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. Experimental Methanol Toxicity in the Primate: Analysis of Metabolic
() Acidosis. CLay, K. L., MurpPHY, R. C., AND WATKINS, W. D. (1975).

Toxicol. Appl. Pharmacol. 34, 49-61. Methanol was administered to fas,
rhesus monkeys (Macaca mulatta), and glggail monkeys (Macaca nemes-
trina). Of these animals, only the pigtail monkey reliably developed a. P
severe melabolic orgamc acidosis resembling that observed in humans.” 3
Biood and urine specamens drawn from methanol-treated pigtail monkeys
were analyzed for organic acid content by gas chromatography—mass
spectroscopy and specific assays were performed for formate. The anipn gap
resulting durm&melhanol acidosis was accounted for mfu_}__y_mggg;gd
“blood concentrations of formate. _Systemic formate concentrations

remained low in rais and monkeys which failed to become acidotic following
methanol administration.

Methanol produces toxic effects expressed primarily in the human. These include a - . "z
profound metabolic acidosis and an impairment of vision, the latter being widely =
variable in its severity. 1t is generally agreed that these toxic effects of methanol occur
as a result of its metabolism and are not due to the alcohol itself. Studies reported thus
far have not succeeded in deﬁmng the mewmgmﬂ and
carbon dioxide content of the blood measured following exposure to methanol.
‘An important factor limiting our understanding of methanol acidosis has been that -
only in recent years has the marked species difference in response to:methanol:been
appreciated fully. No acidosis resembling the human condition has been reported for
_anonprimate laboratory animal (K oivusalo, 1970) and methanol toxicity studies limited
to primates have produced widely varying results. Gilger and Potts (1955) administered
methanol to the rhesus macacque (Macaca mulatta) and observed acidosis leading to ™
death in all animals which received 3 g/kg or more. Cooper and Felig (1961) alsg em-
ployed the rhesus monkey in their studies but observed death in none of the gnimals -
which received 6 g/kg or less and did not see definite acidosis even in those animals
_which died from higher doses of methanol. f
Metabolic differences reported to date in the primate and nonprimate are difficult -
to relate to the striking species differences in response to methanol administration. ™
Recent work (Mannering et al., 1969; Tephly er al., 1964; Watkins ef al., 1970) has
defined different primary catalysts in the rat and the rhesus monkey for the oxidation =
of methanol to formaldehyde. When the rates of production of formaldehyde in the "y

ral and monkey are considered in the overall rate of conversion of methanol to carbon
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50 CLAY, MURPHY AND WATKINS

dioxide, however, it does not appear likely that the reported enzymatic differences

account for the observed toxicological differences.

A second restriction in the study of methanol acidosis has been the technical difficulty
of accurately measuring the many acid species which could contribute to a decrease in
blood pH and carbon dioxide content. In earlier studies, formic acid, lactic acid, and
hydroxybutyric acid were estimated to account for less than 259 of the total organic
acids measurable in human urine obtained from a patient sulfering methanol acidosis

(Van Siyke and Palmer, 1920), thereby directing attention to other possible organic

acids.

“The purpose of this investigation was 10 identify the acid species responsible for the
metabolic acidosis associated with methanol toxicity. The study consisted of two parts:
First it was necessary to determine a suitable experimental model of human methanol
acidosis, and second, by use of that model, we wanted to identify and quantitate those
acids which contribute 1o the metabolic acidosis following methanol treatment,

METHODS

All chemicals used were reagent grade unless otherwise indicated. [*4C]sodium
formate (3 mCifmmol) was obtained from New England Nuclear Corporation (Boston,
Mass.). 4-Methylpyrazole was obtained from Analabs (North Haven, Conn.).

Animals employed in this investigation were as follows: rhesus monkeys (Macaca
mulatta) adult females, 4-6 kg; pigtail monkeys (Macaca nemestrina} adult females
and 1 male, 3-6 kg; Sprague-Dawley rats, 250450 g.

Serum electrolytes, glucose, blood urea nitrogen, and creatinine were determined by
the methods given by O'Brien (1968). Blood pH, pCO,, and pO, were determined with
a digital blood-gas analyzer (model PHM 72, Radiometer, Copenhagen). pH, pCO,,
and pO; elecirodes were calibrated immediately prior to each determination. Blood
bicarbonate was calculated from the values for blood pH and pCO,.

Plasma was prepared for gas chromatography-mass spectrometry (GC-MS) by the
following procedure: Internal standard (decanoic acid) was added to plasma prepared
from 2 ml heparinized blood and the protein was precipitated by addition of 4 ml
absolute ethanol and centrifugation at 2000g. The volume of the supernate was reduced
to 0.1 miby flash evaporation at 30°Cand then taken up in water to a total volume of 3ml.
The solution was adjusted to pH 8.0 with 1 N sodium hydroxide and extracted three
times with a total volume of 45 ml water-saturated diethyl ether. The organic phase
was discarded. The aqueous phase was adjusted to pH 2.0 with 1 N HCI and then
extracted with 45 ml ether in three aliquots. The ether exiracts were evaporated under
a nitrogen stream in a 60°C heating block. The extracted organic compounds were con-
verted to their trimethylsilyl derivatives by reaction with 100 ul bis(trimethylsilyl)-
trifluoroacetamide in 100 gl CH,CN at 60°C for 10-12 hr.

Samples were injected on a gas chromatograph (Perkin-Elmer mode] 990, flame
ionization detector) fitted with a glass column (6 ft x 2 mm i.d.}, packed with 5%
QV-22 on Chromosorb W (100-200 mesh). The carrier gas was nitrogen. The injection
port temperature was maintained at 300°C, Temperature programming was employed
after an initial 30°C for 2 min, followed by a rise from 30° to 250°C at 8°/min. Sample

. components were identified by their methylene unit values (Dalgleish er al., 1966), by

L
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cochromatography with standard compounds, and by mass spectral identification.
Comparison with the added internal standard allowed estimation of the amount of each
component in the chromatogram. Combined GC-MS was performed on an AEI
MS 12 interfaced to a Beckman GC 7 with a PDP-8i computer for data acquisition
{Markey, 1970; Platiner and Markey, 1971). .

Blood samples (2-4 ml) were collected from monkeys either from the femoral vein
with sealed, heparinized syringes, or directly from a cannula inserted in the femoral
vein and advanced to the region of the right heart. Blood was collected from the rat
by cardiac puncture with heparinized vacuum tubes while the animal was under light
ether anesthesia or from a cannula in the carotid artery of the anesthetized animal.
Monkey urine was collected on ice from an indwelling Foley bladder catheter. Rat
urine was collected in plastic metabolism cages,

Following methanol administration, formate was assayed in whole blood and urine
by the method of Rietbrock and Hinrichs (1964) or by steam distillation and colori-

metric assay by the method of Lang and Lang (1972). Standard curves for quantitations . - :

were made with steam distillate from control blood or urine samples.

Steam distillation of whole blood samples by the procedure recommended by
Rietbrock and Hinrichs (1964) recovered 87-90%, of formate added to the sample.
Following administration of [**C])formate to rats and monkeys, [**C]formate in serial
blood samples was determined by the specific oxidation method of Yang (1969).
Recovery of [**C]formate as **CO, with this method was better than 90%; in all cases,
with blood concentrations of [**C)formate from 0.5 mg/100 mi to 100 mg/100 ml and
with 100-22,000 dpm.

RESULTS

It has been generally agreed, although never directly demonstrated, that “methanol
acidosis™ arises from the processes of metabolism rather than from the alcohol itself.
We have obtained more direct support of this concept employing 4-methylpyrazole, -
a potent and relatively specific inhibitor of hepatic alcohol dehydrogenase {Theorell
et al., 1969) the principal catalyst in the primate for the oxidation of methanol to
formaldehyde. Pigtail monkeys were treated with 4-methylpyrazole (50 mg/kg, iv)
30 min before administration of methanol in a dose which routinely produces acidosis
(4 g/kg). 4-Methyipyrazole administration was repeated every 6 hr. In these experiments,
no significant decrease in blood pH or other signs of toxicity were observed for the
duration of the study (48 hr). Monkeys were observed further after this time and
appeared normal in all respects.

The uncertainty surrounding the suitability of the monkey as a model with which
to study human methanol poisoning is based primarily on two conflicting sets of
experiments utilizing rhesus monkeys (Gilger and Potts, 1955; Cooper and Felig, 1961). - -
Our experience with the rhesus (Table 1) indicates that there is a wide variability within
this strain with respect to their response to methanol. The first three vhesugmacacques -
(methanol ip, 4 g/kg) exhibited no apparent sign of toxncnty, although a relatively mild *
metabolic acidosis was produced. The fourth rhesus in the series became progressively
weaker after treatment with methanol and developed a severe metabolic acidosis which .
led o coma and death. In contrast to the results obtained with the rhesus monkey,
Tour pigtailed monkeys treated with 4 g/kg methanol displayed a sharp decrease in




TABLE 1

EFFECTS OF METHANOL ADMINISTRATION ON BLOOD ACID-BASE STATUS IN THE PIGTAIL AND RHESUS MONKEYS®

Dose  Blood pH® pCO,* Time after
Experiment (g/kg) minimum {mmHg) methanot treatment (hr) Other signs of toxicity
Rhesus 1 4 7.22 30 24 No apparent signs of toxicity
Rhesus 2 4 1.24 34 22 No apparent signs of toxicity
Rhesus 3 4 1.22 32 24 No apparent signs of toxicity
Rhesus 4 4 7.03 14 27 Comatose from 18 hr until death at 28 hr after methanol
Pigtail 1 2 729 30 24 No apparent signs of toxicity
Pigtail 2 3 7.21 32 22 No apparent signs of toxicity
Pigtail 3 4 7.03 15 21 Obvious distress afier 15 hr; comatose from 18 hr until death
at 22 hr after methanol
Pigtail 4 4 1.10 18 20 Comatose at 18 hr after methanol ; recovered
Pigtail 5 4 7.10 20 21 Comatose 17-19 hr after methanol; recovered
Pigtail 6 4 7.04 KX ] 33 Weak and apathetic after 12 hr; comatose 32 hr after methanol;

sacrificed at 36 hr

* Monkeys were given methanol as a 209/ solution in physiological saline, ip.
b Control values average: pH—7.40; pCO;—37 (see Table 2).
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blood pH from normal values of 7.40-7.45, accompanied by a decline in pCO, from

a normal 40-44 mmHg (Table 1). Methano! doses of 2 and 3 g/kg produced metabolig -

acidosis in the pigtailed monkey, but the decrease in blood pH and pCQ. was not as

marked as with 4 g/kg. The four pigtailed monkeys and the single rhesus which became

severely acidotic following 4 g/kg methanol exhibited signs which were_remarkably

similar to those reported in cases of human poisonings (Kane et al., 1968). In addition,

R s

the time course of development of the acidosis corresponded well to the course of the

poisoning in human cases.
Table 2 presents data from blood chemistry parameters determined in a single
pigtailed monkey and subsequently confirmed in two additional animals. The only

TABLE 2

SoME BLOOD CHEMISTRY PARAMETERS IN THE PIGTAIL MONKEY DURING THE COURSE OF ACUTE ' -

METHANOL INTOXICATION

Hours after methanol treatment®

Control® :

Parameter average 7.5 11.5 14.5 19 21
pH 7.40 2.36 7.29 7.23 7.13 7.03
pCO,~ 37 27 20 24 20 15
Towal CO,4 220 15.7 9.8 10.5 71 4.4
Sodium? 152 _ 157 155 150 148 -
Potassium? 34 —_— 3.0 3.2 3.3 4.3
Chloride? 106 — 102 103 111 105
Glucose* 73 —_ 89 85 105 106
Urea N¢ 20 —_ 20 16 —_— 17

* average of values from three different blood samples over the F2-hr period immediately prior to .

methanol administration.
* Methanol was administered as a 20%; solution in physiological saline, ip.
*mmHg.
‘ mEgjliter.
¢ mg/100 ml.

measured parameters which changed significantly were blood pH, carbon dioxide
content, and glucose concentrations. Electrolytes and urea nitrogen remained un-
changed during the course of the experiment. Blood pO, remained constant or slightly
elevated, indicating that the animals were well-oxygenated.

The most severe signs of methanol poisoning are usually obsegfgg inhumans 12-24

hr following methanol ingestion (Bennett ef al., 1953). It can be seen in Table 2 that this -

was also the case in the pigtailed monkey.

By al! parameters measured, the pigtailed macacque appeared to serve as a suitable

experimental animal in which to study human methanol acidosis. The next objective .

in this study was to identify the specific acid(s) which caused the observed systemic

alterations in pH, and which might be related in some manner to the species differences- .

in response to this alcohol, Table 2 shows that total cations measured before and after

methanol treatment remain constant, and the total anion content must, therefore, also .

remain constant. The single blood electrolyte observed to change during the course, .

.ff methano] acidosis was bicarbonate. Plasma concentration of this ion decreased from -
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control values of 20-24 mEg/liter to values as low as 4 mEq/liter or lower diring the
most severe periods of acidosis. From these measurements, it was apparent that to

account for the observed acidosis, it was necessary to identify and quantitate additional
anions in the range of 15-20 mEq/liter.

Gas chromatography (GC) and combined GC-MS have proven to be powerful tools
in the study of metabolic disorders (Jellum et al., 1973). It was felt that the same tech-
niques might serve to identify the acids responsible for methanol acidosis. Urine and -
blood specimens were collected from pigtailed monkeys during the course of the acidosis
produced by administration of 4 gfkg methanol. Acidic components were extracted
and derivatized as described in Methods. It should be noted that these procedures were
not primarily designed for quantitation, but were intended to be screening procedures
for detection of changes in organic acid composition of blood after methanol treatment,
Use of an internal standard, however, allows one to estimate the amount of each
component present. Decanoic acid was chosen for the internal standard because it was
the only acid examined which was found to elute at a point in the chromatogram where
no interfering substances occurred. These procedures result in loss of some volatile
acids, but that loss should be uniform in both control and postmethanol samplesso .
that one can use these procedures to detect concentration changes in organic acid
components.

Relative to controls, significant increases were measured in the following acids;
factate, «-hydroxybutyrate, f-hydroxybutyrate, wo-ketobutyrate, acetoacetate,

p-hydroxyphenylacetate, and p-hydroxyphenyllactale. The concentrations ol a number

of other acids measured by these techniques did notincrease, suggesting some specificity
in the increased concentration of these organic acids. The plasma acids measured in
this manner were estimated to account for 8 maximum increase in anion concentrations
of 0.5 mEq/liter above control values. The increase in these particular acids, therefore,

_could account for no more than 2-3 %/ of the observed decrease in plasma bicarbonate

concentrations.

Our derivatization and gas chromatographic conditions did not permit estimation
of formate concentrations. In light of the considerable quantities of anion which

remained to be identified, however, we felt that the participation of this acid in methano!
acidosis must be reevaluated, although the jew i i
formate plays a minor role (Koivusalo, 1970; Tephly et al., 1974).

Figure 1 shows the results of formate assays performed on whole blood samples
drawn from the pigtail monkey and the rat at intervals following ip administration of
methanol (4 and 6 gfkg, respectively). Under these conditions rats exhibited signs
completely different from the monkey. Despite the higher dose, the only observable
effect in the rat was a transient central nervous system depression (4-6 hr), followed by
a return to normal behavioral activity. Administration of methanol to the monkey
produced an initial CNS depression of less than 30 min duration, after which the
monkey appeared completely normal until 15-18 hr after methanol when it began to -
show signs of weakness and apathy which progressed to coma and death at 28 hr after
treatment. :

Bicarbonate and formate were measured in blood specimens drawn at intervals after
the administration of methanol to the pigtail macacque (Fig. 2). With the rise in blood
formate concentration there was a corresponding decrease in bicarbonate. It can be
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Fic, 1, Blood formate concentrations in the monkey and rat after administration of methanol.
Methanol was administered as a 25% solution in saline to the monkey (4 gfkg, ip) and the rat (6 g/kg,
ip). Blood specimens were drawn at the indicated times after methanol edministration. .
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Fia. 2. Blood formate and bicarbonate concentrations in the monkey after methanol administration,
Methanol (25 in saline) was administered ip in doses of 4 g/kg to Pigtail no. 6 and Rhesus no. 4, and -
2_8,‘!:3 to Pigail no. 1. Formate and bicarbonate were analyzed in blocd samples drawn at the indicated
times after methanol administration.
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seen that the sum of the formate and bicarbonate concentrations measured over the

course of the entire experiment lies within the normal range for bicarbonate, This
inverse relation between formate and bicarbonate concentrations also holds for doses .

I.;._S_.-‘- Me /na)- 7}‘1. of methanol which produce only moderate acidoses (2 and 3 gfkg).
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Fig, 3. Disappearance of formate from the monkey, Sodium formate (100 mg/ml) was administered
intravenously in the indicated doses. Blood formate concentrations were determined on serial samples
drawn from a femoral vein catheter. Curves were fit to data points by a least squares linear regression
analysis and half-tirne (¢,,2) values were calculated from the resulting slope and intercept data.

Previous measurements in the rat and monkey have shown that there islittle significant
difference in the rates of methanol oxidation to carbon dioxide in vive (Watkins ef al,
1970; Bartlett, 1950), an observation which we have confirmed in this Jaboratory. It
appeared, therefore, that the species difference in blood formate accumulation observed
in this study was not explainable by different rates of production of formate, Renal
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disposition, however, could differ in the two species, so we carried out studies to assess
the role of the kidney in the climination of formate. Urine collected from rats for 24 hr

after administration of methanol (6 g/ke) contained only 029% of the administered

” dose as formate, whereas urine collected from the pigtail for 23 hr following adminis-

tration of methanol (4 g/fkg) contained more than 2.0% of the administered dose as

formate. These observations suggest that the urinary excretion of formate is directly
“Telated to systemic formate concentrations and that differences in the renal excretion
of formate do not account for the observed species differences in the systemic concen-
trations of this anion following methanol treatment.

Subsequent experiments were performed in order to assess more directly the elimin-
ation of formate from the systemic circulation of rats and pigtail monkeys. Sodium
formate was administered as a single intravenous injection to the monkey in five different
doses ranging from_50 to 470 mg/kg formate. The results of these experiments are
presented in Fig. 3. The calculated half-time (13) of formate elimination under these
conditions ranged from 31 min (50 mg formate/kg) to 51 min (470 mg formate/kg). .
When formate elimination was'measured in the rat, doses up to 100 mgfkg yielded a
t4 of 12 min and 670 mg kg gave a #4 of 23 min. These values for the rat agree with those
previously reported {(Malorny, 1969) and further confirm the dose-dependency of ¢t}
value reported previously (Rietbrock, 1969),

DISCUSSION

The results of these studies suggest that pigtail macacque (Macaca nemestrina) may
be the experimental animal of choice in the investigation of human methanol poisoning.
We have observed signs of severe toxicity and a severe metabolic acidosis in all;pigtail
monkeys treated with methanol at a dose of 4 g/kg, which appears to be the approxi-
mate LD50 in this series of experiments. It should be pointed out that the single rhesus -
monkey of this series which exhibited behavioral signs of methanol toxicity appeared
to respond exactly as did the pigtail monkeys. Lower doses of methanol in the pigtail -
monkey failed to produce any overt signs of toxicity, although moderate decreases in
blood pH and bicarbonate concentration were observed.

Parameters examined thus far in the pigtail macacque treated with methanol (4 g[kg) ,
are remarkably comparable to blochemlcal and clinical parameters reported in gases -
of human methanol toxicities (Kane er al., 1968; Bennett er al., 1953). After adminis-
tration of methanol to the pigtail monkey, there is a latent period of 15-18 hr prior-
1o the onset of any signs of toxicity. The latent period is followed by a sequence of .
signs beginning with_behavioral distress which progresses tocoma within 24-30hr after
methanol treatment, leading to death or slow recovery. This time course parallels that -

teported for humans suffering from methanol intoxication (Roe, 1955), Other factors

found to be similar under these conditions in the pigtail monkey and human include .

constant serum electrolyte concentrations (Kane ef al., 1968) significant elevat

blood glucose concentration (Bennett er al., 1953), and extensor rigidity and tre
uggenheim ef al., 1971). Autopsy has revealed no gross abnormalities in the organs

of methanol poisoned pigtail monkeys or humans (Potts et al., 1955), with the exoeplion

of the basal ganglia, 2 tissue which we did not examine. : :
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Recent progress in GC-MS has made the analysis of complex mixtures of organic
acids practicable (Markey, 1970). Our application of this technology to the identification
and quantitation of the organic acids coniributing to the metabolic acidosis of methang]
poisoning was prompted by the prevailing opinion that some acid species other thay
formic, lactic, or hydroxybutyric acids was responsible for the acidosis, an impression
founded on interpretations of the early work of Van Slyke and Palmer (1920), Egp
{1927), and Roe (1946). The GC-MS approach employed in this study was successful
indemonstrating increases in a number of acids subsequent to methano) administration,
Although GC-MS was successful in identifying only a relatively small percentage of the -
1otal anions contributing to methanol acidosis in the pigtail monkey, the importance
of the technique to the study should be emphasized. Only by eliminating the wide range
of compounds suitably analyzed by the GC-MS technique was our attention directed
to other compounds which were not considered to play a significant role in the produe.
tion of methanol acidosis. It was felt that formate represented the most logical com-

_pound for reevaluation.

Several early publications have served as the basis for the current opinion that formic
acid production in the human was not sufficient to account for the observed changesin . -
systemic pH. The calculations described by Egg (1927) and Roe (1946) assumed a fethal
dose of methanol which was unrealistically Iow_ggommg_tg_shmmmjnczamm._m
therefore the maximum formate production in the human was seriously under- P
estimated. The titrimetric analysis by Van Slyke and Palmer {1920) of urine obtained
from a methanol-poisoned patient is frequently cited as evidence that formate concen
trations are insufficient 1o account for the metabolic acidosis. Qur results point out
the difficulty of making inferences about systemic_concentrations based on_urinary
measurements, ,
oflowing methanol administration to pigtail monkeys, we have measured increases
in blood formate which paralle! the development of toxicity. These formate concentre: -
tions approach those reported to inhibit certain selected enzyme activities (Watts,
1951; Kini and Cooper, 1962; Potts and Johnson, 1952). The intracellular formate
concentrations may be even higher in certain tissues, as implied by the report that the

formed elements of blood can concentrate formate to a level threefold greater than the
plasma {raction (Annison, 1954), y in this [aboratory suggests that,

A preliminary stud

following methanol administration to pigtail monkeys, formate concentrations may -
be significantly greater in the vitteous humor than in the blood, an observation which
may have particular significance in methanol blindness. It appears likely, therefore,
that intracellular concentrations of formate following methanol administration reach

levels known to be strongly inhibitory for some enzymes critical to intermediary

metabolism.

The correlation between the decreases in bicarbonate concentration and increa’scs'i
in formate concentration (Fig. 2) serves to support our belief that formic acid is theacid -

__primarily responsible for the decrease in biood pH observed in methanol intoxicatioa.

Tt appears that formate, a fixed base, replaces bicarbonate, a volatile base, in the blood -
and that the resultant decrease in blood bufier capacity renders the organism incapable
of maintaining blood pH within normal limits. Bicarbonate therapy of the acidosis
would appear to constitute specific replacement therapy, but it would probably not have

_an effect on other possible toxic properties of the formate ion. This may explain the
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observation by others (Potts, 1955) that monkeys treated wfth bicarbonate and not

allowed to become acidotic, died from large doses of methanol at approximately the =

same time they would have died had the acidosis not been treated.

~“Thé¢ Basjs for the marked species diflerence in susceptibility to mg;hang] remaing

unresolved, but the comparison of the half-time of elimination of formate in the rat

and monkey (Fig. 3) points to possible differences in the gl_:lll_ly_g__d_[sp_qsg_gﬂm:mm_

The observation that the urinary excretion of formate was higher in the monkey than -

in the rat would appear to eliminate differences in renal function. Little is known about
the metabolic dispositior) of formate in the monkey, but the rat is believed to oxidize

formate primarily through catalase and a folic acid-dependent re reaction catalyzed by:

) I‘ornnlletrahydrofolate synthetase (Plaut ef al.. 1950: O

The differences in elimination kinetics of formate in the rat and monkey (an '3)
suggest the possibility of different catalysts for the metabolism of formate, analogous
ta the case in the first step in the oxidation of methanol (Mannermg etal., 1969; Tephly

et al., 1964). This suggestion is supporied by the wor of Aebx et al, (]2&4] which

demonstrates that acatalasemic humans are not im d i n of carbon

diowide from administered formate. Further, it has been shown that 3-amino-1 w2d=

triazole, a potent inhibitor of hepatic catalase, had no measurable effect on carbon
dioride production from methanol administered to the monkey (Makar et af., 1968)
which supports the view that catalase does not represent the major route of metabolism
of furmate to carbon dioxide in the monkey. :

It remains unclear which product of methanol is responsible for the toxicity asso- -

cialed with exposure to this alcohol. Methanol is generally believed to require meta-
bolism 10 more toxic compounds for the production of intoxication, and thls behef has

been supported by our demonstration of Jack of toxicit

oxidution of methanol with 4-methylpyrazole. Formaldehyde continues to be a likely

¥

candidate producing much of the clinical manifestations of methanol toxicity (Potts -

and Johnson, 1952; Kini and Cooper, 1962; Tephly et al., 1974). However, the present
study sugpests that formate plays a major role in this process as well. In contrast to the
rat, a species which does not experience methanol acidosis, sufficient systemic formate
is measurable in the methanol intoxicated monkey to fully account for the measured
decrease in systemic pH. These studies on the toxicity of methanol emphas1ze the

importance of appreciating interspecies and intraspecies differences in_metabolism
and Jisposition of drugs and chemicals.
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