























Table 3-3 Monkey blood methanol and formate levels following methanol exposure.

Blood
_ Blood formate
Methanol methanol mean or
Exposure  Exposure exposure mean range
Strain-sex " route duration concentration (mg/L) (mg/L) Reference
Monkey; cynomolgus; y 0 ppm 24 8.7
female; mean blood 7da292/w|idda:ﬁng 200 ppm 5 8.7
methanol and range of rematin ) Burbacher et
plasma formate at 30 min  Inhalation :atin aga 600 ppm 1 8.7 al. (2004a;
post daily exposure during ge stgii on 1999a)
g::gwna;::\cgy. mating, and (348days)  .1.800ppm 35 10
B 10 ppm 0.021 0.0032
Monkey; cynomolgus; 45 ppm 0.096 0.012
female; Lung only ; Dorman et
inhalation of anesthetizeq mhalation 2hr 200 ppm 0.67 011 a1 (1994)
monkeys post exposure * 900 ppm 34 0.13
900 ppm - FD 6.8 0.424
200 ppm 39 54.13.2
Monkey; Rhesus male; . : 4-13. Horton et al.
post exposure blood level Inhalation G hr 1,200 ppm 37.6 at all doses (1992)
2,000 ppm 64.4

FD=folate deficient

*Methanol and formate blood levels obtained from radiolabeled methanol and do not include background levels of methanol or

formate.
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was studied in Sprague-Dawley rats and CD-1 mice that were exposed to 100-2,500 mg/kg of

body weight pesticide-grade methanol in saline by i.v. or oral routes. Exposures were conducted

in NP rats and mice, pregnant rats on gestation days (GD) GD7, GD14, and GD20, and pregnant

mice on GD9 and GD18. Disposition was also studied in pregnant rats and mice exposed to

1,000-20,000 ppm methanol vapors for 8 hours. Three to five animals were examined at each

dose and exposure condition.

Based on the fit of various kinetic models to methanol measurements taken from all
routes of exposure, the authors concluded that high exposure conditions resulted in

~ nonlinear disposition of methanol in mice and rats.'® Both linear and nonlinear

pathways were observed with the relative contribution of each pathwéy dependent on
concentration. At oral doses of 100-500 mg/kg of body weight, methanol was
metabolized to formaldehyde and then formic acid through the saturable nonlinear
pathway. A parallel, linear route characteristic of passive-diffusion accounted for an
increased fraction of total elimination at higher concentrations. Nearly 90% of
methanol elimination occurred through the linear route at the highest oral dose of
2,500 mg/kg of body weight.

Oral exposure resulted in rapid and essentially complete absorption of methanol. No
significant change in blood area under the curve (AUC) methanol was seen between
NP and GD7, GD14 and GD20 rats exposed to single oral gavage doses of 100 and
2,500 mg/kg, nor between NP and GD9 and GD18 mice at 2,500 mg/kg. The data as a
whole suggested that the distribution of orally and i.v. administered methanol was
similar in rats versus mice and in pregnant rodents versus NP rodents with the

following exceptions:

There was a statistically significant increase in the ratio of apparent volume of
distribution (Vy) to fractional bioavailability (F) by ~20% (while-F decreased but not
significantly), between NP-and GD20 rats exposed to 100 mg/kg orally. However,
this trend was not seen in rats or mice exposed to 2,500 mg/kg, and the result in rats
at 100 mg/kg could well be a statistical artifact since both V4 and F were being
estimated from the same data, making the model effectively over-parameterized.

There were statistically significant decreases in the fraction of methanol absorbed by
the fast process (resulting in a slower rise to peak blood concentrations, though the

~ peak is unchanged) and in the Vma for metabolic elimination between NP and GD18
" mice. No such differences were observed between NP and GD9 mice.

' A model incorporating parallel linear and nonlinear routes of methanol clearance was required to fit the data from

the highest exposure groups.
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= Methanol elimination rates modestly increased between Study 1 and Study- 2 (90 days
prior to mating). This change was attributed to enzyme induction from the subchronic

€xposure.

= Blood methanol levels were measured every 2 weeks throughout pregnancy, and
~ while there was measurement-to-measurement variation, there was no significant
change or trend over the course of preghancy (Tablé 3-6). An upward trend in
elimination half-life appeared to correspond with a downward trend in blood
methanol clearance between Studies 2, 3, and 4. However, the changes were not
statistically significant and the time-courses for blood methanol concentration

(elimination phase) appeared fairly similar.

= Significant differences between baseline and plasfna formate levels (p = 0.005), and
between prebreeding and pregnancy (p = 0.0001) were observed but were not dose
dependent (Table 3-7). '

= Significant differences in serum folate levels between baseline and prepregnancy
(p = 0.02), and between prepregnancy and pregnancy (p = 0.007) were not dose
dependent (Table 3-8).

Table 3-6 Plasma methanol concentrations in monkeys.

Mean® plasma methanol levél (mg/L) during each.exposure period

Exposure Group Baseline Pre-breeding . Breeding Pregnancy"
Control (n=11) 23%01. 23+01 2310.1 27101
200 ppm (n=12) 22101 4701 4801 a 5502
600 ppm (n=11) 24101 10.5+0.3 10902 11.0£02
1,800 ppm (n=12) 24101 35610 357¢09 = 355+09

®Values are presented as means + SE in mg/L.
®n = g for control, 200" ppm, and 600 ppm pregnancy groups; n = 10 for 1,800 ppm pregnancy group.

Source: Reprinted with permission of the Health Effects Institute, Boston, MA; Burbacher et al. (1999a).
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these two metabolites, but it can be roughly equated to the total amount of metabolites produced

and may be the more relevant dose metric if formaldehyde is found to be the proximate toxic

moiety. Thus, both blood methanol and total metabolism metrics are considered to be important

components of the PBPK models. Dose metric selection and MOA issues are discussed further in
Section 4.7.

3.4.1.2. Criteria for the Development of Methanol PBPK Models

The development of methanol PBPK models that would meet the needs of this

assessment was organized around a set of criteria that reflect: (1) the MOA(s) being considered

for methanol; (2) absorption, distribution, metabolism, and elimination characteristics; (3) dose

routes necessary for interpreting toxicity studies or estimating HECs; and (4) general parameters

needed for the development of predictive PK models.

The criteria with a brief justification are provided below:

(1) Must simulate blood methanol concentrations and total methanol metabolism.
Blood methanol is the recommended dose metric for developmental effects, but total
metabolism may be a useful metric.

(2) Must be capable of simulating experimental blood methanol and total metabolism
for the inhalation route of exposure in rats (a) and humans (b), and the oral route in
humans (c). These routes are important for determining dose metrics in the most
sensitive test species under the conditions of the toxicity study and in the relevant

exposure routes in humans.

(3) The model code should easily allow designation of respiration rates during
inhalation exposures. A standard variable in inhalation route assessments is
ventilation rate. Blood methanol concentrations will depend strongly on ventilation

rate, which varies significantly between species.

" (4) Must address the potential for saturable metabolism of methanol. Saturable

metabolism has the potential to bring nonlinearities into the exposure: tissue dose
relationship. '

- (5) Model complexity should be consistent with modeling needs and limitations of the

available data. Model should adequately describe the biological mechanisms that
determine the internal dose metrics (blood methanol and total metabolism) to assure
that it can be reliably used to predict those metrics in exposure conditions and
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. methanol kinetics between NP and pregnant animals and a maternal blood:fetal partition
coefficient close to 1) are assumed to be applicable to the rat later in pregnancy. However, the
additional routes of exposure to the pups in this study present uncertainties (seé additional
discussion in Sections 5.1.2.2 and 5.1.3.2.2) and suggest that average blood levels in pups might
be greater than those of the dam.

Methanol is transported directly from the maternal circulation to fetal circulation via the
placenta, but transfer via lactation involves distribution to the breast tissue, then milk, then
uptaké from the pup’s GI tract. Therefore blood or target-tissue levels in the breast-feeding infant
or rat pup are likely to differ more from maternal levels than do fetal levels. In addition, the
health-effects data indicate that most of the effects of concern are due to fetal exposure, with a
relatively small influence due to postnatal exposures. Therefore, it would be extremely difficult
to distinguish the contribution of postnatal exposure from prenatal exposure to a given effect in a
way that would allow the risk to be estimated from estimates of both exposure levels, even if one
had a lactation/child PBPK model that allowed for prediction of blood (or target-tissue) levels in
the offspring. Finally, one would still expect the target-tissue concentrations in the offspring to be.
closely related to maternal blood levels (which depend on ambient exposure and deterr_riine the
amount delivered through breast milk), with the relationship between maternal levels and those
in the offspring being similar across species. Further, as discussed in Section 5.13.2.2, it is likely
that the difference in blood levels between rat pups and dams would be similar to the difference
between mothers arid human offspring. Therefore, it is assumed that the potential differences
between pup and dam blood methanol levels do not have a signiﬁ'cant impact on this assessment’
and the estimation of HECs. '

Therefore, the development of a lactation/child PBPK model is not necessary, given the
minimal change that is likely to result in risk extrapolations, and use of NP maternal blood levels
as a measure of risk in the offspring is considered preferable over use of default extrapolaﬁon
methods. In particular, the existing human data allow for predictions of maternal blood levels,
which depend strongly on the rate of maternal methanol clearance. Since bottle-fed infants do
not receive methanol from their mothers, they are expected to have lower or, at most, similar
overall exposures for a given ambient concentration than the breast-fed infant, so that use of
maternal blood levels for risk estimation should also be adequately protective for that group.

The final rat and human methanol PBPK models fit multiple data sets for inhalation, oral,
and i.v. (rat only) exposures, using consistent parameters that are representative of each species
but are not varied within species or by dose or source of data. Also, a simple PK model calibrated
to early gestation monkey data, which were shown to be essentially indistinguishable from NP
and late-gestation pregnant monkey PK data, was used to estimate blood methanol peak
concentrations (internal doses) in that species. The models are used to estimate chronic human
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€Xposure concentrations from internal dose metrics

for use in the RfC and RfD derivations
discussed in Section 5.
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Table 4-2 Reproductive and developmental toxicity in pregnant Sprague-Dawley rats
exposed to methanol via inhalation during gestation.

Exposure concentration (ppm)

Effect 0 200 1,000 5,000

Reproductive effects ]
gl;ar?:iﬁ; gf pregnant femal_es 19 24 22 21
Number of corpora lutea 17.0+26 17.2+27 16.4+19 16.5+t24
Number of implantations 15.7+1.6 15.0+£3.0 155+1.2 145+33
‘No. of pre-implantation resorptions ~ 0.79 + 0.85 0.7111.23 0.95 + 0.65 1.67 £2.03
Early resorption ' 0.68£0.75 0.71%1.23 0.91+0.61 0.67.£0.97 -
Late resorption 0.11+0.32 0.0+0.0 0.05+0.21 1.00+£1.79
Number of live fetuses 14.95 £ 1.61 14.25+3.54 1455+ 1.1 12.86 + 4.04°
Sex ratio (M/F) 144/140 1771165 164/156 134/136
Fetal weight (male) 3701024 3.8810.23 382+029 3.02:027°
Fetal weight (female) 3.51£0.19 3.60 £ 0.25 3.60 £ 0.30 2.83 £ 0.26°
Total resorption rate (%) 11.2+9.0 156+213 106+84 233+227°
%Eimp'a“tam” resorption rate 6.68.2 11.8418.7 49+79 127165
:’of);‘mp'a“tam“ resorption rate 49£52 5.4+12.1 6.1£4.0 14.5+233
Early resorption rate (%) 4347 . 5.4+121 58+39 42161
Late resorption rate (%) 06+19 0000 03+13 " 10.4 £23.4°

Soft tissue malformations. , S
Number of fetuses examined 136 . 165 154 131
_2:;‘;:32’:’ atbase of right 0.7+ 2.87 (1) 0 0 0
Excessive left subclavian 0 0 0 3.5+9.08 (3)
Ventricular septal defect 0 06+292(1) _ 0 47.6 +36.51 (16)°
Residual thymus 2.9+591(4) 24:544(4)  26:573(4) 53.3+286(20)
Serpengious urinary tract’ 43012464 (18) 352+31.62(19) 41.8+3845(15) 22.1+22.91(13)
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Table 4-4 Embryonic and Developmental effects in CD-1 mice after methanol inhalation.

Exposure concentration (ppm)

Effects 0 1,000 2000 5000 7,500 10,000 15,000
Endpoint
No. live pups/litter 9.9 95 12.0 9.2 8.6° 7.3 2.2°
No. fully resorbed litters 0 -0 0 0 3 5 14°
Fetus weight (g) 120 - 119 115 115 117 1.04° 0.70°
Cleft palate/ litter (%) 021 065 017 88"  466°  527° 48.3°
Exencephaly/litter (%) 0 0 0.88 6.9° 6.8 27.4° 43.3°
Anomalies
Cervical ribs/litter (%) 28 336 496° 744 ND ND 60.0°
Stemebral defectsilitter (%) 6.4 7.9 35 202° ND ND 100°
Xiphoid defects/litter (%) 6.4 38 4.1 10.8 ND ND 73.3°
Vertebral arch defects/litter (%) 0.3 ND ND 15 ND ND 33.3°
Extra lumbar ribs/litter (%) 8.7 25 9.6 15.6 ND ND 40.0°
Ossifications (values are means of litter means)
Stemal 596 599 594 581 ND ND 5.07°
Caudal 593 626 571° 542 ND ND 3.20°
Metacarpal 796 7.92 796  7.93 ND ND 7.60°
Proximal phalanges 702 7.04 704 612 ND ND 3.33°
Metatarsals 987 980 987 982 ND ND 8.13°
Proximal phalanges 7.18  7.69 6.91 5.47 ND ND 0°
Distal phalanges 964 959 957 846 ND ND 4.27°
Supraoccipital score+ 1.40 1.65 1.57 1.48 ND ND 3.20°

p<0.05

®p < 0.01

°p < 0.001

p values as calculated by the authors.

ND = Not determined. * = on a scale of 14, where 1 is fully ossified and 4 is unossified.

Source: Reprinted with permission of John Wiley & Sons; Rogers et al. (1993b).
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" The whole embryo study by Hansen et al. (2005) also determined the comparative
toxicity of methanol and its metabolites, formaldehyde and sodium formate, in GD8 mouse
(CD-1) and GD10 rat (Sprague-Dawley) conceptuses. Whole embryos were incubated for
24 hours in media containing methanol (mouse: 4-12 mg/mL; rat: 8-20 mg/mL), formaldehyde
(mouse: 1-6 pg/mL; rat: 1-8 ug/mL) and sodium formate (mouse: 0.5-4 mg/mL; rat:

0.5-8 mg/mL). In other experiments, the chemicals were injected directly into the amniotic
space. The embryos were examined morphologically to determine growth and developmental
parameters such as viability, flexure and rotation, crown-rump length, and neuropore closure.
For each response, Table 4-12 provides a comparison of the concentrations or amounts of
methanol, formaldehyde, and formate that resulted in statistically significant changes in
developmental abnormalities compared to controls. For a first approximation, these
concentrations or amounts may be taken as threshold-dose ranges for the specific responses |
under the operative experimental conditions. The data show consistently lower threshold values
for the effects of formaldehyde compared to those of formate and methanol. The mouse embryos
were more sensitive towards methanol toxicity than rat-embryos, consistent with in vivo
findings, whereas the difference in sensitivity disappeared when formaldehyde was administered.
Hansen et al. (2005) hypothesized that, while the MOA for the initiation of the organogenic ‘
defects is unknown, the relatively low threshold levels of formaldehyde for most measured
effects suggest formaldehyde involvement in the embryotoxic effects of methanol. Consistent
with this hypothesis, formate, a subsequent metabolite of methanol and putative toxicant for the
acute effects of methanol poisoning (acidosis, neurological deficits), did not appear to reproduce
the methanol-induced teratogenicity in these whole embryo culture experiments.
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Table 4-14 Intraperitoneal injection neurotoxicity studies.

Species/Strain/N Dose & Duration

Effect Relative to Control Reference

Rat/Sprague- Control: tap water (wk 1);

Dawley/ saline s.c. (wks 2-4) o )

(150-(; ?g{)gr;’“p' MeOH: tap water (wk 1);  Increased blood formate (<2-fold); Increased

-1509 s.C. saline (wk 2), aspartate, glutamine and Tau in hippocampus;

2 g/kg-day MeOH i.p. Increased 5-HT and 5-HIAA in hippocampus;
(wks 3-4) : Increased 5-HT in retina
MTX: tap water (wk 1); No change in blood formate or any other measured
0.2 mg/kg-day MTX s.c. parameter
(wk 2); 0.1 mg/kg-day MTX
s.c. & salinei.p. (wks 2-4)
MTX-MeOH: tap water Increased blood formate (>3-fold); Increased aspartate
(wk 1); in optic nerve; Increased aspartate and Tau in Gonzalez-
0.2 mg/kg-day MTX s.c.  hippocampus Quevado
{wk 2); 0.1 mg/kg-day MTX et al. (2002)
s.¢. & 2 g/kg -day MeOH
i.p. (wks 3-4) ' o _
Tau: 2% Tau in DW No change in blood formate; Increased blood histidine
(wks 1-4); and Tau
saline s.c. (wks 2-4)
Tau-MTX-MeOH: 2% Tau Increased blood formate (>3-fold) and Tau; Increased
in DW (wks 1-4); aspartate in optic nerve; Increased aspartate,
0.2 mg/kg-day MTX s.c. glutamine and Tau in hippocampus
(wk 2); 0.1 mg/kg-day MTX
s.¢. & 2 g/lkg-day MeOH
i.p. (wks 3-4) B .

Rat/Wistar/ . Control: saline i.p. (day 8). --

6 per group

MTX: 0.2 mg/kg-day MTX
(wk 1);
saline i.p. (day 8)

Increased SOD, CAT, GSH peroxidase, oxidized
GSH, protein carbonyls and lipid peroxidation in all
brain regions; Decreased GSH and protein thiols in all

o brain regions; Increased HSP70 in hippocampus Rajamani
MTX-MeOH: 0.2 mg/kg- . Increased SOD, CAT, GSH peroxidase, oxidized etal. (2006)

day MTX (wk 1);
3 g/kg-day MeOH i.p.
(day 8)

GSH, protein carbonyls and lipid peroxidation in all
brain regions over control and MTX group; Decreased
GSH and protein thiols in all brain regions over control
and MTX group; Increased HSP70 in hippocampus
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have been identified. Most studies focused on developmental and reproductive effects. A large
number of the available studies were performed by routes of exposure (e.g., i.p.) that are less
relevant to the assessment. The data are summarized in separate sections that address oral
exposure (Section 4.6.1.1) and inhalation exposure (Section 4.6.1.2). |

Table 4-20 Summary of noncancer effects reported in repeat exposure and developmental
studies of methanol toxicity in experimental animals (oral).

Species, strain, NOAEL LOAEL
number/sex Dose/duration (mg/kg-day) (mg/kg-day) Effect Reference
Rat ' Reduction of brain
Sprague-Dawley 0, 100, 500, and weights, increase in the
30/sex/group 2,500 mg/kg-day for 500 2,500 serum activity of ALT  TRL (1886)

13 wk and AP. Increased liver

. weights

Rat 0, 500, 5,000, or

Sprague-Dawley 20,000 ppm (v/v) in
100/sex/group drinking water, for
- 104 wk. Doses were
approx. 0, 46.6, 466, ND ND
and 1,872 mg/kg-day
(male) and 0, 52.9,
529, and 2,101

No noncancer effects  Soffnitti et al.
were reported (2002) '

mg/kg-day (female) )
Mouse 560, 1,000 and 2,100
Swiss . mg/kg/day (female)

Increased incidence of

and 550, 970, and 970-1.000  1,800-2,100 liver parenchymal cell  Apaja (1980)

1,800 mg/kg/day

(male), 6 days/wk for necrosis
life _
Reproductive/developmental toxicity studies
Rat 0 and 2,500 mg/kg- Neurobehavioral
Long-Evans day on either NA 2 500 deficits (such as Infuma and
10 pregnant GD15-GD17 or ’ homing behavior, - Weiss (1986)
females/group GD17-GD19. ’ suckling ability
Mouse ) Increased incidence of
CD-1 totally resorbed litters,
4 g/kg-day in 2 daily cleft palate and Rogers et al.
ant
8 pregn doses on GD6-GD15 NA 4,000 exencephaly. A (1993b)
females and 4 c
Controls decrease in the number

of live fetuses/litter

NA = Not appiicable; ND = Not determined; M= male, F=female.
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Table 4-22 Developmental outcome on GD10 following a 6-hour 10,000 ppm
(13,104 mgms) methanol inhalation by CD-mice or formate gavage

(750 mg/kg) on GDS.

Treatment No. of litters  Open neural tubes (%)  Head length (mm)  Body length (mm)
Air : 14 229+1.01 3.15£0.03 5.89 £0.07
Airffomepizole 14 269+1.19 3.20£0.05 5.95+0.09
Methanol C 12 9.65+3.13° 305+007 - 5.69+0.13
Methanol/fomepizole ' 12 7.21+2.65 3.01+£0.05 561+0.11
Water 10 0 - 3.01£007 564 +0.11
Formate B 14 . 2.02+1.08 2.9110.08 549:0.12

"p < 0.05, as calculated by the authors.
Values are means £ SD

Source: Adapted with permission of John Wiley & Sons; Dorman et al. (1995).

The data in Table 4-22 suggest that the formate metabolite is not respon51ble for the
observed increase in open neural tubes in CD-1 mice following methanol exposure. Formate
administered by gavage (750 mg/kg) did not increase this effect despite the observation that this
formate dose produced the same toxicokinetic profile as a 6-hour exposure to 10,000 ppm
methanol vapors (48.33 mg/L formate in maternal blood and 2.0 mM formate/kg in decidual
swellings). However, the data are consistent with the hypotheses that the formaldehyde
metabolite of methanol may play a role. Both CAT and ADHI activity are immature at days past
conception (DPC)8 (Table 4-23). If fetal ADH]1 is more mature than fetal CAT, it is conceivable
that the decrease in the open neural tube response observed for methanol combined with
fomepizble (Table 4-22) may be due to fomepizole having a greater effect on the metabolism of
fetal methanol to formaldehyde than is observed in adult rats. Unfortunately, the toxicity studies
were carried out during a period of development where ADH 1 expression and activity are just
starting to develop (Table 4-23); therefore, it is uncertain whether any ADH1 was present in the
fetus to be inhibited by fomepizole.
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Table 4-25 Tiine-dependent effects of methanol administration on serum liver and kidney
function, serum ALT, AST, BUN, and creatinine in control and experimental
grotuips of male Wistar rats.

Methanol administration (2,370 mg/kg)

Parameters Control Single dose 15 days 30 days
ALT (umoles pyruvate a a
liberated /minute/mg protein) 290+£25 314+£33 53.1+£23° 604128
AST (umoles pyruvate . a a
liberated /minute/mg protein) 58+04 64+03 9.0.1:1.2 13.71£1.2
Urea (mg/L) ) ] 301+36 33229 436  35° 513 +32°
Creatinine (mg/lL) ) 46+03 48103 5610.2° 7.0+04°

°p < 0.05 versus controls. ' .
Values are means + SD of 6 animals.

Source: Adapted with permission of Japan Society. for Occupational Health; Parthasarathy et al. (2006b).

"Table 4-26 Effect of methanol administration on male Wistar rats on malondialdehyde
concentration in the lymphoid organs of experimental and ¢ontrol groups and
the effect of methanol on antioxidants in spleen.

Methanol administration (2,370 mg/kg)

Parameters ' Control _Single dose . 15 days ~_ 30days
Malondialdehyde in lymphoid organs
Spleen 262+0.19 - 414+0.25° 7.22+0.31° 9.72+052°
Thymus ' 3.58+0.35 5.76 + 0.36° ©923+057° - 11.6+033°
Lymph nodes 315+0.25 . 5.08+0.24° 8.77 £0.57* 9.17 £ 0.67°
Bone marrow 3.14£033 4.47 £0.18° . 7.20:042° . 9.75 1 0.56°
Antioxidant levels in spieen
SOD (units/mg protein) . 240+0.16 4.06 +0.19° 1.76 + 0.09° 1.00+0.07°
go’:“Tsé“m”;g'/f;::n%’p otein 358 +2.77 52.5 + 3,867 19.1 + 1.55° 10.8 +1.10°
g:’;ﬁg?eﬁ)s"' consumed/min- 41451060 20.0 £ 1.0° 7.07 +0.83° 5.18 + 0.45°
GSH (ug/mg protein) 2.11+0.11 3.75+0.15%  1.66 +0.09°  0:89+0.04°
Vitamin C (ug/mg protein) 0.45+0.04 0.73 £ 0.05* 0.34+0.18% 0.11 +£0.03*

“p < 0.05, versus controls.
Values are means + SD of six animals.

Source: Adapted with permission of Japan Society for Occupational Health; Parthasarathy et al. (2006b) (adapted).

Table 4-26 gives the concentration of malondialdehyde in the lymphoid organs of control
and experimental groups, and, as an example of all tissue sites examined, the levels of enzymatic
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the lack of data documenting metabolism and disposition of methanol or ethanol in individuals of
known genotype. Thus, while potentially significant, the contribution of ethnic and genetic
polymorphisms of ADH to the interindividual variability in methanol disposition and metabolism
cannot be reliably quantified at this time.
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5.D0OSE-RESPONSE ASSESSMENTS

5.1. Inhalation Reference Concentration (RfC)*®

In general, the RfC is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a continuous inhalation exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime.
It is derived from a POD, generally an estimated 95 percent lower confidence limit on the BMD
(i.e., BMDL), with uncertainty factors applied to reflect limitations of the data used. The
inhalation RfC considers toxic effects for both the respiratory system (portal-of-entry) and
systems peripheral to the respiratory system (extra-respiratory or systemic effects). It is generally
expressed in mg/m’.

This assessment uses BMD modeling to identify the POD.* The suitability of these
methods to derive a POD is dependent on the nature of the toxicity database for a specific
chemical. Details of the BMD analyses are found in Appendix D. The use of the BMD approach
for identifying the POD is preferred over the NOAEL/LOAEL approach because the BMD
approach includes consideration of the shape of the dose-response curve, is less dependent on
experimental dose selection, and estimates uncertainty pertaining to the modeled dose response.
Other limitations and uncertainties associated with the methanol database that influence
derivation of the RfC, such as uncertainties associated with human variability, animal-to-human
differences, and limitations in the database, are addressed through the use of rat and human
PBPK models and uncertainty factors.

5.1.1. Choice of Principal Study and Critical Effect(s) -

5.1.1.1. Key Inhalation Studies

While a substantial body of information exists on the toxicological effects in humans
exposed to high concentrations of methanol for short durations, none of these studies are suitable
for quantification of subchronic, chronic, or in utero effects of methanol exposure. Table 4-21 in
the previous section summarizes the available experimental animal inhalation studies of

“® The RfC discussion precedes the RfD discussion in this assessment because the inhalation database ultimately
serves as the basis for the RfD. The RfD development would be difficult to follow without prior discussion of the
inhalation database and PK models used for the route-to-route extrapolation. _

* Use of BMD modeling involves fitting mathematical models to dose-response data and using the results to
estimate a POD that is associated with a selected benchmark response (BMR), such as a percentage increase in the
incidence of a particular lesion or a percentage decrease in body weight gain (see Section 5.1.2.2).
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variation in how humans respond to chronic exposure to methanol are limited, given the complex
nature of the developmental endpoint employed and uncertainties surrounding the importance of
metabolism to the observed teratogenic effects. Susceptibility to methanol is likely to involve
intrinsic and extrinsic factors. Some factors may include alteration of the body burden of
methanol or its metabolites, sensitization of an individual to methanol effects, or augmentation of
uhderlying conditions or changes in processes that share common features with methanol effects.
Additionally, inherent differences in an individual’s genetic make-up, diet, gender, age, or -
disease state may affect the pharmacokinetics and pharmacodynamics of methanol, influencing
susceptibility intrinsically (see Sections 3.3 and 4.9). Co-exposure to a pollutant that alters
metabolism or other clearance processes, or that adds to background levels of metabolites may
also affect the pharmacokinetics and pharmacodynamics of methanol, influencing susceptibility
extrinsically. The determination of the UF for human variation is supported by several types of
information, including information concerning background levels of methanol in humans,
variation in pharmacokinetics revealed through human studies and from PBPK modeling, _
variation of methanol metabolism in human tissues, and information on physiologic factors
(including gender and age), or acquired factors (including diet and environment) that may affect
methanol exposure and toxicity.

_ Sensitivity analyses of the human PBPK models were performed (see Appendix B), and
the results suggest that parameter variability is not likely to result in methanol blood level
estimates that vary more than 3-fold, the toxicokinetic portion of the 10-fold UFy. However, one:
needs to also consider the variation-in background levels of methanol (Table 3-1), because that
can be a factor governing the impact of an exogenous methanol exposure. From the data in Table
3-1, it can be seen that the reported background levels of methanol in blood have ranged
considerably, from 0.25 to 5.2 mg/L. Overall, the extent of human ihterindividual variation in
(endogenous and exogenous) methanol toxicokinetics and toxicodynamics would be very
difficult to quantify given the significant uncertainties that exist regarding background levels and
methanol’s mode of action. -

The candidate effects for RfC derivation have been observed in a potentially susceptible
and sensitive fetal/neonatal subpopulation. However, tberé is also variability across fetuses and
neonates that need to be taken into account. Children vary in their ability to metabolize and
eliminate methanol and in their sensitivity to methanol’s teratogenic effects. There is information
on PK and pharmacodynamic factors suggesting that children can have differential susceptibility
to methanol toxicity (see Section 4.9.1). Thus, there is uncertainty in children’s responses to
methanol that should be taken into consideration for derivation of the UF for human variation
that is not available from either measured human data or PBPK modeling analyses. The enzyme
primarily responsible for metabolism of methanol in humans, ADH, has been reported to be

5-18





































(30/sex/dose) were gavaged daily with 0, 100, 500, or 2,500 mg/kg-day of methanol. Elevated
levels of serum glutamic pyruvic transaminase (SGPT), serum alkaline phosphatase (SAP), and
increased, but not statistically significant, liver weights in both male and female rats suggest
possible treatment-related effects in rats dosed with 2,500 mg methanol/kg-day, despite the

~ absence of supportive histopathologic lesions in the liver. Brain weights of both high-dose group
males and females were significantly less than those of the control group. Based on these
findings, 500 mg/kg-day of methanol was considered a NOAEL in this rat study. Application of a
1,000-fold UF (interspecies extrapolation, susceptible human subpopulations, and subchronic to
chronic extrapolation) yielded an RfD of 0.5 mg/kg-day.

5.3. Uncertainties in the lInhaIation RfC and Oral RfD

The following is.a more extensive discussion of the uncertainties associated with the RfC
and RfD for methanol beyond that which is addressed quantitatively in Sections 5.1.2, 5.1.3, and
5.2.2. A summary of these uncertainties is presented in Table 5-7.
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Figure 5-4 Relationship of monkey blood levels associated with effects of uncertain
adversity with projected impact of daily peak RfC and RfD exposures on
sample background methanol blood levels (mg MeOH/Liter [mg/L] blood) in
humans. :

5.4. Cancer Assessment

A cancer assessment was not conducted for this document.
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