Chemica Sources Internaiond (2003)lists 27 U.S. suppliersfor 2-aminopyndine

According to recent issues of chemical directories, 2-aminopyidineis manufactured or
distributed by Aceto Corparation; Alfa Aesar/Johnon Matthey Co.; Augin Chemical Co.,
Inc.; CBC (America) Corp.; Eastar Chemica Corporation; NetChem & Laboratory, Inc;
Rellly Indugries Inc.; Richman Chemical Inc; Sed SandsChemicals Ltd./Cambrex Co.
(Hunter, 2002;Moynihan, 2002;Tilton, 2002)

Produdion:

Pyridineis commercialy produced by synthesis or by isolation from naural sources such as
cod tar. 2-Aminopyrdineis manufactured usng thereaction of pyridinewith sodium
amide (Chichibabin aminaion). Itisobtained in highyield after the hydrolysis of the
intermediate salt (Merck, 2001;Shimizu et al., 198).

Produdionimport Level:

The EPA’s Inventory Updae Rule reports nononfidential produdion ranges of chemicals
every fouryears. Theprodudion levels of 2-aminopyridine duringtheyears 19862002are

listed in Table 1.

Table 1. Production Levels of 2-Aminopyri dine
Year Production Range (Ibs.)
1986 10,000 - 500,000
1990 10,000 - 500,000
1994 10,000 - 500,000
1998 > 1,000,000 - 10,000,000
2002 10,000 - 500,000

Source: EPA (2005b)
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2-Aminopyidineisnotlisted in the EPA High Produdion Volume (HPV) Chdlenge
Program. 2-Aminopyiidineislisted asalLPV chemica in the European Union, meaning
tha 10to 1,000metric tonswere produced or imported from 19901994 European
producrs of 2-aminopyidineare EUTICALS S.P.A., Novatis Grimsby UK Ltd. (formerly
CibaGeigy Grimsby), and RHODIA LTD (European Chemicals Bureau, 2005)

The Port Import/Export Reporting Service (PIERS) reported 2-aminopyridine exports with
acargoweight of 3,516 poundsover the 7-month period from Augug 2002to March 2003
For the 7-month period between September 2001and April 202, PIERS also reported
exports of aminopyridines as a solution, with acargo weight of 108,7621bs (Dialog
Information Service, 2003) No additiond imports or exports of any monoaninopyidines
were identified in the period between March 2003and Octobe 2005.

TheUS Internaiond Trade Commission (USITC) reported 2-aminopyidine as an end-use
chemical for theyears 19831993 No U.S. produdion data in theten mos recent volumes
of Synthetic Organic Chemicals, US Production and Sales was shown for theyears 1984
1993. This sourceisnolonge published (US Internaiond Trade Commission, 1990,1991,
1993,19944b).

Use Pattern:

Theprimary use of 2-aminopyidineis as an intermediate in the manufacturing of
phamaceuticals, particularly antihistamines and piroxicam. 2-Aminopyridinemay also be
an intermediate in the produdion of ciclopiroxolamine diphenpyramide methagudone
propiram fumarate, pyrilamine, triproliding and zomepirac (Carlucci et al., 1989;Lewis,
2002;Merck, 2001;Sittig, 1988.

A total of 1,655 paents containing thename “2-aminopyrdine’ were onfile with theU.S.
Patent and Trademark Office between 1976and Octobe 2005. Many of these paents refer
to 2-aminopyindine as areactive chemical used in the synthesis of a hod of other chemicals
(US Patent and Trademark Office, 2005.
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Human Expoaure:

Occupational Exposure. Occupaiond expasure to 2-aminopyridine may occur viadermal
contact with this compoundat workplaces whereit is produced or used (HSDB, 2005)

TheNationd Occupdiond Exposure Survey (NOES), which was conduded by the
Nationd Ingitute for Occupaiond Safety and Hedth (NIOSH) beween 1981and 1983,
estimated tha 3,159 workers, induding 429females, in 61 facilities representing 3
indudries were potentially exposed to 2-aminopyiidine (Sigma-Aldrich, 2003) The NOES
daabase does not contain information on thefrequency, level, or duration of exposure to

workers of any chemical listed therein.

Consumer Exposure: 2-Aminopyidineis both a synthesis precursor and a decompostion
produd by acidic cleavage of the NSAID piroxicam and was foundas an impurity in
piroxicam capsules and suppostories at a concentration of 0.1 percent (Carlucci et al.,
1989) Thissuggests that paients taking medicationsderived from 2-aminopyridine may
receive expoaure to low conaentrationsof 2-aminopyridine

Environmental Exposure: 2-Aminopyindings production and use as an intermediate for
antihistamines and other phamaceuticals may result in its release to the environment

throughvariouswaste streams (HSDB, 2005)

Environmental Occurrence:

If released to air, 2-aminopyidinewill exist solely as avapor in the ambient aamogphee.
Vapor-phase 2-aminopyrdinewill bedegraded in theatmogphee by reaction with
phobchemically-produced hydroxyl radicals; the half-life for thisreactionin air is
estimated to be 19 hous. If released to soil, 2-aminopyidineis expected to have very high
mobility. The pKaof 2-aminopyrdineis 6.86, indcating that this compoundwill patially
exist in the protonaed form in the environment and cationsgeneraly adsorb to organic
carbonand clay more strongly than thar neutral counterparts. Volatilization from moist
soil surfacesis not expected to bean important fate process. 2-Aminopyridinewill not
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volatilize from dry soil surfaces based uponits vapor pressure. 2-Aminopyidine degrades
dowly in soil. In onestudy, 2-aminopyridine was foundto completely degradein greater
than 96 days unde bath aerobic and anaerobic conditions If released into water, 2-
aminopyrdineis notexpected to adsorb to sugpended solidsand sediment in water.
Volatilization from water surfacesis not expected to be an important fate process.
Aminopyidines may be susceptible to phobchemical degraddion. Biodegradaion in water
may slowly occur based uponbiodegradaion studiesin soil. Measured BCFs of 3.0-7.7
and <5.1-25 at a concentration of 0.1 and 0.01 mg/l, respectively, suggests bioconaentration
in aguéic organismsislow (HSDB, 2005.

Limited information on thetoxicity of 2-aminopyrndinein terrestrial or aquéic species was
found. The5-30 minute ECso for 2-aminopyiidine in Photobacterium phosphoreum Was
284mg/l. The60-hr ECsg in Tetrahymena pyriformis was 390mg/L (Verscheuren, 2001).
Theora LDsy of 2-aminopyidinein thequdl wasreported to be 133mg/kg (RTECS,
2000)

Regulatory Status
The Occupdaiond Safety and Health Administration (OSHA) permissible exposure limit for

2-aminopyiidineis 0.5 ppm (2 mg/m®) averaged over an eight-hou work shift. The NIOSH
recommended exposure limit (REL) for 2-aminopyridineis 0.5 ppm (2 mg/m®) averaged
over aten-hou work shift (RTECS, 2000. The American Conference of Governmental
Indugrial Hygienists (ACGIH) recommended threshold limit value (TLV) for 2-
aminopytidineis atime-weighted average (TWA) of 0.5 ppm (1.9 mg/m°®) (ACGIH, 2001;
ACGIH, 200).
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TOXICOLOGICAL INFORMATION
Human Data:

No epidemiological studies or case repotrts investigaing the exposure of 2-aminopyridine
and cancer risk in humanswere identified in theavailable literature.

Several case reports have described 2-aminopyridineintoxication in workers. Inhdation of
2-aminopyidineat 5 ppmfor 5 hours during milling opeaationsresulted in a severe
poundng headache nausea, flushing of the extremities, and elevated blood pressure, butthe
opeator recovered fully by thenext day. Another case report described severe headache
followed by convulsionsand a stupomusstate. More severe human poisoning incddents
have been reported, involving convulsions respiratory failure, and death. For example, a
chemical plant worker died after exposure from a spill duringdistillation. He continued to
work in contaminaed clothingfor 1! hous after the spill. 2-Aminopyidineisasevere
skin and eye irritant and is readily absorbed through intact skin. 2-Aminopyidineis
congdered toxic by al routes althoughskin and eye contact and inhdation are the primary
routes of expoaure (ACGIH, 2001;HSDB, 2005;Reilly Indugries, Inc., 2005;
Trochimowicz et al., 1994)

Animal Data:

Acute Toxicity: 2-Aminopytidine (0.02 M aqueoussolution) caused a dight, trangent eye
injury ontherabbit cornea (Trochimowicz et al., 1994). 2-Aminopyidine lacked skin
sengtizationin the Buehler Topical Closed Patch Skin Sendtization Test; testing per DOT
protocol showed 2-aminopyidineto be negative for corrosvity (Reilly Indugries, Inc.,
2005)

TheLDsy vauesfor 2-aminopyrdineare given in Table 2.
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Table2. Acute Toxicity Valuesfor 2-Aminopyridine

Species Route of administration L Dsg (Mmg/kg) Reference
Mouse ora 50 ACGIH, 2001
145 RTECS, 2000
Rat oral 200 ACGIH, 2001; RTECS, 2000
Rabbit dermal >1,000 Reilly Industries, 2005
Guinea pig dermal 500 RTECS, 2000

In theLDsp dermal study in guineapigs deathswere assodated with convulsionsfollowing

expoaure to 500mg/kg (Trochimowicz et al., 1994).

Subchronic and Chronic Toxicity: No information on the subdironic or chronic toxicity of

2-aminopyrdinewas foundin the available literature.

Short-Term Tests:

Several investigaors have examined the mutagenic potential of 2-aminopyridine

*  2-Aminopyrdinewas not mutagenic in Salmonella typhimurium TA98, TA100,
TA1535,and TA1537at concentrationsupto 10,000 ug/plate. Mutagenicity was not
enhanced by Arodor-induced rat or hamster S-9 (Zeiger et al., 1987)

*  2-Aminopyrdinewas not mutagenic in Salmonella typhimurium TA98in the presence
or absence of S'9. Mutagenicity was notenhanced in the presence of notharman at
200 ug/plate with or withoutactivation (Sugimuraet al., 1982)

*  2-Aminopyndinewas not mutagenic in Escherichia coli strain Sd-4-73 usng a paper-
disk method (Szybdsky, 1958)

Metabolism:

2-Aminopyidineisreadily absorbed throughthe skin (Trochimowicz et al., 1994)
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Thepredictive program, METEOR described the formation of hydroxylaminesfrom
primary heterocyclic amines and the hydroxylation of pyrimidines as plausble metabolic
pahways for 2-aminopyidine (LHASA, Ltd, 2004. These reactionsare shown in Figure

1.
Figure 1: Plausible metabolitesof 2-aminopyridine
H,N 4 \
Hydroxylation from primary Hydroxylation of pyrimidines
heterocyclic amines
N
N—"0 0
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=
N | “
>~ N
A
0]

PLAUSIBLE: O - sulfation of

PLAUSIBLE: Glucuronidation of
N-hydroxyl compound

aromatic alcohol

2-Aminopyidinewas identified as oneof themajor urinary metabolites of the carcinogen
2-N-nitron-N-methylaminopyidine (2-NMPY) (Heydt-Zapf et al., 1983. 2-Amino-
pyridineis also amajor metabolite of 2-isopropylaminopyimiding a drug tha was
implicated in several cases of hepditis (Martina et al., 1992) 2-Aminopyidinewas aso
detected in the urine of male Sprague Dawley rats treated with methapyrilene, acompound
tha induces liver tumors in rats (Kammerer et al., 1988)

Other Biological Effects:
Blockage of K™ Channels: 2-Aminopyiidine selectively blocked the K* channds of the

squid axoninternd or externd membranes. The steady-state block of K* channds was
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more complete for low depolarization, and was gradudly relieved at highe depolarizations
(Yehetal, 1976)

Neurological Effects: Injection (intraperitonedl [ip]) of 2-aminopyidine precipitated
convulsionsin mice (HSDB, 2005)

Aminopyidines are capable of increasing acetylcholine release and spontaneoustranamitter
release in respon® to nerve stimulation (Bowman et al., 1977)

Other Effects on the Nervous System: Injection (intravenousJiv]) of 2-aminopyidine
induced an increase in the blood pressure and respiratory rate in cats (HSDB, 2005)
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CHEMICAL IDENTIFICATION

3-Aminopyridine

CAS Reqgistry Number: 462-08-8

Chemica Abdracts Service Name:  3-Pyridinamine (9Cl)

Synonyns and Trade Name: 3-Aminopyidine 3-pyridinamine, 3-pyridylamine m-
aminopyrdine amino-3 pyridine (ChemiD, 2003

Structural Class: Heterocyclic arometic tertiary amine derivatives

Structure, Molecular Formula, and Molecular Weight

H,N
\__

CsHeN> Mol. wt.: 94.12
Chemical and Physcal Propeties:

Description: Brown crystals (Chemica LAND21.com, 2003)

Boiling Point: 252°C (Lide 2003)

Melting Point: 645 °C (Lide 2003

Flash Point: 124°C (ChemicalLand21com, 2003)

Dengty/Specific Gravity: 1.24a 20" C(Scriven et al., 1996)

Solubility: Soluble in water, alcohol, benzene ether; insoluble in

petrol ether (Lide 2003
Log Komw: 0.11 (Hansch et al., 1995)
Reactivity: Incompatible with strong oxidizing agents, strong acids

acid chlorides, and acid anhydides (Sigma-Aldrich, 2003)

Technical Produds and Impurities: 3-Aminopyridine 99% pure, is available from the Aldrich
Divison of Sigma-Aldrich (Sigma-Aldrich, 2005)
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EXPOSURE INFORMATION
Producers:

Chemica Sources Internaiond (2003) lists 20 U.S. suppliersfor 3-aminopyndine
3-Aminopyidineis manufactured or distributed by Alfa Aesar/John®n Matthey Co.; CBC
(America) Corp.; NetChem & Laboratory, Inc.; Seal SandsChemicals Ltd./Cambrex Co.
(Hunter, 2002;Moynihan, 2002;Tilton, 2002)

Produdion:

3-Aminopyidineis producd from the correspondng pyridinecarboxamides and sodium
hypodlorite in alkaline solution (Hofmann reaction). Pyridinecarboxamides are prepared
by hydrolysis of pyridinecarbonitriles (Shimizu et al., 1993)

Produdionimport Level:
3-Aminopyidineislisted in the EPA TSCA Inventory (ChemID, 2003 butis not contained
in the EPA IUR for 19862002

For the 7-month period from September 2001and April 2002,PIERS reported expotts of
aminopyrdines as a solution, with a cargoweight of 108,/62Ibs(Dialog Information
Service, 2003)

USITC reported 3-aminopyridine as an end-use chemical for theyears 19911993 No US
produdion data in theten mos recent volumes of Synthetic Organic Chemicals, US
Production and Sales was shown for theyears 1984-1993. This sourceis nolonge
published. No quantitative information on annud produdion was foundin any other
available literature (US Internaiond Trade Commission, 1990,1991, 1993 19944ab).

Use Pattern:

3-Aminopyidineis an intermediate in the produdion of phamaceuticals, agrochemicals,
and dyes (ChemicalLand21com, 2003;Merck, 2001; Shimizu et al., 1993) This chemical
isalso listed as a plant growth regulator (Cotner, 2005).
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A total of 832 paents containing the name “3-aminopyndine€’ were onfile with theU.S.
Patent and Trademark Office since 1976as of Octoba 2005(US Patent and Trademark
Office, 2005.

Human Expoaure:

No information on human exposure was foundin the available literature. Use paterns
suggest tha thereis a potentia for worker exposure in the manufacturing of some

phamaceuticals, agrochemicals, and dyes.

Environmental Occurrence:

Use as a plant growth regulator could result in therelease of 3-aminopyrdineinto the

environment.
Only limited information on thetoxicity of 3-aminopyridinein terrestrial or aquéic species
was foundin theavailable literature. Theora LDsy of 3-aminopytidinein thequdl was

reported to be 178 mg/kg (Sigma-Aldrich, 2003.

Regulatory Status

No regulatory information for 3-aminopyrdinewas identified in the available literature.
No standadsor guiddines have been set by NIOSH or OSHA for occupaiond exposure to
or workplace allowable levels to this chemical. 3-Aminopyndinewas notonthe American
Conference of Governmental Indugrial Hygienists (ACGIH) list of compoundsfor which
recommendaionsfor a Threshold Limit Value (TLV) or Biological Exposure Index (BEI)

are made
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TOXICOLOGICAL INFORMATION
Human Data:

No epidemiological studies or case repotrts investigating the exposure of aminopyindines
and cancer risk in humanswere identified in theavailable literature.

Animal Data:
Acute Toxicity: Theintraperitoned (i.p.) LDsp of 3-aminopyndinein the mouse was
reported to be 28 mg/kg (Sigma-Aldrich, 2003. No acute toxicity values for theoral,

dermal, or inhdation routes were foundin the available literature.

Subchronic and Chronic Toxicity: No information on the subdironic or chronic toxicity of

3-aminopyrdinewas identified in the available literature.

Short-Term Tests:
3-Aminopyildinewas not mutagenic in Escherichia coli strain WP2 uvrA (Pal et al., 1978.

However, it was mutagenic in Salmonella typhimurium TA98in the presence of S-9 and
norhaman at 200 ug/plate (Sugimuraet al., 1982;Wakabayashi et al., 1982).

Metabolism:
No information was foundin theavailable literature regarding the metabolism of 3-

aminopyrdine

Theprogram, METEOR, predicts tha hydroxylamines from primary heteroaromatic amines
and 3-hydroxylation of pyridines would be plausble metabolic pahways (, Ltd., 2004)

Other Biological Effects:
Blockade of K™ Channels: 3-Aminopyidine selectively blocked the K* channds of the
squid axoninternd or externd membranes. Thesteady-state block of K* channds was

more complete for low depolarization, and was gradudly relieved at highe depolarizations
(Yehetal., 1976)
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Neurological Effects: Injection (i.p.) of 3-aminopyridine precipitated convulsionsin mice
(HSDB, 2005)

Aminopyidines are capable of increasing acetylcholine release and spontaneoustranamitter
release in respon® to neve stimulation (Bowman et al., 1977)
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CHEMICAL IDENTIFICATION

4-Aminopyridine

CAS Reqgistry Number: 504-24-5

Chemical Abdracts Service Name:  4-Pyridinamine (9Cl)

Synonyns and Trade Name: 4-Aminopyidine 4-pyridinamine 4-pyridylamine, p-
aminopyrdine Avitrol®; Fampridine® (ChemID, 2003)

Structural Class: Heterocyclic arometic tertiary amine derivatives

Structure, Molecular Formula, and Molecular Weight

H,N \ /N

CsHeN> Mol. wt.: 94.12
Chemical and Physcal Propeties:

Description: Crystals from chloroform (Lewis, 2002;Merck, 2001)

Boiling Point: 273°C (Lide 2003)

Mélting Point: 1585 °C (Lide 2003

Densty/Specific Gravity: 1.25at 20°C (Scriven et al., 1996)

Log Kou! 0.26 (Hanch et al., 1995)

Solubility: Soluble in water, acohol, benzene, and ether (Lewis, 2002;

Lide 2003 Merck, 2001)

Reactivity: Incompatible with strongoxidizing agents, strongacids
acid chlorides, and acid anhydides (Sigma-Aldrich, 2003)

Technical Produds and | mpurities:

4-Aminopyidine at #99% purity, is available from the Aldrich divison of Sigma-Aldrich
(Sigma-Aldrich, 2005.
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EXPOSURE INFORMATION
Producers:

Chemica Sources Internaiond (2003)lists 29 U.S. suppliersfor 4-aminopyndine

4-Aminopyidineis manufactured or distributed by Akor Corporation; Alfa Aesar/Johnon
Matthey; CBC (America) Corp.; Davos Chemica Corp.; Eastar Chemical Corporation;
Elpa Internaiond Inc.; Nationd Biochemicals, NetChem & Laboratory, Inc.; Regis
Technologies, Inc.; Richman Chemical Inc; SATTVA Chemica Div.of Pechiney World
Trade (USA) Inc, Siddhath Internaiond; Spectrum Chemical Mfg. Corp. (Hunter, 2002;
Moynihan, 2002;Tilton, 2002)

Thepesticide, Avitrol®, which contains4-aminopyridine as the active ingredient, is
manufactured by Avitrol Corporation (Avitrol, 206). Theexpeimenta drug,
Fampridine®, is produed by AcordaTherapeutics (Nationd Spind Cord Injury
Assodation, 2005)

Produdion:

4-Aminopyidineis produed by heating pyridinewith sodium amidein N,N-
dimethylanilineat 18C°C. Itisdeived aswell from 2-aminopyrdine and synthesized
throughperoxidaion/itrationmitro redudion of pyridine (HSDB, 2003; Lewis, 2002)

4-Aminopyidineisaso produed from the corregponding pyridinecarboxamides and
sodium hypodlorite in alkaline solution (Hofmann reaction). Pyridinecarboxamides are
prepared by hydrolysis of pyridinecarbonitriles (Shimizu et al., 1993)

Produdion/import Level:

4-Aminopyidineislisted in the EPA TSCA Inventory (ChemlID, 2003 butisnotlisted in
the EPA Inventory Updéae Rule for 19862002 4-Aminopyidineislisted asaLPV
chemical in the European Union, meaning that 10to 1,000 metric tonswere produced or
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imported from 19901994. The European produc of 4-aminopyiidineis INTEROR
PRODUCTION (European Chemicals Bureau, 20(b).

In a 1980registration standad repotrt, theannud produdion of Avitrol® was 330-350
poundswith 104 poundsused in agricultural cropsand 240 poundsapplied in agricultural
premises and urban areas (EPA, 1980) Preliminary pesticide use daafromthe state of
Californiareported that 29.49 poundsof 4-aminopyridine were used in agricultural
applicationsin theyear 2000(California Environmental Protection Agency, 2001)

The Animal Damage Control (ADC) program under the Animal and Plant Health Ingpection
(APHIS) of theU.S. Department of Agriculture provides assistance when wild animals
cause damageto propety, threaten pubic health and safety, feed on valuable crops kill
livestock and pets, or ham endangered species. The ADC also has responsbilities for such
damageon public lands The ADC program has used and supavised the use of Avitrol®

on pigeons sparows, gulls, crows, blackbirds and starlings In FY 200Q ADC oversaw
theapplication of 1,529 ounees of Avitrol® on private and public lands InFY 2001,these
figures were 295ounees plusan additiond 24 grams used on gulls (ADC, 2005)

For the 7-month period from September 2001and April 2002,PIERS reported expotts of
aminopyrdines as a solution, with a cargoweight of 108,/62Ibs(Dialog Information
Service, 2003)

TheUSITC reported 4-aminopyridine as an end-use chemical for theyears 19911993 4-
aminopyrdinewas aso listed for theyear 1989. No US produdion daain theten mos
recent volumes of Synthetic Organic Chemicals, US Production and Sales was shown for
theyears 19841993. This sourceisnolonge puldished. No quantitative information on
annud produdion was foundin any other available literature (US Internaiond Trade
Commission, 1990,1991, 1993 19944ah).
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Use Pattern:

Pesticide: As an EPA registered pesticide (PC Code069201) Avitrol® isused agang red-
winged blackbirds grackles, and blackbirdsin agricultural fields pigeonsand sparrowsin
public buildings and variousbirdsaroundlivestock feeding pens Avitrol® repds birds by
poisoning individud members of aflodk of birds caugng them to utter distress calls which
signd other birdsto leave thesite. Avitrol® hasfive active registered produds, Avitrol
concentrate, Corn Chops Double Strength Corn Chops Mixed Grains and Whole Corn
(Corndl University, 1985,1996;EPA, 1989;Schder et al., 1975;Wisconsn Depatment of
Agriculture, Trade & Consumer Protection, 2005)

An example of theuse of Avitrol® isits application on sunflower crops Thisinvolvesthe
repeated application of Corn Chops containing 0.03% 4-aminopyridine diluted 1:99 and
broadcast by air or groundequipment at atreatment rate of 3 poundsof bat per field acre.
Althoughapproximately 2.5 million acres are planted with sunflowers, Avitrol® is not
applied uniformly to all of these acres. Damageisaso notevenly spread, with 20 percent
of the acreage suffering seriousdamage Other methods e.g., controlling cattails to reduce
suitable habitat, are also used (Jacobs 2005;Kleingartner, 2005.

Intermediate: 4-Aminopyidineis an intermediate in the produdion of phamaceuticals and
agrochemicals (Shimizu et al., 1993)

Experimental Drug: 4-Aminopyridineis apotassum channd blocker that may enhance the
release of acetylcholinefromnerve terminds. It has been examined for thetreatment of
patients with Lambert-Eaton syndrome, myasthenia gravis, human botulism, Huntington’s
disease, Alzhemer’ s disease, and spind cord injuries. It has aso been used to reverse the
effects of nondepolarizing muscle relaxants. Thesudained release formula of 4-
aminopyrdine, oral Fampridine-SR®, is presently in Phase 111 clinical trialsfor the
treatment of multiple sclerogs (MS) (Koller et al., 1997;Murray & Newsom-Davis, 1981,
Nationd Multiple Scleross Sodety, 2005a National Spind Cord Injury Assodation, 2005;
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Potter et al., 1998;Rossini et al., 2001;Segd et al., 1999;Stork & Hoffman, 1994;Van
Diemen et al., 1993;Wessdling et al., 1984).

In Bulgaria, 4-aminopyiidine has been used for many years as an antagonist to

nond@olarizing neuromuscular blocking agents (De Roos 2002)

Veterinary Medicine: 4-Aminopyidine has been used off-labd, aone or in combination
with yohimbine hydrochloride as an antagonist of xylazine sedaion in dogsand cattle, and

xylazine-ketamine anesthesiain horses (Hendricks et al., 1984)
Other: A tota of 1,091 patents citingtheterm “4-aminopynding’ were onfilewith theU.S.
Patent and Trademark Office since 1976as of Octobea 2005(U.S. Patent and Trademark

Office, 2005.

Human Expoaure:

Occupational Exposure. Occupaiond exposure to 4-aminopyridine may occur viadermal
contact or inhdationin workplaces where 4-aminopyridineis produced or used (HSDB,
2003)

TheNationd Occupaiond Exposure Survey (NOES), which was conduded by NIOSH
between 1981and 1983, estimated that 4,618 workersin 452facilities representing 3
indudries were potentially expoed to 4-aminopyiidine (Sigma-Aldrich, 2003) The NOES
database does not contain information on thefrequency, level, or duration of expoaure to

workers of any chemical listed therein.

4-Aminopyidinebait preparation involves manud mixing of theactive ingredient with bat
material, therefore, workers who handle dud formulationsmay be exposd to 4-
aminopyrdinethroughdermal contact and inhdation (EPA, 1980.
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Consumer Exposure: Expodure to 4-aminopyidinemay occur when handling Avitrol®
produds or from handling of dead birdskilled with Avitrol®. Formulationsof this avicide
are commercially available as grain baits with 0.03 to 1% 4-aminopyridine or powder
concentrates conssting of 25 or 50%4-aminopyidine (Avitrol Corporation, 2005;
California Environmental Protection Agency, 2003.

Thegenera popubtion may be exposed to 4-aminopyridinethroughingestion of
contaminaed grain and seed produds (HSDB, 20().

Environmental Exposure: 4-Aminopyindings production and use as a chemical intermediate
and in agriculture as abird repdlent and avicide will result in its release to the environment
throughvariouswaste streams (HSDB, 2003) However, no deectable levels of 4-
aminopyrdinein field corn and sunflower seedswere reported after multiple applicationsof

bats containing 4-aminopyrdine (EPA, 1980)

Congderable attention has been given recently to theissue of water pollution from
consumer use of drugseither disposed of in thewater or excreted and disposed of through
sewer systems. Should Fampridine-SR® receive approvd for thetreatment of MS, a
potential patient popukbtion of 400000would become available to receive 4-aminopyridine
(Nationd Multiple Scleross Sodety, 2005ab). The narrow therapeutic windowand severe
side effects assodated with 4-aminopyridinewould probably greatly restrict this nunber.

Environmental Occurrence:

Atmospheric: If released to air, 4-aminopyridinewill exist solely as avaporin the ambient
aimosphee. Vapor-phase 4-aminopyiidinewill bedegraded in the atmogpheae by reaction
with phobchemically-produceed hydroxyl radicals; the hdf-life for thisreactioninair is
estimated to be 19 hous (HSDB, 2003)
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Biodegradation and Soil Accumulation: Aromatic amines undego rapid andreversible
covdent binding with humc materials in aqueoussolution which may explain why leaching

of 4-aminopyridinewas negligible in three alkaline soils and four acidic soils (EPA, 1989)

Although4-aminopytdine volatilization from soil was reported to bevery low, this
chemical isreadily adsorbed to soil particlesandis highly persistent. Even thoughit
remainsnear the soil surface, microbial degradation is notlikely to occur. Microorganisms
isolated from soil (Pseudomonas fluorescens, Enterobacter aerogenes, Aspergillus niger,
Streptomyces griseus, and Agrobacterium tumefaciens) duning 120hrs of incubaion were
unable to metabolize 4-aminopyidine Undea aerobic conditions 4-aminopyridine showed
hdf-lives ranging between 3 to 32 monthsin different types of soil. Unde flooded
conditions hdf-lives ranged between 8 monthsin clay soil to 10 monthsin sandy loam soil.
Metabolism to carbondioxide was also negligible unde anaerobic conditions(Betts et al.,
1976;Corndl University, 1996;EPA, 198Q 1989.

Aquatic: If released into water, 4-aminopyridineis not expected to adsorb to sugpended
solidsand sediment. Volatilizationfrom water surfaces is not expected to be an important
fate process. Biodegradaionin water may owly occur based uponbiodegradaion studies
in soil. A measured BCF of <0.2-0.6 and <1.8-7.2 at a conaentration of 50 and 5 mg/l,
respectively, suggests bioconcentration in aquéic organismsis low (HSDB, 2003)

4-Aminopyidineis not expected to be present in surface water as aresult of land
application of formulated produds (Corndl University, 1996)

Environmental Toxicology: As an avicide, thetoxicity of 4-aminopyidineto the
environment has been studied extengvely. 4-Aminopyndineinduces mortality in many
nontarge avian species. 4-Aminopyrding or its hydrochloride salt, were highly toxic to
39 species of birds induding doves, parakeets, magpies, grackles, dudks, jays, robins
finches, sparrows, pheasants, qudls, starlings blackbirds, bobwhites, qudeas, chicken,
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pigeons and mannikins Theoral LDsy ranged from 2.4 to 20 mg/kg (EPA, 1989 Schafer
et al., 1973)

EPA has characterized 4-aminopyridine as modeately toxic to warm water fish (EPA,
1980) Based onlog Ky and water solubility, EPA projected tha 4-aminopyiidinewill not
concentrate in aqudic organisms (EPA, 1989)

Several acute toxicity valuesfor 4-aminopyrdinein aquatic and terrestrial species are
summarized in Table 3.

Table 3. Selected Ecotoxicity Valuesfor 4-Aminopyridine

Oraanism Study Toxicity Toxic Dose Reference
9 Time Endpoint (mgll)
Photobacterium phosphoreum 5-30 min ECso 284 Verscheuen, 2001
Tetrahymena pyriformis 60 hr ECso 260 Verscheuwren, 2001
, 24 hr L Cso 17
Daphnia magna EPA, 1989
96 hr LCso 3.2
River horn snail (Elimia 24 hr L Cs (static) 100 EPA, 1989; Orme &
t ] Kedey, 2002
catenaria) 96hr | LCy(static) 62 gey
Frog | R 24 h LC 7.2
og larvee (Rana ' %0 EPA, 1989
sphenocephala)
96 hr LCso 24
Bluedll fish (Lepomis . EPA, 1980;
macrochirus) 96 hr L Cso (staic) 2.82-1.56 Verscheuren, 2001
Chamnel caffish (Ictalurus . EPA, 1980;
punctatus) 96 hr L Cso(staic) 243580 Verscheuwen, 2001

In studies where flesh-eating birdsand mammals were fed blackbirdskilled with 4-
aminopyrdine noindication of seconday hazard toxicity was ob%rved even thoughthe
equivaent of theLDs, dose for 4-aminopyrdines was exceeded (EPA, 1989;Schafer et al.,
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1974) Cumulative toxicity in non-target avian species has also not been observed (Schafer
& Marking, 1975.

Two field studies conduded in the Midwest in sunflower fieldstreated with 4-amino-
pyridine showed tha in two small areas (36.65and 515 acres), 258target and 42 nontargel
birdswere founddead. Inan 18000areafield of which only 128 acres were searched, 29
target and 3 nontarget birdswere found(EPA, 1980).

Regulatory Status

No standadsor guiddines have been set by NIOSH or OSHA for occupaiond exposure to
or workplace allowable levels of 4-aminopyidine 4-Aminopyiidinewas notonthe
American Conference of Governmental Indugrial Hygienists (ACGIH) list of compounds
for which recommendaionsfor a Threshold Limit Vaue (TLV) or Biological Exposure
Index (BEI) are made

Based on potential hazardsto fish and nontarget birds 4-aminopyidineformulationsare
classified by the EPA as Restricted Use Pesticides (RUP) and are onthe EPA’ s list of
“Acutely Hazardous commercia pesticides (Corndl University, 199%).

Asindicated in Section 180312 of 40 CFR, atolerance of 0.1 ppmis established for
negligible residues of 4-aminopyrdinein or ontheraw agricultural commodities corn
fodde andforage corn grain (induding poparn grain), fresh corn (induding sweet corn
kernds pluscob with husks removed), and sunflower seeds (Jacobs 2005)

4-Aminopyidineisregulated unde the Emergency Planning and Community Right-to-
Know Act (EPCRA) as an Extremely HazardousSubgance (EHS). Unde section 302 of
EPCRA, repotrting requirements are triggared when 4-aminopyiidineis stored in amounsin
excess of 500/10,0001bs Unde section 304 of EPCRA, releases > 1,0001bsmug be
reported. 4-Aminopyidineislisted in the Comprehensve Environmental Respons,
Compensation, and Liability Act (CERCLA) and the Resource Conservation and Recovery
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Act (RCRA) as ahazardouswaste. Thereportable quantity (RQ) is 1,000Ibsand it mug be
managed according to federal and/or state hazardouswaste regulationsas indicated in 40
CFR 26133 (EPA, 2001;HSDB, 2003.

TheModenization Act of 1997directs the Foodand Drug Administration (FDA) to
develop alist of bulk subgances for use in phamacy compoundng. Although4-
aminopyrndinewas nomnaed for induson, FDA was conaerned aboutreports of seizures
assodated with the use of 4-aminopyridine and did notindudethis subgance on theinitial
list of bulk subgances (FDA, 19993.
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TOXICOLOGICAL INFORMATION

Human Data:

No epidemiological studies or case repotrts investigaing the exposure of aminopyindines
and cancer risk in humanswere identified in theavailable literature. The EPA’s Integrated
Risk Information System (IRIS) assigned a classification of D (notclassifiable) for the
carcinogenicity for lifetime expoaure to 4-aminopyidine Thebasis was no human daaand
no animal data available (EPA, 1993.

Acute toxicity, induding tonic-clonic seizures, perioral parasthesis, ungeadiness during
walking, restlessness, and dightincrease in systolic blood pressure have been observed
fromtheaccidental ingestion of 4-aminopyiidineg, in patients receiving 4-aminopyridine,
andin clinica trial subjects (EPA, 1980,1989;FDA, 1999b)

*  Two men (100kg) whoingested ~60 mg of 4-aminopyindine were ho9italized and
treated for nausea, weakness, dizziness, profuse perspiration, altered mental status and
hypeatenson. Onehad three seizures. A third personwho aso ingested 4-
aminopyrdineinduced vomiting within 10 minutes of ingestion and denied any
adverse effects (Spyker et al., 1980.

* A 28yroldfemaleMS paient who had been treated at 2 mg/d for 2 years,
discontinued her medication and took a catch up dose of 6 mg tha produced two
seizures. On admission to theemergency room she had a serum 4-aminopyridine
level of 1363 ng/ml (Stork & Hoffman, 1994)

* A 54-year old quadriplegic woman with MS had agrand-mal seizure after 3 days of
dosng with 4-aminopyridine (Stork & Hoffman, 1994).

* A 52year old woman with MS fell into a prolongel coma after ingesting 4-
aminopyridine, but sherecovered fully after 5 days (Stork & Hoffman, 1994)

* A previoudy healthy 8-month old boy presented to an emergency room 40 minutes
after accidental ingestion of up to 20 mg of 4-aminopyridine He wasjittery,
tachycardic, and tachypnec and |later developed dramatic opisthotonic poguring and
vermiform tonguefasciculations His symptoms respondel to the administered
treatment and he was asymptomatic 20 hours after admission (Velez et al., 2003)
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A numbe of clinical tridsinvolving oral administration of 4-aminopyiidineto patients with
MS or spind cord injury have been conduded. Some studies reported significant side
effects of 4-aminopyriding such as a confusond sate and epileptic fits. Restlessness,
confugon, and generalized tonic-clonic seizures have been reported at doses highe than 0.8
mg/kg bw (Potter et al., 1998;Rossini et al., 2001 van der Bruggen et al., 2001)

Eight MS paientsreceived three treatments on three separate days with placebo or 4-
aminopyrdineto atarget pesk serum conaentration of 30to 59 ng/ml or 60-100ng/ml.
All subjects experienced side effects at the high serum conaentration; a grand mal seizure
occurred at aserumlevel of 104 ng/ml and an acute confusond episodeoccurred at 114
ng/ml (Bever et al., 1994.

InaPhasell trid, involving 69 patients with M S treated with a mean dosage of 31.2 mg/day
for 12 weeks (maximum do<e of 0.5 mg/kg/day), 14 paients needed dose redudion and three
patients withdrew from the study because of the side effects. Even so, the side effects from
oral administration were less seriouswhen compared with the effects observed after
intravenousadministration (Van Diemen et al., 1993).

InaPhasell tria of Fampridine-SR® invaving 206 M S paients, side effects of drug
administration at 10, 15, or 20 mg for 12 weeks included dizziness, insomnia, and nausea
Two personsin the20-mg group had seizures, onefrom an accidental overdose (Nationd
Multiple Scleross Sodety, 2004).

Animal Data:

Acute Toxicity: &-Aminopyidineis highly toxic in mammals as well as birds produang
hypeaexcitability, salivation, tremors, muscular incoordination, clonic and tonic convulsions
cardiac or respiratory arrest, and death. Amongmammals, dogsare mog sendtive and rats
theleast sengtive. Birdswere approximately as sengtive to 4-aminopyidineintoxication as
mammal s and showed no obviousdifferences in sengtivity between species or genera. Birds
showed the same signsof 4-aminopyiidineintoxication as mammals (Schafer et al., 1973)
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TheLDsp vauesfor 4-aminopyrdinein mammals are given in Table 4.

Table4. Acute Toxicity Valuesfor 4-Aminopyridine

Species Route of administration L Dso (mg/kg) Reference
19 Sigma-Aldrich, 2003
Mouse ora
42 Trochimowicz et al., 1994
Dog ora 3.7,4.0 Schafer et al., 1973
11.9 (HCI salt)
Rat ora 20 Schafer et al., 1973
28-32.5 (HCI salt)
Rabbit dermal 327 (HCI salt) EPA, 1980
Hog oral 17.8 (HCl slt) Schafer et al., 1973
6 Sigma-Aldrich, 2003
Guinea pig oral
75 HSDB, 2003

4-Aminopyidine hydrochloride (50 mg) applied to abraded and intact skin of rabbits did not
produceirritationat 24 or 72 hous (EPA, 1980)

A clinical trial of 4-aminopyndinewas carried out in 39 dogswith traumatic paraplegia or

paaparesis. 4-Aminopyidine was administered in total doses between 0.5 and 1 mg/kg bw,

and trangent improvements of neurological statuswere observed in 64 percent of thedogs

Significant side effects were seen in 6 dogs, with elevation of bodytemperature and appaent

anxiety, leading to mild seizuresin 3 dogs(Blighter al., 1991)

In horses, cumulativeiv doses of 4-aminopyiidineof 300to 500ug/kg caused muscle

tremors, stilted gait, and signsof excitement. Once signsof excitement occurred, additiond

31

Prepared for NCI by Technical Resources International, Inc. to support chemical nomination under contract no. NO2-CB-07007 (06/03;

rev. 11/05)



Aminopyridines

administration of 4-aminopyridine resulted in severe muscle tremors and exaggerated
respongesto externd stimuli. Increasesin respiratory rates were noted in all horses after
such doses, but significant alterationsin heart rate occurred only in horses manifesting
obvioussignsof CNS excitement (Klein & Hopkins, 1981)

Subchronic and Chronic Toxicity: No 2-year carcinogenicity studies of aminopyindinesin

animalswere identified in the available literature.

4-Aminopyidine hydrochloride was given in thediet to rats at concentrationsof 3, 30, or
300ppmfor 90days. At 300ppm, theanimals were hypeirritable to noise and toudh and
thebrain weights of female rats and liver weights of male rats were significantly increased.
No changes were oberved in blood urindyses, or in gross and histopahological
examindions(EPA, 1980,1989)

4-Aminopyidine hydrochloride was given in thediet to dogsat concentrationsof 0.1, 1.0, or
2.0-3.25mg/kg/day for 90 days. At > 2.0 mg/kg/day, the animals showed salivation and
muscular weakness and brain weights were dightly decreased. No changes were observed in
blood, urindyses, or in histopahological examinaions(EPA, 198Q 1989)

Short-Term Tests:

Two studies related to the mutagenic potential of 4-aminopyndinewere foundin the
available literature.

* 4-Aminopyrdinewas not mutagenic in Salmonella typhimurium strains TA98 and
TA100at concentrationsupto 2 mg/plate in the presence or absence of S-9.
Mutagenicity was not enhanced in the presence of norharman at 200:g/plate with or
withoutactivation (Sugimuraet al., 1982;Wakabayashi et al., 1982)

* 4-Aminopyrdinewas not mutagenic in Salmonella typhimurium strainsTA98, TA100

TA1537,and TA2637in the presence or absence of cobdt(ll) chloride (Ogawaet al.,
1986)
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Metabolism:

4-Aminopyidineisreadily absorbed throughthe skin and gastrointestind tracts of animals
(Corndl University, 1996) 4-Aminopyidineadministered to nine healthy volunteers as
enteric coaed 20 mg tablets was aso rapidly absorbed (EPA, 1989;Uges et al., 1982)

A studyin which mongrel dogswere injected with 1 mg/kg of 4-aminopyidine showed a
volume of distribution of 8.6 times the volume of serum, suggesting extengve distribution
to thetissues. Inthisreport, only 0.01 + 0.01% of the administered dose was recovered in
the bile while 60 + 9% was recovered fromthe urine 10 hr after dosng. Rend excretion of
4-aminopyidineinvdved tubular excretion with an elimination hdf-life of 125min (EPA,
1989)

Theprogram, METEOR, predicts tha hydroxylamines from primary heteroaromatic amines
and 3-hydroxylation of pyridines would be plausble metabolic pahways (LHASA, Ltd.,
2004)

4-Aminopyidine was detected in the urine of rats expoed to the non-carcinogen, 4-N-
nitroso-N-methylaminopyiidine (4-NMPY) (Heydt-Zapf et al., 1983)

Other Biological Effects:
Developmental and Reproductive Effects: 4-Aminopyrndineinjected ip to white rats (10

animals/sex) for 1 month at 1 or 5 mg/kg/day or for 6 monthsat 1 or 4 mg/kg/day, did not
indue changes in bodyweight, hemoglobin concentration, or red and white blood cell
count. Inthe 1-month study, cerebral edema and proliferation of capillariesin the
myocardial interstitium were noted. In the 6-month study, hepaic paenchymatous
degeneration and hepdic fatty degeneration were observed. No malformationswere noted
in the offspring born to treated rats (EPA, 1989.

A single subacute oral dose of 4-aminopyidine (5.62 mg/kg) was given to coturnix qudl

(Coturnix coturnix). When these animals were pared with untreated mates, no effect on
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reproductive performance of males was observed. Egg produdion of females was reduced
thethird week after treatment butthe hatchability of eggswas not affected. When mated
parswere fed 1,000 ppm4-aminopyriding the birdsdid not produee live chicks. TheF;
progeny fromqualsfed 316, 100, and 316 ppmof 4-aminopyrdine showed no
reprodudive abnomalities (EPA, 198Q 1989;Schafer ef al., 1975)

Blockade of K™ Channels: 4-Aminopyidine selectively blocked the K™ channds of the
squid axoninternd or externd membranes. The steady-state block of K* channds was
more complete for low depolarization, and was gradudly relieved at highe depolarizations
(Yehetal., 1976)

Thebendicial effects of 4-aminopyindineobserved in MS paients may bedueto the
restoration of the condudion of demyelinaing fibers throughthe ddayed repolarization tha
occurs as a consequence of the blockade of thefast inactivating K* current (EPA, 198Q
Fujihara and Miyoshi, 1998;Koller et al., 1997;Targ and Kocsis, 1985). However, 4-
aminopyrndinemay also inarease syngptic activity and/or exert an antagonism to factors
present in the cerebrogind fluid of MS patients that promote Na” channd inactivation
(Koller et al., 1997;Mdi et al., 2000)

4-Aminopyridine prevented adopive trander of experimenta allergic encephdomyelitis
(EAE), theanima modd of MSinrats. 4-Aminopyridineblocked K* currents and
inhibited proliferative and effector cell fundionsin activated T cells agang theimmune
resporsiveness of guinea pig myelin basic protein-reactive Lewisrat T lymphoagytes,
enabling them to mediate thetrander of EAE to other animals (Judgeet al., 1997)

4-Aminopyidinedirectly increases both skeletal and cardiac muscle contractility. Because
blodcking voltage-sendtive potassum channds increases calcium influx, 4-aminopyridine
also increases neurotranamitter release. Thenet effect onthe cardiovascular system isan
increase in myocardial contractility and in peripheal vascular resistance (De Roos 2002)
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Neurological Effects: Injection (ip) of 4-aminopyiidine precipitated convulsionsin rats
(HSDB, 2003)

Aminopyidines are capable of increasing acetylcholine release and spontaneoustranamitter
release in respon to nerve stimulation (Bowman et al., 1977)

Thein vitro inhibition of the membrane potassium condudance by 4-aminopyridine was
described in both nerve and muscle. The mechanism of action of 4-aminopyidinewas
reported to be calcium-dependent and involved an increase in acetylcholinerelease at the
presyngptic membrane of the neuromuscular jundion, increasing theforce of muscle
contraction (EPA, 1980;HSDB, 2003)

In in vivo studies, 4-aminopyridine stimulated therelease of norepingphrine butnot 5-
hydroxytryptamine or dopaminein therat brain and spind cord (EPA, 1980. 4-Aminc-
pyridine caused epileptic seizures in rats probably by increasing glutamatergic synaptic
fundion. Not only did it induee therelease of glutamate but a'so indued small levels of
glycineand taurinein the hippo@mpusand entorhind cortex. Moreover, in theentorhind
cortex, 4-aminopyridineinduced alargeinarease in extracellular glutamine (MedinaCela et
al., 2000;Pefia& Tapia, 2000.

Other Effects on the Nervous System: Administration (iv) of 4-aminopyidine prolonged
increases in the blood pressure of cats and antagonized barbiturate hypnossin mice (EPA,
1980)

Effects on Glucose Homeostasis: Administration (iv) of 4-aminopyridineinducd a
significant increase in plasma glucose levels in mice, and inhibited glucose-inducd insulin
secretion. In contrast, in animals deprived of thar sympaho-adrend systems, 4-
aminopyrdine potentiated theglucose-induced inaulin secretion. These findingssuggest
tha 4-aminopyndine may affect glucose homeodasis and inaulin secretion via an increase
in catecholaminerelease (Ahrén et al., 1981).
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Induction of In Vitro Cell Death: 4-Aminopyridineinhibited proliferation of U87 (wild-type
p53)and A172(mutant p53) astrocytomacell linesin an in vitro assay. It inducd
apopbssin U87 astrocytoma cells and blocked the outward rectifier K™ channd in both
U87and Al72cells(Chinet al., 1997)

Structure-Activity Relationshipsfor Aminopyridines:

Pyridine (CAS No. 110-86-1) was tested by the Nationd Toxicology Program in F344N
rats, Wistar rats, and B6C3F, mice. In groupsof 50 male and 50 female F344N rats
exposd in drinking water at 0, 100 200 or 400ppm for 104-105weeks, rend tubue

adenomes and carcinomas in high dose males and concentration-related nonneplastic liver

lesionsin males and females were observed. Inadences of mononudear cell leukemiawere
asoincreased in thefemaerats. In groupsof 50 male Wistar rats exposed to pyridinein
drinking water at concentrationsof 0, 100,200, 0r 400 ppm, theincddence of testicular
interstitial cell adenomawas significantly increased in the high dose animals. Groupsof 50
male mice were exposed to pyridinein drinking water at 0, 250 500 or 1,000ppmand
groupsof 50 females were likewise exposd at 0, 125, 250, or 500 ppm. Hepatocellular
neoplasms, induding hepaoblastomas, in exposed male and female mice were clearly
related to pyridine Many mice had multiple hepaocellular neoplasms; theinddencesin
exposed males and females exceeded historical control ranges for drinking water studies.
Pyridinewas not mutagenic in S. typhimurium TA98, TA100 TA1535,0r TA1537with or
withoutmetabolic activation. Pyridinewas also negdivein theL5178Y mouse lymphama
assay and did notinduce sister chromatid exchanges or chromosomal aberrationsin Chinese
hamster ovary cells. Pyridinedid notindue micronudel in thebonemarrow cells of male
mice administered i.p. injectionsof thetest materia (NTP, 2000)

Two additiond compoundsstructurally related to monoaminopytidines were selected for
review. These chemicals were 3,4 diaminopyiidine and 2,6-diaminopyiidine No
information on carcinogenic activity was foundfor either compoundin a search of the
Nationd Library of Medicine TOXNET daabases, induding Toxline No information on
any of these chemicals was located in the Survey of Compounds Which Have Been Tested
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for Carcinogenic Activity (CancerChem). Genotoxicity information foundin the available

literature is presented bdow in Table 5.

Table5. Data on Mutagenicity of Compounds Structurally Related to Aminopyridines

54-96-6

Name/Cas No. Structure I nfor mation on Mutagenicity
2,6-Diaminopyridine Not mutagenic in S. typhimurium
H,N N NH, TA98 or TA100 with & without
141-86-6 ‘ o PCB-induced S-9 and/or norharman
_ (CCRIS, 2003; Wakabayashi et
al., 1982
Mutagenicin S. typhimurium TA98
with PCB-inducedS-9 (CCRIS,
2003)
3,4-Diaminopyidine \ Not mutagenic in S. typhimurium
H,N / N TA98 or TA100, with & without

PCB-induced S-9 and/or norharman
(Wakabayadhi et al., 1982)

Two SAR-based computer software programs were used as tools to assess thetoxicity of

thethree monoaminopyridines. Oneprogram, named TOPKAT, usesrobug, cross-
validated modds based on experimental daato calculate a probability valuefrom 0.0-1.0
tha achemica will bepostivefor acertain endpant. This program aso incorporates a

validity diagnogic tha indicatesif the predicted toxicity values may be accepted with

confidence.

Another SAR-based modd, DEREK, uses structure alerts to predict thetoxicity of a

compound. Thetoxicity predictionsmadefor themonoaninopyrdines by TOPKAT and
DEREK are shown in Table 6.
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Table 6. Toxicity Predictionsfor 2- , 3-, and 4-Aminopyridine Using SAR-based Programs

Toxicity Endpoint

2-Aminopyridine

3-Aminopyridine

4-Aminopyridine

carcinogenicity

carcinogenicity

TOPKAT
Carcinogenicity (male rat, NTP model) 0.227 0.823* 0.987*
Carcinogenicity (female rat, NTP model) 0.021 0.180 0.185
Carcinogenicity (male mouse, NTP model) 0 No prediction No prediction
Carcinogenicity (female mouse, NTP model) 0 1.00* 0.999*
Carcinogenicity (male rat, FDA model) 0.098 0.082 0.179
Carcinogenicity (female rat, FDA model) 0.003 0.007 0.087
Carcinogenicity (male mouse, FDA model) 0.621 0.482 0.433
Carcinogenicity (female mouse, FDA model) 0.982* 0.012 0.618
Weight of Evidence Carcinogenicity Call 0.998* 0.998* 0.998*
DEREK
Carcinogenicity Plausible for Plausible for Plausible for
mammalian mammalian mammalian

carcinogenicity

Skin Sensitization Plausible as Plausible as Plausible as
mammalian skin mammalian skin mammalian skin
sensitizer sensitizer sensitizer
*Likely to be carcinogenic
Source: Accelrys, Inc., 2004; LHASA Ltd., 2004
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