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Washington, DC 20460 ' ) .
RE: TSCA Section 8(e)
Notification on Di-isopropyl
ether, CAS 108-20-3
Dear Sir:
The has investigated the developmental

effects of di-isopropyl ether in rats. A statistically significant increase in rudimentary 14th ribs at
vapor concentrations of 14.6 and 29.3 mg/l was observed. Maternal toxicity, possibly secondary
to the stress of an inhalation exposure, was also observed at these dose levels. We do not believe
that this result demonstrates a significant risk to human health, but the data are being submitted
because of uncertainty in interpreting EPA criteria for reporting results of reproductive health
studies. The report for this study is enclosed. _

Confidentiality is being claimed for the company name and names of company employees. All
pages containing this information have been stamped confidential. Two copies of this
notification are being submitted; confidential information has been excised from one copy and
circled on the other. The substantiation for the confidentiality claim is attached.

Sincerely,

Enclosures

This report is being made in compliance with Section 8(e) of the Toxic Substances Control Act (15 U.S.C. 2607),
pursuant to our understanding of the Statement of Interpretation and Enforcement Policy (43 Fed. Reg. 11110 et.
seq.). It has been compiled based on information available within the time period given. The corporation and
individual signator also reserve the right to supplement any or all of the data contained herein and to revise or
amend any conclusion drawn therefrom.

’




SUBSTANTIATION OF CONFIDENTIALITY CLAIM

Confidentiality is being claimed for the submitter's identity and the names of company scientists
which appear in the submission.

1.
2.

10.

11.

12.

13.
14.

This confidentiality claim is being made on the submitter's behalf.

No time limit is specified for this claim since we cannot assign a time at which the
material being reported will no longer be of commercial interest to the submitter.

The information contained in this submission has not been previously submitted to any
governmental agency.

The information is kept in an Archive and other company confidential files to which
access is restricted to authorized personnel.

No one outside v has access to the information involved in this
confidentiality claim. : ‘

The information for which confidentiality is being claimed does not appear in any
advertising or promotional material, material safety data sheet, technical data sheet,
professional or trade publication, or any other media available to the public or to ouf
competitors.

To our knowledge, no confidentiality determinations have been made by the EPA, other
Federal agency, or court in connection with this information.

These claims are being made in order to retain maximum utility of the information for the
corporation which incurred the costs of the study being reported.

The test article discussed in this submission is not patented.

The substance covered by this submission has been commercially available from other
manufacturers for many years.

a. Our competitors are aware that it is on the market.
b. In the past this material has been burned for fuel and added to gasoline. We are
not aware of current uses.

Reverse engineering is not an issue in this confidentiality claim since the structure of the
test article is being disclosed.

Disclosure of this information would not reveal confidential processes or concentrations
of substances in a mixture. The information is unrelated to the effects of the substances
on human health or the environment.

The CAS number is provided in the submission cover letter.

The subject of this notification and the information being claimed confidential are not
subject to FIFRA regulation or reporting.
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EXECUTIVE SUMMARY

Presumed-pregnant rats were exposed to Di-Isopropyl Ether (DIPE) vapors for six hours daily
during gestation days 6-15. The mean vapor concentrations at the three dose levels were
measured to be 1.9, 14.0, and 30.8 mg/L with DIPE representing approximately 95, 92, and
92% of the total vapor concentration, respectively. Two additional groups served as controls;
one untreated control and one inhalation sham control. All remaining animals were killed on
gestation day 20.

Exposure to DIPE vapors resuited in slight maternal and developmental toxicity at the mid and
high dose concentrations. Evidence of maternal toxicity consisted of clinical signs of 'anesthetic
effects' in several high dose females, a significant reduction in body weight gain, and a
significant decrease in food consumption. A dose-related increase (p<0.01 at the mid and high
dose concentrations) in the incidence. of rudimentary 14th ribs was the only indicator of
adverse fetal developmental effects. There was no apparent toxicity, either maternal or fetal, at
the lowest exposure level. ’
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SUMMARY

An inhalation/developmental toxicity study was conducted at

to obtain data on the effects of Di-Isopropyl Ether (DIPE) on
parameters of reproductive performance during gestation and the viability and development of
the embryo/fetus. DIPE was administered during gestation days 6-15 for six hours per day via
pulmonary exposure to presumed-pregnant rats at mean concentrations of 1.9, 14.0, and 30.8
mg/L. Two additional groups served as controls; one untreated control and one inhalation sham
control. All remaining animals were killed on gestation day 20.

Exposure to DIPE vapors resulted in signs of slight anesthesia, a significant reduction in body
weight gain, and a significant decrease in food consumption at 14.0 and 30.8 mg/lL. Maternal
serum chemistry values were not affected by DIPE vapor exposure. No adverse effects were
observed for fetal parameters at the time of cesarean section (viability, body weight, external
development) or subsequent fetal visceral examination. Fetal skeletal examination revealed a
statistically significant (p<0.01) increase in the incidence of rudimentary ribs at 14.0 and
30.8 mg/L. *

Based on the data generated, exposure to DIPE vapors during gestation results in both maternal
and developmental toxicity at 14.0 mg/L and above.

1.0 INTRODUCTION

A developmental toxicity study was conducted at in which presumed-pregnant animals
were exposed to DIPE vapors via inhalation. This route of administration was chosen because of
the potential for vaporization of DIPE during production, handling, and use as a gasoline
additive. The dose levels chosen were the same as those used in the 13-week inhalation study
that was being run concurrently (Study No. 64661). The primary objective of this study was to
evaluate the effects of DIPE vapors on female rats during gestation (body weight gain, food
consumption, serum chemistry parameters) and to determine if in utero exposure to the
material adversely affects fetal viability and development.

2.0 METHODOLOGY

2.1 Experimental Design

Presumed-pregnant rats were distributed into five groups: two control groups (untreated and
sham) and three groups exposed to DIPE at approximate concentrations of 1.9, 14.0, and 30.8
mg/L, respectively (see Section 2.6.1 for additional details on DIPE concentrations). Animals in
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Group 1 (Untreated Control) received no treatments. Animals in Groups 2-4 were exposed
(either sham or test material) for six hours on each of gestation days 6-15. At the start of the
dosing phase of the study, each group contained 22 presumed-pregnant females.

All the animals were monitored throughout the study until sacrifice for 1) changes in
appearance, behavior, and excretory function, and 2) signs of ill-health, mortality, abortion
and/or dystocia. A prepartum investigation on a variety of maternal and fetal parameters for
Groups 1-5 was undertaken to assess the influence of DIPE vapors on reproductive performance
and development of offspring. The inclusive dates for specific study activities were as follows:

Acclimation Period: QOctober 1-14, 1991

Mating Period: October 14-25, 1991
Gestation Period: October 15 -November 14, 1991
Casarean Section: November 4-14, 1991

Skeletal Examinations: March 24 -September 17, 1993
Visceral Examinations: March 10, 1992 -July 6, 1993
‘ »

2.2 Animal Data
One hundred thirty female Sprague-Dawley rats [VAF/Plus Crl:CD(SD)BR; approximately 9
weeks old] were obtained from Charles River Breeding Laboratories, Kingston, New York. The
male rats used as breeders were aiready in-house and had been received on July 15, 1991,
from the same Charles River facility. The females were acclimated to the test facility for two
weeks before the breeding period was initiated. Each female was individually identified by a
numbered metal ear tag on gestation day 0. With the exception of exposure periods (at which
time no food or water was available to females in Groups 2-4), tap water and Purina Certified
Rodent Chow #5002 were provided ad /ibitum during the course of the study.

-

When not in exposure chambers, animals were housed in air-conditioned rooms set to maintain
68-72°F, 40-60% relative humidity, and 12-hour light-dark cycles. The average
temperature throughout the study ranged from 69-71°F in the animal rooms with no
significant deviations (on several days, the temperature reached 73°F). The temperature inside
the inhalation chambers averaged 73°F + 2°. The average humidity in the animal rooms ranged
from 37-65%, with the humidity dropping occasionally into the low 30's. Humidity in the
inhalation chambers was higher and averaged 6019, 6117, 6617, and 5118% in chambers 1-
4, respectively. This large deviation in humidity is not unexpected since the chambers are
sealed during the exposure period and then opened during the nonexposure periods. During the
weekend of October 26, 1991, the lights were on in each animal room for an extra hour until
the timers could be reset to accommodate the change from Daylight Savings Time to Eastern
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Standard Time. None of the above deviations from set temperature, humidity, or lighting
adversely effected study results.

2.3  Mating Period

During the mating period (2 weeks, excluding Saturday and Sunday nights when pairs were not
cohabited), female rats which had not previously borne pups were placed with male rats in a
ratio of 1:1. Each morning during the periods of cohabitation, females were monitored for the
presence of vaginal or tray plugs. if either was present, a vaginal lavage sample was obtained
and examined for the presence of spermatozoa. Females that were positive for spermatozoa were
considered to be at day 0 of presumed gestation and were placed in individual housing units. The
cohabitation period was continued until 110 presumed-pregnant female rats were obtained.
Female rats which showed no evidence of breeding activity, and the male rats used for breeding,
were returned to the general rat population in the facility.

24 Assignment to Experimental Groups B .

On day 0 of gestation, presumed-pregnant female rats were distributed 1o one of Groups 1-5
L 4

using a computer-generated table of random numbers for a stratified sample size of 5. This

procedure was continued until each group contained 22 presumed-pregnant females.

2.5  Material Administered

Test Material: Di-Isopropyl Ether (DIPE) ‘

Identification: CRU# 91510 Used 10-21-91 through 11-1-91
CRU# 91642 Used 11-2-91 th:ough 11-9-91
Both CRU samples were received from the same lot of DIPE which was being
stored at the laboratory. Shipments were made to as more
material was needed.

Expiration Date: 05-01-92 when refrigerated.

2.6  Test Material Administration

2.6.1 DIPE Vapor Administration (Groups 3 -5)

Presumed-pregnant females in Groups 3-5 were exposed to DIPE vapors for 6 hours daily on
each of gestation days 6-15. They were singly housed in the inhalation chambers throughout
this period and did not rec 3 food or ater during exposures. All exposures were performed by
members of the Inhalatioi. l'oxicology group. In general, neat DIPE was vaporized via heat
generated from hot water (~115°F), mixed with air, and carried to the inhalation chambers.
The air stream carrying the DIPE was divided and diluted as needed to supply the varying
concentrations to each of the three DIPE chambers. Analysis of samples taken from the three
chambers indicated that the mean total vapor concentrations were 1.9, 14.0, and 30.8 mg/.
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DIPE represented approximately 95, 92, and 92%, respectively of those total vapors (see
Table 1). A more detailed description of vapor generation and éxposure conditions can be found
in the Support Data book for this study in a memo to the study file which was prepared by the
Study Inhalation Toxicologist.

TABLE 1
TARGET ACTUAL DIPE TOTAL VAPOR
CONCENTRATION CONCENTRATION CONCENTRATION
GROUP (mg DIPE/L) (mg DIPE/NL)* (mg vapor/L)*
1 - ® » - o o - o @
2 0.0 0.0 0.0
3 3.1 ? 1.8 : 1.9
4 14.6 12.9 14.0 .
5 29.3 28.2 - 30.8 .

*  As measured by gas chromatography. -

2.6.2 Untreatsd and Sham Control (Groups 1 and 2)

Females in the Inhalation Sham Control group were also housed in the inhalation chambers
throughout gestation days 6-15. These animals were treated in an identical manner to those in
the DIPE-exposed groups except that no DIPE vapors were administered. The Untreated Control
animals were housed in a Separate room in standard stainless-steel cages with wire bottoms and
fronts. Food and water were available to the untreated females at all imes and no treatments
(sham or otherwise) were performed.

2.7  Observations Ouring the Gestation Period

2.7.1 Appearance and Clinical Signs

Each presumed-pregnant female was observed at least once daily throughout gestation until
sacrifice for signs of pathosis, abortion, premature delivery, and/or death. All unusual findings
were noted.

2.7.2 Body Weight and Food Consumption Measurements

The body weight of each presumed-pregnant female was measured to the nearest 0.1 gram on
gestation days 0, 6, 13, 16, and 20. A measured amount of food was provided for each female on
gestation day 0; food consumption per female was measured to the nearest 0.1 gram on each of
gestation days 6, 13, 16, and 20.
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2,8  Female Necropsy

Each female rat was sacrificed by over-exposure to diethyl ether on its 20th day of presumed
gestation. A blood sample for clinical chemistry analysis was obtained from ten pregnant
females per group via the abdominal aorta. The thoracic and abdominal cavities ot each female
were exposed and the organs examined grossly for evidence of pathosis. No maternal tissues
(other than the blood samples)were saved.

2.8.1 Serum Chemistry Analyses

The blood samples collected at the time of sacrifice were allowed to clot in an SST Serum

Separator Tube (Beckman-Dickinson, Rutherford, NJ). The samples were then given to a

member of the Biochemical Toxicology Section for serum chemistry analyses A more detailed

description of the procedures employed for the serum chemistry analysis a: . available in the
Archives [Study 64721CA, Serum Chemistry Data for a Developmental Toxicity Study in

Rats Exposed Via Inhalation to Di-1sopropyl Ether (DIPE) Vapors]. The quantity or activity of

the following serum components was measured: .
Alanine Aminotransferase (ALT) Glucoes .
Albumin Lactate Dehydrogenase (LDH) )
Albumin/Globulin Ratio Phosphorus, Inorganic
Alkaline Phosphatase (ALP) Potassium
Aspartate Aminotransferase (AST) Sodium
Bilirubin, Total Sorbitol Dehydrogenase (SDH)
Calcium Total Protein
Chloride Triglycerides
Cholesterol Urea Nitrogen
Creatinine Uric Acid
Globulin

2.8.2 Uterine/Ovarian Examination

The ovaries and uterus of each rat were excised and examined grossly. The number of corpora
lutea per ovary of each pregnant female was counted and recorded; the ovaries were then
discarded. The ovaries of nonpregnant foemales were grossly examined and then discarded. All
remarkable findings were recorded. The weight of each intact gravid uterus was measured to the
nearest 0.1 gram and recorded. The uterine contents were then exposed and the number and
location of all implantations (early/late resorptions and live/dead fetuses) were recorded. The
uterus of each female rat that appeared non-gravid was pressed between two glass slides and
examined grossly to confirm that no implantation sites were present.
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2.8.3 Fotal Evaluations

Each live fetus was stripped of its surrounding extra-embryonic membranes, and its umbilical
cord was clamped flush with the abdominal wall. The cord was then severed distal to the clamp.
Each fetus was gendered, weighed to the nearest 0.1 gram, and grossly examined for external
anomalies. The following definitions and terminology were used in describing fetal findings [1}):

Malformation: A permanent structural deviation which generally is
incompatible with, or severely detrimental to, normal postnatal
survival or development. Additionally, absence of a structure
which should have been present, as well as deviations in tail
development, are also classified as malformations.

Variation: A variation is a divergence beyond the usual range of structural
constitution. It has an indeterminate effect on health and
generally -has no effect on survival.

Incidental: An incidental finding is generally an accidental event, e,g.,
accidentally, tip of tail was cut off. )

>
After gross evaluation, fetuses in each litter were equally distributed into two groups, and
preparation began for either soft tissue or skeletal evaluations. Fetuses assigned to the soft
tissue analysis group were fixed in Bouin's solution. Visceral examination was performed using
a modification of the Wilson technique of free-hand sectioning by razor blade; only fetuses in
Groups 1, 2, and 5§ were examined for soft tissue anomalies. Fetuses assigned to the skeletal
analysis group were eviscerated, fixed in 95% ethanol, macerated with potassium hydroxide,
and stained for bone. Fetuses from Groups 1-5 (17, 14, 15, 15, and 15 litters, respectively),
were examined for skeletal anomalies; not all litters could be read in those groups since the
specimens in one of the staining boxes dissolved during the maceration process. The specific

litters affected are listed in the ‘memos’ section of the Support Data book for this study.

2.9  Data Analyses and Storage

Data were collected, processed, and analyzed using the Reproduction module of the Grosse Data
Acquisition/Reporting System. Maternal biophase data, cesarean section data, and fetal data were
evaluated statistically by analysis of variance (ANOVA) followed by group comparisons using
Fisher's Exact or Dunnett's test. Fetal skeletal and visceral data were recorded by hand and
subsequently entered into the Grosse System. The data were evaluated statistically by ANOVA
followed by group comparisons using Fisher's Exact test. Differences between control and
treated groups were considered to be statistically significant if the probability of the difference
being due to chance was less than 5% (p<0.05).
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The study Support Data book, Gestation and Cesarean Saction Direct Data Printout books,
Visceral Examination book, Skeletal Examination book, Grosse System printouts of all individual
animal data, clinical chemistry data with associated records, and all released reports will be
maintained in the Document Archives of ' Fetal visceral and skeletal tissues will be stored
in the Tissue Archives of '

3.0 RESULTS

Pregnant animals will be discussed. Similarly. summary tables which calculate means gnd
standard deviations will include only the data for Pregnant animals. As stated above in Section
2.9, Grosse System printouts of individual animal data can be found in the documBnt
archives and are not included in this report. N

3.1 Clinical Observations

Clinical observations during gestation are presented in Table 2. Those observations not related
to DIPE exposure are chromodacryorrhea, lesions on neck, swollen and red snout, red nasal
exudate, respiratory distress, and soft stool. Chromodacryorrhea and red nasal exudate are
common findings in rats that are under stress. Since they are seen with regularity in control
animals and animals that are not on study, these findings are not considered to be a direct effect
of DIPE exposure. The cause of the soft stool noted in several females is unknown, however,
since it occurred in both untreated and sham control animals, this finding is not considered to be
related to test material exposure.

The lesion on the neck of one female and the swollen snouts of two other females apparently
resulted from the animals being caught in the stainless steel springs used to hold the food jars in
place within each cage. The isolated occurrence of respiratory distress was caused by severe
facial and nasal injury resulting from a female's efforts to free herself when her incisors got
caught in the wire mesh siding of her cage. Once dislodged by the technical staff, she was
considered moribund and immediately killed.

Lacrimation, weakness/unsteadiness, and salivation were noted in several DIPE-exposed
females at the highest dose level. Lacrimation was also seen in two females from the mid-dose
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group. The signs were observed during, or immediately following, exposure periods and are
considered to be a direct result of exposure to DIPE. The animals returned to normal appearance
shortly after cessation of each daily exposure. An accurate determination of the total incidence of
these findings during each exposure could not be made for all animals. These *symptoms* of
exposure generally occurred during the exposure and only animals at the front of each
inhalation chamber are clearly visible; animals positioned in the middle or rear of the chamber
could not be observed.

3.2  Body Weights and Food Consumption

Mean body weights, mean body weight changes, and mean net body weight changes are presented
in Tables 3-5, respectively. In general, there were significant decreases (p<0.01) in body
weight gain for all chambered females during the time that they were housed in the inhalation
chambers (Table 4; Days 8 to 16; Groups 2-5). The significant reduction in weight gain for the
sham control group (Group 2) indicates that being housed in the chambers may have been
stressful for the animals. Even so, there does appear to be a dose response for reduced body
weight gain among the DIPE-exposed groups; only at the highesi_ concentration was the mean
weight gain significantly less (p<0.01) than that of the sham control group. The mean net bde
weight gains presented in Table 5 reflect a similar pattern. All chambered groups were
adversely affected (p<0.05) when compared to the untreated control and a dose response is
apparent among the groups exposed to DIPE vapors. There was no statistically significant
difference between the mean net body weight gain of any DIPE-exposed group and the sham
control group.

Mean food consumption values (grams/animal/day) are presented in Table 6. Except for Group
3 (low dose DIPE), decreased food consumption corresponded to the decreased body weight gains
seen in the chambered groups. However, uniike the body weight gains, the means for food
consumption for both Groups 4 and 5 (mid and high dose DIPE) were significantly different
(p<0.01) from that of the sham control group; indicating a DIPE-related response. When
presented in terms of food consumption relative to body weight (grams/kg/day; Table 7), only
Groups 4 and 5 consumed significantly (p<0.01) less food during the exposure period than the
control groups.

3.3  Observations at Cesarean Section
3.3.1 Necropsy Findings
No treatment related effects were noted at the time of macroscopic examination.

3.3.2 Serum Chemistry Analyses
There were no significant effects on the serum chemistry of female rats exposed to DIPE vapors.

(
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3.3.3 Reproductive and Developmental Evaluations

A summary of the reproductive data is presented in Table 8. Reproductive parameters were
unaffected by DIPE exposure. The one female mortality recorded was discussed previously in
Section 3.1 and was not related to treatment.

Mean fetal body weights, a parameter of body growth and development, were comparable among
all experimental groups (Table 9). Similarly, there were no DIPE related findings at the time
of fetal external observations (Table 10).

Fetal visceral examinations revealed no treatment related findings (Table 11). Although there
were several incidences of malformation occurring in the untreated control fetuses, there were
no malformations observed in those fetuses exposed to DIPE. Fetal skeletal examinations (Table
12) indicate that fetuses from dams exposed to 14.0 and 30.8 mg/L had an increased incidence
(p<0.01) of rudimentary 14th ribs. Therd was also an increase in the incidence of sternebrae
which were incompletely ossified among the fetuses in the high dose group, however, there i no
dose-related response and the finding is not considered to be related to DIPE exposure.

»

4.0 DISCUSSION AND CONCLUSIONS

Exposure of pregnant rats to DIPE vapors at concentrations of 14.0, and 30.8 mg/L resulted in
both maternal and developmental toxicity. The signs of toxicity noted in the high dose group
females during exposure (lacrimation, unsteadiness, salivation) were not unexpected. As an
ether, it is not surprising that DIPE would produce, to some degree, a physiological response
consistent with that class of anesthetics [2,3]. All chambered females also exhibited signs of
stress including decreased body weight gain and food consumption, however these responses
appeared to be more severe as DIPE vapor concentration increased. At hoth 14.0 and 30.8 mgL
these effects were significantly different from both the untreated and sham control groups (the
reduced body weight gain of females exposed to 14.0 mg/L was not statistically different from
the sham control, but is considered to be biologically significant).

The increased incidence of rudimentary 14th tibs in fetuses exposed to DIPE appears to be
indicative of developmental toxicity. No other adverse developmental effects were noted.
Whether or not the adverse skeletal effect is related to the stress of the dams or directly
attributable to DIPE exposure is uncertain. The role of maternal stress in the development of
rudimentary ribs has been investigated. It has been shown that maternal stress may influence
the occurrence of rudimentary ribs in CD-1 mice [4] and that maternal stress may induce
transient changes in the sensitive border between thoracic and lumbar vertebrae of fetuses
(i.e., the occurrence of rudimentary ribs which disappear as the pups mature){5). However, it
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has also been suggested that the occurrence of rudimentary ribs may be evidence of the
teratogenic potential of a material if administered at higher doses [6]. In the present study, it
should be noted that a/l chambered females exhibited signs of stress, but only in the mid and

high dose DIPE groups was there an increase in rudimentary ribs.

In conclusion, exposure to DIPE vapors during gestation days 6-15 resulted in slight maternal
toxicity at 14.0 and 30.8 mg/L. Fetal developmental toxicity in the form of rudimentary ribs
was also present at these same dose levels. There were no adverse maternal or fetal effects

related to DIPE exposure at the 1.9 mg/L concentration.
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