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Methanol on Nonhuman Primates and
Their Infant Offspring

INTRODUCTION

In an effort to improve air quality and decrease dependence on petroleum, the federal government,
industry, and other groups have encouraged development of alternative fuels such as methanol to substi-
tute for gasoline or diese! fuel. Methanol is also a candidate to provide the hydrogen for fuel cells, which
are being developed for a variety of power sources (including motor vehicle engines). Before people are
exposed to increased concentrations of methanol, the potential health effects of such exposures require
study.

Methanol, a simple alcohol containing ene carbon atom, occurs naturally in plants and animals and par-
ticipates in human metabolism. People regularly consume low doses of methanol in fruits, vegetables, and
fermented beve as well as soft drinks and foods sweetened with ;ame (which breaks down to

gastroint fra te its ubiquifoiss presence, methano foxic

7T quantites are consumed. Ingestion of methanol {usually in the form of wood alcohol or tainted alco-
holic beverages) can result in metabolic acidosis, blindness, and even death. Although the body has the
capacity to metabolize the low doses of methanol to which people are regularly exposed, it cannot handle
high doses because toa much methanol overwhelms the body’s ability to remove a toxic metabolite {for-
mate}). When formate accumulates, methanol poisoning occurs. One factor that regulates the-sate-ar whitll
ormate is removed is the liver level of a derivative of the vitamin folic acid. People who are deficient in
folic acid (including 15% to 30% of pregnant womnen) may b& particularly susceptible to the toxic effects of
methanol. T T

If methanol were to be widely adopted as a fuel, environmental exposures would increase through inges-
tion of contaminated drinking water, inhalation of vapors from evaporative and other emissions, and dermal
contact. Current concentrations of methanol in ambient air are very low, 1 to 30 parts per billion (ppb). If all
motor vehicles in the United States were converted to 100% methanol fuel, methanol levels in ambient air
are estimated to increase approximately 1,000-fold (to 1 to 10 ppm in cities) and in a worst-case situation
could occasionally reach concentrations as high as 200 ppm in enclosed spaces {HEI 1987). Inhaling these
concentrations of methanol for short periods of time is not predicted to affect formate production and thus

SQ should not present a health risk. However, little is known about the consequences of long-term inhalation of
methanol vapors, especially in susceptible populations of pregnant women and developing fetuses. HEI,
therefore, developed a research program to address this information gap.

APPROACH

Dr. Thomas Burbacher and colleagues of the University of Washington studied the effects of long-term
exposure to methanol vapors on metabolism and reproduction in adult female monkeys (Macaca fascicu-
laris) and developmental effects in their offspring, who were exposed prenatally to methanol.

The investigators exposed adult female monkeys (11 to 12 animals/group) to one of four concentrations
of methanol vapors (0, 200, 600, and 1,800 ppm) for 2.5 hours a day, seven days a week during the fol-
lowing perlods: {1) before breeding, (2) during breeding, and (3} during pregnancy. They collected blood
from the adults at regular intervals to monitor methanol levels (which served as a marker of internal dose)
and formate concentrations. They also conducted pharmacokinetic studies to determine whether methanol
disposition {which includes absorption, distribution, metabolism, and excretion) was altered as a result of

This Statement, prepared by the Health Effects Institute and approved by its Board of Directors, is 2 summary of a research project spon-
sored by HEL This study was conducted by Dr. Thomas Burbacher and colleagues of the University of Washington. The following Research
Report cantains both the detailed Investigators’ Report (Parts 1 and 1I of Heproductive and Offspring Developmental Effects Following
Maternal Inhalation Exposure to Methano! in Nenhuman FPrimates) as well as a Commentary on the study prepared by the Institute's
Health Review Committee.






q

\‘\

PREFACE _ |

The use of methanol as an alternative fuel was proposed
in the 1980s as a means to reduce petroleum imports,
increase national security, and improve air quality (Gray
and Alson 1989). Methanol appeared to be promising
because it can easily and economically be produced from
natural gas and a number of other feedstocks. Also, it has a
high octane level and can reduce emission of hydrocar-
bons and other pollutants. More recently, methanol has
emerged as a promising energy source for fuel cells, which
are innovative electrochemical devices that convert fuel
energy inio hydrogen used to produce electric power for a
variety of power sources {including motor vehicle
engines). Although substituting methanol for gasoline and
diesel fuels in motor vehicles would reduce the levels of
some air pollutants, its expanded use raises concerns
about the health implications of increased exposure of the
general population to methanol vapors.

The prospect of introducing methanol as an alternative
fuel prompted researchers and regulators to (1) resolve
technical issues regarding fuel formulation and engine
design, (2) characterize emissions from methanol-fueled
vehicles and their effects on air quality, and (3) evaluate
methanol’s potential to cause health effects.

It is well known that methanol is toxic when ingested in
sufficiently high amounts. In 1987, the Health Effects
Institute (HEID) conducted an analysis of what emission-
related health problems might emerge if methanol were to
become more widely used as an automotive fuel. At that
time, most information on the health risks of methanol
exposure derived from clinical observations of humans
who had accidentally or intentionally ingested methanol
and from rodents exposed to very high concentrations of
methanol. Human methanol poisoning is characterized by
nausea, dizziness, metabolic acidosis, toxicity to the
visual system {including blindness), and motor distur-
bances. If untreated, methano} poisoning can lead to coma
and death (HEI 1987; Kavet and Nauss 1990; Kruse 1992;
Marcus 1993; International Programme on Chemical
Safety [IPCS] 1997). Visual toxicity is a hallmark of meth-
anol intoxication. Clinical findings include visual distur-
bances, blood or edema in the optic disc, and an enlarged
blind spot {Krause 1992). Autopsy reports have specified
brain lesions, especially in th putamen and bésmﬁﬂ
in patients who died of a meth overdose {Aquilonius
et al. 1980; Koopmans et al. 1988; LeWitt and Martin
1988). The lethal methanol dose for humans is uncertain
but appears to vary over a wide range (0.3 to 1 g/kg body
weight) (IPCS 1997). Investigation of methanol toxicity in

/"‘M

Health Effects Institute Research Report Number 89 © 1999

animals is difficult because normal rodents exposed to
methanol do not display the metabolic acidosis and tox-
icity to the visual system that occur in humans (Roe 1982;
Tephly and McMartin 1984; IPCS 1997).

The HEI Report {1987) found no evidence that short-
term exposures to the concentrations of methanol vapors
expected in ambient air as a result of methanol’s use as a
vehicular fuel would result in adverse health effects. The
Report called for additional research, however, to reduce
uncertainties regarding potential public health risks,
especially the risks for susceptible subpopulations and
the risks of prolonged low-level exposures. Because meth-
anol was seriously being considered as a gasoline addiiive
or replacement, HETI initiated a research program to
address these issues. The study by Burbacher and col-
leagues, presented in this Research Report, was a key ele-
ment in that program.

This Preface {1) provides background information on the
sources of methanol exposures, (2) presents the regulatory
context for the investigators’ research, (3) briefly describes
the known neurotoxic and developmental effects of meth-
anol exposure, and {4) concludes with a description of the
procedures that HE] used to develop its methanol research
program and to review Dr. Burbacher’s report.

METHANOL SOURCES AND USES

Methanol is a colorless, water-soluble liguid. Although
methanol is a major chemical commeodity, it also occurs
naturally in humans, animals, and plants. In humans,
methanol is derived both from the diet and from metabolic
processes (Kavet and Nauss 1990; IPCS 1997). Dietary
sources include fruits and vegetables, coffee, fruit juices,
fermented beverages, and food containing the artificial
sweetener aspartame, which hydrolyzes in the gut re-
leasing 109% of its molecular weight as methanol (Stegink
et al. 1981; IPCS 1997).

Methanol is widely used as a feedstock for chemical
syntheses (for formaldehyde, acetic acid, and methyl ter-
tiary-butyl ether IMTBE]) and as a solvent in a variety of
consumer products (for example, paints and varnishes,
antifreeze, windshield washers, cleansing solutions, and
adhesives) (IPCS 1997; Malcolm Pirnie 1999). Methanol is
also a component or byproduct in various commercial
operations such as sewage treatment, fermentation, and
the pulp and paper industry. In 1897, the U.S. Environ-
mental Protection Agency (EPA) reported that methanol
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The developing fetus may be particularly sensitive to
the toxic effects of methanol exposure. The widely recog-
nized teratogenic and neurotoxic effects of prenatal expo-
sure to ethanol (which has similar physicochemical prop-
erties) raise concerns about the possible health effects of
inhaled methanol vapors. Exposing the human fetus to
high concentrations of ethanol {by maternal ingestion) can
cause fetal alcohol syndrome, characterized by birth
defects such as craniofacial malformations, growth retar-
dation, and central nervous system disorders {Nulman et
al. 1998; Mattson and Riley 1998). Consumption of mod-
erate levels of ethanol can produce neurobehavioral defi-
cits that are less severe but similar to those reported for
fetal alcohol syndrome (Mattson and Riley 1998).

Evidence that methanol might be toxic for the devel-
oping fetus came initially from studies in laboratory rats
indicating that fetal exposure to extremely high doses of
methanol caused teratogenicity and neurotoxicity {(Nelson
et al. 1985: Infurna and Weiss 1986). Exposure of dams to
20,000 ppm methanol by inhalation for 7 hours daily
throughout gestation increased the incidence of congen-
ital malformations and urinary tract and cardiovascular
defects in the offspring; lower exposure concentrations
{10,000 ppm and 5,000 ppm) had no statistically signifi-
cant effects (Nelson et al. 1985). Infurna and Weiss (1986)
reported that early postnatal behavior (suckling behavior
and time to locage nesting material) was delayed in rat
pups after maternal ingestion of a high dose of methanol
(2.5 gfkg/day) during gestational days 15 to 19.

More recent studies have not confirmed the teratogenicity
of methanol in rats and point to differences in susceptibility
between the mouse and the rat {Bolon et al. 1993; Rogers et
al. 1993; Stanton et al. 1995; Weiss et al. 1996). Stanton and
colleagues (1995) did not find significant changes in neu-
robehavioral and neurophysiological development in the
offspring of rats exposed to 15,000 ppm methanol vapors (7
hours daily between gestational days 7 and 19). Weiss and
coworkers {1396) also did not detect significant changes in a
large number of behavioral endpoints (including suckling
latency, motor activity, and cognitive function) in rats
exposed to methanol (4,500 ppm/6 hours/day) in utero as
well as after birth. In contrast, fetuses from pregnant mice
exposed daily to very high concentrations of methanol
vapors (5,000 to 15,000 ppm) from gestational days 6 to 15

showed an elevated incidence of exencephaly {failure of the
W brain) (Rogers et al. 1993). For this
endpoint and under these’exposure conditions, the parent
compound methanol, rather than formate, may be respon-
sible for the abnormality (Dorman et al. 1995). The differ-
ence in susceptibility of the two rodent species may be
related to the higher blood methanol concentrations in mice

than in rats exposed to the same concentrations of methanol
vapors {Stanton et al. 1995; Pollack and Brouwer 1996).

Although toxicity resulting from single exposures to rel-
atively high concentrations of methanol has been exten-
sively studied, little information is recorded on the effects
of prolonged, low-level exposures to methanol vapors.
The most comprehensive study of the long-term effects of
inhaled methanol vapors was conducted in rodents and
monkeys by the New Energy Development Organization
(NEDD) of Japan. The results have been presented in an
abstract {Takeda and Katoh 1988) and in a report (NEDO
1987). Rats (F344/DuCrj) and mice {Crj:B6C3F,) were
exposed to methanol (0, 10, 100, or 1,000 ppm) for 12 or
24 months. No effects of exposure were reported for the
two lower concentrations of methanol, but some increased
body and organ weights were found in animals exposed to
1.000 ppm methanol. Pulmonary nodules increased in rats
exposed 1o 1,000 ppm methano}l; no methanol-related
tumors were reported in mice. Two-generation reproduc-
tive studies in Crj:CD rats exposed continuously to meth-
anol revealed no effects of methanol exposure on repro-
ductive function (sexual cycle, days needed for insemina-
tion, insemination rate, pregnancy rate, litter size), The
most notable finding was a decrease in brain weight in the
offspring of rats exposed to methanol. Teratology studies
were conducted on pregnant rats exposed to 0, 200, 1,000,
or 5,000 ppm methanol for approximately 23 hours/day
from day 7 to 17 of gestation. The highest exposure con-
centration {5,000 ppm) caused overt toxicity in the dams
andinlai&lfo_nymmgm the first generation animals.
Exposure concentrations of 1,000 ppm or less did not
induce toxicity in the maternal animals, toxicity to the
fetus, or effects on growth of the offspring.

NEDO also conducted long-term inhalation studies in
monkeys [Macaca fasciculoris) exposed to 10, 100, or
1,000 ppm methanol vapors for 21 hours/day for 7 months
(2 animals/group), 1 year and 7 months (3 animals/group},
or 2 years and 5 months (3 animals/group) (NEDO 1987).
No changes were observed in physical growth or routine
histologic parameters. The investigators reported degener-
ation of the basal ganglia of the cerebrum In animals
exposed to 100 or 1,000 ppm methanol for | year and 7
months; this lesion was not found in animals exposed for
2 years and 5 months.

HEI METHANOL RESEARCH PROGRAM AND THE
INVESTIGATORS’ STUDY

As a result of concerns about the potential for health
effects of methanol used as an alternative fuel, the HEI
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