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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 dinitrocresols.
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.

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), 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 (NOAELs) or lowest-observed-
adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the

studies. LOAELSs 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
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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 (NOAELSs) 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.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have
been made for 4,6-dinitro-ocresol. 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 1989),
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 A). This guide should aid
in the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.
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Studies regarding toxic effects of dinitrocresols conducted by the inhalation, oral, or dermal routes of
exposure were located only for 4,6-dinitro-o-cresol. Therefore, the focus of this profile is on
4,6-dinitro-o-cresol. As discussed in Section 2.4, 4,6-dinitro-m-cresol and 2,6-dinitro-p-cresol have
been tested for toxicity in animals by parenteral routes and for genotoxicity in bacteria in only a few
studies. These studies indicate that 2,6-dinitro-p-cresol is similar to 4,6-DNOC in potency and action,
but 4,6-dinitro-m-cresol is the least toxic. 4,6-Dinitro-o-cresol is the most industrially and
toxicologically important isomer since it is used as a pesticide and was used in the past as a weight reducing
drug. It is commonly called DNOC, the name used in this profile. It should be noted that in

the United Kingdom, 4,6-dinitro-o-cresol (or more correctly 2-methyl-4,6-dinitrophenol) is often called
3,5-dinitro-o-cresol, which is not to be confused with genuine 3,5-dinitro-o-cresol (or more correctly
2-methyl-3,5-dinitrophenol) (King and Harvey 1953a). In addition, ChemID (1993) lists 2,4-dinitro-o-

cresol as a synonym for 4,6-dinitro-o-cresol.

2.2.1 Inhalation Exposure

2.2.1.1 Death

Information regarding death of humans after inhalation exposure to DNOC is limited. A case report of
a spray operator who inhaled a dense DNOC mist for an unspecified, but apparently acute, duration
noted that he died after lapsing into a coma while being treated in a hospital (van Noort et al. 1960).

In a survey of 133 spray operators who applied DNOC to cereal crops 5 days per week for 6 weeks,

4 developed signs of acute poisoning (not otherwise specified), one of whom died (Bidstrup et al.

1952). The amount or concentration of inhaled DNOC was not reported in the survey.

Only one study was located regarding death in animals after inhalation exposure to DNOC aerosols
(Burkatskaya 1965a). In this study, 1 of 3 and 2 of 6 cats died after being exposed to 40 and

100 mg/m”’ of an aerosol of DNOC solution for 4 hours, respectively. Two of six cats died after being
exposed to 100 mg/m’* DNOC solid aerosols (dusts). The data suggest that the DNOC solution aerosol
was no more toxic than the dust. In addition, 2 of 3 cats died after being exposed to an aerosol of

2.0 mg/m’ DNOC in solution 4 hours/day for =I month.
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2.2.1.2 Systemic Effects

Studies regarding systemic effects in humans and animals after inhalation exposure to DNOC are
described below. In the studies reporting effects in humans, exposure concentrations were not known.
Only two inhalation studies were located regarding systemic effects in animals. The highest NOAEL
values and all LOAEL values from each reliable study for systemic end points in each species and

duration category are recorded in Table 2-1 and plotted in Figure 2- 1.

Respiratory Effects. Respiratory effects have been observed in both humans and animals

following inhalation exposure to DNOC. The limited data suggest that respiratory rates were increased
due to DNOC exposure. It is possible that DNOC may act as a respiratory stimulant. Shortly after an
acute exposure to a dense DNOC mist, a spray operator became dyspneic and had an elevated
respiration rate (van Noort et al. 1960). A male factory worker who had been pouring DNOC powder
for 17 days became dyspneic and weak (Hunter 1950). His hands and feet were stained yellow,
suggesting dermal exposure. In addition, the employee reported that he had periodically inhaled
DNOC aerosols. Respiratory rates were slightly elevated in an employee involved with mixing

DNOC, refilling sprayer tanks with DNOC, and occasionally spraying DNOC for 5 weeks (Pollard and
Filbee 1951). The patient’s clinical history also suggested that exposure was probably a combination

of inhalation and dermal.

Respiratory rates were also increased in rats exposed to 100 mg/m® DNOC for 4 hours (King and
Harvey 1953a). Respiratory rates were still elevated 20 hours after the rats were removed from the
DNOC aerosols. Dyspnea, sneezing, and/or nasal secretions were observed in cats that were exposed
to aerosols of DNOC in solution at 36 mg/m3 or as a dust at 40 mg/m’ for 4 hours (Burkatskaya
1965a).

Cardiovascular Effects. Elevated pulse rates have been observed in humans exposed to DNOC

by inhalation. A male factory worker who had been employed for 17 days pouring DNOC powder
had a pulse rate of 130 beats per minute (Hunter 1950). Although his yellow-stained hands and feet
indicated dermal exposure, he reported that he had periodically inhaled DNOC aerosols. A pulse rate
of 100 beats per minute, a blood pressure of 155/70 mm Hg, and a normal electrocardiogram were

found for an employee who was involved with mixing DNOC, refilling sprayer tanks with DNOC, and



TABLE 2-1. Levels of Significant Exposure to Dinitrocresol - Inhalation

Key " Exposure/ LOAEL
to Species/  duration/ NOAEL Less serious Serlous
figure (strain)  frequency System  (mg/m3) (mg/m3) (mg/m3) Reference
ACUTE EXPOSURE
Death
1 Cat 4hr 40  (1/3 died) Burkatskaya
(NS) 1965a
(4,6-DNOC)
Systemic
2 Rat 4-5 hr Resp 100 (10% increase in King and Harvey
{albino and respiration rates 16 1953a
hooded) hours after exposure) (4,6-DNOC)
Metabolic 100 (0.7 °C increase in body
temperatures 16 hours
after exposure )
3 Cat 1-2 wk Hemato 0.2 (acceleration of Burkatskaya
(NS) 4hr/d erythrocyte 1965a
sedimentation rate; (4,6-DNOC)
increased leukocyte
count)
Metabolic 0.2 (increased blood sugar)
4 Cat 4hr Resp 1.4 36 (dyspnea, sneezing, Burkatskaya
(NS) nasal secretions) 1965a
(4,6-DNOC)
Hemato 14 36 (accelerated erythrocyte
sedimentation rate,
increased leukocyte
, count)
Musc/skel 36 " 40  (loss of muscle tone)
Ocular 1.4 36 (lacrimation and
blepharospasm)
Metabolic 1.4 36 (increased body

temperature, anorexia,
20-25% increase in blood
sugar)
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TABLE 2-1. Levels of Significant Exposure to Dinitrocresol -

Inhalation (continued)

Key Exposure/ LOAEL
to Species/ fduration/ NOAEL Less serious Serious
figure  (straln)  Trequency  system  (mg/ma) (mg/m3) (mg/m?3) Reference
Neurological
5 Rat 4-5 hr 100 (lethargy) King and Harvey
(albino) 1953a
(4,6-DNOC)
6 Cat 4hr 1.4 36 (twitching and tremors, Burkatskaya
(NS) ataxia, sluggishness) 1965a
(4,6-DNOC)
INTERMEDIATE EXPOSURE
Death
7 Cat 1-3 mo 20 (2/3died) Burkatskaya
(NS) 4hr/d 1965a
(4,6-DNOC)
Systemic
8 Cat 1 month Hemato 0.2 (acceleration of Burkatskaya
(NS) 4hr/d erythrocyte 1965a
sedimentation rate; (4,6-DNOC)
decrease in erythrocyte
and hemoglobin levels;
increased leukocyte
count)
/ Metabolic 0.2 (increased blood sugar)
Immuno./Lymphor
9 Cat 1 month 2 (increased leukocyte Burkatskaya
(NS) 4hr/d count; change in 1965a
differential white count; (4,6-DNOC)

increase in %
neutrophils; decrease in
% lymphocytes)

*The number corresponds to entries in Figure 2-1.
d = day(s); h = hour(s); LOAEL = lowest-observed-adverse-effect level;, NOAEL = no-observed-adverse-effect level; Resp = respiratory
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Figure 2-1. Levels of Significant Exposure to 4,6-Dinitro-o-cresol - Inhalation
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occasionally spraying DNOC for 5 weeks (Pollard and Filbee 1951). The patient’s clinical history also

suggested that exposure was probably a combination of inhalation and dermal.

No studies were located regarding cardiovascular effects in animals after inhalation exposure to

DNOC.

Gastrointestinal Effects. A spray operator who subsequently died after exposure to a dense
DNOC mist for an acute duration complained of nausea (van Noort et al. 1960). However, vomiting

or other gastrointestinal effects were not reported in this employee.

No studies were located regarding gastrointestinal effects in animals after inhalation exposure to

DNOC.

Hematological Effects. No abnormal hematological parameters were observed in an employee
who was involved with mixing DNOC, refilling sprayer tanks with DNOC, and occasionally spraying
DNOC for 5 weeks (Pollard and Filbee 1951).

In the only study located regarding hematological effects in animals after inhalation exposure to
DNOC, significantly decreased hemoglobin content and erythrocyte counts were observed in cats
exposed to an aerosol of DNOC dust at 36 mg/m® or DNOC solution (mist) at 40 mg/m’ for 4 hours
(Burkatskaya 1965a). In addition, accelerated erythrocyte sedimentation rates and increased leucocyte
counts were found in the cats exposed to the dust. In the same study, similar hematological effects
were observed when the cats were exposed to DNOC dust at 0.2 mg/m’ for 2 or 3 months. In the

latter experiment, the hematological changes occurred within 1-2 weeks of exposure to the aerosol and

were not aggravated with subsequent exposure to DNOC.

Musculoskeletal Effects. Information regarding musculoskeletal effects in humans or animals

after inhalation exposure to DNOC is limited. Continuous involuntary contraction of leg muscles and
pain in calf muscles were observed in a spray operator who inhaled a dense DNOC mist for an acute
period (van Noort et al. 1960). Exposure to an acrosol of DNOC in solution at 40 mg/m’ for 4 hours
resulted in loss of muscle tone in cats (Burkatskaya 1965a). Similar effects in cats exposed to DNOC

dust were not reported.
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Hepatic Effects. DNOC is a yellow compound that stains human (Hunter 1950) and animal

(Ambrose 1942) skin on contact. Absorption of DNOC by any route and subsequent distribution to
tissues results in a characteristic yellow staining of visceral organs and tissues including the
conjunctiva and sclera of the eye (Ibrahim et al. 1934; Pollard and Filbee 1957), blood serum, skeletal
tissues, and urine (Ambrose 1942). The yellow staining of the skin and sclera of patients exposed to
DNOC prompted physicians to test for liver effects. Results for the icteric index and the Van den
Bergh tests have been consistently negative (Dodds and Robertson 1933; Gordon and Wallfield 1935;

Plotz 1936), indicating that the yellow color was not due to liver damage.

No studies were located regarding hepatic effects in animals after inhalation exposure to DNOC.

Renal Effects. An elevated blood urea nitrogen (BUN) level was observed in an employee
involved with mixing DNOC, refilling sprayer tanks with DNOC, and occasionally spraying DNOC for
5 weeks (Pollard and Filbee 1951). The patient’s clinical history suggested that exposure was

probably a combination of inhalation and dermal.

No studies were located regarding renal effects in animals after inhalation exposure to DNOC.

Dermal Effects. As noted above for Hepatic Effects, DNOC is a yellow compound that stains
human (Hunter 1950; Pollard and Filbee 1951; van Noort et al. 1960) and animal (Ambrose 1942)
skin on contact. While the yellow staining of the skin may be unsightly, such cosmetic effects are not

regarded as adverse.

Ocular Effects. Contact with the eyes or absorption of DNOC also results in a characteristic
yellow staining of the conjunctiva and sclera of the eye (Dodds and Robertson 1933; Gordon and
Wallfield 1935; Ibrahim et al. 1934; Plotz 1936; Pollard and Filbee 1951). While the yellow staining

of the sclera may be unsightly, such cosmetic effects are not regarded as adverse.

Blepharospasm and excessive lacrimation were observed in cats exposed to 36 or 60 mg/m® DNOC
dust for 4 hours (Burkatskaya 1965a). Since these effects were not reported in the cats similarly
exposed to a mist of DNOC in solution, they were probably due to an irritating effect of the dust
particles on the eyes, rather than to DNOC per se. Furthermore, they were probably due to direct

ocular contact (see Section 2.2.3.2).
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Metabolic Effects. A primary effect of DNOC is oxidative phosphorylative uncoupling. This
mitochondrial change is reflected in increased basal metabolism, increased body temperatures and the
resulting increased perspiration. A spray operator who died after inhaling a dense DNOC mist for an
acute period perspired profusely and had a body temperature of 38.7 °C upon admission to the hospital
and 44 °C one-half hour after death (van Noort et al. 1960). Elevated body temperature, an 80%
increase in basal metabolic rate, and profuse sweating were observed in a male factory worker who
had been employed for 17 days pouring DNOC powder (Hunter 1950). Although the yellow hand and
feet stains suggest dermal exposure, the employee reported inhaling DNOC aerosols periodically.
Elevated body temperature (38.9 °C), basal metabolic rate, and profuse sweating were observed in an
employee who was involved with mixing DNOC, refilling sprayer tanks with DNOC, and occasionally
spraying DNOC for 5 weeks (Pollard and Filbee 1951). The patient’s clinical history also suggested
that exposure was probably a combination of inhalation and dermal. Elevated basal metabolic rates

were also observed in workers who applied DNOC to cereal crops for ~6 weeks (Bidstrup et al. 1952).

Other Systemic Effects. Other systemic effects observed in humans and animals include effects
on body temperature and blood sugar. These effects are most probably related to uncoupling of

oxidative phosphorylation (see Section 2.3.5).

An elevated body temperature was observed in rats exposed to 100 mg/m* DNOC for 4 hours (King
and Harvey 1953a). The body temperature was still elevated 20 hours after the animals were removed
from DNOC aerosols. Food and water consumption was reduced during the exposure period, but was

probably due to the lethargic condition of the rats (see Section 2.2.1.4).

Increased blood glucose (20-48%) was observed in cats exposed to DNOC dust at 36 mg/m® or to an
aerosol of DNOC in solution (mist) at 40 mg/m® DNOC for 4 hours (Burkatskaya 1965a). Body
temperatures were increased by 0.6-1.4 °C. Increased blood glucose was also found in cats exposed
to 2 mg/m’ of the DNOC mist for 2-3 months. These increases were first noted during the first

1-2 weeks of exposure.

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans or animals

after inhalation exposure to DNOC.
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2.2.1.4 Neurological Effects

Although data are limited, depression and lethargy appear to be common neurological signs observed
in both humans and animals exposed to DNOC aerosols. These effects are most probably related to

uncoupling of oxidative phosphorylation (see Section 2.3.5).

A spray operator who had inhaled a dense DNOC mist for an acute duration developed seizures and
went into a coma prior to death (van Noort et al. 1960). No tremors or exophthalmos were observed

in a male factory worker who had been employed for 17 days pouring DNOC powder (Hunter 1950).
Although the yellow staining of his hands and feet suggested limited dermal exposure, the employee
reported having periodically inhaled DNOC aerosols. An employee who was involved with mixing
DNOC, refilling sprayer tanks with DNOC, and occasionally spraying DNOC for 5 weeks complained
of headache and lassitude prior to hospital admission (Pollard and Filbee 1951). The patient’s clinical

history also suggested that exposure was probably a combination of inhalation and dermal.

Lethargy was observed in rats 30 minutes after exposure to 0.1 or 100 mg/m’* DNOC (King and
Harvey 1953a). They remained lethargic for the 4-hour duration of exposure, and drinking and eating
activities were reduced. Twitching, tremors, ataxia, or sluggishness were observed in cats that were
exposed to aerosols of DNOC, either as a mist of the solution or as DNOC dust, for 4 hours at

concentrations >36 mg/m’ (Burkatskaya 1965a). The LOAEL values for neurological effects in rats

and cats is recorded in Table 2-1 and plotted in Figure 2-1.

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

exposure to DNOC:

2.2.1.5 Reproductive Effects

2.2.1.6 Developmental Effects

2.2.1.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.4.
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2.2.1.8 Cancer

No studies were located regarding cancer in humans or animals after inhalation exposure to DNOC.

2.2.2  Oral Exposure

2.2.2.1 Death

Only one study was located regarding death in humans after oral exposure to DNOC (Bidstrup and
Payne 1951). In this case report, a spray operator was found dead after consuming an unknown
amount of DNOC from a contaminated fresh water tank. The worker had also been exposed to DNOC

aerosols for 3 weeks prior to death, but the ingestion of DNOC was believed to be the cause of death.

Mortality following ingestion of DNOC was reported in studies involving rats, mice, cats, ducks, and
chickens. In attempts to produce cataracts in ducks and chickens, a diet of 2,500 ppm DNOC resulted
in 56% mortality among a group of ducklings (Spencer et al. 1948), and a dose of 4.95 mg/kg resulted
in death of an unspecified number of chickens (Buschke 1947). LDs, values ranged from 25 to

40 mg/kg in rats of an unspecified sex (Ben-Dyke et al. 1970; Jones et al. 1968). Acute oral exposure
of rats to DNOC doses ranging from 20 to 60 mg/kg/day has also resulted in high rates of mortality in
studies not designed to determine LDs, values statistically (King and Harvey 1953a; Parker et al. 1951;
Spencer et al. 1948). Similar results were reported when rats received oral doses of the sodium
dinitro-o-cresol (salt) (Ambrose 1942). Single oral doses in the range of 10-35 mg/kg DNOC were
lethal for 3 of 30 to 20 of 20 mice (Arustamyan 1972). Doses in the range of the derived oral LDs,

for mice (16.4 mg/kg) caused death within 3-7 hours. A single oral dose of 50 mg/kg DNOC caused
death in 50% of an unspecified number of cats, while a dose of 100 mg/kg DNOC was lethal for all
cats (Burkatskaya 1965b). However, this study was reported almost in abstract form with limited

experimental details and data.

Environmental temperatures influenced the mortality rate among rats orally dosed with DNOC (King
and Harvey 1953a). Six of 12 rats died after receiving 20 mg/kg at 37-40 °C, while only 2 of 12 rats
died after receiving twice the dose (40 mg/kg) at almost half the temperature (20-22 °C). Therefore,
increased environmental temperatures increased the toxicity of DNOC in rats. The investigators

further demonstrated that increased environmental temperatures did not alter DNOC blood levels.
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Because DNOC uncouples oxidative phosphorylation, an increase in heat production and body
temperature occurs (see Section 2.35). Elevated environmental temperatures lower the rate of heat

dissipation and further exacerbate the signs of DNOC toxicity, which may become fatal.

Treatment of mice with 3 mg/kg/day DNOC resulted in 100% mortality within 8-32 days when the
vehicle was water and within 9-38 days when the vehicle was oil (Arustamyan 1972). In an
intermediate-duration study, 5 of 20 male and female rats died when given a diet providing

20 mg/kg/day DNOC for 90 days (Den Tonkelaar et al. 1983). The intermittent nature of exposure
during feeding was less likely to cause mortality, compared to administration of a single bolus dose
and probably explains why only 25% of the rats died after receiving a daily dose close to the acute

LD 50 value.

The LDs values and the doses resulting in death of rats, mice, and cats in each duration category are

recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

The systemic effects in humans and animals after oral exposure to DNOC are described below. The

highest NOAEL values and all LOAEL values from each reliable study for systemic end points in each

species and duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. Respiratory rates were not affected in volunteers who ingested
0.92-1.27 mg/kg/day for 5-7 days (Harvey et al. 1951). However, congestion, edema, and
hemorrhage were observed in an employee who had accidentally ingested an unknown amount of

DNOC and subsequently died (Bidstrup and Payne 1951).

Signs of respiratory distress (dyspnea and asphyxial convulsions) were observed prior to death in rats
given single doses of 36-90 mg/kg DNOC (Ambrose 1942) as the sodium salt. These signs were not
seen at 27 mg/kg. Mice that received single oral doses in the range of 10-35 mg/kg DNOC became
dyspneic within 60-80 minutes (Arustamyan 1972). Necropsy examination revealed bloody fluid in
the thoracic cavity of some mice. A single oral dose of 25 mg/kg DNOC caused accelerated heavy

breathing and dyspnea in cats within the first hour (Burkatskaya 1965b). These signs persisted for

19



TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral

Exposure/
Key " Duration/ LOAEL
to  Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (Specific Route)  System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat once 27 M (10% deaths) Ambrose 1942
(NS) (G) (sodium 4,6-DNOC)
2 Rat once 25 (LD50) Ben-Dyke et al.
(NS) (G) 1970; Jones et al.
1968
(4,6-DNOC)
3 Rat once 20  (6/12 deaths at 37-40 °C) King and Harvey
(NS) (GW) 1953a
(4,6-DNOC)
40  (2/12 deaths at 20-22 °C)
4 Rat 10d 25 (3/6 deaths) King and Harvey
(GW) (4,6-DNOC)
5 Rat 4-10d 60 (4/12 died) Parker et al. 1951
(albino) ad lib (4,6-DNOC)
(F)
6 Rat once 20 (3/20 died) Spencer et al.
(NS) (GO) 1948
(4,6-DNOC)
7 Mouse once 10  (3/30 died) Arustamyan 1972
(white) (GW) (4,6-DNOC)
8 Mouse once 16.4 (LD50) Arustamyan 1972
(white) (GW) (4,6-DNOC)
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TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key " Du':ationl LOAEL
to Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic

9 Human 1-4 d Cardio 3 Dodds and
1x/d Robertson 1933
©) (4,6-DNOC)

Ocular 3 (unspecified ocular
effects)
Metabolic 3  (>50% increase basal
metabolic rate)

10 Human 11d Cardio 2.27 F . (pulse rate 90/min; Gordon and
1x/d swelling of fingers and Wallfield 1935
©) hands) (4,6-DNOC)

Gastro 2.27 F (nausea, vomiting)

Hemato 227F

Hepatic 2.27F

Dermal 2.27F (maculopapular eruption
on skin)

11 Human 5-7d Resp 1.27M Harvey et al. 1951
1x/d (4,6-DNOC)
(€) Cardio 1.27M

Hemato 1.27M
Dermat 1.27M
Bd Wt 1.27M

12 Human 3-5d Metabolic 0.35M (increased perspiration Plotz 1936
1x/d and fatigue, elevated (4,6-DNOC)
(©) temperature 38.2 °C)

13 Rat once Resp 27M 36 M (dyspnea, asphyxial Ambrose 1942

(NS) (G) convuisions) (sodium 4,6-DNOC)
Hemato 27M 36 M (cyanosis)
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TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key " Duration/ LOAEL
to  Specles/  Frequency NOAEL Less Serious Serious
figure (Strain)  (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
14 Rat 10d Bd wt 25 King and Harvey
(GW) (4,6-DNOC)
15 Mouse once Resp 10  (dyspnea, hemothorax) Arustamyan 1972
(white) (GW) (4,6-DNOC)
Gastro 10 (coagulative necrosis, in
stomach mucosa; catarrhal
inflammation of small
intestine)
Hepatic 10 (enlarged liver with foci of
hemorrhage and necrosis)
16 Chicken once Ocular 2.5 (cataract formation) Buschke 1947
(NS) (GO) (4,6-DNOC)
Metabolic 2.5 (decrease in body
temperature by 2 °F)
4.0 (ircreased oxygen
uptake)
Neurological
17 Human 1-4d 3 (lethargy, headache, Dodds and
1x/d loss of appetite) Robertson 1933
(©) (4,6-DNOC)
18 Human 11d 2.3 F (drowsiness, headache, Gordon and
1x/d ringing in ears) Wallfield 1935
(©) (4,6-DNOC)
19 Human 5-7d 0.92M (malaise, lassitude, and Harvey et al. 1951
1x/d headache) (4,6-DNOC)
©

S103443 HIV3H ¢

S10S3HO0HLINIA

(<4



TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key a Duration/ LOAEL
to Species/  Frequency NOAEL Less Serious Serious
figure (Strain) (specific Route) System  (mg/kg/day) (mg/kg/day) " (mg/kg/day) Reference

20 Human 3-5d 0.35° M (fatigue, dizziness) Plotz 1936

1x/d (4,6-DNOC)
©

21 Rat once 18M 27M (depression) Ambrose 1942
(NS) (@) (sodium 4,6-DNOC)

22 Rat once 20M (90-120% increased Verschoyle et al.
(Wistar) (GO) brain blood flow) 1987

(4,6-DNOC)

23 Mouse once 10  (severe agitation, muscle  Arustamyan 1972
(white) (GW) twitches, prostration) (4,6-DNOC)
Reproductive

24 Mouse 5d 12M Quinto et al. 1989
(C3H, 1x/d (4,6-DNOC)
C57BL6) (GW)

Developmental

25 Mouse 4d 8 Nehez et al. 1981
(DBAand ~ Gd 11-14 (DNOC)

CFLP) 1x/d
aw)
INTERMEDIATE EXPOSURE
Death

26 Rat 90 d 20  (5/20 deaths) Den Tonkelaar et

(Wistar) ad lib al. 1983

(F)

(4,6-DNOC)
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TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key * Duration/ LOAEL
to  Species/  Frequency NOAEL Less Serious Serious
figure (Straln) (specific Route) System  (mg/kg/day) (mg/kg/day) (ma/kg/day) Reference
27 Mouse 32d 3  (100% mortality) Arustamyan 1972
(white) 1x/d (4,6-DNOC)
(GW)
Systemic
28 Human 14-63 d Cardio 1.05 Ibrahim et al. 1934
1x/d (4,6-DNOC)
(C) Ocular 1.05
Bd wt 1.05  (weight loss of 0.45 kg/wk)
Metabolic 1.05  (34-77% increase in basal
metabolic rate, excessive
thirst and perspiration, 40
°C body temperature)
29 Human 4-11 wk Cardio 0.75 (palpitations) Plotz 1936
7d/wk (4,6-DNOC)
1x/d Dermal 0.75  (urticarial eruptions)
© Bd Wt 0.75  (decrease in body weight
of 0.6 kg/wk)
Metabolic 0.58 (2 °F avg increase in
body temperature)
30 Rat 105d Bd Wt 7.6M 18M (15% growth inhibition) Ambrose 1942
(Wistar, ad lib (sodium 4,6-DNOC)
albino) F
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TABLE 2-2

. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key * Duration/ LOAEL
to  Species/  Frequency NOAEL Less Serious Serious
figure (Strain)  (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
31 Rat 90d Cardio 20 Den Tonkelaar et
(Wistar) ad lib al. 1983
F) (4,6-DNOC)
Gastro 10 20  (fewer HCl-cells in
fundus, small acini and
no granules in salivary
glands)
Hemato 2.5 5  (increase in hemoglobin,
hematocrit, and
MCH/MCV)
Hepatic 10 20 ({increased SGPT)
Renal 25 5 (increased blood urea
nitrogen, decreased
urinary creatinine)
Metabolic 2.5 (decreased carbohydrate
and increased fat
metabolism)
Endocr 2.5 (decreased thyroid 20  (fewer acidophilic cells in
hormones pituitary, vacuolization of
acini, no clear zona
fasiculata in adrenals,
atrophy of Isiet of
Langerhans)
Other 2.5 5 (decreased food

efficiency)
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TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key * Duration/ LOAEL
to  Species/ Frequency NOAEL Less Serious Serious
figure (Strain)  (specific Route) System  (mg/kg/day) (mg/kg/day) (ma/kg/day) Reference
32 Rat 77-182d Resp 25M Spencer et al.
(white) ad lib 1948
F (4,6-DNOC)
Cardio 25M
Gastro 25M
Hepatic 25M
Renal 10M 25M (increased blood urea
nitrogen)
Ocular 25M
Bd Wt 10M 25M (18% decreased body
weight, depletion of body
fat)
33 Rat 6 mo Hepatic 5F 10F (fatty degeneration) Vashakidze 1967
(white) 1x/d (4,6-DNOC)
(G) Bd Wt 5F 10F (10-18% reduced body
weight gain)
34 Rat 3 wk Hemato 20M Vos et al. 1983
(Wistar) ad lib (DNOC >99%)
(F) Hepatic 5M 20M (increased relative liver
weight)
Renal 20M
Endocr 20M
Immunological/Lymphoreticular
35 Rat 90d 10 20  (atrophy or Den Tonkelaar ot
(Wistar) ad lib underdevelopment of al. 1983
F) thymus, spleen, lymph (4,6-DNOC)

nodes; decreased
circulating lymphocytes)
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TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key " Duration/ LOAEL
to  Species/  Frequency NOAEL Less Serious Serious
figure (Strain)  (Specific Route) System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
36 Rat 77-182d 10M 25M (hemosiderosis and Spencer et al.
(white) adlib congestion of the 1948
(F) spleen) (4,6-DNOC)
37 Rat - 3wk 20M Vos et al. 1983
(Wistar) ad lib (DNOC >99%)
9]
Neurological

38 Human 14-63 d 1.05 (lethargy, depression) Ibrahim et al. 1934
1x/d (4,6-DNOC)
©)

39 Human 4-11 wk 0.75 (headache and lassitude) Plotz 1936
7d/wk (4,6-DNOC)
1x/d
©

40 Rat 90d 5 10 (increased relative brain Den Tonkelaar et

(Wistar) ad lib weight) al. 1983
(F) (4,6-DNOC)
Reproductive
41 Rat 90d 10 20  (no corpora lutea in ovaries; Den Tonkelaar et
(Wistar) ad lib juvenile uteri; al. 1983
(F) aspermatogenesis) (4,6-DNOC)
42 Rat 77-182 d 25M Spencer et al.
(white) ad lib 1948
(F) (4,6-DNOC)
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TABLE 2-2. Levels of Significant Exposure to Dinitrocresol - Oral (continued)

Exposure/
Key * Duration/ LOAEL
to  Specles/  Frequency NOAEL Less Serlous Serious
figure (Strain)  (Specific Route) System  (mg/kg/day) (mg/kg/day) (mg/kg/day) . Reference
43 Rat 3wk 20M Vos et al. 1983
(Wistar) ad lib (DNOC >99%)

G

*The number corresponds to entries in Figure 2-2.
"Used to derive both an acute and an intermediate minimal risk level (MRL) of 0.004 mg/kg/day; dose divided by an uncertainty factor of 100 (10 for use of a
LOAEL and 10 for human variability).

ad lib = ad libitum; (C) = capsule; Cardio = cardiovascular; d = day(s); Derm = dermal; (F) = feed; F = female; (G) = gavage; Gastro= gastrointestinal; GD =
gestation day; (GO) = gavage in oil vehicle; (GW) = gavage in water vehicle; HCI = hydrochloric acid; Hemato = hematological; LD ,, = letha! dose, 50% kill;
LOAEL = lowest-observed-adverse-effect level; M = male; MCH = mean corpuscular hemoglobin; MCV = mean corpuscular volume; NOAEL = no-observed-
adverse-effect level; NS = not specified; Resp = respiratory; SGPT = serum glutamic-pyruvate transaminase; wk = week(s); x = times; > = increased
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Figure 2-2. Levels of Significant Exposure to 4,6-Dinitro-o-cresol — Oral
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Figure 2-2. Levels of Significant Exposure to 4,6-Dinitro-o-cresol — Oral (Continued)
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DINITROCRESOLS

2. HEALTH EFFECTS

4 days after the exposure. No histopathological lesions were observed in lungs from rats fed diets

providing daily doses in the range of 1-25 mg/kg/day DNOC for 77-182 days (Spencer et al. 1948).

Cardiovascular Effects. Cardiovascular effects appear to be secondary to cellular anoxia but do

not appear to be consistent cardinal signs of DNOC exposure in humans. However, elevated pulse
rates, tachycardia, and palpitations were observed in several patients. Although the basal metabolic
rate was increased, the cardiovascular system was not affected after volunteers ingested 3 mg/kg/day
DNOC for 4 days (Dodds and Robertson 1933) or 0.92-1.27 mg/kg/day for 5-7 days (Harvey et al.
1951). Changes in blood pressure and pulse rate were regarded as not significant. A pulse rate of

90 beats per minute (insignificant increase over the 72-beat norm) was observed in a girl who ingested
a time-weighted-average dose of 2.27 mg/kg/day DNOC for 11 days for purposes of weight reduction
(Gordon and Wallfield 1935). Edema of the fingers and hands was also observed, possibly suggestive

of circulatory dysfunction.

No changes in pulse or blood pressure were observed in two humans who received doses in the range
of 0.5-1.0 mg/kg/day for 40-48 days (Dodds and Robertson 1933). Because this dose appeared to
cause no other signs of toxicity, the investigators assumed that a dose in this range was safe to
administer to humans. The cardiovascular system in 15 patients was not affected after they had
ingested an average of 1.05 mg/kg/day DNOC for 14-63 days (Ibrahim et al. 1934). A patient who
received 0.75 mg/kg/day DNOC for 8 weeks followed by 1.0 mg/kg/day DNOC experienced marked
palpitations (Plotz 1936). Tachycardia was periodically observed in a young woman who had ingested
one capsule per day of an unspecified dose of DNOC for the first 6 months for weight reduction
therapy, but had periodically ingested 2 capsules per day for an unspecified period (Quick 1937). The

patient maintained this regimen for about 3 years.

In intermediate-duration feeding studies, absolute heart weights were significantly (p<0.05) decreased
in rats given diets providing 210 mg/kg/day (Den Tonkelaar et al. 1983; Spencer et al. 1948). In one
study, relative heart weight was increased (Den Tonkelaar et al. 1983). However, no histopathological
lesions were observed in heart tissue in either study. The toxicological significance of the heart

weight changes is not clear.

Gastrointestinal Effects. Limited data suggest that DNOC may cause pathology of the stomach

and salivary glands. Pathology of other regions of the gastrointestinal tract were rarely reported.
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Hemorrhage of the gastric mucosa was observed in an agricultural worker who had sprayed DNOC for
3 weeks and died after accidentally ingesting an unknown amount of DNOC (Bidsyrup and Payne
1951). Nausea and vomiting were observed in a girl who ingested a time-weighted-average dose of

2.27 mg/kg/day DNOC for 11 days for the treatment of obesity (Gordon and Wallfield 1935).

Vomiting was reported to occur within 60-80 minutes in mice that ingested single doses of

10-35 mg/kg DNOC (Arustamyan 1972). Necropsy examination revealed that the mucosa of the
stomach was easily separated in the form of a white, curdled mass. The small intestine in similarly
treated mice also showed catarrhal inflammation over its entire length. No histopathological lesions
were observed in the stomach tissue from rats fed diets providing daily doses in the range of

1-25 mg/kg/day DNOC for 77-182 days (Spencer et al. 1948). The presence of food may have
prevented the irritating effects of DNOC in the stomach of the rats exposed via diet. However, a
reduced number of hydrochloric acid releasing cells in the fundus of the stomach and smaller acini and
no granules in the salivary glands were observed in rats given 20 mg/kg/day DNOC for 90 days (Den
Tonkelaar et al. 1983). These effects were not seen at 10 mg/kg/day.

Hematological Effects. Reticulocyte numbers were unchanged and Heinz bodies were not
observed in volunteers who ingested 0.92-1.27 mg/kg/day for 5-7 days (Harvey et al. 1951).
Hematological parameters were also within normal limits in a girl who ingested a time-weighted-
Average dose of 2.27 mg/kg/day DNOC for 11 days for treatment of obesity (Gordon and Wallfield
1935).

Cyanosis was observed in rats given single acute doses in the range of 36-90 mg/kg DNOC as the
sodium salt, but not at doses <27 mg/kg (Ambrose 1942). This condition is most probably related to
the dyspnea and asphyxial convulsions observed in the affected rats. Total leukocyte and differential
leukocyte counts were not affected in rats given daily doses in the range of 1.25-20 mg/kg/day for

3 weeks (Vos et al. 1983). No differences in hematological parameters such as erythrocyte count,
hemoglobin concentration, total leucocyte count, differential count, or bone marrow counts were
observed in rats fed diets providing <25 mg/kg/day for 77-182 days (Spencer et al. 1948).
Furthermore, no histopathological lesions were observed in the bone marrow from these rats.
However, hemosiderosis and congestion of the spleen were observed at 25 mg/kg/day. In another
intermediate-duration study, hemoglobin, hematocrit, and the ratio of mean corpuscular volume to

mean corpuscular hemoglobin (MCV/MCH) were increased in rats given 5, 10, or 20 mg/kg/day
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DNOC for 90 days (Den Tonkelaar et al. 1983). The highest dose also resulted in increased
erythrocyte count and decreased total leukocyte and lymphocyte counts. The reason for the different

results in these studies is not known.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans or

animals after oral exposure to DNOC.

Hepatic Effects. DNOC is a yellow compound that stains human (Hunter 1950) and animal

(Ambrose 1942) skin on contact. Absorption of DNOC by any route and subsequent distribution to
tissues results in a characteristic yellow staining of visceral organs and tissues including the
conjunctiva and sclera of the eye (Ibrahim et al. 1934; Pollard and Filbee 1951), blood serum, skeletal
tissue, and urine (Ambrose 1942). The yellow staining of the skin and sclera of patients exposed to
DNOC prompted physicians to test for liver effects. Results for the icteric index and the Van den
Bergh tests have been consistently negative (Dodds and Robertson 1933; Gordon and Wallfield 1935;
Plotz 1936).

Congestion of the liver was observed in an agricultural worker who had sprayed DNOC for 3 weeks
and died after accidentally ingesting an unknown amount of DNOC (Bidstrup and Payne 1951). Based
on the icteric index and results of the Van den Bergh test, no evidence of liver damage was observed
in a girl who ingested a time-weighted-average dose of 2.27 mg/kg/day DNOC for 11 days for
treatment of obesity (Gordon and Wallfield 1935).

Two studies were located that demonstrated that DNOC may cause hepatic pathology, while data from
several other animal studies demonstrated that DNOC may cause changes in liver weight with no
histological evidence of hepatic pathology. Enlarged dark brown livers with petechial hemorrhages
and necrotic foci were observed in mice that received single gavage doses in the range of

10-35 mg/kg DNOC (Arustamyan 1972). Fatty degeneration of unspecified parenchymatous organs
was also observed in rats that were given daily gavage doses of 10 mg/kg/day DNOC for 6 months
(Vashakidze 1967). Although not indicated in this study, this degenerative change can most likely
occur in the liver and may lead to necrosis of hepatocytes. In intermediate-duration feeding studies,

no histological evidence of liver pathology was found in rats fed diets providing <25 mg/kg/day (Den
Tonkelaar et al. 1983; Spencer et al. 1948; Vos et al. 1983). The method of administration (i.e.,

gavage versus dietary) may partly account for the different results for hepatic pathology in the
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intermediate-duration gavage study and the intermediate-duration feeding studies. Absolute liver
weights were significantly decreased in rats receiving 10-20 mg/kg/day (Den Tonkelaar et al. 1983;
Spencer et al. 1948), and relative liver weights were increased in rats receiving 5-20 mg/kg/day (Den
Tonkelaar et al. 1983; Vos et al. 1983). In addition, two rats had greatly increased levels of serum
glutamic pyruvic transaminase (SGPT) at 20 mg/kg/day, and liver activity of glucose-6-phosphatase
dehydrogenase (G6PDH) was decreased at >5 mg/kg/day (Den Tonkelaar et al. 1983). As DNOC is
an uncoupler of oxidative phosphorylation (see Section 2.3.5), reduced G6PDH activity can be
explained by a decrease in adenosine triphosphate (ATP) formation and the subsequent formation of

glucose-6-phosphate during oxidative phosphorylation.

Renal Effects. Cloudy swelling of the kidney was observed at autopsy in a DNOC spray operator
who died after accidentally ingesting an unknown amount of DNOC from a water tank (Bidstrup and

Payne 1951).

In intermediate-duration feeding studies in rats, no histological evidence of renal pathology was found
at doses <25 mg/kg/day (Den Tonkelaar et al. 1983; Spencer et al. 1948; Vos et al. 1983). Absolute
kidney weights were decreased (Den Tonkelaar et al. 1983; Spencer et al. 1948), and relative kidney
weights were increased (Den Tonkelaar et al. 1983) at doses of 10 or 20 mg/kg/day, respectively.
BUN was increased from 15.8 mg% in controls to 24-35 mg% in rats fed diets providing daily doses
of 25 mg/kg/day for 77-182 days (Spencer et al. 1948). BUN was also increased at doses of 5, 10,
and 20 mg/kg/day in the 90-day study (Den Tonkelaar et al. 1983). Urinalysis revealed that urinary
protein was decreased at 10 and 20 mg/kg/day, urinary glucose was increased at 20 mg/kg/day, and
urinary creatinine was decreased at 5, 10, and 20 mg/kg/day. The elevated urine glucose was due to
elevated blood glucose and the inhibitory effect of DNOC on oxidative phosphorylation and
subsequent ATP-dependent active transport in the proximal tubules of the kidney.

Endocrine Effects. Although DNOC has been described to induce a syndrome similar to
hyperthyroidism in humans (Dodds and Robertson 1933), blood triiodothyronine (T;) and thyroxin
(T4) levels were decreased at all levels in rats given 2.5-20 mg/kg/day DNOC for 90 days (Den
Tonkelaar et al. 1983). Histological examination revealed inactive thyroids. Absolute thyroid weights
were decreased at 20 mg/kg/day, while relative thyroid weights were increased at the same dose.
Absolute weights were decreased for the pituitary gland at 10 and 20 mg/kg/day and the adrenal gland

at 20 mg/kg/day, while the relative weights for both glands were increased at the same dose.
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Histological examination revealed fewer acidophilic cells in the pituitary gland and vacuolization of
acini, no clear zona fasciculata, and swollen medullary cells in the adrenals. Atrophy of the Isle of
Langerhans cells in the pancreas was also observed. Many of these effects were attributed to the
ability of DNOC to uncouple oxidative phosphorylation, leading to a deficit in ATP (see

Section 2.3.5). However, changes in pituitary, thyroid and adrenal weight and histology were not
observed in rats given daily doses in the range of 1.25-20 mg/kg/day DNOC for 3 weeks (Vos et al.
1983).

Dermal Effects. Oral doses of DNOC may cause urticarial eruptions in humans. An itching
maculopapular eruption appeared in a girl who ingested a time-weighted-average dose of

2.27 mg/kg/day DNOC for 11 days for treatment of obesity (Gordon and Wallfield 1935).
Maculopapular urticarial eruptions, slightly reddish in color, involving both deltoids, the upper anterior
chest, and both upper axillaec were also observed in a female patient who received a time-weighted-
average dose of 0.75 mg/kg/day DNOC for 11 weeks for weight reduction (Plotz 1936). A yellow
staining of the palms of the hand, soles of the feet, scalp, beard and pubic hair, skin of the thighs and
chest, and buccal mucosa was also observed in a DNOC spray operator who had accidentally ingested

an unknown dose of DNOC, confirming dermal exposure (Bidstrup and Payne 1951).

As noted above for Hepatic Effects, DNOC is a yellow compound that stains human and animal skin
on contact. While the yellow staining of the skin and sclera may be unsightly, such cosmetic effects

are not regarded as adverse.

Ocular Effects. As noted above for Hepatic Effects, DNOC is a yellow compound that stains
human and animal skin on contact. Contact with the eyes or absorption of DNOC also results in a
characteristic yellow staining of the conjunctiva and sclera of the eye (Dodds and Robertson 1933;

Gordon and Wallfield 1935; Ibrahim et al. 1934; Plotz 1936; Pollard and Filbee 1951).

Despite the occurrence of a green-yellow pigmentation of the conjunctiva in humans who had ingested
3 mg/kg/day DNOC for 4 days (Dodds and Robertson 1933) or 0.92-1.27 mg/kg/day for 5-7 days
(Harvey et al. 1951), no adverse ocular effects were observed. A similar observation was made for a
DNOC spray operator who had accidentally ingested an unknown dose of DNOC (Bidstrup and Payne
1951). A greenish-yellow tinge to the sclera was also observed in a 14)4year-old girl who ingested a

time-weighted-average dose of 2.27 mg/kg/day DNOC for 11 days for the treatment of obesity
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(Gordon and Wallfield 1935). A yellow pigmentation of the conjunctiva occurred in all 15 patients
who had ingested an average of 1.05 mg/kg/day DNOC for 14-63 days (Ibrahim et al. 1934). A
greenish tinge of the sclera was also observed in two of four patients who received 0.75 mg/kg/day
DNOC for 6-11 weeks (Plotz 1936). Although the yellow staining of the skin and sclera may be

unsightly, such cosmetic effects are not regarded as adverse.

Ingestion of an unspecified dose of DNOC for 3 years was associated with a pearly swollen cataract of

the left eye in a woman (Quick 1937). The right eye, which had punctate central lenticular opacity,
eventually became blind 1 month after the cataract was diagnosed. A slight yellow pigmentation of

the conjunctiva also appeared periodically during the 3-year treatment.

Because dinitrophenolic compounds have been known to be cataractogenic in humans, attempts have
been made to a find a suitable animal model to study this phenomenon (Spencer et al. 1948). Corneal
opacity and cataracts were not observed in rats fed diets providing doses in the range of

1-25 mg/kg/day for 77-182 days. However, cataract formation was observed in ducklings fed a diet
of 1,200 ppm DNOC for 1-2 days (doses in mg/kg/day were not reported). In addition, administration
of a single oral dose of DNOC in the range of 2.48-59.45 mg/kg to chickens produced cataracts
within 1-5 hours (Buschke 1947). The cataract formation was considered related to interference with

oxidative phosphorylation.

Body Weight Effects. DNOC was once used to treat obesity, but this practice has been

discontinued because of recognized toxic effects since the 1930s. Body weight was not affected in
humans who ingested 0.92-1.27 mg/kg/day for 5-7 days (Harvey et al. 1951). However, a patient’s
weight was reduced by 15 kg after ingesting an unknown amount of DNOC for 3 years (Quick 1937).
The average weight lost by 15 patients was 0.45 kg per week after they had ingested an average of
1.05 mg/kg/day DNOC for 14-63 days (Ibrahim et al. 1934). About 9.1 kg was the maximum weight
loss during a 2-month period of DNOC therapy. DNOC did not cause a rise in blood glucose nor did
it cause the appearance of ketones in the urine. A decrease in body weight was also observed in only
1 of 4 patients who received 0.75 mg/kg/day DNOC for 6 weeks for weight reduction purposes (Plotz
1936).

DNOC also causes decreases in body weight gain in animals. Significant decreases in body weight

gain were observed in rats that received 10 or 25 mg/kg/day for 10 days, but the decrease amounted to

36
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only 2% and 5%, respectively (King and Harvey 1953a). Ten daily doses of 5 mg/kg/day did not
appear to alter the growth rate of the animals. No change in body weight gain was observed in rats
fed diets providing doses of 15 mg/kg/day for 18 weeks (Parker et al. 1951). However, growth was
inhibited by 15% in rats fed a diet providing 18 mg/kg/day DNOC as the sodium salt for 105 days
(Ambrose 1942), by 18% in rats fed a diet providing 25 mg/kg/day DNOC for 77-182 days (Spencer
et al. 1948), and by 10-18% in rats given 10 mg/kg/day DNOC by gavage for 6 months (Vashakidze
1967). Despite the decrease in growth rate, food consumption was increased in one study (Ambrose
1942). Depletion of adipose tissue was also observed at the end of the 182-day study in rats that
received 25 mg/kg/day (Spencer et al. 1948).

Metabolic Effects. The basal metabolic rate was increased by 70-100% within 3 days in

two humans who were given 3 mg/kg/day DNOC (Dodds and Robertson 1933). Doses of DNOC that
increased the basal metabolic rates by 50% above normal usually resulted in sweating, loss of appetite,
depression, headaches, and yellow-green pigmentation of the eye. An overweight man who initially
received two doses of 0.75 mg/kg/day DNOC for weight reduction had an elevated body temperature
and complained of feeling hot and tired (Plotz 1936). Following a drug withdrawal period of 2 weeks
and a subsequent dose of 0.35 mg/kg/day DNOC, the patient complained of profuse perspiration and

fatigue on the seventh day.

In two humans who received doses in the range of 0.5-1.0 mg/kg/day for 40-48 days, basal metabolic
rate peaked at 35% above normal on day 34 in one individual, while in another individual it was
greater than 50% above normal from days 21 to 23 (Dodds and Robertson 1933). Because this dose
appeared to cause no other symptoms, the investigators assumed that a dose in this range was safe to
be administered to humans. An elevated basal metabolic rate was observed in 6 patients who had
ingested an average of 1.05 mg/kg/day DNOC for 14-63 days (Ibrahim et al. 1934). Basal metabolic
rate was increased by as much as 77% in one individual. All patients involved with the study had an
elevated body temperature accompanied with perfuse perspiration and frequently complained of thirst
and fatigue. Food intake was either diminished or remained the same. An elevated body temperature
and excessive perspiration were also observed in three of four patients who received

0.58-1.0 mg/kg/day DNOC for 4-11 weeks (Plotz 1936).

Other Systemic Effects. Other systemic effects observed in humans and animals included effects

on growth rate and blood sugars, protein, and related metabolic products.
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Growth and food efficiency were decreased in a dose-related manner in rats given 5, 10, and

20 mg/kg/day DNOC for 90 days (Den Tonkelaar et al. 1983). Urinary ketones, an indicator of
endogenous fat catabolism, were increased at doses of 2.5, 5, and 10 mg/kg/day DNOC, but not at
20 mg/kg/day DNOC. Blood glucose was increased at 10 and 20 mg/kg/day DNOC, while blood
protein was decreased only at 20 mg/kg/day DNOC. Blood pyruvate was also decreased at all doses.
The increased blood glucose and decreased blood pyruvate were indicative of an inhibitory action of

DNOC on glycolysis.

2.2.2.3 Immunological and Lymphoreticular Effects

As discussed in Section 2.2.2.2 for Dermal Effects, oral doses of DNOC have caused urticaria in

humans. Whether these dermal effects are immunological is not clear.

Data regarding immunological effects in animals are conflicting. Decreased absolute weight of the
thymus was observed at 10 and 20 mg/kg/day and decreased relative weight of thymus was observed
at 20 mg/kg/day in rats given DNOC for 90 days (Den Tonkelaar et al. 1983). The relative weight of
the spleen was slightly increased at 20 mg/kg/day, while the absolute weight was decreased at

20 mg/kg/day. Upon histological examination, the lymph nodes were underdeveloped, the thymus was
atrophied, and the spleen had small follicles at 20 mg/kg/day. Changes in thymus, spleen, and
mesenteric and popliteal lymph node weight and histology were not observed in rats given daily doses
in the range of 1.25-20 mg/kg/day DNOC for 3 weeks (Vos et al. 1983). When IgM and IgG were
further analyzed and quantified, DNOC had no affect on these immunoglobulins. The highest NOAEL
values and all LOAEL values from each reliable study for immunological effects in each species and

duration category are recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.4 Neurological Effects

Oral exposure to DNOC has caused depression and headaches in humans in most cases. Neurological
effects such as mental depression and headaches were observed in two volunteers given 3 mg/kg/day
DNOC for 4 days (Dodds and Robertson 1933) and in 2 of 5 volunteers given 0.92 and

1.27 mg/kg/day for 7 and 5 days, respectively (Harvey et al. 1951). Hemorrhage of the pia mater was
observed in a DNOC spray operator who had accidentally ingested an unknown amount of DNOC and

subsequently died (Bidstrup and Payne 1951). Prior to death, no neurological signs were reported for
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this worker. An overweight man who initially received two doses of 0.75 mg/kg/day DNOC for
purposes of weight reduction complained of feeling dizzy (Plotz 1936). Following a drug withdrawal
period of 2 weeks and a subsequent dose of 0.35 mg/kg/day DNOC, the patient complained of fatigue
on the seventh day. The LOAEL of 0.35 mg/kg/day was used to derive an acute and an intermediate
oral MRL of 0.004 mg/kg/day for DNOC as described in the footnote in Table 2-2. Drowsiness,
headaches, and ringing of the ears were experienced by a girl who ingested a time-weighted-average

dose of 2.27 mg/kg/day DNOC for 11 days (Gordon and Wallfield 1935).

Lethargy and mental depression were also common complaints of 15 patients who ingested an average
of 1.05 mg/kg/day DNOC for 14-63 days (Ibrahim et al. 1934). A slight headache and lassitude were
reported by a female patient who received 0.75 mg/kg/day DNOC for 8 weeks (Plotz 1936).

Depression following oral ingestion of DNOC has also been reported in animals. Clinical signs of
depression were observed in rats given single doses 227 mg/kg DNOC as the sodium salt (Ambrose
1942). In another acute study, a single oral dose of 19.8 mg/kg DNOC caused a 90-120% increase in
brain blood flow in rats in 4 hours (Verschoyle et al. 1987). Brain blood flow returned to normal
within 24 hours, while no histopathological changes were observed in the brains of these rats. The
authors concluded that the observed increase in brain blood flow was consistent with the expected
increased metabolic rate produced by DNOC. Severe agitation and muscle twitches were observed
within 60-80 minutes in mice that received a single dose of DNOC in the range of 10-35 mg/kg
DNOC (Arustamyan 1972). The mice also became prostrate for 3-7 hours, approximately 2-3 hours
after exposure to DNOC. Cats that received a single oral dose of 25 mg/kg DNOC developed ataxia
and became sluggish during the first hour, while muscle twitches and weakness developed on the
second day after exposure (Burkatskaya 1965b). However, this study was limited by reporting

deficiencies regarding experimental details and data.

Decreased absolute brain weight was observed at 20 mg/kg/day DNOC, and increased relative brain
weight was observed at 10 and 20 mg/kg/day DNOC in rats given DNOC for 90 days (Den Tonkelaar
et al. 1983). However, no histopathological lesions were observed in the brain. The highest NOAEL
values and all LOAEL values from each reliable study for neurological effects in each species and

duration category are recorded in Table 2-2 and plotted in Figure 2-2.
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2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans after oral exposure to DNOC.

DNOC did not affect either sperm counts or testicular weights in mice given single doses in the range
of 3-12 mg/kg/day DNOC for 5 days (Quint0 et al. 1989). In addition, DNOC failed to cause

abnormal sperm.

Intermediate-duration studies provided conflicting data regarding reproductive effects in animals after
oral exposure to DNOC. No histopathological lesions were observed in testes from rats fed diets that
provided daily doses in the range of 1-25 mg/kg/day DNOC for 77-182 days (Spencer et al. 1948) or
1.25-20 mg/kg/day for 3 weeks (Vos et al. 1983). However, absolute and relative weights of the
testes/prostate were decreased, and reduced spermatogenesis or aspermatogenesis was observed in rats
given 20 mg/kg/day DNOC for 90 days (Den Tonkelaar et al. 1983). The reason for the conflicting
data for testicular effects in intermediate-duration studies is not clear. Absolute weight of ovaries was
decreased at >5 mg/kg/day DNOC, and relative weight of uterus/ovary was decreased at 20 mg/kg/day
DNOC (Den Tonkelaar et al. 1983). No corpora lutea were observed in the ovaries, and the uteri
appeared juvenile at 20 mg/kg/day DNOC. Damaged ovaries and disrupted estrus cycles were
observed in rats given oral doses of 5 mg/kg/day DNOC for 6 months (Vashakidze 1967). The
investigators demonstrated that DNOC caused an increase in gonadotrophic hormones in the
hypophysis. This change in hormone balance may be the reason for the disruption of the functioning
of the reproductive glands. A higher dose of 10 mg/kg/day DNOC also disrupted the reactivity of the
vaginal mucosa to estrogenous influences. Further experiments also demonstrated that DNOC caused
atrophy of the uterine horns. Because of the poor experimental design and because the data were not
clearly presented, it is difficult to substantiate the conclusions made by the author. However, some of
the findings from this study support those reported by Den Tonkelaar et al. (1983). The highest
NOAEL values and all LOAEL values for reproductive effects in these studies are recorded in

Table 2-2 and plotted in Figure 2-2.

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans after oral exposure to DNOC.
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No developmental effects were observed when DBA strains of mice given 8 mg/kg/day DNOC from
day 11 to 14 of gestation (NehCz et al. 1981). On the eighteenth day of gestation, the numbers of
corpora lutea, implantations, live embryos, resorbed embryos, pre-implantation loss, post-implantation
loss, weight of embryos, and number of malformations did not differ significantly from the data
obtained from the negative control group. The NOAEL value for developmental effects in mice is

recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

Increased incidences of chromosomal aberrations were found in the offspring of mice treated orally
with DNOC (Nehéz et al. 1981). CFLP strain female mice (number not specified) were given DNOC
in saline at doses of 5 mg/kg/day every other day for a total of 4 treatments during the first trimester
of pregnancy or on gestational days 9-12 (second trimester). On days 14-16, the mice were

sacrificed, and fetal liver was removed for examination of chromosomal aberrations. Treatment during
the second trimester resulted in a significantly increased incidence of chromosomal aberrations in the
fetal liver (p<0.01) compared with controls. Treatment during the first trimester did not significantly

(p>0.05) increase the frequency of chromosomal aberrations.

Other genotoxicity studies are discussed in Section 2.4.

2.2.2.8 Cancer

No studies were located regarding cancer in humans or animals after oral exposure to DNOC.

2.2.3 Dermal Exposure

2.2.3.1 Death

A patient died less than 14 hours after admission to a hospital and less than 48 hours after the onset of

signs and symptoms of DNOC toxicity (Steer 1951). The patient had previously sprayed DNOC for

an unspecified, but apparently acute time period. The dose that the patient received was also not

reported. Although the yellow staining of the skin suggests dermal exposure, the patient may also

have inhaled DNOC aerosols. A 4-year-old boy died 3.5 hours after 12,500 mg of DNOC was
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accidentally applied as an ointment to a skin rash (Buchinskii 1974). Because DNOC was applied to
the rash rather than intact healthy skin, considerable amounts of DNOC were rapidly absorbed and
thus became fatal. No supporting data from human studies regarding dermal exposure to DNOC were
located to suggest whether this dose would have been fatal if applied to intact skin. Two of three
employees died after spraying 2% DNOC for two consecutive days (Buzzo and Guatelli 1949).
Although inhalation may have contributed to total exposure, the yellow staining of the skin and the
fact that no appropriate precautions were taken to minimize dermal exposure suggest that exposure was

mainly dermal.

One industrial and 5 agricultural workers, who were thought to be dermally exposed to unknown doses
of DNOC for 2-8 weeks, died after brief periods of illnesses related to DNOC exposure (Bidstrup and
Payne 1951). Because of the intense heat and discomfort, protective clothing was often discarded.

This suggests that most of the DNOC was absorbed dermally, although limited amounts of DNOC

aerosols may have also been inhaled.

The dermal LDs, for DNOC was 200-600 mg/kg for rats (Ben-Dyke et al. 1970; Jones et al. 1968).
No other details were provided. A dermal LDs, for DNOC in mice was reported to be 186.7 mg/kg
(Arustamyan 1972) and in rabbits to be 1,000 mg/kg (Burkatskaya 1965b). Although doses of 100
and 200 mg/kg DNOC were not lethal, 1 of 5, 3 of 5, 5 of 5, and 2 of 2 guinea pigs died after 300,
400, 500, and 1,000 mg/kg DNOC was applied, respectively, to a shaved area on the abdomen
(Spencer et al. 1948). Prior to application, DNOC was dissolved in ethanol and the treated area was
kept moist with ethanol for 4 hours. In another experiment, an unspecified number of rabbits died
after seven applications of 3% solution of DNOC in 95% alcohol to the ear and seven applications
were bandaged onto the shaven abdomen. The LDs, values and doses resulting in death of animals

are recorded in Table 2-3.

2.2.3.2 Systemic Effects

Studies regarding systemic effects in humans and animals after dermal exposure to DNOC are
described below. The highest NOAEL values and all LOAEL values from each reliable study for

systemic end points in each species and duration category are recorded in Table 2-3.



TABLE 2-3. Levels of Significant Exposure to Dinitrocresol - Dermal

Exposure/
Duration/
Species/ Frequency/

LOAEL

NOAEL Less Serious Serlous

(Strain) (Specific Route) System Reference
ACUTE EXPOSURE
Death
Human 2d 10% M (2 deaths) Buzzo and
8hr/d Guatelti 1949
(4,6-DNOC)
Rat once 200 (LDSs0O) Ben-Dyke et al.
mg/kg 1970; Jones et al.
1968
(4,6-DNOC)
Mouse once 186.7 (LD50) Arustamyan 1972
(white) mg/kg (4,6-DNOC)
- Rabbit once 1000 (LD50) Burkatskaya
(4,6-DNOC)
Rabbit 1-7d 3%  (death of unspecified Spencer et al.
(white) 1x/d number) 1948
(4,6-DNOC)
Gn pig once 300 (1/5 died) Spencer et al.
mg/kg 1948
(4,6-DNOC)

S103443 H1TWV3H ¢

ST0S3HOOHLINIA



TABLE 2-3. Levels of Significant Exposure to Dinitrocresol - Dermal (continued)

Exposure/ LOAEL
Duration/
Species/  Frequency/ NOAEL Less Serious Serious
(Strain) (Specific Route) System Reference
Systemic
Human 2d Resp 10% M (dyspnea) Buzzo and
8hr/d Guatelli 1949
(4,6-DNOC)
Cardio 10% M (elevated pulse rate
120/min in workers who
survived)
Musc/skel 10% M (muscular rigidity, loss of
motor function)
Derm 10% M
Metabolic 10% M (increased body
temperature,
perspiration, thirst)
Human once Derm 1.0% Lisi et al. 1987
(4,6-DNOC)
Rabbit 6 hr Ocular 0.9% Ambrose 1942
2x/hr (sodium 4,6-DNOC)
Rabbit 1-7d Derm 3% (slight skin irritation) Spencer et al.
(white) 1x/d 1948
(4,6-DNOC)
Immunological/Lymphoreticular
Human once 1.0% Lisi et al. 1987
(4,6-DNOC)
Neurological
Human - 2d 10% M (coma, convulsions, loss of  Buzzo and
8hr/d motor function) Guatelli 1949
(4,6-DNOC)

S103443 HITV3HK ¢

S70S3HO0HLINIA



TABLE 2-3. Levels of Significant Exposure to Dinitrocresol - Dermal (continued)

Exposure/ LOAEL
Duration/ —
Species/  Frequency/ NOAEL Less Serious Serious
(Strain)  (gpecific Route) System Reference
INTERMEDIATE EXPOSURE
Systemic
Human 30d Derm 1.8% Ambrose 1942
1x/d (sodium 4,6-DNOC)
Rat 30d Derm 1.8% Ambrose 1942
1x/d (sodium 4,6-DNOC)
Bd Wt 1.8%
Rabbit 30d Derm 1.8% Ambrose 1942
1x/d (sodium 4,6-DNOC)
Bd Wt 1.8%
Rabbit 4 wk Derm 5%  (slight skin irritation) Spencer et al.
5 d/wk 1948
1x/d (4,6-DNOC)

d = day(s); Derm = dermal; Gn pig = guinea pig; hr = hour(s); LD,, = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; min = minute(s);
NOAEL = no-observed-adverse-effect level; wk = week(s); x = time(s)

S103443 HITV3IH 2

$70S340041INIa
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Respiratory Effects. Dermal exposure to DNOC may result in elevated respiratory rates in

humans. Shallow breathing and an elevated respiratory rate were observed in a spray operator exposed
to DNOC for an unspecified but apparently short time period (Steer 1951). Two hours after

12,500 mg of DNOC in a fatty ointment was applied to a skin rash, an increase in respiratory rate and
moist rales were observed in a young boy who subsequently died (Buchinskii 1974). Autopsy and
histological examination revealed severe capillary hyperemia in the lungs and pulmonary edema.
Because DNOC was applied to the rash rather than intact healthy skin, absorption of DNOC was
facilitated. The amount of DNOC applied to intact skin required to produce these effects is not
known. Dyspnea was observed in employees who sprayed 10% DNOC for 2 consecutive days (Buzzo
and Guatelli 1949). These employees had yellow-stained skin and did not take the appropriate
precautions to minimize dermal exposure to DNOC. Respiratory rates were slightly elevated in a
worker involved with mixing DNOC, refilling sprayer tanks with DNOC, and occasionally spraying
DNOC for 5 weeks (Pollard and Filbee 1951). The patient’s clinical history also suggested that
exposure was probably a combination of inhalation and dermal. One industrial and 5 agricultural
workers, who died after dermal exposure to unknown doses of DNOC for 2-8 weeks, had a rapid rate
of respiration and difficulty breathing at the hospital (Bidstrup and Payne 1951). Edematous and
hemorrhagic lungs were observed at autopsy. It is not known if these effects were specific to DNOC
exposure. Because DNOC aerosols were present in both work environments, inhalation is also a
potential route of exposure. Dyspnea and increased respiratory rates were also observed in 4 spray
operators after spraying with DNOC for 14 days to 4 months (van Noort et al. 1960). In these

employees, exposure may have also been by a combination of inhalation and dermal.

No studies were located regarding respiratory effects in animals after dermal exposure to DNOC.

Cardiovascular Effects. Within 2 hours after 12,500 mg of DNOC in a fatty ointment was

applied to a skin rash in a young boy who subsequently died, the pulse rate was elevated and thready
and heart sounds were muffled (Buchinskii 1974). Histological examination at autopsy showed severe
hemorrhage and capillary hyperemia in the myocardium. Because DNOC was applied to the rash
rather than intact healthy skin, absorption of DNOC was facilitated. The amount of DNOC applied to
intact skin required to produce these effects is not known. An elevated pulse rate and subsequent
cardiac fibrillation were observed in a spray