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2. HEALTH EFFECTS

2.1 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 of the toxicology of 4,4’-
methylenedianiline. 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.

Methylenedianilines can exist in five isomeric forms: 2,2’-methylenedianiline; 2,4’ -methylenedianiline;
3,3’-methylenedianiline; 3,4’-methylenedianiline; and 4,4 -methylenedianiline. Of the various isomers,
2,2’-methylenedianiline, 3,4’-methylenedianiline, 3,3’-methylenedianiline, and 2,4’-methylenedianiline
are produced on a very small scale as a research chemical (HSDB 1996). The isomer 4,4 -
methylenedianiline is produced in the United States for industrial use. Therefore, this profile will limit its

discussion to 4,4 -methylenedianiline.

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

2.2  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), am 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 (LOAELs) 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
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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 (LOAEL) 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.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of

4,4’-methylenedianiline are indicated in Tables 2-2 and 2-3 and Figure 2-2.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have
been made for 4,4"-methylenedianiline. 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

exposurc.
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Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
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.

2.2.1 Inhalation Exposure

Occupational exposure to 4,4’-methylenedianiline probably involves both inhalation of dust particles
containing the chemical, and dermal contact with these particles. In addition, direct ingestion of

contaminated dust or ingestion of particles that are expelled from the respiratory tree cannot be ruled
out. It is generally agreed, however, that dermal contact is the main contributing route of exposure in
occupational settings. For this reason, health effects in humans attributed to occupational exposure to

4,4’-methylenedianiline are discussed in Section 2.2.3, Dermal Exposure.

2.2.1.1 Death

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

4,4’ -methylenedianiline.

2.2.1.2 Systemic Effects

No studies were located regarding systemic effects in humans after inhalation exposure to

4,4’ -methylenedianiline. In addition, no studies were located regarding cardiovascular, gastrointestinal,
hematological, or musculoskeletal effects in animals after inhalation exposure to 4,4 -methylenedianiline.
Only one study was located that provided some information on systemic effects of inhaled

4,4’ -methylenedianiline in animals; this limited information is summarized below.
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The highest NOAEL values and all LOAEL values for each species and duration category are recorded
in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Guinea pigs exposed nose-only to 440 mg/m’ of an aerosol of
4,4’-methylenedianiline in propylene glycol 4 hours per day, 5 days per week for 2 weeks experienced
no respiratory distress during exposures (Leong et al. 1987). The mean particle diameter was 2.4 pm.
Two weeks after exposures terminated and prior to sacrifice, tests were conducted to detect possible
changes in the distensibility of the lungs from an intratracheal challenge dose of 4,4"-methylenedianiline;
the results were unremarkable. Histopathologic examination of the lungs revealed mild to

slight pneumonia and pulmonary granulomas.

Hepatic Effects. No histopathological alterations were observed in the liver of guinea pigs

exposed nose-only to 440 mg/m” of an aerosol of 4,4’-methylenedianiline 4 hours per day, 5 days per
week for 2 weeks (Leong et al. 1987). The animals were sacrificed 2 weeks after the exposure period
terminated. No further information regarding hepatic effects after inhalation exposure to

4,4’-methylenedianiline was located.

Renal Effects. No histopathological alterations were observed in the kidneys of guinea pigs

exposed nose-only to 440 mg/m® of an aerosol of 4,4"-methylenedianiline 4 hours per day, 5 days per
week for 2 weeks (Leong et al. 1987). Sacrifices were conducted 2 weeks after the exposure period
terminated. No further information regarding renal effects following inhalation exposure to

4,4’-methylenedianiline was located.

Dermal Effects. The possibility that inhalation exposure to 4,4"-methylenedianiline could induce
dermal sensitization was explored in guinea pigs (Leong et al. 1987) (see Section 2.2.3.2). The
animals were exposed nose-only to 440 mg/m’ of an aerosol of 4,4'-methylenedianiline 4 hours per
day, 5 days per week for 2 weeks. Two weeks after exposure ceased, 4,4 -methylenedianiline
(0.2-22 mg/kg) was applied to shaved sites of skin and observations were made for up CO 24 hours.
Neither erythema nor edema were observed suggesting that under the conditions of the experiment,
4,4’ -methylenedianiline was not a dermal sensitizer. No further information was located regarding

dermal effects after inhalation exposure to 4,4"-methylenedianiline.



Table 2-1. Levels of Significant Exposure to 4,4'-Methylenedianiline - Inhalation

a Exposure/ LOAEL
Key to Species duration/ NOAEL Less serious Serious
figure (strain) frequency System (mg/m3) (mg/m3) (mg/m3) Reference
ACUTE EXPOSURE
Systemic
1 GnPig 2 wk Resp 440M (mild to slight pneumonia Leong et al. 1987
(Albino 5 d/wk in 3/16 animals;
Hartiey) 4 hr/d pulmonary granulomas in
7/16)
Hepatic 440M
Renal 440 M
Dermal 440 M
Ocular 440 M (degeneration of
photoreceptor cells in
retina)
Bd Wt 440M

The number corresponds to entries in Figure 2-1.

Bd Wt = Body Weight; d = day(s); Gn Pig = guinea pig; hr = hour; LOAEL = lowest-observed-adverse-effect level; M = male; NOAEL =
no-observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Figure 2-1. Levels of Significant Exposure to 4,4-Methylenedianiline - Inhalation
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Ocular Effects. The role of melanin in ocular toxicity of 4,4"-methylenedianiline was examined in

guinea pigs (Leong et al. 1987). Two strains were used, albino (lacking melanin) and pigmented. The
animals were exposed nose-only to 440 mg/m’ of an aerosol of 4,4"-methylenedianiline 4 hours per

day, 5 days per week for 2 weeks. Two weeks after exposure terminated, the animals were sacrificed

and the retinas examined. The retinas of both strains showed marked alterations ranging from

retraction and thickening of the outer segments of the photoreceptor cells to swelling and retraction
extended through the inner segments of the photoreceptors to the outer nuclear layer. There were also
degenerative changes in the pigmented epithelial cells. Since the retinal lesions were similar in both
strains, the authors concluded that these changes were not related to the affinity of 4,4"-methylenedianiline
for melanin. No further information was located regarding ocular effects after inhalation

exposure to 4,4’ -methylenedianiline.

Body Weight Effects. Guinea pigs exposed nose-only to 440 mg/m’ of an aerosol of

4,4’ -methylenedianiline 4 hours per day, 5 days per week for 2 weeks experienced a slight weight loss
during exposure days, but recovery was apparent during the 2 resting weekend days (Leong et al.
1987). The authors attributed this temporary loss in weight to the stress of being restrained during
exposure since the trend over the entire experimental period was similar between exposed and control
animals. No further information was located regarding body weight effects after inhalation exposure

to 4,4’ -methylenedianiline.

No studies were located regarding the following health effects in humans or animals after inhalation

exposure to 4,4’-methylenedianiline:

2.2.1.3 Immunological and Lymphoreticular Effects
2.2.1.4 Neurological Effects

2.2.1.5 Reproductive Effects

2.2.1.6 Developmental Effects

2.2.1.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5.



METHYLENEDIANILINE 16
2. HEALTH EFFECTS

2.2.1.8 Cancer

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

to 4,4"-methylenedianiline.

2.2.2 Oral Exposure

2.2.2.1 Death

No cases of human deaths attributed to oral exposure to 4,4"-methylenedianiline were located in the
literature reviewed. The only relevant information was found in a study that examined the potential
long-term health effects in a population that had consumed bread contaminated with 4,4’-
methylenedianiline in 1965 in the Epping district of Essex, England (Hall et al. 1992). Liver toxicity was
the main adverse effect reported at the time of the accident (Kopelman et al. 1966). Of the original

84 cases, 55 people were alive, 18 had died, and 16 could not be traced (Hall et al. 1992). The causes

of death (neoplastic and non-neoplastic diseases) were, by and large, unremarkable, and the
observed/expected ratios for death from all causes were well below 1.0. Thus, there was no obvious
relationship between ingestion of 4,4"-methylenedianiline in that particular episode and death in

humans.

Several studies have reported death in animals after oral administration of 4,4 -methylenedianiline. In
Wistar rats, oral LDs, values of 335 mg/kg (Schmidt et al. 1980) and 830 mg/kg (Pludro et al. 1969)
were reported. In the former study, the test material was administered in propylene glycol, whereas
peanut oil was used as vehicle in the latter. Two of 5 male mice died in a 14-day study after

receiving daily doses of 207 mg 4,4 "-methylenedianiline/kg/day in the drinking water, 1 of 5 females
died at a 220 mg/kg/day dose level; all males and females (5/5) died at 829 mg/kg/day and

882 mg/kg/day, respectively (NTP 1983). The cause of death was not reported. The LDs, values in
male guinea pigs and male rabbits administered 4,4 -methylenedianiline in peanut oil were 260 mg/kg
and 620 mg/kg, respectively (Schmidt et al. 1974). In an intermediate-duration study, female Sprague-
Dawley rats were treated by gavage intermittently for 30 days with 36 mg 4,4"-methylenedianiline/
kg/day in sesame oil (Griswold et al. 1968). Forty-five days after treatment started, survival

in treated rats was reduced 16% relative to untreated controls; the cause of death was not reported. In

a chronic-duration study, survival rate was reduced by approximately 20% in male B6C3F, mice
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administered doses of 57 mg 4,4’ -methylenedianiline/kg/day in the drinking water for 103 weeks
(Lamb et al. 1986; NTP 1983).

LOAEL and LDs, values for death for each species and duration category are recorded in Table 2-2
and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

Little information is available regarding systemic effects in humans after oral exposure to
4,4’ -methylenedianiline. In contrast, numerous studies have examined the effects of oral
administration of 4,4 -methylenedianiline in animals, particularly in rats. The overall evidence

suggests that the liver and perhaps the thyroid are target organs for 4,4"-methylenedianiline toxicity.

The highest NOAEL values and all reliable LOAEL values for systemic effects for each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. Abnormal respiratory rhythm was reported in a man on arrival to the

hospital after drinking an unspecified amount of a liquid containing 4,4 -methylenedianiline, potassium
carbonate, and gamma-butyrolactone (Roy et al. 1985). Because of the simultaneous ingestion of other
chemicals, the role of 4,4"-methylenedianiline, if any, in causing this respiratory effect cannot be

ascertained.

No gross or histopathogical alterations were observed in the lungs, trachea, bronchi, or nasal cavity of
rats administered up to 141 mg 4,4 "-methylenedianiline/kg/day in drinking water for 13 weeks or up to
19 mg/kg/day for 103 weeks (Lamb et al. 1986; NTP 1983). Similar findings were reported in mice
administered up to 116 mg 4,4’ -methylenedianiline/kg/day in the drinking water for 13 weeks or up to
57 mg/kg/day for 103 weeks (Lamb et al. 1986; NTP 1983). An earlier study reported lung

congestion and hyperemia, pneumonia, and pulmonary edema in female beagle dogs treated with doses
of approximately 2.7 mg 4,4 -methylenedianiline/kg/day for 54-84 months (Deichmann et al. 1978).
The test material was dissolved in corn oil and administered in a gelatin capsule 3 times per week.
Because this study used only a total of 9 animals and no concurrent controls were-used, the validity of

the findings is unclear.



Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral

Exposure/ LOAEL
a duration/
Keyto gpecies frequency NOAEL Less serious Serious
figure  (strain) (Specific route) System  (mg/kg/day) (mg/kg/day) (ma/kg/day) Reference

ACUTE EXPOSURE
Death

1 Rat once 830 (LDs) Pludro et al. 1969
{Wistar) Q)

2 Rat once 335 M (LDs) Schmidt et al.
(Wistar) (GO) 1980

3 Mouse 14 d 207 M (2/5 died) NTP 1983
(B6C3F1) (ad libitum) 220 F (1/5 died)

W)

4 GnPig once 260 M (LDso) Schmidt et al.
(NS) (GO) 1974

5 Rabbit once 620 M (LDso) Schmidt et al.
Systemic

6 Rat once H , 25° M (increased serum alanine 100 M (hepatoceliular and bile duct Bailie et al. 1993
(Sprague-  (GO) epatic aminotransferase and necrosis and hemorrhage)
Dawley) relative liver weight)

7 Rat once H . 50 M (cholestasis, biliary Bailie et al. 1994
(Sprague- (GO} epatic epithelial injury, hepatic
Dawley) parenchymal damage)

8 Rat once 250M Kanz et at. 1992

, Gastro
(Sprague- (G)
Dawley)
Hepatic 250 M (necrosis of bile duct

epithelial cells, focal
periportal hepatocellular
necrosis)

S103443 HIvaH ¢
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Z

m

_‘

z

Exposure/ m

K a duration/ LOAEL ?n
ey to Species frequency NOAEL o
Less serious Serious =

figure (Straln) (Specificroute)  gygtem  (monaiday) (mo/kg/day) (mg/kg/day) Reference z
C

9 Rat 14d Gast 130 F 261 F (ulceration and hemorrhage NTP 1983 4

(Fischer- 344) (ad libitum) ~ astro 235M 469 M in cardiac portion of
W) stomach)
Bd Wt 57M 117 M (10% lower final body 235 M (31% lower final body
65 F 130 F weight) 261 F weight)

10 Rat once . 50 M (bile duct necrosis; Schmidt et al.
(Wistar) (GO) Hepatic increased serum AP, ALT, 1980

glutamate dehydrogenase,
and leucine
aminopeptidase)

11 Rat 5-14d End 110 F (hypertrophy and lipid Tullner 1960 o
(Sprague- i1x/d ndocr accumulation in adrenal pa
Dawley) GW) cortex; increased thyroid z

weight and loss of colloid b
in thyroid follicles) m
Bd Wt 110 F (17% reduction in final ﬁ
body weight) g

12 Mouse 14d Bd Wt 207 M 415M (15% reduction in final NTP 1983 e

(B6C3F1) (ad libitum) 220 F 441 F body weight)
w)
immunological/Lymphoreticular

13 Rat once 250M (disintegration of cortical Kanz et al. 1992

(Sprague- (G) thymocytes; cytolysis in
" Dawley) cortical lymphocytes)
'Reproductive

14 Rat 5-14d | 110 F (increased weight of the Tullner 1960
(Sprague- 1x/d uterus; atypical i
Dawley) (GW) folliculoid endometrial

response}

61



Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/
duration/

a
Keyto gpecies frequency

LOAEL

NOAEL L i
figure (Strain) (Specificroute)  system  (onaiday) (:":I:;;d‘;‘y';" ( n?:IrI:;ludsay) Reference
INTERMEDIATE EXPOSURE
Death
15 Rat 30d 36 F (16% decreased survival)  Griswold et al.
{Sprague- 1 x/3d 1968
Dawley) (GO)
Systemic
16 Rat 8-40 wk Hepati 92M (hyperplasia of bile Fukushima et al.
(Wistar) (F) epatic ducts, increased relative 1979
liver weight)
Renal 92M
Bd Wt 92 M (44% reduction in weight
gain after 40 weeks of
treatment)
17 Rat 34 wk Hepatic 88M (bile duct proliferation) Fukushima et al.
(Fischer- 344) (ad lib) P 1981
W) Renal 88M
Endocr 88M (hyperplastic goiter)
Bd Wt 88 M (40% reduction in body
weight gain)
18 Rat 32 w_k Hepatic 100M (bile duct proliferation) Fukushima et al.
(Fischer- 344) (ad lib) P 1981
(3]
19 Rat 8 wk Hepatic 100M (bile duct proliferation; Hagiwara et al.
(Fischer- 344) (F) ! P fatty changes) 1993
Endocr 100M (hyperplastic goiter of

the thyroid)

S103443 HIVvIH ¢
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/
Kev 1 a duration/ LOAEL
€yto gpecies frequency NOAEL L i Seri
figure (strain) (Specific route) System (mg/kg/day) (:ansgsI:ge;d:;)s (m:/rk;rdsay) Reference
20 Rat 19 wk Endocr 84M (thyroid hyperplasia) Hiasa et al. 1984
(Inbred W) (F)
Bd Wt 79 M (27% reduction in body
weight gain)
21 Rat 12 wk H . 84 M (bile duct proliferation; Miyamoto et al.
(Wistar) (F) epatic fatty infiltration; fibrosis; 1977
increased SGOT, SGPT,
AP, and BSP retention)
Bd Wt 84 M (58% reduction in body
weight gain)
22 Rat 13wk Res 141F NTP 1983
(Fischer- 344) (ad libitum) P
W) Cardio 141 F
Gastro 141 F
Musc/skel 141F
Hepatic 33M 67 M (bile duct hyperplasia in
35 F 70 F 4/10 males and 3/10
females)
Renal 141 F
Endocr 33M 67 M (hyperplastic goiter in
35F 70 F 3/10 males and 1/10
females)
Dermal 141 F
Bd Wt 67M 134 M (21% reduced final body
70 F 141 F weight in males, 26% in

females)

S103443 H1V3H ¢
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/ LOAEL
K a duration/
eyto gpecies frequency NOAEL L i Seri
figure (strain) (Specific route)  gygtem (mg/kg/day) (fns:l::;d:;)s - ge/rk ;)/t;say) Reference
23 Rat 12 wk Gastro 8.3 83 (intestinal occlusion) Pludro et al. 1969
(Wistar) 1x/d
(@) Hemato 83
Hepatic 8.3°¢ 83 (atrophy of hepatocytes;
increased relative liver
weight)
Renal 83
Bd Wt 83
24 R?t 24 wk Endocr 97M (hyperplastic goiter) Tsuda et al. 1987
(Fischer- 344) (F)
Bd Wt 97 M (70% reduction in body
weight gain)
25 Mouse 13 wk Res 116 F NTP 1983
@6caF1)  (ad libitum) P
W) Cardio 116 F
Gastro 116 F
Musc/skel 116 F
Hepatic 58 F 108M (bile duct hyperplasia in
5/10)
Renal 116 F
Endocr 116 F
Dermal 116 F
Bd Wt 54 M 108M (13% reduction in final
116 F body weight)
ImmunologicaIlLym;?horeticuIar
26 Rat 13 wk 141 F NTP 1983
(Fischer- 344) (ad libitum)
w)

S103443 H1V3H ¢
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/
K a duration/ LOAEL
eyto gpecies frequency NOAEL i oo
flgure  (Strain) (Speclficroute)  system  (mgig/day) I:ns:l:;;dg;)s (mgellg;]dsay) Reference
27 Mouse 13 wk 116 F NTP 1983
(B6C3F1) (ad libitum)
(W)
Neurological
28 Rat 13 wk 141F NTP 1983
(Fischer- 344) (ad libitum)
w)
29 Mouse 13 wk 116 F \TP 1983
(B6C3F1) (ad libitum)
W)
Reproductive
30 Rat 13 wk 141F NTP 1983
(Fischer- 344) (ad libitum)
W)
31 Mouse 13w'k' 116 F NTP 1983
(B6C3F1) (ad libitum)
W)

S103443 H1vaH 2
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/
Key t a duration/
ey 10  gpecies frequency NOAEL L ; Seri
figure (strain) (Specific route) System (mg/kg/day) (:‘s:/:;; dc:;)s (m : /L;/l:isay) Reference
CHRONIC EXPOSURE
Death
32 Mouse 103 wk 57 M (20% reduced survival rate) Lamb et al. 1986;
(B6C3F1) (ad libitum) NTP 1983
W)
Systemic
33 Rat 103 wk R 19F Lamb et al. 1986;
(Fischer- 344) (ad libitum) ~ "ESP NTP 1983
W) Cardio 19F
Gastro 19F
Musc/skel 19F
Hepatic 9M (fatty metamorphosis,
focal cellular change)
Renal SM 16M (mineralization of the
19F kidney)
Endocr 10F 19F (follicular cysts in
thyroid; follicular cell
hyperplasia)
Dermal 19F
Bd Wt 19F
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/

I duration/ LOAEL
ey to Species 'requenCV NOAEL L i i
figure (strain) (Specific route) System (ma/kg/day) (‘:gs,:;;d‘;;)s (:ge/rk ;It:‘say) Reference
34 Mouse 103 wk R 57M Lamb et al. 1986;
@6caF)  (adlibitum)  eSP NTP 1983
W) Cardio 57M
Gastro 57M
Musc/skel 57M
Hepatic 25M (liver degeneration)
Renal 25 M (nephropathy)
19 F
Endocr 25M 57 M (thyroid cell hyperplasia)
43 F
Dermal 57M
Bd Wt 25M 57 M (13-16% reduction in
43 F final body weight)
Immunological/Lymphoreticular
35 Rat 103 wk 19F NTP 1983; Lamb
(Fischer- 344) (ad libitum) ot al. 1986
w)
36 Mouse 103 wk 57M NTP 1983; Lamb
(BBC3F1) (ad libitum) et al. 1986
(W)
Neurological
37 Rat 103 wk 19F NTP 1983; Lamb
(F]scher- 344) (ad ||b|tum) et al. 1986
(W)
38 Mouse 103wk 57M NTP 1983; Lamb
(86c3F1)  (ad libitum) etal. 1986
w)
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Table 2-2. Levels of Significant Exposure to 4,4'-Methylenedianiline - Oral (continued)

Exposure/
K a duration/ LOAEL
eyto gpecies frequency NOAEL i i
i Less serious Serious
figure (Strain) (Specificroute)  gygtem (mg/kg/day) {mg/kg/day) (mg/kg/day) Reference
Reproductive
39 Rat 103 wk 19F Lamb et al. 1986;
(Fischer- 344) (ad libitum) NTP 1983
(W)
40 Mouse 103 wk 57M NTP 1983; Lamb
(B6C3F1) (ad libitum) et al. 1986
w)
Cancer
41 Rat 103 wk 9 M (CEL: increased incidence  Lamb et al. 1986;
(Fischer- 344) (ad libitum) 10 F of neoplastic nodules in NTP 1983
(W) liver)
42 Mouse 103 wk 19 F (CEL: malignant lymphoma Lamb et al. 1986;
(B6C3F1) (ad libitum) and adenoma/carcinoma of NTP 1983
(W) the liver)

®The number corresponds to entries in Figure 2-2.

b
Used to derive an acute oral Minimal Risk Level (MRL) of 0.2 mg/kg/day; unadjusted dose divided by an uncertainty factor of 300 (3 for use of a minimal

LOAEL,10 for extrapolation from rats to humans, and 10 for human variability). A modifying factor of 0.5 was used to account for facilitated absorption by the
corn oil vehicle.

“Used to derive an intermediate-duration oral MRL of 0.08 mg/kg/day; unadjusted dose divided by an uncertainty factor of 100 (10 for extrapolation
from rats to humans and 10 for human variability)

ALT = alanine amino transferase; AP = alkaline phosphatase; Bd Wt = body weight; BSP = bromosulphalein; (C) = capsule; Cardio = cardiovascular; CEL =
cancer effect level; d = day(s); Derm = dermal; Endocr = endocrine; F = female; (F) = feed; (G) = gavage; Gastro = gastrointestinal; (GO) = gavage (oil);
(GW) = gavage (water); Hemato = hematological; LDs, = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male; mo = month(s);
Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; SGOT = serum glutamic oxaloacetic transaminase;

SGPT = serum glutamic pyruvic transaminase; (W) = water; wk = week(s); x = time(s)
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Levels of Significant Exposure to 4,4-Methylenedianiline - Oral
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Intermediate (15-364 days)

Figure 2-2. Levels of Significant Exposure to 4,4-Methylenedianiline - Oral (cont.)
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Figure 2-2. Levels of Significant Exposure to 4,4-Methylenedianiline - Oral (cont.)
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Figure 2-2. Levels of Significant Exposure to 4,4-Methylenedianiline - Oral (cont.)
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Cardiovascular Effects. Very limited and inconclusive information exists regarding cardiovascular
effects in humans after ingestion of 4,4"-methylenedianiline. Bradycardia, hypotension, and

abnormal electrocardiogram were reported in a male subject who accidentally drank an undetermined
amount of a solution containing 4,4 -methylenedianiline, potassium carbonate, and gamma-butyrolactone
(Roy et al. 1985). These signs were observed on arrival to the hospital shortly after the

accident occurred. Because of the simultaneous ingestion of other chemicals, the role of

4,4’ -methylenedianiline, if any, cannot be determined.

Information on effects in animals is also limited. No gross or histopathogical alterations were
observed in the heart of rats administered up to 141 mg 4,4 -methylenedianiline/kg/day in drinking
water for 13 weeks or up to 19 mg/kg/day for 103 weeks (Lamb et al. 1986; NTP 1983). Similar
findings were reported in mice administered up to 116 mg 4,4’-methylenedianiline/kg/day in the

drinking water for 13 weeks or up to 57 mg/kg/day for 103 weeks (Lamb et al. 1986; NTP 1983).

Gastrointestinal Effects. Nausea, abdominal pain, and vomiting were reported in one female and
five males (ages 17-25) who drank an alcoholic beverage spiked with 4,4"-methylenedianiline
(Tillmann et al. 1997); the amount of 4,4 -methylenedianiline ingested was not known. No further
information was located regarding gastrointestinal effects in humans following oral exposure to

4,4’ -methylenedianiline.

Doses of 2261 mg 4,4 -methylenedianiline/kg/day administered in the drinking water for 14 days
induced crater-like foci in the cardiac portion of the stomach in female rats (NTP 1983). The NOAEL
for this effect in females was 130 mg/kg/day. No such lesions were seen in males treated with up to
235 mg/kg/day for the same period of time (NTP 1983), but lesions were evident at 469 mg/kg/day.
Longer-duration studies reported no gross or histopathogical alterations in the salivary glands,
esophagus, stomach, pancreas, duodenum, jejunum, ileum, and colon from rats administered up to
141 mg 4,4’ -methylenedianiline/kg/day in drinking water for 13 weeks or up to 19 mg/kg/day for
103 weeks (Lamb et al. 1986; NTP 1983). Similar findings were reported in mice administered up to
116 mg 4,4"-methylenedianiline/kg/day in the drinking water for 13 weeks or up to 57 mg/kg/day for
103 weeks (Lamb et al. 1986; NTP 1983). Intestinal occlusion was reported in an earlier study in rats
treated by gavage with 83 mg 4,4 -methylenedianiline/kg/day for 12 weeks; the NOAEL was

8.3 mg/kg/day (Pludro et al. 1969). No further information was provided in this study.
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Hematological Effects. Limited information was located regarding hematological effects in

humans after oral exposure to 4,4"-methylenedianiline. A male subject developed eosinophilia with

left shift in neutrophils 7-35 days after accidentally ingesting a solution containing a 4,4"-
methylenedianiline, potassium carbonate, and gamma-butyrolactone (Roy et al. 1985). This is consistent
with the appearance of erythema multiform which is characterized by eosinophilia. A recent study reports
that an 18-year-old male had mild leucocyte elevation 1 day after drinking an alcoholic beverage

spiked with 4,4"-methylenedianiline (Tillmann et al. 1997); his blood cell count and thrombocyte rate

were normal. The amount of 4,4"-methylenedianiline ingested was not known.

The data in animals are limited to a study that reported no alterations in hemoglobin levels or
erythrocyte counts in rats treated daily by gavage for 12 weeks with doses of 83 mg 4,4"-
methylenedianiline/kg/day (Pludro et al. 1969).

Musculoskeletal Effects. One female and five males (ages 17-25) complained of muscle and
joint pain after drinking an alcoholic beverage spiked with 4,4’ -methylenedianiline (Tillmann et al.

1997). No further information was located.

Very limited information was found regarding musculoskeletal effects of 4,4"-methylenedianiline in
animals after oral exposure. No gross or histopathogical alterations were observed in thigh muscle and
costochondral junction (rib) of rats administered up to 141 mg 4,4’ -methylenedianiline/kg/day in
drinking water for 13 weeks or up to 19 mg/kg/day for 103 weeks (Lamb et al. 1986; NTP 1983).
Similar findings were reported in mice administered up to 116 mg 4,4’ -methylenedianiline/kg/day in

the drinking water for 13 weeks or up to 57 mg/kg/day for 103 weeks (Lamb et al. 1986; NTP 1983).

Hepatic Effects. A local outbreak of jaundice, which was later traced to ingestion of

4,4’ -methylenedianiline, occurred in the Epping district of Essex, England, in 1965 (Kopelman et al.
1966). Eighty-four subjects became ill shortly after eating bread prepared with flour that had been
contaminated with 4,4’-methylenedianiline. Three general types of clinical presentations were
observed. In a majority of the patients, the illness had an acute onset with severe intermittent pain in
the upper abdomen and lower chest for 24-36 hours. Over the next few days, the patients in this
group improved, but then developed a flu-like condition with fever and increasing jaundice. The liver
was enlarged and tender. After a few days, the liver became smaller, but the jaundice persisted for

weeks. These patients did not feel completely recovered for a considerable period of time. A second
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group of patients only showed mild symptoms of upper abdominal discomfort. A week later, however,
they too developed fever and increasing jaundice, which persisted longer than in the first group. A third
group, with the least common symptoms, had severe jaundice when first seen, but had minimal preceding
symptoms. The liver in these patients was often enlarged, but rarely tender. Clinical chemistry tests
showed increases in serum bilirubin, alkaline phosphatase activity, and glutamic oxaloacetic
transaminase. Needle biopsy performed in 4 cases within 2-3 weeks of the onset of symptoms showed
cellular infiltration and cholestasis, and there was evidence of damage to the liver parenchyma and
biliary tree. This, according to the investigators (Kopelman et al. 1966), is the first documented case of
human poisoning with 4,4"-methylenedianiline. Forty-three of these subjects were evaluated 2 years later
(Kopelman 1968). Aside from slight abnormalities in single liver tests and complaints of subjective

nature, there was no evidence of progressive hepatic disease.

Liver toxicity was also observed in the case of a male subject who accidentally drank an unspecified
amount of a solution containing 4,4 -methylenedianiline, potassium carbonate, and gamma-butyrolactone
(Roy et al. 1985). Clinical tests conducted 2 days after admission to the hospital showed elevated
transaminases and hyperbilirubinemia. Slight hepatomegaly developed 6 weeks after admission. One
year after the accident, serum transaminases still had not returned to normal levels. Although other
chemicals were involved in this case, the signs and symptoms are consistent with those reported by
Kopelman et al. (1966) and were most likely caused by 4,4"-methylenedianiline. A case of a young man
who drank an alcoholic beverage spiked with 4,4 -methylenedianiline and developed liver toxicity was
recently described in the literature (Tillmann et al. 1997). The subject thought that the substance was
methylenedioxyamphetamine, a psychoactive drug. Upon admission to the hospital, 24 hours after
drinking the beverage, his bilirubin and liver enzyme activities were elevated and increased steadily over
7 days; he also developed jaundice. By the time he was discharged on day 15, the jaundice had vanished
and the bilirubin was close to normal. Tillmann et al. (1997) indicates that five other subjects, who also

drank the spiked beverage, developed a similar picture of liver toxicity.

Numerous studies of various durations have demonstrated that the liver is a target for 4,4" methylene-
dianiline toxicity in animals, particularly in rats. A single gavage dose of 25 mg/kg (range tested 25-225
mg/kg) increased serum alanine aminotransferase activity and relative liver weight in rats (Bailie et al.
1993). Higher single doses (50-250 mg/kg) induced cholestasis, biliary epithelial injury, bile duct necrosis,
and periportal hepatocellular necrosis (Bailie et al. 1993, 1994; Kanz et al. 1992; Schmidt et al. 1980). The

earliest change identified was bile ductular necrosis 4 hours after dosing (Bailie et al. 1993). These single-
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dose studies demonstrated that 4,4 -methylenedianiline is selectively toxic to bile duct in rats and that
hepatic lesions appear after the lesions to the bile ducts (Kanz et al. 1992). The minimal effective
dose of 25 mg/kg from the Bailie et al. (1993) study is considered a minimal LOAEL and is the basis
for derivation of an acute oral MRL of 0.2 mg/kg/day.

Results from intermediate-duration studies support those from single-dose studies. LOAEL values in
the range of 67-100 mg 4,4’-methylenedianiline/kg/day have been identified in rats (Fukushima et al.
1979, 1981; Hagiwara et al. 1993; Miyamoto et al. 1977; NTP 1983; Pludro et al. 1969). However, in
many of these studies only one dose level was used. Exceptions are the NTP (1983) study in which
NOAELSs of 35 mg/kg/day and 58 mg/kg/day were identified in rats and mice, respectively, and the
earlier report by Pludro et al. (1969) that established a NOAEL of 8.3 mg/kg/day in rats. This
NOAEL, 8.3 mg/kg/day, served as the basis for derivation of an intermediate oral MRL of

0.08 mg/kg/day. Gavage, drinking water, or diet were used as vehicles in the studies mentioned
above, which suggests that the method of administration of 4,4 -methylenedianiline is not a
determining factor in liver toxicity. In addition to elevated serum transaminases, the most commonly
seen liver alterations were hyperplasia of the bile ducts, fatty infiltration, fibrosis, and atrophy of the
liver parenchyma. In general, it appeared that most of the hepatic lesions were at least partially

reversible following cessation of treatment.

Liver dilation, fatty metamorphosis, and focal cellular change were described in rats treated with 9 mg
4,4’ -methylenedianiline/kg/day in the drinking water for 103 weeks (Lamb et al. 1986; NTP 1983). In
the same study, liver degeneration was seen in mice receiving 25 mg/kg/day. Both dose levels
represent the lowest levels tested. In a study in dogs, all 9 of the treated animals had liver lesions that
included hepatic cell necrosis, fatty infiltration, and portal fibrosis after treatment with approximately
2.7 mg 4,4’-methylenedianiline/kg/day, 3 days per week for 54-84 months (Deichmann et al. 1978).
Because of study limitations, such as a small number of animals used and lack of concurrent controls,

it is not possible to conclusively determine whether dogs are more sensitive than rodents.

Renal Effects. Only one report was located that described adverse renal effects in humans

following oral exposure to 4,4’-methylenedianiline. In this case report (Roy et al. 1985), a male
subject accidentally drank an unspecified amount of a liquid containing 4,4’-methylenedianiline,
potassium carbonate, and gamma-butyrolactone. Tests conducted two days after the accident showed

hematuria and glycosuria. In the presence of normoglycemia, glycosuria indicated renal tubular
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dysfunction. Because there was simultaneous ingestion of other chemicals, the role of 4,4’-
methylenedianiline, if any, cannot be conclusively determined. Proteinuria and erythrocyturia were
described in a young man who drank an alcoholic beverage spiked with 4,4 -methylenedianiline (Tillmann

et al. 1997). No further information was located.

Several reports have investigated renal effects of 4,4"-methylenedianiline in animals after intermediateand
chronic-duration exposure. No gross or histopathological alterations have been reported in the kidneys or
urinary bladder of rats treated with 4,4"-methylenedianiline in the range of 83-141 mg/kg/day for periods
ranging between 8-40 weeks (Pukushima et al. 1979, 1981; NTP 1983; Pludro et al. 1969). Administration
vehicles included gavage, drinking water, and diet. Similar lack of effects were reported in mice treated
with up to 116 mg 4,4’ -methylenedianiline/kg/day in the drinking water for 13 weeks (NTP 1983). In
contrast, high incidence of kidney mineralization was observed in male rats treated for 103 weeks with dose
of 16 mg 4,4"-methylenedianiline/kg/day in the drinking water (Lamb et al. 1986; NTP 1983). No such
effect was observed in females treated with a similar dose (Lamb et al. 1986; NTP 1983). A high incidence
of nephropathy was reported in male and female mice treated with 19-25 mg 4,4 'methylenedianiline/kg/day
in the drinking water for 103 weeks (Lamb et al. 1986; NTP 1983). Male mice also exhibited renal papilla
mineralization at a dose level of 57 mg/kg/day (Lamb et al. 1986; NTP 1983). Various lesions to the kidney
and urinary bladder were observed in 9 dogs treated with approximately 2.7 mg 4,4"-
methylenedianiline/kg/day, 3 days per week for 54-84 months (Deichmann et al. 1978). Kidney
abnormalities included rough surface, congestion, glomerulonephritis, cloudy swellin,, and thickening of
the basement membrane. Hyperemia in the urinary bladder was noticed in two dogs, whereas mucosal
hyperplasia, edema, lymphocytic infiltration, and marked congestion of the urinary bladder were observed
in another dog. This study has severe limitations, such as a very small number of animals (9 female beagle
dogs), no concurrent controls, and only one dose level was tested; therefore, the results must be interpreted

with caution.

Endocrine Effects. No studies were located regarding endocrine effects in humans after oral

exposure to 4,4"-methylenedianiline.

Numerous studies in rats have identified the thyroid as a sensitive organ for 4,4 -methylenedianiline
toxicity. Hypertrophy and histopathological alterations of the adrenals and thyroid were reported in
rats administered doses of 110-146 mg 4,4 -methylenedianiline/kg/day by gavage for 5- 14 days
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(Tullner 1960). Longer duration studies (8-32 weeks) in rats have established LOAELSs for thyroid

effects in the range of 67-100 mg 4,4 -methylenedianiline/kg/day (Fukushima et al. 1981; Hagiwara et

al. 1993; Hiasa et al. 1984; NTP 1983; Tsuda et al. 1987). The administration vehicle was drinking

water or food. With the exception of the NTP (1983) study, only one dose level was tested in these

studies. In 