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3. HEALTH EFFECTS

3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of methoxychlor. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

The health effects of methoxychlor have been investigated mainly in studies using technical grade
methoxychlor, although a few studies have used laboratory grade (98% pure) or recrystallized (>99%
pure) preparations. Technical grade methoxychlor is the grade used in industrial preparations and
typically contains about 80—90% methoxychlor, with the remainder being composed of >50 chemically-
related compounds (IARC 1979; Lamoureux and Feil 1980). Please refer to Chapter 4 for more detailed
information on the composition of methoxychlor. Some in vivo studies suggest that technical grade
methoxychlor is approximately 2—4 times more potent with respect to reproductive and developmental
effects than is pure methoxychlor (Bitman and Cecil 1970; Tullner 1961). This is because several of the
contaminants in technical grade methoxychlor are directly estrogenic (Kupfer and Bulger 1987b),
whereas pure methoxychlor is proestrogenic and requires metabolic activation before exhibiting
estrogenic activity (Bulger et al. 1978d; Kupfer and Bulger 1979). Some of the estrogenic contaminants
of technical grade methoxychlor are the same as those formed by metabolism in vivo (Bulger et al. 1985).
It is important to recognize that because of the biological activity of these contaminants, dose-response
relationships obtained using technical grade methoxychlor may not be directly applicable to pure
methoxychlor. For this reason, the chemical purity of the methoxychlor used in key quantitative studies
is provided. Since most studies employ technical grade methoxychlor, the text refers to purity only when

other grades are used.
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3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or lowest-
observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies.
LOAELS have been classified into "less serious" or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious"” effects are those that are not expected to cause significant dysfunction or death,
or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious" and "serious" effects. The distinction between "less serious" effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELSs) or exposure levels below which no
adverse effects (NOAELs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.
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Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for methoxychlor. An MRL is defined as an estimate of daily human exposure to a substance that is
likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of
exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of
effect or the most sensitive health effect(s) for a specific duration within a given route of exposure.

MRLs are based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can
be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes.

Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990h),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in
the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

In air, methoxychlor is generally associated with particulate matter, and inhalation exposure to
methoxychlor can occur by inspiration of methoxychlor-laden dust. Although the health effects resulting
from inhalation exposure to methoxychlor have not been extensively investigated, there are a few reports

that describe health effects following this type of exposure.

3.2.1.1 Death

A single case study reported the death of a 49-year-old male after an acute inhalation exposure to a
pesticide mixture containing methoxychlor and captan (Ziem 1982). The exposure level was not
reported. Death occurred 6 months after exposure and was attributed to aplastic anemia. Because only a
single case was described and because the exposure was to a mixture of pesticides, it is not possible to

deduce the role of methoxychlor in this outcome.
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No studies were located regarding death in animals after inhalation exposure to methoxychlor.

3.2.1.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, musculoskeletal, hepatic,
renal, endocrine, dermal, or ocular effects in humans or animals after inhalation exposure to

methoxychlor.

Hematological Effects. A single case study reported the development of aplastic anemia in a
49-year-old male after an acute inhalation exposure to a pesticide mixture containing methoxychlor and
captan (Ziem 1982). Symptoms of fatigue and bruising developed several weeks after exposure. The
authors stated that although there are published case studies of aplastic anemia in humans following
exposure to structurally-related pesticides such as dichlorodiphenyltrichloroethane (DDT) and lindane, no
other reports of methoxychlor-induced aplastic anemia were located. Due to the limited database and the
exposure to other chemicals (captan) in this study, a causal relationship between methoxychlor and
aplastic anemia cannot be established. It is possible that this illness had an etiology unrelated to the

pesticide exposure.

Body Weight Effects.  There is no information regarding body weight effects of methoxychlor in
humans. One animal study showed a 24% reduction in weight gain in rats intermittently exposed to

360 or 430 mg/m’ methoxychlor for 4-5 weeks (Haag et al. 1950). However, the vehicle used to deliver
the methoxychlor (Pyrax plus 3% Santo-Cel) was toxic and resulted in several deaths in the controls;

therefore, the results of this study are difficult to interpret.

3.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans or animals after inhalation exposure

to methoxychlor.
3.2.1.4 Neurological Effects
A single case study described neurological effects in a 21-year-old male acutely exposed (15—20 minutes)

to a pesticide mixture that contained 15% methoxychlor and 7.5% malathion (Harell et al. 1978). The

subject noted blurred vision and nausea 89 hours after exposure. He was admitted to the hospital
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36 hours after exposure in a state of dehydration with severe abdominal cramps and diarrhea.
Approximately 4 days later, he experienced dizziness and complete deafness followed by difficulty
moving the extremities, hypoesthesias, parasthesias in the limbs, bilateral foot drop, and leg pain. There
was no improvement in any of these neurological effects 6 years after exposure. The authors noted that
neither methoxychlor nor malathion typically produced such profound effects, and attributed the special
susceptibility of this individual to a deficiency in the enzyme responsible for the detoxification of

malathion. Whether methoxychlor contributed to the effects is not known.

Only one study was located regarding the neurological effects of inhalation exposure to methoxychlor-
laden dust in animals. Intermittent exposure (2 hours/day, 5 days/week for 4 weeks) of rabbits to

430 mg/m’ methoxychlor produced hind leg paralysis and disseminated nodules in the cerebral cortex in
one out of two animals (Haag et al. 1950). Neurological effects were not observed in the two control
animals. The results from this study are limited by the small number of animals tested, and by the
possibility that the observed paralysis in the affected animal was the result of a disease that is endemic to
rabbits (Haag et al. 1950). Thus, no firm conclusions can be made on the neurotoxicity of methoxychlor

in animals after inhalation exposure.

3.2.1.5 Reproductive Effects

No studies were located regarding reproductive effects in humans or animals after inhalation exposure to

methoxychlor.

3.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after inhalation exposure

to methoxychlor.

3.2.1.7 Cancer

A single epidemiological study was located on the potential association between methoxychlor exposure
and occurrence of leukemia in farmers (Brown et al. 1990). In this study, 11/578 cases of leukemia and
16/1,245 controls were found to have been occupationally exposed to methoxychlor. After adjustment for
vital status, age, state, tobacco use, family history of lymphopoietic cancer, high risk occupations and

high risk exposures, an odds ratio of 2.2 was calculated. This increase was statistically significant;
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however, it is difficult to make firm conclusions on the carcinogenicity of methoxychlor in humans based

on a single study.

No studies were located regarding cancer in animals after inhalation exposure to methoxychlor.

3.2.2 Oral Exposure

3.2.2.1 Death

No studies were located regarding death in humans after oral exposure to methoxychlor.

Reported acute LDy, values for recrystallized and technical grade methoxychlor range from 3,460 to
7,000 mg/kg in male and female rats (Cannon Laboratories 1976; Hodge et al. 1950; Smith et al. 1946)
and 2,900 mg/kg in mice (Coulston and Serrone 1969). A more recent study reported an acute LDs, in
male and female Wistar rats of 2,828 mg/kg for methoxychlor that contained 88% p,p’ isomer and 12%
o,p’ isomer, and an acute LD;, of 1,782 mg/kg for a methoxychlor formulation that contained only 25%
methoxychlor (p,p’ isomer) (Dikshith et al. 1990). Mortality following a single exposure to 1,000, 2,000,
4,000, or 8,000 mg/kg of the mixed isomer methoxychlor was 0, 25, 100, and 100%, respectively, in male
rats, and 25, 50, 50, and 75%, respectively, in female rats (Dikshith et al. 1990). Two out of 17 pregnant
rabbits died following exposure to 251 mg/kg/day methoxychlor on days 7—19 of gestation (Kincaid
Enterprises 1986). Exposure to 790-4,200 mg/kg/day recrystallized and technical grade methoxychlor in
feed for 4-16 weeks produced significant increases in mortality in rats (Davison and Cox 1976; Haag

et al. 1950; Hodge et al. 1950). Mortality rates were higher in female Wistar rats (0-25%) than in males
(0-10%) exposed to 100—1,000 mg/kg/day methoxychlor for 90 days (Dikshith et al. 1990). Mortality
was low in male and female Wistar rats that received 200-800 mg/kg/day of a formulation containing
25% methoxychlor for 90 days (Dikshith et al. 1990). Increases in mortality were also reported in dogs
exposed to 2,000 mg/kg/day for 8—24 weeks (Tegeris et al. 1966). In dogs and rats, death was preceded
by neurological effects (tremors, convulsions), as discussed below. LOAEL values for the lethal effects

of methoxychlor are recorded in Table 3-1 and plotted in Figure 3-1.

3.2.2.2 Systemic Effects

No studies were located regarding respiratory, musculoskeletal, renal, endocrine, dermal, ocular, body

weight, or metabolic effects in humans after oral exposure to methoxychlor. Data on the remaining
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systemic effects after methoxychlor ingestion are available from a single study in humans. The highest
NOAEL values and all LOAEL values from each reliable study for the systemic effects of methoxychlor
in each species and duration category are recorded in Table 3-1 and plotted in Figure 3-1. These studies

are discussed below.

Respiratory Effects. A single study reported pulmonary edema in rabbits exposed to 200 mg/kg/day
methoxychlor by gavage for 1-3 weeks, but the authors attributed this effect to possible gavage error
resulting in aspiration of the chemical; no control group was included in the study (Smith et al. 1946).
Chronic exposure of rats to 77 mg/kg/day recrystallized methoxychlor (Deichmann et al. 1967) or

107 mg/kg/day technical grade methoxychlor (NCI 1978) or of mice to 599 mg/kg/day technical grade
methoxychlor (NCI 1978) did not produce any significant histopathological effects in the respiratory
tract. These data are too limited to draw firm conclusions, but suggest that the lung is not especially

sensitive to ingested methoxychlor.

Cardiovascular Effects. A single case report documented the ingestion of approximately 125 mL of
a commercial product that contained methoxychlor (about 15 mg of methoxychlor) by a 62-year-old man
in an attempted suicide (Thompson and Vorster 2000). Testing of a serum sample collected at the time of
admission to the hospital showed a methoxychlor level of 0.67 pg/mL serum. His blood pressure was
very low (58/40) and his pulse rate was high (88 beats per minute). After initiation of treatment, his

blood pressure recovered to 110/70.

In animals, one study reported the development of fatty hearts in two of four rabbits administered lethal
doses of methoxychlor (200 mg/kg/day) for 1-3 weeks (Smith et al. 1946). However, no gross or
histopathological changes in the heart were noted in rats or mice following chronic oral exposure to

107 or 599 mg/kg/day methoxychlor, respectively (NCI 1978). Although no firm conclusion can be



Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day)  (mgl/kg/day) (mglkglday) Chemical Form
ACUTE EXPOSURE
Death
Once Carnnon Laboratories 1976
1 Rat 3460 (LD50) "
(GO) TG
1x Dikshith et al. 1990
z Rat 2828  (LD50) wshiin et a
{Wistar) (GO) mixed isomers
3 Once Hod t al. 1950
Rat 5000 (LD50) ge e
(GO) RC TG
4 Mouse Once 2900  (LDSO) Coulston and Serrone 1969
(NS) () TG
i Gd 7-19 1x/d Kincaid E i
5 Rabbit 251 (2117 deaths) incaid Enterprises 1986
(New (GW) 16
Zealand)
Systemic
6 Rat 1x/d Gd 6- 15 . Khera et al. 1978
Bd Wt 50 (reduced maternal body weight
7 Rat Once . Morgan and Hickenbottom 1979
Hepatic 640
(GO) 6
8 Rabbit Gd 7-19 1x/d . Kincaid Enterprises 1986
Hepatic 5 35.5 (pale/mottled appearance of the
(GwW) liver) TG
Bd Wt 5 35.5 (anorexia and 14.4% decreased

Neurological
9 Rat Once

(Wistar) (GO) 2500

body weight gain)

(decreased locomotor activity) 3000 (tremors)

Cannon Laboratories 1976
TG

S103443 H1IV3IH €
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

(continued)

Exposure/ LOAEL
Duration/
Keyto Species _ Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day)  (mglkg/day) {mg/kg/day) Chemical Form
ACUTE EXPOSURE
Reproductive
Gd 6-15 Culik and Kaplan 1976
10 Rat 97.3 (dose-related increases in Lik anc tap
(F) post-implantation loss) TG
11 Rat 8d 1x/d . . . Cummings 1993
50 F 75 F (induction of uterine
{Holtzman)  (GO) decidualization) 98% pure
12 Rat 1xd8d . Cummings and Gray 1987
100 200 (decreased uterine receptivity to
(GO) implantation) LG
t 1x/d 3-8 d Cummi d Gray 1989
13 Ra 100 (decreased serum 200 (decreased number of ummings and tray
(GO) progesterone) implantation sites and uterine LG
weight; increased number of
resorptions)
4 t Gd 1-8 1x/d Cummi d Laskey 1993
14 Ra 25 50 (decreased serum 250 (decreased number of ummings and Laskey
(GO) progesterone) implantation sites) LG
15 Rat Gd 1-3 1x/d Cummings and Perreault 1990
100 (accelerated embryo transport 200  (decreased number of
(GO) into uterus) implantations) LG
16 Rat 1x/d 5-76 d, starting at . Gray et al. 1989
weaning at 21 ppd 25 (precocious vaginal opening
GO and estrus as early as 3 d after TG
(GO) exposure started)
17 Mouse 1x/d 5 diwk 2 wk . . o Martinez and Swartz 1991
25  (persistent vaginal cornification)
(GO) TG 50%
18 Rabbi Gd 7-19 1x/d Kincaid Enterprises 1986
abbit (GW) 5 35.5 (increased frequency of neal erprise

abortion and late resorptions)

TG
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day) _ (mglkg/day) (mglkg/day) Chemical Form
ACUTE EXPOSURE
Developmental .
19 Rat Gd6-15 40.8 (increased incidence of wavy Culik and Kaplan 1976
F ribs) TG
20 Rat 1x/d Gd 14-20 10 Gellert and Wilson 1979
(GO) NS
21 Rat 1x/d Gd 615 200 (increased percent dead Khera et al. 1978
(GO) resorbed, or anomalous ' TG
fetuses)
22 Rabbit Gd 7-19 1x/d 5 355 (10-11% dec 4 fetal bad Kincaid Enterprises 1986
. -11% decreased fetal body
(GW) weight and percentage of male TG
fetuses)
INTERMEDIATE EXPOSURE
Death
23 Rat 16 wk Davison and Cox 1976

(Sherman) (F)

24 Rat 4 wk
(F

25 Rat 45d
F)

1200

917

4200

(4/12 died)

(6/7 females died)

(16120 died)

TG

Haag et al. 1950
RC

Hodge et al. 1850
TG
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral (continued)
Exposure/ LOAEL
Duration/
Key to Species Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkgiday)  (mglkg/day) (mg/kg/day) Chemical Form
INTERMEDIATE EXPOSURE
Systemic . ‘
Gd 14 - ppd 42 1x/d Chapin et al. 1997
26 Rat PP Hemato 50 M 150 M (24% increase in relative spleen P
(Sprague- (GO) weight) 95% pure
Dawley)
Hepatic 50 M 150 M (13% increase in relative liver
weight)
Renal 50 M 150 M (16% increase in relative kidney
weight)
Endocr 50 M 150 M (36% increase in relative and
absolute adrenal gland weight)
Bd Wt 5 50 (10% decrease in body weight
gain)
27 Rat 16 wk . . . Davison and Cox 1976
Hepatic 90 1200 (66% increased relative liver
(Sprague-  (F) weight; decreased total and TG
Dawley) relative vitamin A content)
Bd Wt 90 1200 (22% decreased body weight
gain)
28 Rat 309d 1x/d . . . Gray et al. 1999
Hepatic 200 M (37% decrease in absolute liver
(Long- Evans) (GO) weight 90% purity (TG)
ght)
Renal 200 M (37% decrease in absolute
kidney weight)
Endocr 200 M (17% decrease in absolute
pituitary weight; 60% increase
in relative adrenal gland weight)
Bd Wt 200 M (37% decrease in body weight

gain)

S1O3443 HITV3H '€
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral (continued)

Exposure/ LOAEL
Duration/
Keytc? Species Fre.q-uency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (malkg/day)  (mglkg/day) {mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
29 Rat 28d; 1x/d Heoati 20F (d 4 iburmin) Okazaki et al. 2001
epatic ecreased serum albumin
(CD) (GO) LG
Renal 100 500 (basophilic tubules; dilatation of

renal tubules and casts)
Immuno/ Lymphoret

30 Rat 28d; 1x/d 100 M 500 M (atrophy of the th ) Okazaki et al. 2001
atrophy of the thymus

(cD) (GO) Y LG

Neurological
31 Rat 1x/d 55-66 d . . . Gray et al. 1988

400 F (increased and acyclic running

Long-Evans, (GO) wheel activity) TG

Sprague-Dawl

F344

Reproductive
32 Rat 1x/d 70 d for males 5 wk i N ) Bal 1984

) for females . 100 (infertility; degeneration of the
(Wistar) testis and ovaries). TG
(GO)
33 Rat Gd 14 - ppd 42; 1x/d ) . Chapin et al. 1997
2 PP 5M ga F (precocious vaginal opening) 50 F (reduced fertility; 68% reduction P
(Sprague-  {GO) in number of implants; cystic ~ 95% pure
Dawley) ovaries, few corpora lutea;
irregular estrus cycles)
34 Rat 21d 1x/d Cummings and Metcalf 1995b
250 F (slows the regression of

(Sprague-  (G) endometriosis) NS

Dawley)
35 Rat 1x/d 7 diwk 8 wk Goldman et al. 1986

25 M (elevated pituitary prolactin
(GO) levels) TG

HOTHOAXOHLIN
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

(continued)

Exposure/ ILOAEL
Duration/ "
Keyto Specles _ Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day)  (mg/kg/day) (mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
- Gray et al. 1988
36 Rat 1x/d 55-66 400 (persistent vaginal cornification; ray et a
(GO) atrophy of ovary and uterus) TG
1x/d 56-66 d Gray et al. 1989
37 Rat 100 (80% decreased in fertiity when -
(GO) treated males and females TG
mated; decreased number of
liver pups per litter; decreased
caudal epididymal sperm count)
38 Rat 1x/d 59-76 d Gray et al. 1989
@ 25 M (elevated levels of prolactin in y
{GO) the pituitary) TG
25 F (precocious vaginal opening)
1x/d 76-99 d Gray et al. 1989
39 Rat 100 M (elevated prolactin, FSH and 100 F (40% decreased fertility when ay
(GO) TSH in the pituitary) treated females were mated TG
with untreated males;
decreased number of live pups
per litter; ovarian atrophy and
histopathology)
40 Rat 309d 1x/d Gray et al. 1999

(Long- Evans) (GO)

41 Rat 6-9 wk
(Sprague- (F)
Dawley)

200 M (delayed puberty; decreased

60 (decreased ovary weight) 150

testes weight, fertility, and
sperm counts; altered mating
behavior)

90% purity (TG)

. Harris et al. 1974
(decreased ovary weight;

increased uterus weight; TG
decreased mating frequency
and fertility in females)

SL1O3443 HLIVAH '€
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral (continued)

Exposure/ LOAEL
Duration/
Key to Species Frequency NOAEL Less Serious Serious Reference
figure (Strain) _(Specific Route) System _ (mglkg/day) __ (mglkglday) (mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
12 wk H !'5 et al. 1974
42 Rat 300 (persistent vaginal cornification; ar
(Long- Evans) (F) decreased mating frequency) TG
43 Rat 6 wk . . .. Harris et al. 1974
60 (precocious vaginal opening in
(Long- Evans) (F) females; decreased mating TG
frequency and fertility in males
and females)
Rat 30-45d Hodge et al. 1950
44 Ra 140 1400 (testicular atrophy) cdgeeta
®) TG
45 Rat 15d 1x/d 50 F . inal . Laws et al. 2000
(Long- Evans) GO (precocious vaginal opening) G 95%
46 t 28d; 1x/d O Ki .
Ra 20 100 M (atrophy of seminiferous tubules kazaki et al. 2001
(CD) (GO) ' and Leydig cells in testes; LG
decreased sperm; cell debris in
lumen of epididymis; atrophy of
mammary acinus)
100 F (abnormal estrous cyclicity)
47 Mouse 1x/day 5 diwk 4 wk 50 | istent vaginal ificat Martinez and Swartz 1991
persistent vaginal cornification;
(GO) decreased ovary weight) TG
48 Mouse 1x/d 5 diwk 4 wk 100 (inc Jliold in interstitial and Martinez and Swartz 1992
increased lipid in interstitial an
(GO) TG 50%

thecal cells of the ovary)

S103443 H1TV3H '€
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

{continued)

Exposure/ LOAEL
a Duration/
Keyto Species Fre.q.uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System _ (mglkg/day)  (mgfkg/day) {mglkg/day) Chemical Form
INTERMEDIATE EXPOSURE
Developmental
Gd 14 - ppd 21 1x/d Chadpin et al. 1997
49 Rat PP 5 (decreased click responsein M 50 F (decreased fertility; 68% i
(Sprague-  (GO) and F; decreased approach reduction in number of 95% pure (LG)
Dawley) stimulus in M; no : implants)
dose-response relationship)
50 Rat 1x/d 59-76 d . X . Gray et al. 1989
50 (precocious vaginal opening;
(GO) 45.3% decreased fertilityin TG
offspring; acyclic estrus;
pituitary abnormalities)
51 Rat 6-9 wk . . o Harris et al. 1974
60 (precocious vaginal opening in
(F) female offspring) TG
9 wk Harris et al. 1974
52 Rat 60 (reduced fertility in males and arms eta
(Sprague- (F) female offspring) TG
Dawley)
CHRONIC EXPOSURE
Systemic
53 Rat 24-27 mo Deichman et al. 1967
Resp 77
(Osborne- (F) RC
Mendel)
Gastro 77
Hepatic 77
Renal 77

S103443 H1TV3H '€
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Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

(continued)

Exposure/ LOAEL
a Duration/
Keyto Species Fre'q.uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System (ma/kg/day)  (mgl/kg/day) (mg/kg/day) Chemical Form
CHRONIC EXPOSURE
4 Rat 1yr Haag et al. 1950
3 8 . Y Resp 917 9
(albino) (F) RC
Cardio 917
Gastro 917
Musc/skel 917
Hepatic 917
Renal 917
Dermal 917
Ocular M7
Bd Wt 197 M (>10% decrease in body weight)

S103443 HIV3H €

HOTHOAXOHL3INW

>



Table 3-1 Levels of Significant Exposure to Methoxychlor - Oral

{continued)

Exposure/ LLOAEL
Duration/
Key te Specles Frequency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day)  (malkg/day) (ma/kg/day) Chemical Form
CHRONIC EXPOSURE
78 wk NCt 1978
55 Rat Resp 107
(Osborne- (F) TG
Mendel)
Cardio 107
Gastro 107
Hemato 107
Musc/skel 107
Hepatic 107
Renal 107
Dermal 107
Ocular 107
Bd Wt 107 F (decreased body weight gain)

S103443 HIV3IH '€

HOTHOAXOHLIN

se



Table 3-1 Levels of Significant Exposure to Methoxychfor - Oral

(continued)

Exposure/ LOAEL
Duration/
Key tc';Jl Species Fre.q'uency NOAEL Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mglkg/day) (mag/kg/day) (mgl/kg/day) Chemical Form
CHRONIC EXPOSURE
M 78 wk NCI 1978
56 ouse Resp 599
(B6C3F1) (F) TG
Cardio 599
Gastro 599
Hemato 599
Musc/skel 599
Hepatic 599
Renal 599
Dermal 599
Ocular 599
Bd Wt 172 F (12% decrease in body weight)
Immuno/ Lymphoret
57 Rat 78 wk 107 NCI1 1978
(Osborne- (F) TG
Mendel)
58 Mouse 78 wk NCI 1978
599 M
(B6C3F1) (F) TG
Neurological
59 Rat 78 wk 107 F NC! 1978
(Osborne- (F) TG
Mendel)
60 Mouse 78 wk NCI 1978
599 M
) TG
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Levels of Significant Exposure to Methoxychlor - Oral (continued)

Exposure/ LOAEL

a Duration/
Keyto Species Frequency NOAEL  Less Serious Serious Reference
figure (Strain) (Specific Route) System  (mg/kg/day)  (mgl/kg/day) (mg/kg/day) Chemical Form

CHRONIC EXPOSURE

Reproductive ;

3 ti Haskell Laboratories 1966

61 Rat generations 18 92 F (decreased fertility) sketl Laborafone

(D) (F) o

a The number corresponds to entries in Figure 3-1

b Used to derive a minimal risk level (MRL) of 0.005 mg/kg/day; dose divided by an uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation from animals to humans,
and 10 for human variability).
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Figure 3-1. Levels of Significant Exposure to Methoxychlor - Oral
Acute (<14 days)
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Figure 3-1. Levels of Significant Exposure to Methoxychlor - Oral (continued)
Intermediate (15-364 days)
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Figure 3-1. Levels of Significant Exposure to Methoxychlor - Oral (continued)
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3. HEALTH EFFECTS

drawn regarding cardiovascular effects of methoxychlor, the data suggest that the heart is not a primary

target organ for methoxychlor.

Gastrointestinal Effects. No histological evidence of injury to the small intestine was detected in
biopsy samples from four men and four women who ingested 2 mg/kg/day of methoxychlor for 6 weeks

(Wills 1969).

Diarrhea was noted in rats given acutely lethal doses (7,000 mg/kg) of methoxychlor (Smith et al. 1946).
However, no histopathological changes of the gastrointestinal tract were noted following chronic oral

exposure of rats to 77 mg/kg/day recrystallized methoxychlor (Deichmann et al. 1967) or 107 mg/kg/day
technical grade methoxychlor (NCI 1978), or mice to 599 mg/kg/day technical grade methoxychlor (NCI

1978). These data suggest that the gastrointestinal tract is not a sensitive target organ for methoxychlor.

Hematological Effects. Only one study was located regarding the hematological effects of
methoxychlor in humans after oral exposure. Electron microscopy of bone marrow biopsy samples and
chemical analysis of the blood from four male and four female volunteers exposed to 2 mg/kg/day for

6 weeks revealed no significant changes (Wills 1969).

Rabbits administered lethal doses of methoxychlor (200 mg/kg/day) for 1-3 weeks developed
hemosiderosis of the spleen, but no controls were included in the study (Smith et al. 1946). Rats exposed
to 150, but not 50, mg/kg/day methoxychlor for 35 days had increased relative spleen weights (Chapin et
al. 1997). However, no gross or histopathological changes were noted on the hematopoietic system (bone
marrow, spleen) in rats or mice exposed to 107 or 599 mg/kg/day methoxychlor in the feed for 78 weeks
(NCI 1978). No changes in red blood cell, white blood cell, or hemoglobin levels were observed in rats
exposed to up to 1,000 mg/kg/day methoxychlor for 90 days (Dikshith et al. 1990). These data are

insufficient to evaluate the hematological effects of methoxychlor.

Musculoskeletal Effects. In animals, no histopathological effects were detected in the skeletal
muscles or bones of rats or mice following chronic oral exposure to doses of 107 or 599 mg/kg/day
methoxychlor, respectively (NCI 1978). This suggests the musculoskeletal system is not an important

target for methoxychlor.
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Hepatic Effects. Only one study was located regarding the effects of methoxychlor on the liver in
humans after oral exposure. Electron microscopy of liver biopsy samples from 4 men and 4 women
exposed for 6 weeks to 2 mg/kg/day revealed no histopathological changes (Wills 1969). In addition,
there were no changes in serum enzyme levels such as glutamate-oxaloacetate aminotransferase (SGOT;
also called aspartate aminotransferase or AST), glutamate-pyruvate aminotransferase (SGPT; also called
alanine aminotransferase or ALT), and alkaline phosphatase (AP) that are indicative of liver injury.
Based on these limited data, the liver of humans does not appear to be affected by low doses of
methoxychlor for intermediate durations. The hepatic effects of chronic oral exposure to low doses of

methoxychlor have not been studied in humans.

Several studies in animals have described effects on the liver following oral exposure to methoxychlor,
but the effects were usually mild or moderate, and effects were generally observed only at high doses
(lethal or near lethal). In male rats given a single oral dose of 640 mg/kg methoxychlor, increased hepatic
levels of glucose-6-phosphatase and decreased levels of glycogen phosphorylase and lactate were
detected, but there were no observable histopathological changes (Morgan and Hickenbottom 1979).
These enzymatic changes suggest that methoxychlor may promote the utilization of liver glycogen
(Morgan and Hickenbottom 1979). The livers of pregnant rabbits administered 35.5 mg/kg/day
methoxychlor on days 7—-19 of gestation were pale and mottled in appearance (Kincaid Enterprises 1986).
This effect was not noted in rabbits administered 5.01 mg/kg/day methoxychlor. "Fatty degeneration" of
the liver (not otherwise described) was noted in two out of four rabbits given lethal doses of
methoxychlor (200 mg/kg/day) for 1-3 weeks; no controls were included in this study (Smith et al. 1946).
Levels of serum enzymes (SGOT or AST, SGPT or ALT, AP) were elevated in dogs receiving 2,000, but
not 1,000, mg/kg/day methoxychlor in feed for 8-24 weeks (Tegeris et al. 1966). Rats that received
100-1,000 mg/kg/day methoxychlor for 90 days had small, but statistically significant, nondose related
changes in serum and/or liver enzyme activities (GOT, GPT, and AP) and serum protein levels (Dikshith
et al. 1990). Significant increases in liver weight were reported in rats administered lethal doses of
methoxychlor (500-1,200 mg/kg/day for 13—16 weeks) (Davison and Cox 1976; Dikshith et al. 1990).
Rats fed nonlethal doses of methoxychlor (60 mg/kg/day) for 9 weeks, spanning mating through weaning,
had enlarged livers and elevated liver vitamin A concentrations prior to mating, but no significant
differences from controls following weaning (Harris et al. 1974). Although reductions in liver weight
have also been reported in animals receiving nonlethal doses of methoxychlor for intermediate or chronic
durations (Cecil et al. 1974; Deichmann et al. 1967; Gray et al. 1989, 1999), these reductions were
generally associated with decreases in body weight gain and are not considered adverse. No

histopathological changes were found in the liver of rats or mice chronically exposed to 107 or
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599 mg/kg/day methoxychlor, respectively (NCI 1978), or rats exposed to 77 mg/kg/day (Deichmann et
al. 1967). Taken together, these data suggest that high doses of methoxychlor may cause hepatic effects

in some animals, but that the liver is not a key target organ for methoxychlor.

Because DDT (a structural analogue of methoxychlor) is known to cause vitamin A depletion in the livers
of exposed animals, a number of studies have investigated the effects of methoxychlor on the vitamin A
content of the liver. A significant reduction in total liver vitamin A content was observed in rats receiving
doses of 9 mg/kg/day or more for 16 weeks (Davison and Cox 1976), and vitamin A concentration
(ng/100 mg liver), but not total vitamin A, was significantly reduced in rats exposed to 60 mg/kg/day for
9 weeks (Harris et al. 1974). No significant change in vitamin A content was reported in rats
administered 5 mg/kg/day methoxychlor for 8—16 weeks (Cecil et al. 1974; Phillips and Hatina 1972). In
an in vitro assay, methoxychlor did not react with human transthyretin, a carrier protein for vitamin A and
thyroid hormones (Van den Berg et al. 1991). However, no microsomal activation system was employed
to determine if methoxychlor metabolites could bind transthyretin. Decreases in the vitamin A content of

liver are not necessarily adverse by themselves, so the significance of this effect is uncertain.

Renal Effects. Adverse effects on the kidneys were reported in animals administered lethal or near-
lethal doses of methoxychlor. Renal nephrosis was observed in four out of four rabbits administered
200 mg/kg/day methoxychlor for 1-3 weeks, but the significance is unclear since no controls were
included (Smith et al. 1946). Basophilic tubules, dilatation of renal tubules, and casts were seen in rats
exposed to 500, but not 100, mg/kg/day for 28 days; no further description of the lesions was provided
(Okazaki et al. 2001). Cystic tubular nephropathy was reported in rats exposed to 861 mg/kg/day
methoxychlor in the feed for 33-55 days (Tullner and Edgcomb 1962). Cystic tubular nephropathy was
accompanied by elevated blood urea nitrogen (BUN) in pigs exposed to 1,000 mg/kg/day methoxychlor
in the feed for 24 weeks (Tegeris et al. 1966). No histopathological changes were detected in rats and
mice exposed to 107 or 599 mg/kg/day, respectively, in the feed for 78 weeks (NCI 1978) or in rats
exposed to up to 1,000 mg/kg/day for 90 days (Dikshith et al. 1990). One study showed a 37% reduction
in kidney weight in rats treated with 200 mg/kg/day for 4 weeks, but this was associated with a 37%
reduction in body weight and therefore, may not be adverse (Gray et al. 1999). Although limited, these
data suggest that high doses may injure the kidneys, but that renal effects are not of major concern at

lower doses.
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Endocrine Effects. Only limited data were located regarding the effects of methoxychlor on
endocrine glands in animals following oral exposure. A decrease in absolute pituitary weight was seen in
rats exposed to 200400 mg/kg/day for 44 weeks or 100-200 mg/kg/day for 11-16 weeks (Gray et al.
1989, 1999). This was, however, associated with a reduction in body weight and, in most cases, a slight
increase in relative pituitary weight. In these same studies, Gray et al. (1989) observed an increase in
absolute and relative adrenal gland weight in male and female rats exposed to 100-200 mg/kg/day for
11-16 weeks. No treatment-related histopathological effects were seen. No histopathological effects or
changes in adrenal gland weight were seen in male or female rats that received up to 1,000 mg/kg/day
methoxychlor for 90 days (Dikshith et al. 1990). Increased relative and absolute adrenal gland weights
were seen in male rats exposed to 150 mg/kg/day methoxychlor from gestation day 14 through postnatal
day 42 (Chapin et al. 1997). This effect was not seen in female rats or in male rats at 5 or 50 mg/kg/day.
No histopathological data were reported. Adrenal gland weight returned to normal (compared to controls)

with cessation of methoxychlor administration (Chapin et al. 1997).

In female laboratory animals, exposure to methoxychlor results in a number of effects involving the
reproductive tract and the major hormone-producing glands that regulate it. Atrophic and degenerative
changes in the ovaries were seen in female mice and rats exposed to 25—400 mg/kg/day methoxychlor for
intermediate durations (Bal 1984; Chapin et al. 1997; Gray et al. 1988, 1989; Harris et al. 1974; Martinez
and Swartz 1991). Decreased serum progesterone levels were observed in female rats acutely exposed to
50-100 mg/kg/day laboratory grade methoxychlor, but not to 25 mg/kg/day (Cummings and Gray 1989;
Cummings and Laskey 1993). Ultrastructural changes in ovarian cells of mice exposed to 100 mg/kg/day
for 4 weeks included an accumulation of lipid in the interstitial and thecal cells (Martinez and Swartz
1992). It has been postulated that methoxychlor disrupts the feedback regulation of pituitary hormones
that normally exert an effect on the uterus and other estrogen-sensitive tissues (Martinez and Swartz

1992).

Oral exposure to methoxychlor also produces a number of effects in male laboratory animals. A 21%
decrease in ventral prostate weight was observed in male rats exposed to 154 mg/kg/day for 90 days
(Shain et al. 1977). Decreased weight of the testes was observed in male rats and mice exposed to
methoxychlor at 501,400 mg/kg/day for intermediate durations (Bal 1984; Gray et al. 1989, 1999;
Hodge et al. 1950; Tullner and Edgcomb 1962), and regression of the seminiferous epithelium was seen
in mice exposed to 60 mg/kg/day for 50 days or more (Wenda-Rozewicka 1983). A dose-related
inhibition of testes development, fewer mature germ cells, and fewer germ cells of each type were

observed in the testes of male rats exposed to 50 or 150 mg/kg/day methoxychlor from gestation
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day 14 through postnatal day 42 (Chapin et al. 1997). Decreased caudal epididymal sperm counts were
observed in rats exposed to 50-400 mg/kg/day for intermediate-duration exposures (Gray et al. 1989,
1999). Exposure to 25-50 mg/kg/day methoxychlor produced increased levels of prolactin in the
pituitary of male rats (Goldman et al. 1986; Gray et al. 1989). The hypothalamus of rats exposed to

50 mg/kg/day developed elevated levels of gonadotropin releasing hormone (GnRH) (Goldman et al.
1986). Serum levels of thyroid stimulating hormone (TSH) were decreased in rats following exposure to
100-200 mg/kg/day methoxychlor (Gray et al. 1989). Serum T, (triiodothyronine) levels were increased
in female rats at 100 and 500 mg/kg/day, and T; and TSH levels were increased in male rats exposed to
500, but not 100, mg/kg/day for 28 days (Okazaki et al. 2001). Serum luteinizing hormone (LH) levels
were decreased in female rats exposed to 100, but not 20, mg/kg/day methoxychlor, and serum FSH and
prolactin levels were increased and testosterone levels were decreased in male rats exposed to 500, but
not 100, mg/kg/day (Okazaki et al. 2001). Serum LH, prolactin, testosterone, and interstitial fluid
testosterone were unaffected in male rats exposed to 200-400 mg/kg/day for 44 weeks (Gray et al. 1999).

Effects of methoxychlor on the endocrine system are likely related to methoxychlor-associated
reproductive disturbances. For example, decreased serum progesterone levels (Chapin et al. 1997,
Cummings and Gray 1989; Cummings and Laskey 1993) may result from the estrogenic effects of
methoxychlor on the ovaries that cause decreased follicular and corpus luteum development (Chapin et al.
1997). The effects on the ovaries may be caused directly by methoxychlor metabolites or may result from
effects on the pituitary and hypothalamus, which alter the release of regulatory hormones that affect the
reproductive and accessory sex glands (Chapin et al. 1997; Martinez and Swartz 1992). There is a high
level of interdependence between the hypothalamus, pituitary, and peripheral endocrine glands; therefore,
feedback mechanisms between the peripheral endocrine glands and the pituitary and hypothalamus and
between the pituitary and the hypothalamus are probably also involved in the alteration of hormone levels
by methoxychlor. Effects of methoxychlor on the reproductive system are discussed in more detail in
Section 3.2.2.5 Reproductive Effects, and mechanisms for effects on the endocrine and reproductive
systems are discussed in Section 3.5.2 Mechanisms of Toxicity and Section 3.6 Toxicities Mediated

Through the Neuroendocrine Axis.

Dermal Effects. Gross and microscopic examination of the skin did not reveal any treatment related
effects in rats or mice chronically orally exposed to 107 or 599 mg/kg/day methoxychlor, respectively
(NCI 1978). These data are too sparse to permit a firm conclusion to be made on the dermal effects of

methoxychlor, but suggest that the skin is not a target system.
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Ocular Effects. No studies were located regarding ocular effects in humans after oral exposure to
methoxychlor. No ocular effects were seen in rats or mice chronically exposed to 107 or 599 mg/kg/day

methoxychlor, respectively (NCI 1978).

Body Weight Effects. Several animal studies suggest that oral exposure to methoxychlor can lead to
decreased body weight. Acute exposure of rats to 40.8—400 mg/kg/day or intermediate exposure to
25-400 mg/kg/day resulted in decreased growth (Chapin et al. 1997; Culik and Kaplan 1976; Gray et al.
1989, 1999; Khera et al. 1978). A 14.4% decrease in body weight gain was noted in pregnant rabbits
administered 35.5 mg/kg/day methoxychlor, but not 5.01 mg/kg/day methoxychlor (Kincaid Enterprises
1986). Rats exposed to 100—1,000 mg/kg/day methoxychlor for 90 days had a 5—43% decrease in body
weight gain (Dikshith et al. 1990). In dogs exposed to 1,000 mg/kg/day for 8-24 weeks, decreased body
weight was accompanied by an absence of body fat in normal depot areas (Tegeris et al. 1966). Chronic
exposure of rats to 107 mg/kg/day (NCI 1978) or 229 mg/kg/day (Haag et al. 1950) or mice to

599 mg/kg/day (NCI 1978) produced a decrease in body weight gain. Since many of these studies also
reported depressed food intake in methoxychlor-treated animals, it is possible that this is responsible, in
part, for the observed decreases in body weight gain. However, in studies in which pair-fed controls were
used, a 22% decreased body weight was observed in rats fed diets containing 861 mg/kg/day for

33-55 days (Tullner and Edgcomb 1962) or 1,200 mg/kg/day for 16 weeks (Davison and Cox 1976).
These data indicate that body weight gain may be adversely affected by relatively high doses of

methoxychlor.

Metabolic Effects. No studies were located regarding metabolic effects in animals after oral exposure

to methoxychlor.

3.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after oral exposure to methoxychlor.
In animals, no adverse histological effects were detected in the thymus, spleen, or lymph nodes of rats
chronically exposed to 107 mg/kg/day or mice chronically exposed to 599 mg/kg/day (NCI 1978).
However, histological examination may not be sensitive enough to detect changes in immune system
function. In male (but not female) rats exposed to 5 or 50 mg/kg/day methoxychlor from gestation

day 14 through postnatal day 42, a respective 35 or 42% decrease in plaque-forming cells/spleen was
observed, indicating a possible attenuation of the primary immune response (Chapin et al. 1997). The

plaque-forming cell assay quantitates the production of a specific antibody following administration of an
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antigen. The physiological functioning of a number of immune system components, including B cells,

T helper cells, and macrophages, are reflected in this assay. Thymus weights were decreased by about

15 and 30% in rats exposed to 50 and 150 mg/kg/day, respectively, from gestation day 14 through
postnatal day 42 (Chapin et al. 1997). No histological data were provided. Spleen weight, splenic natural
killer cell activity, splenic lymphoproliferative response, and splenic cell-surface phenotypes did not
differ from controls. The study authors suggested that the observed effects on plaque-forming cell
numbers in males may have been anomalous because no such effects were observed in females and no
changes were observed in males in related end points such as splenic lymphoproliferative response
(Chapin et al. 1997). However, atrophy of the thymus was also observed in male, but not female, rats
exposed to 500, but not 100, mg/kg/day methoxychlor for 28 days (Okazaki et al. 2001). Relative thymus
weights were lower in female rats exposed to 500, but not 100, mg/kg/day, but the difference did not
reach statistical significance (Okazaki et al. 2001). No histological abnormalities were noted. These data
suggest that high exposure levels of methoxychlor may affect certain immunological parameters in
rodents and that male rats may be more sensitive to the immunological effects of methoxychlor than
females. Considering the available data, the immune system does not appear to be a primary target for

methoxychlor.

3.2.2.4 Neurological Effects

A single case report documented the ingestion of approximately 125 mL of a commercial product that
contained methoxychlor (about 15 mg of methoxychlor) by a 62-year-old man in an attempted suicide
(Thompson and Vorster 2000). The man showed no response to pain or verbal stimuli and had pale skin
with profuse sweating. Testing of a serum sample collected at the time of admission to the hospital

showed a methoxychlor level of 0.67 pg/mL serum.

Neurological effects have been observed in some animals exposed to methoxychlor. Large acute doses of
1,000 mg/kg methoxychlor or more administered to rats produced neurological effects such as decreased
locomotor activity, tremors, lacrimation, salivation, nasal bleeding, dyspnea, diarrhea, convulsions, and
paralysis (Cannon Laboratories 1976; Dikshith et al. 1990). In dogs, exposure to 1,000—4,000 mg/kg/day
methoxychlor for 824 weeks produced a dose-dependent increase in neurological effects including
apprehension, nervousness, increased salivation, tremors, convulsions, and dea