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PREFACE
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Pinkerton and K. C. Back, Ph.D. served as technical contract
monitors for the Air Force Aerospace Medical Research Laboratory.

This work was sponsored by the U. S. Navy under the
direction of LCDR M. J. Cowan, Jr., MSC, USN, Ret.; and Capt. D.
E. Uddin, MSC, USN; and identified as Work Unit Number MF
58524001.0002.

J. D. MacEwen, Ph.D. served as the Laboratory Director for
the THRU of the University of California, Irvine and as co-
principal investigator with T. T. Crocker, M.D., Department of
Community and Environmental Medicine. Acknowledgement is made to
D. E. Uddin, C. D. Flemming, and R. K. Blasingame for their sig-
nificant contributions and assistance in the preparation of this
report.
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A ONE-YEAR INHALATION TOXICITY STUDY OF OTTO FUEL II

INTRODUCTION

Otto Fuel II is used by the U. S. Navy as a liquid propel-
lant in torpedoes and other weapon systems. The chief component
(=75%) of Otto Fuel II is 1,2-propylene glycol dinitrate (PGDN).
The balance of Otto Fuel II is comprised of 2-nitrodiphenylamine
(2%) added as a stabilizer and di-n-butyl sebacate (23%) added as
a desensitizer.

The constituent of Otto Fuel II that presents the major
health concern is the nitrate ester, PGDN. Nitrate esters are
known to produce vasodilation, headaches, nasal congestion, diz-
ziness, nausea, and methemoglobinemia.

Acute and subchronic experimental studies of PGDN using
laboratory animals have been conducted. An acute oral LD50 of
250 mg/kg in male Sprague-Dawley rats has been reported by
Andersen and Mehl (1973). Primary skin irritation tests in rab-
bits conducted by Jones et al. (1972) were negative, while appli-
cations of PGDN to rabbit eyes produced conjunctival erythema 5
minutes after application. PGDN is readily absorbed through the
skin. Rabbits dosed repeatedly with 4 g/kg PGDN via dermal ap-
plication were weak and cyanotic after the second application; 13
of 14 animals were dead after the fifth application.

Inhalation studies involving animals were also conducted by
Jones et al. (1972). Male Sprague-Dawley rats were exposed to 65
mg/m 3 PGDN vapor, 7 hours/day, 5 days/week for a total of 30
days. No toxic effects were seen. Hemoglobin parameters were
unchanged and histopathologic examination of tissue did not show
any exposure related lesions. Continuous 90-day inhalation ex-
posures of rats, guinea pigs, monkeys, and dogs were conducted at
three PGDN concentrations: 67 mg/m 3, 108 mg/m 3 , and 236 mg/m 3 .
Rate of body weight gain was unaffected by PGDN exposure. De-
creases in hemoglobin (63%) and hematocrit (37%) were observed in
dogs exposed to 236 mg/m 3 PGDN. Methemoglobin levels were ele-
vated in all species with dogs and monkeys showing the most dra-
matic increase. Iron-positive deposits were present in the
livers, spleens, and kidneys of dogs and monkeys exposed to 236
mg/m 3 PGDN. Fatty changes in the livers and kidneys were also
noted in the animals exposed to PGDN vapor.

Subcutaneous injections of an LD5o dose (=400 mg/kg) of PGDN
in rats caused almost complete conversion of hemoglobin to methe-
moglobin suggesting that the destruction of the oxygen carrying
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capacity of the blood was the cause of death (Clark and
Litchfield, 1969). Following injection of PGDN in rats, a
marked decrease in blood pressure occurred, with the maximum
decrease in blood pressure coinciding with the maximum level of
PGDN in the blood. Inorganic nitrate was found to be the major
urinary metabolite with only very small amounts of inorganic
nitrite and propylene glycol mononitrate (PGMN) excreted.
Andersen and Smith (1973) have suggested that the metabolism of
PGDN involves inorganic nitrite as a reactive intermediate which
is eventually converted to inorganic nitrate. A similar type of
process has been suggested for ethylene glycol dinitrate (EGDN)
by Clark and Litchfield (1967).

In 1974, Stewart et al. reported a series of experimental

inhalation exposures of short duration to humans with PGDN vapor.
Headaches occurred in a majority of the individuals exposed to

1.4 mg/m 3 PGDN for 4 hours or more. Repetitive exposure to this
concentration produced a tolerance to the headaches, an effect
that has previously been described for other organic nitrate
compounds (Goodman and Gilman, 1980). No alteration in blood

clinical chemistry values occurred in humans after a single 8-
hour exposure or a few repeated 8-hour exposures to 1.4 mg/m 3 ,
PGDN vapor. Increasing the concentration of PGDN to 3.4 mg/m 3

increased the severity of the headaches. After 8 hours of expo-
sure to this concentration, all three subjects had abnormal modi-
fied Romberg tests. One individual was unable to perform a heel-
to-toe test with his eyes open. Blood clinical chemistry values
in individuals exposed to 3.4 mg/m 3 PGDN were unchanged.

There is no direct evidence that PGDN is a tumorigenic

agent; however, a recent publication indirectly suggests this
possibility. The report describes a 2-year feeding study of
trinitroglycerin (TNG) to rats, mice, and dogs (Dacre et al.,
1979; Ellis et al., 1984). Cholangiofibrosis and hepatocellular
carcinomas were found in the rats surviving 2 years of exposure
to food containing 1.0% TNG. These same lesions were observed to
a lesser degree, in the surviving rats fed 0.1% TNG. PGDN and
TNG are closely related in structure, and it was of interest to
determine if long-term inhalation exposure to Otto Fuel II would
result in tumor formation.

Exposure levels for this study were based on measured PGDN
concentrations. The low level (1.4 mg/m 3 ) represented the Thres-
hold Limit Value (TLV) in effect prior to 1980. This level was
subsequently reduced to 0.1 mg/M 3 in 1981 and then raised to 0.3
mg/M 3 in 1983. The higher exposure level used in the study, 240
mg/M 3 , effectively duplicated the upper exposure level utilized
in the previous 90-day study conducted by Jones et al. (1972).

6



METHODS

Test Agent

Otto Fuel II is a red-orange, free flowing liquid with a
distinctive odor. The physical properties are listed in Table 1.

TABLE 1. PHYSICAL PROPERTIES OF OTTO FUEL ,1a

Density: 1.232 g/mL (25°C)
Vapor Pressure: 0.0877 mm Hg (25°C)
Freezing Point: -27.7 0 C
Boiling Point: Decomposes above 1210C
Flash Point (Cleveland Open Cup): 130 0C
Viscosity: 4.4 cp (25°C)
Surface Tension: 34.45 dynes/cm
Water Saturation: 0.31% (25°C)
Heat Capacity: 0.445 BTU/lb
Maximum Air Saturation Conc.

(Calculated): 781 mg/m3
Solubilities:

Insoluble: Water, ethylene glycol,
propylene glycol

Very Slight Soluble: Heptane, petroleum
ether

Very Soluble: Alcohols, benzene,
carbon tetrachloride,
hexane, chloroform,
toluene, dibutyl
phthalate, trichloro-
ethylene, acetone

a From NAVORD OP-3368 and NAVMED P-5112.

Ten 5-gallon containers of Otto Fuel II were supplied to
the Toxic Hazards Research Unit by the Navy Medical Research
Institute/Toxicology Detachment. The individual samples were
analyzed by High Pressure Liquid Chromatography upon receipt to
insure that a consistent sample was available for the entire
study. This analysis indicated that the average material compo-
sition was 74.3 ± 1.2% PGDN, 1.9 ± 0.6% 2-nitrodiphenylamine and
23.8 ± 1.2% di-n-butyl sebacate. A trace contaminant, ortho-
chloronitrobenzene (OCNB), associated with the manufacture of 2-
nitrodiphenylamine, was also found in the Otto Fuel II supply.
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Contaminant Generation and Monitoring

The great difference in contaminant concentrations between
the two dome atmospheres, as well as safety considerations neces-
sitated separate generation systems.

The contaminant introduction system for the 1.4 mg/m 3 PGDN
exposure consisted of an agitated supply of Otto Fuel II main-
tained at a constant temperature (45 0 C). A controlled air sweep
carried the necessary PGDN vapor (approximately 3 mg/min) to the
chamber air input line. Chamber air flow was maintained at about
40 CFM. Concentration was controlled by a combination of Otto
Fuel II temperature and chamber air flow rate.

Continuous concentration monitoring of the 1.4 mg/m 3 PGDN
exposure was accomplished by a Miran IA infrared analyzer
equipped with a 20 meter path length cell using the 12 micron
band with a 2 mm slit.

The contaminant introduction system for the 240 mg/m 3 PGDN
exposures consisted of three large electrically heated evaporator
towers. Each tower had a contaminant flow rate of approximately
0.33 mL/min with a counter-current air flow of 5 CFM. The vapor
passed through 1" stainless steel lines to the chamber input air
line. Non-volatized material was pumped from the bottom of the
towers to a container for disposal.

A Beckman 400 hydrocarbon analyzer modified to act as a loop
injected isothermal (120*F) gas chromatograph was used to analyze
the 240 mg/m 3 PGDN exposure chamber atmosphere. The automatic
injection system provided a sample every 5 minutes. An 8 cm x
1/8" nickel column packed with 10% UCW-98 on Chromosorb W-HP
separated PGDN with peak elution 2 minutes after injection.

Animals

CDF (Fischer 344)/CrlBr rats were obtained from Charles
River Breeding Laboratories, Wilmington, Massachusettes. C57BL/6
mice were obtained from Jackson Laboratories, Bar Harbor, Maine.
Purebred beagle dogs were purchased from Laboratory Research
Enterprises, Kalamazoo, Michigan. Animals were gang caged by sex
and species in stainless, wire mesh cages during exposure. Food
(Purina, St. Louis, Missouri) was available during non-exposure
periods. Water was available ad libitum. All cage areas were
cleaned daily. Temperature and relative humidity were maintained
at 22 0 C ± 2 and 50% ± 10, respectively.

8



Experimental Approach

Exposures were conducted in 25 m3 Thomas Dome inhalation
chambers on an industrial type work schedule of 6 hours/day,
5 days/week for a 1-year period. Exposures were not conducted on
holidays or weekends. Dogs, rats, and mice were exposed to 1.4
mg/m 3 PGDN. Rats and mice were exposed to 240 mg/M 3 PGDN. A
separate group of dogs, rats, and mice were held at the
Veterinary Science Division Building, at Wright-Patterson Air
Force Base, to serve as unexposed controls. The number of ani-
mals in each group is shown in Table 2. Because of space limita-
tions within the chambers the inclusion of dogs at the 1.4 mg/m 3

exposure level necessitated a reduction in the numbers of rats
and mice at that concentration.

TABLE 2. NUMBER OF ANIMALS IN EACH STUDY GROUP

Dogs Rats Mice
PGDN (Beagle) (Fischer 344) (C57BL/6)

Concentration M F M F M F

0 3 3 100 100 100 100
1.4 mg/m 3  3 3 75 75 75 75
240 mg/M 3  - - 100 100 100 100

At the completion of the 1-year exposure 10 male and 10 fe-
male rats and 10 male and 10 female mice from each experimental
group were randomly chosen for necropsy and tissue collection.
The remaining rodents were held for 1 year of postexposure obser-
vation. The exposure of dogs to 1.4 mg/m 3 PGDN was continued for
an additional 60 days to investigate blood abnormalities. At the
conclusion of this extra exposure time all of the exposed and
control dogs were necropsied.

All animals that died or were sacrificed in this study were
necropsied. The tissues listed in Table 3 were fixed for histo-
pathologic examination. All of these tissues were examined for
microscopic changes in the control and 240 mg/m 3 PGDN groups.
However, the list of tissues examined from the rodents exposed to
1.4 mg/m 3 PGDN was reduced in accordance with current National
Toxicology Program guidelines. In this-group all lungs, livers,
kidneys, and gross lesions were examined. In addition, all
tissues showing evidence of a dose related effect (based on
observation of the control and high level groups) were examined.
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TABLE 3. TISSUES SAMPLED FROM ANIMALS EXPOSED TO

OTTO FUEL II VAPOR

Gross lesions Skin
Tissue masses or suspect tumors Mandibular lymph node

and regional lymph nodes Mammary gland
Larynx Salivary gland
Trachea Stomach
Lungs and bronchi Duodenum
Heart Ileum
Thyroids Colon
Parathyroids Anus
Esophagus Mesenteric lymph node
Liver Thigh muscle
Sternebrae, vertebrae or Sciatic nerve

femur (plus marrow) Thymus
Spleen Gallbladder
Kidneys Pancreas
Bladder Seminal vesicles
Nasal cavity Prostate
Brain Testes
Bone marrow smear Ovaries

Uterus
Pituitary

All animals were observed closely during the study to moni-
tor signs of toxicity. Animals found in a moribund condition
were sacrificed for tissue collection. Rats were individually
weighed at biweekly intervals during exposure and monthly during
the postexposure period. Dogs were individually weighed at bi-
weekly intervals during the exposure. Mice were weighed in
groups with the group mean weights followed on a monthly basis
throughout the experimental period. Blood samples were drawn via
the jugular vein from the dogs at biweekly intervals and clinical
chemistry and hematology determinations made for the series of
tests shown in Table 4. These same tests were performed on blood
collected from the rats sacrificed at the conclusion of the expo-
sure phase of the study and at 1-year postexposure. Blood from
the rats was collected via the vena cava. Orbital sinus blood
samples were also collected from rats at 6 months of exposure for
hematology determinations.
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TABLE 4. CLINICAL HEMATOLOGY AND CHEMISTRY TESTS PERFORMED ON

DOGS AND RATS EXPOSED TO OTTO FUEL II VAPOR

Hematology Chemistry

Hematocrit Albumin
Hemoglobin Total Protein
Total RBC Glucose
Total WBC Alkaline Phosphatase
Reticulocytes SGPT
Differentials SGOT

a. Bands d. Monocytes Bilirubin
b. Neutrophils e. Eosinophils a. Total
c. Lymphocytes f. NRBC b. Direct

Mean Corpuscular Volume (MCV) Creatinine
Mean Corpuscular Hemoglobin (MCH) BUN
Mean Corpuscular Hemoglobin y-Glutamyl Transferase

Concentration (MCHC)

Methemoglobin measurements were conducted according to the
method of Rodkey, et al. (1979). Blood was collected from the
tail vein of 10 male and 10 female rats in the control and high
level exposure group. Dog blood was collected via the jugular
vein. Liver, kidney, and spleen weights were measured in all
dogs and rats at the exposure termination and postexposure termi-
nation sacrifices.

Statistical Analysis

A one-way analysis of variance technique was used for a
statistical evaluation for equality of means. This was followed
by a multiple comparison procedure when necessary (Zar, 1974). A
probability of p 4 0.05 was accepted as significant.

RESULTS

Analytical

The final exposure concentrations are shown in Table 5.
Rats and mice received a total of 249 6-hour exposures during the
year. Because of the extension of the exposure to dogs this
species received 293 exposures.

11



TABLE 5. SUMMARY OF CHAMBER CONCENTRATION INFORMATION

Analyzed Conc.
Total (mg/mr3 )

Species Target (mg/m 3 ) Exposure Days Mean SD

Rat, Mouse 1.4 249 1.43 0.08
Dog 1.4 293 1.43 0.08
Rat, Mouse 240 249 241 5.19

Exposure of Dogs to Otto Fuel II

There were no mortalities and dogs exposed to 1.4 mg/m 3 PGDN
demonstrated no overt signs of toxicity during the exposure per-
iod. Biweekly body weight measurement did not reveal any sig-
nificant differences between dogs exposed to 1.4 mg/m 3 PGDN and
unexposed controls.

After 2 weeks of exposure, decreased hematocrit (Figure 1)
and hemoglobin (Figure 2) values were evident in the dogs exposed
to 1.4 mg/m 3 PGDN when compared to the unexposed control dogs.
Red blood cell counts in exposed dogs were also depressed after 4
weeks of exposure (Figure 3). The anemia present in the Otto
Fuel II exposed dogs produced no increase in reticulocyte counts;
rather, a progressive decrease in reticulocytes appeared in the
exposed dogs (Figure 4). Examination of dog RBC's after 6 and 8
months of exposure failed to reveal the presence of Heinz bodies.

During the last quarter of the exposure period, a substan-
tial steady decrease in RBC counts, hematocrit, and hemoglobin
values of exposed dogs occurred. These decreases were also noted
at a somewhat earlier time in the control dogs. Because it was
not clear at the end of the scheduled year-long exposure if the
changes were persistent or transient, or if the changes were
exposure related, the exposure of dogs was extended an additional
60 days. During this time period RBC, hematocrit, and hemoglobin
values of both groups generally increased. However, in spite of
this variation the values of dogs exposed to Otto Fuel II vapor
continued to remain lower than controls during the time period.
Despite the apparent anemia present in the exposed dogs, the
reticulocyte counts did not increase. All other hematology and
clinical chemistry measurements made on dog blood revealed no
significant trends.

12
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Red blood cell osmotic fragility tests were conducted during
the seventh month of the exposure to investigate the possibility

that the anemia present in the exposed dogs was a result of in-

creased fragility. The results of these tests are shown in

Figure 5. The fragility curves for exposed and control animals
were very similar. The only difference is that the blood from
exposed dogs was more completely hemolyzed at lower saline con-
centrations than the controls. The test was repeated at 8 months

exposure with similar results.

-Mesa d61ue

iS.

40-

CO#4CENTRATIWH OF SALINE SOLUTMON 2

Figure 5. Osmotic fragility of dog blood after 7 months
intermittent exposure to 1.4 mg/rn3 Otto Fuel II.

The results of methemoglobin determinations conducted on

dogs are shown in Table 6. Exposure to 1.4 mg/rn3 PGDN produced a
slight but statistically significant increase in methemoglobini.

Dog organ weights obtained at the time of sacrifice are
shown in Table 7. A reduced liver/body weight ratio was noted in
the dogs exposed to 1.4 mg/rn3 PGDN.

Microscopic examination of the tissues collected from dogs
indicated no lesions that were considered to be exposure related.
Examination of the bone marrow taken in routine bone sections did
not suggest any unusual effects on the blood forming cells.
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TABLE 6. METHEMOGLOBIN LEVELS (%)a IN DOGS EXPOSED TO
OTTO FUEL II VAPOR

Exposure PGDN Concentration (mg/m 3 )

Day 0 1.4

44 0.38 ± 0.15 1.21 ±0.48b

136 1.79 ± 0.87 4.60 ±1.51b

171 1.39 ± 0.82 2.84 0 . 5 7b
231 1.37 ± 0.30 3.09 0.95b

a Mean ± SD, N = 6.
b Different from control, p 4 0.05.

TABLE 7. ORGAN WEIGHTSa OF DOGS EXPOSED TO OTTO FUEL II VAPOR

PGDN Cncentration (mg/m 3 )
0 1.4

Body weight, kg 11.7 ± 2.9 13.2 ± 0.9

Liver weight, g 336.9 ± 76.7 318.8 ± 30.9
Liver/100 g body wt 2.9 ± 0.2 2.4 ± 0.3b

Spleen weight, g 117.9 ± 19.1 163.4 ± 53.3
Spleen/100 g body wt 1.1 ± 0.3 1.3 ± 0.4

Kidney weight, g 56.6 ± 15.8 62.0 ± 6.7
Kidney/100 g body wt 0.5 ± 0.1 0.5 ± 0.1

a Mean ± SD, N = 6.
b Different from control, p < 0.05.

Exposure of Mice to Otto Fuel II

Exposure to 1.4 mg/m 3 or 240 mg/m 3 PGDN did not alter the
body weight gain of male or female mice. Statistical analysis
(Mantel-Cox test) of mouse survival data indicated a slight but
significant (p 4 0.01) increase in the life span of exposed male
mice when compared to controls. This increased life span was not
seen in female mice.
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Table 8 presents the results of the microscopic examination
of tissues collected from mice exposed to Otto Fuel IH. Only the
most frequently observed lesions are listed. At exposure termi-
nation, chronic ulcerative dermatitis was recorded in 11/39 (28%)
of male and female control mice and only 2/41 (5%) of the high
dose subjects. Hyaline degeneration of the nasal epithelium and
granulocytic hyperplasia of the bone marrow were recorded more
frequently in control mice than in the exposed subjects. Hyaline
degeneration of gallbladder epithelium was also noted frequently
in control mice. Hepatocellular fatty change was noted with in-
creased frequency in control mice. This change was often associ-
ated with chronic ulcerative dermatitis. In contrast, hepato-
cellular cytoplasmic vacuolization was recorded exclusively in
exposed mice where 12/35 (34%) of the high dose mice exhibited
this change. At the light microscopic level, cytoplasmic vacuo-
lization was attributed to increased cytoplasmic glycogen and
probably was related to an abbreviated routine fasting period
just prior to sacrifice and not to any pathologic event.

Lesions observed at the conclusion of the 1-year postexpo-
sure observation period were generally consistent with those
observed at exposure termination (Table 8). In addition, extra"
medullary hematopoiesis in the spleen was observed more frequent-
ly in controls. Splenic lymphoid hyperplasia was noted to be
slightly more common in mice exposed to 240 mg/m 3 PGDN than in
controls. Both atrophy and focal hyperplasia were common in the
adrenal cortex of older male mice assigned to all experimental
groups. All other tissue changes noted in mice examined at
either exposure termination or 1-year postexposure demonstrated
no relationship to exposure.

Exposure of Rats to Otto Fuel II

Similar to the effect noted in male mice, the female rats
exposed to Otto Fuel II demonstrated a significantly (p 4 0.01)
longer life span compared to controls. The survival of male rats
exposed to Otto Fuel II was comparable to controls.

Exposure to Otto Fuel II retarded the growth of male rats
compared to unexposed controls (Figure 6). This effect appeared
to be dose related, however, the magnitude of the exposure con-
centration difference was not reflected by the difference in body
weights between the two exposure groups.
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TABLE 8. LESIONSa OBSERVED IN MICE EXPOSED TO
OTTO FUEL II VAPOR

Male Female
Control 1.4 mg/m 3  240 mg/M 3  Control 1.4 mg/m 3  240 mg/m 3

Exposure Termination

Skin
Ulcer 3/21 (14) 2/16 (13) 2/17 (12) 8/18 (44) 0/18 ( 0 )b 0/24 (0)b
Nasal
Hyaline degeneration 11/21 (52) 7/16 (44) 1/14 ( 7 )b 13/17 (76) 8/15 (53) 4/18 ( 2 2 )b

Bone Marrow
Granulocytic

hyperplasia 13/20 (65) 3/13 ( 2 3 )c 1/14 ( 7 )b 12/16 (67) 0/14 (O)b 0/18 ( 0 )b
Liver
Fatty change 12/21 (57) 2/15 (1 3 )c 5/15 (33) 10/17 (59) 9/16 (56) 3/20 (15)b
Vacuolization 0/21 (0) 3/15 (20) 3/15 (20) 0/17 (0) 3/16 (19) 9/20 ( 3 8 )b

Gall Bladder
Hyaline degeneration 6/19 (29) 1/12 (8) 0/11 (0) 3/16 (19) 3/12 (25) 1/14 (7)

1-Year Postexposure

Skin
Ulcer 5/79 (6) 3/59 (5) 5/83 (6) 17/82 (21) 9/57 (16) 11/75 (15)
Mammary Gland
Cystic hyperplasia 0/79 (0) d 0/75 (0) 28/82 (34) d 4/75 ( 5 )b

Bone
Osteosarcoma 0/70 (0) d 0/82 (0) 0/76 (0) d 1/70 (1)
Osteosclerosis 0/70 (0) d 1/82 (1) 0/76 (0) d 0/70 (0)
Bone Marrow
Granulocytic

hyperplasia 30/70 (43) d 6/81 ( 7 )b 26/74 (35) d 12/69 (1 7 )c
Liver
Fatty change 39/79 (49) 28/57 (49) 54/82 (66) 52/81 (64) 19/56 (34) 39/75 (52)
Spleen
Hematopoiesis 24/76 (32) 4/14 (29) 16/79 (20) 49/78 (63) 15/35 (43) 23/73 ( 3 2 )b
Lymphoid hyperplasia 2/76 (3) 2/14 (14) 15/79 (1 9 )b 2/78 (2) 3/35 (9) 7/73 (10)
Adrenal Gland
Atrophy 12/74 (16) 36/42 ( 8 6 )b 15/72 (21) 0/80 (0) 0/9 (0) 1/72 (1)
Salivary Gland
Lymphocytic

infiltrates 45/73 (62) d 47/81 (57) 38/74 (51) d 35/72 (49)

a Number observed/Number examined (%).
b Different from control, p 4 0.01.
c Different from control, p 4 0.05.
d Tissues not examined.

The body weights of female rats are shown in Figure 7.
During the exposure period the body weights of Otto Fuel II ex-
posed rats were comparable to or greater than controls. Sub-
sequent weighings postexposure indicated that both groups of
exposed rats weighed less than controls. As with the male rats,
the small differences in body weights between the exposure groups
did not reflect the large difference in exposure concentration.

Examination of male and female rat clinical chemistry param-
eters at exposure termination and 1-year postexposure did not
indicate any clearly exposure related effects. For comparison
with the dog erythrocyte parameters, red blood cell (RBC) counts,
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hematocrit (HCT), and hemoglobin (HGB) levels are presented in
Table 9. Although there were occasional differences in erythro-
cyte parameters between control and exposed rats, there was gen-
erally no indication of a consistent dose response. Furthermore,
none of the groups examined demonstrated reductions in all three
parameters (RBC, HCT, and HGB) at any single examination time.

TABLE 9. RED BLOOD CELL COUNTS (RBC) HEMATOCRIT (HCT) AND
HEMOGLOBIN (HGB) VALUESa OF MALE AND FEMALE RATS

EXPOSED TO OTTO FUEL II VAPOR

Male Rats Female Rats
PGDN Concentration (mg/m

3 ) PGDN Concentration (mg/m
3

)

0 1.4 240 0 1.4 240

6-Month Exposure
RBC (zl0* cells/mm

3
) 8.31 ± 0.47 8.22 1 0.49 7.50 ± 0 . 7 7 b 9.31 j 1.29 8.48 j 0.97 7.79 ± 2 . 0 1 c

HCT (%) 50 j 2 49 ± 2 50 1 1 48 ± 2 50 ± 2c 48 ± 1
HGB (g/dl) 17.3 ± 0.4 16.8 ± 0.7c 17.2 ± 0.4 16.6 ± 0.9 17.4 ± 0 .6C 16.9 ± 0.3

1-Year Exposure
RBC (xl0s cells/mm

3 ) 9.65 1 1.10 7.53 ± 0.43b 8.83 j 0.68c 6.33 ± 0.96 7.55 ± 0 . 9 9 b 7.44 ± 0.710
HCT (%) 46 ± 2 4 4 j 2 b 47 ± 1 41 ± 1 44 ± le 44 j 1

HGB (g/dl) 14.8 ± 0.4 14.6 1 0.7 15.0 ± 0.3 13.8 ± 1.4 14.7 ± 0.3 14.7 ± 0.3

1-Year Postex sure
RDC (xl0T cell/L1) 8.51 ± 1.30 8.60 ± 1.48 8.36 ± 1.00 7.14 ± 0.69 7.39 j 0.68 7.30 ± 0.42
HCT (%) 45 ± 6 44 ± 7 44 ± 4 39 ± 4 41 ± 4 40 j 2
HGB (g/dl) 17.2 ± 2.0 17.3 ± 2.6 16.8 ± 2.0 14.5 ± 1.7 15 ± 1.0 14.8 ± 0.6

a Mean i SD, N = 9 - 11 samples/group.
b Different from control, p ( 0.01.
c Different from control, p 4 0.05.

Results of the rat methemoglobin tests conducted during the
exposure period are shown in Table 10. Exposure to 240 mg/m 3

produced a mild increase in methemoglobin formation in both male
and female rats.

Rat organ weights are shown in Table 11. Organ weights
relative to body weight are shown in Table 12. At exposure ter-
mination, male and female rats exposed to Otto Fuel II demon-
strated reduced liver weight. Considering the large concentra-
tion difference between the two exposure groups, the small dif-
ference in liver weights would suggest this finding was unrelated
to exposure. Other organ weight changes noted were also consid-
ered incidental.

Lesions observed in rats at exposure termination are shown
in Table 13. The table has been abbreviated to exclude most of
the common spontaneous lesions showing no exposure relationship.
At exposure termination, a modest number of rats assigned to both
the low and high dose exposure groups exhibited mild hyaline de-
generation of the nasal epithelium. Very slight increases in
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TABLE 10. METHEMOGLOBIN LEVELSa (%) IN RATS
EXPOSED TO OTTO FUEL II VAPOR

Exposure PGDN Concentration (mg/m 3 )
Day Sex 0 240

3 M 0.97 ± 0.92 1.84 ± 1.10

8 F 0.81 ± 0.70 2.00 ± 1.70
13 M 0.40 + 0.31 1.59b 0.68
18 F 0.71 ± 0.51 1 . 5 8 b + 0.64

23 M 0.62 + 0.35 2.90b± 0.69
28 F 1.19 ± 0.71 2.31b 0.95
33 M 1.20 ± 0.71 2.49b± 1.33

145 M 1.48 ± 0.82 3 . 5 7 b ± 0.52
170 F 2.51 ± 0.52 3.18b± 1.05
212 M 2.22 ± 0.93 3.59b± 1.47
241 F 1.39 ± 0.42 3.08b± 1.33
245 M 1.30 ± 0.96 3 . 7 6 b ± 0.67

a Mean ± SD, N = 7-10 samples/group.
b Different from control, p 4 0.05.

TABLE 11. ORGAN WEIGHTSa OF RATS EXPOSED TO OTTO FUEL II VAPOR

PGDN Cone. Weight (g)

Time (mg/m3) Body Liver Kidney Spleen

Male Rats

Exposure 0 407 ± 23 10.54 ± 0.93 2.43 ± 0.17 0.61 ± 0.09
Termination 1.4 379 ± 2 9 b 9.47 ± 0 . 9 3 b 2.30 ± 0.18 0.55 1 0.07

240 378 ± 1 7 b 9.40 ± 0 . 8 7 c 2.33 ± 0.13 0.57 ± 0.08

1-Year 0 391 ± 24 11.52 ± 0.84 3.00 ± 0.36 0.96 ± 0.21

Postexposure 1.4 424 ± 38 11.38 ± 1.58 2.90 ± 0.21 1.18 ± 0.27

240 394 ± 19 11.14 ± 1.72 2.79 ± 0.21 1.08 ± 0.52

Female Rats

Exposure 0 216 ± 29 5.93 ± 1.09 1.50 j 0.17 0.43 ± 0.11
Termination 1.4 206 ± 13 4.89 ± 0 . 3 3 b 1.39 ± 0.06 0.38 ± 0.05

240 200 + 14 4.71 ± 0.32c 1.43 + 0.08 0.35 ± 0.06b

1-Year 0 254 ± 17 6.94 ± 0.67 1.79 ± 0.14 0.93 ± 0.48

Postexposure 1.4 249 ± 41 6.90 ± 0.94 1.79 ± 0.15 0.62 ± 0.27
240 252 ± 21 6.62 ± 0.67 1.74 ± 0.14 0.55 ± 0.26b

a Mean ± SD, N = 9 - 10 samples/group.
b Different from control, p 4 0.05.
C Different from control, p 4 0.01.
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TABLE 12. RELATIVE ORGAN WEIGHTSa OF RATS EXPOSED TO
OTTO FUEL II VAPOR

PGDN Conc. Relative Weight
Time (mg/M 3 ) Liver Kidney Spleen

Male Rats

Exposure 0 2.59 ± 0.17 0.60 ± 0.04 0.15 ± 0.02
Termination 1.4 2.49 ± 0.10 0.61 ± 0.02 0.14 ± 0.01

240 2.48 ± 0.16 0.62 ± 0.03 0.15 ± 0.02

1-Year 0 2.95 ± 0.17 0.77 ± 0.10 0.25 j 0.05
Postexposure 1.4 2.69 ± 0.30 0.69 ± 0 .0 4 c 0.28 ± 0.07

240 2.83 ± 0.40 0.71 ± 0.04 0.27 ± 0.13

Female Rats

Exposure 0 2.74 ± 0.26 0.69 ± 0.03 0.20 * 0.03
Termination 1.4 2.38 ± 0 . 1 1b 0.68 ± 0.03 0.18 ± 0.03

240 2.36 ± 0 . 1 8 b 0.72 ± 0.04 0.17 ± 0.02

1-Year 0 2.74 ± 0.22 0.71 ± 0.03 0.37 ± 0.21
Postexposure 1.4 2.79 ± 0.20 0.74 ± 0.14 0.25 ± 0.08

240 2.64 ± 0.28 0.69 ± 0.04 0.22 ± 0.12

a Organ weight/100 g body weight, Mean ± SD, N = 9-10

samples/group.
b Different from control, p < 0.01.
C Different from control, p < 0.05.

TABLE 13. LESIONSa OBSERVED IN RATS EXPOSED TO
OTTO FUEL II VAPOR

Male Female

Control 1.4 mir
3  

240 mg/rn Control 1.4 mg/M3 240 mg/m3

Exposure Termination

Has&l
Hyaline degeneration 0/15 (0) 5/15 (3 0 )b 5/11 (4 5 )C 0/17 (0) 3/10 (30) 2/13 (15)
Luing
Perivascular cuffing 1/15 (7) 4/15 (27) 1/11 (9) 1/17 (6) 1/10 (10) 6/13 ( 4 6 )b
Alveolar macrophages 0/15 (0) 1/15 (7) 1/11 (9) 0/17 (0) 0/10 (0) 0/13 (0)
Congestion 3/15 (30) 3/15 (2) 0/11 (0) 3/17 (18) 0/10 (0) 2/13 (15)
Lymphocytic

Infiltration 0/15 (0) 2/15 (13) 0/11 (0) 0/17 (0) 0/10 (0) 0/13 (0)

1-Year Postexposure

Nasal
KYaline degeneration 18/82 (22) d 23/87 (26) 51/83 (61) d 59/85 (69)
Done
Osteosclerosis 0/78 (0) 0/55 (0) 0/85 (0) 10/80 (13) 5/61 (8) 24/83 ( 2 9 )b
Osteosarcoma 0/78 (0) 1/55 (2) 2/85 (2) 0/80 (0) 0/61 (0) 0/83 (0)
Osteoma 0/78 (0) 0/55 (0) 0/85 (0) 0/80 (0) 1161 (2) 0/83 (0)
Spleen
Mononuclear cell

leukemia 12/82 (15) 6/58 (10) 5/88 (6) 22/82 (27) 19/65 (29) 6/87 (7 )c
Hemoslderosis 7/82 (9) 1/58 (2) 8/88 (9) 34/82 (41) 5/65 ( 8 )c 53/87 (6 1 )b
Uterus
Adenocarcinoma - - - 24/81 (30) 3/65 ( 5 )c 6/85 ( 7 )c
Endometrial

stromal polyp - - 3/81 (4) 7/65 (11) 12/85 (14)

a Number observed/Number examined (%).
b Different from control, p c 0.05.
c Different from control. p c 0.01.
d Tissues not examined.
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pulmonary inflammatory changes (including perivascular cuffing,

lymphocytic infiltrates, chronic/interstitial inflammation, and
alveolar macrophages) were noted in exposed subjects.

Changes noted in rats at the conclusion of 1-year postexpo-
sure are also shown in Table 13. Primary bone neoplasms (I
osteoma and 3 osteosarcomas) were observed in exposed rats where-
as no skeletal tumors were recorded in control subjects. Osteo-
sclerosis of cortical bone was also noted with modest frequency
in the high dose females. Mononuclear cell leukemia (large gran-
ular lymphocyte leukemia) was observed with diminished frequency
in both male and female exposed rats. Splenic hemosiderosis was
frequently diagnosed in both control and high dose females.
Uterine (endometrial) adenocarcinomas were recorded in 30% of the
control females whereas only 7% of the high dose females exhi-

bited this neoplasm. Tumor incidences in both groups appeared to
be within the range of normal variability for uterine adenocar- i•
cinomas in Fischer 344 rats. In contrast to the decreasing trend
for uterine adenocarcinomas in exposed rats, endometrial stromal
polyps were slightly increased in exposed females, 14% in high
dose subjects compared with 11% in low dose females and 4% in
controls. Endometrial stromal polyps are common in older Fischer
344 rats. All other changes noted in male and female rats from
the study were considered to be unrelated to Otto Fuel II
exposure.

DISCUSSION

Of the three species of animals exposed to Otto Fuel II
vapors in this study the dog appeared to be the most sensitive.
Previous 90-day continuous inhalation studies by Jones et al.
(1972) indicated that dogs exposed to 236 mg/m 3 PGDN showed
markedly reduced hemoglobin and hematocrit levels. In addition
these dogs developed increased methemoglobin levels. The results
of the present study in which dogs were exposed for a longer time
period at a much lower concentration (1.4 mg/m 3 ) indicate a simi-
lar, albeit, less severe response. Reductions in RBC counts,
hematocrit, and hemoglobin levels were evident in exposed dogs
within the first month of exposure, and continued to be depressed
for the entire period of exposure. Subsequent examinations con-
ducted during the course of the exposure indicated continued
significant differences in these erythrocyte parameters between
exposed and control dogs. Because of the depression in these
parameters noted near the original 1-year exposure termination
date, the exposure was extended for 60 days. During this time
the erythrocyte parameters increased, suggesting that the flucua-
tions were within normal species variations. Despite these
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variations in both control and exposed dogs, the relative
difference between the two groups of animals remained and it was
concluded that the differences were due to Otto Fuel II
exposure. Concommitant with the reduced erythrocyte parameters
in dogs was the presence of increased methemoglobin levels. Al-
though these methemoglobin concentration increases were small,
they were a consistent effect and were found to be statistically
significant when compared to control values. Furthermore, com-
parison of the dog blood effects noted in this study with those
of the previous study by Jones et al. (1972) demonstrates a dose
response relationship.

Species differences in the formation of methemoglobin by
nitrates have been reported by Calabrese et al. (1983). Jones et
al. (1972) found dogs and monkeys to be more susceptible to PGDN-
induced methemoglobin formation than rats or guinea pigs. Recent
in vitro studies by Wyman et al. (1985) indicated the net rate of
PGDN-mediated methemoglobin formation followed the sequence dog >
guinea pig > rat > human. A similar relationship between the dog
and rat was found in the present study. The methemoglobin con-
centration increases in rats exposed to PGDN for 1 year were
generally comparable to the levels determined in dogs. When one
considers the fact that these rats were exposed to PGDN at a
concentration approximately 170 times greater than the dogs, the
species difference in susceptability is readily apparent. In
addition, rats failed to demonstrate the reductions in erythro-
cyte parameters that were consistently seen in dogs.

The presence of a trace contaminant, ortho-chloronitroben-
zene (OCNB) was detected in the neat Otto Fuel II used for these
exposures, in the distillate of volatilized Otto Fuel II, and in
a vapor trap located in the introduction line of the low level
exposure chamber. OCNB had been shown to produce late life tu-
mors in male rats and hepatocellular tumors in female rats after
sustained 12-month doses of 500 mg/kg of body weight (Weisburger
et al., 1978). Calculations based on maximum OCNB found in dis-
tillate condensate, using average rat ventilation rates and as-
suming 100% retention, produced an estimated life dose for each
rat of 0.05 mg/kg (Einhaus et al., 1982), an insignificant amount
compared to the 500 mg/kg dose found to be carcinogenic.

The development of liver tumors in rats fed TNG for 2 years
(Dacre et al., 1979; Ellis et al., 1984) suggested the possibil-
ity that long-term exposure to PGDN may also result in increased
tumor formation, given the closely related structure of TNG and
PGDN. The results of the microscopic examination of tissues
collected from dogs, mice, and rats at exposure termination and
at 1-year postexposure generally failed to suggest any exposure
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related non-neoplastic changes. The only microscopically
observable tissue alterations occurring more frequently in mice
exposed to 240 mg/m 3 Otto Fuel II than in controls was splenic
lymphoid hyperplasia. This finding may have represented early
lymphoma, which is very common in older C57BL/6 mice. This
increased incidence was considered incidental. Similarily, the
non-neoplastic changes, including splenic hemosiderosis, noted in
rats exposed to Otto Fuel II were also considered to be
incidental effects unrelated to exposure. The incidence of
osteosclerosis was thought to be related to variations in
estrogenic hormone levels. In addition, no strong tumorigenic
potential was demonstrated in rats or mice exposed to Otto Fuel
II vapor, even at a high concentration approaching 800 times the
present TLV of 0.3 mg/m 3 . Interestingly, the frequency of
mononuclear cell leukemia, a hematopoietic neoplasm usually very
common in aging Fischer,344 rats, was noted with decreased
frequency in exposed subjects, suggesting a possible protective
effect. The occurrence of primary bone tumors in both the low
dose and high dose rat groups, with none in the controls suggests
a possible relationship with Otto Fuel II exposures, since these
tumors are generally considered to be uncommon. However, the low
frequency and absence of a dose response relationship, in view of
the drastic difference in exposure concentration, implies that
the development of these neoplasms was probably unrelated to Otto
Fuel II exposure. More importantly, this study has demonstrated
that despite the similarity in structure between TGN and PGDN, 1
year of intermittent inhalation exposure to PGDN produced no
significant liver tumors in rats or mice.
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