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SUBJECT: Chlorendic Anhydride (CAS R=gistry No. 115-27-5)
Additional Toxicological anc Epidemiological Studies -
For your Information.

Dear Sir or Madam,

Velsicol Chemical Corporation is herein submitting two copies of a
number of toxicology and epidemiology studies which either directly
or indirectly involve chlorendic anhydride for the Agency's
information.

It is our opinion that these studies may be of interest to the
Agency in the light of the results of the recentiy released NTP
report on chlorendic acid and the fact that chlorendic anhydride
can be converted to chlorendic acid,

The studies herein submitted are:

.~ 1. Shindell and Associates, Milwaukee, WI, "Report of
Epidemiologic study of the Employees of Velsicol Chemical
Corporation Plant Memphis, Tennessee, January 1952-
December 1979", March 1981,

Leong, B. K., "Chlorendic Anhydride. Acute Inhalation
Toxicity Study in Rats”, International Research and
Development Corp., Mattawan, MI, Report No. 163-51_.,
August 10, 1978,

Wazeter, F. X., and Goldenthal, E. I., "Chlorendic
Anhydride. Acute Toxicity Studies in Rats and Rabbits",

International Research and Development Corp., Mattawan,
MI, Report NO., 163-140, November 22, 1972,
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4. Witherup, S., Stemmer, K. L. and Schlecht, H.,
The Toxicity of Chlorendic Acid and Chlorendic
Anhydride", The Kettering laboratory, Cincinnati, OH,
June 25, 1965,

v

Jaganrath, D. R., "Mutagenicity Evaluation of Chlorendic
Anhydride," Litton Bionetics, Inc., Kensington, MD,
Project NO. 20838, October 1977.

Matheson, D. W., "Mutagenicity Evaluation of Chlorendic
Anhydride in the Mouse Dominant Lethal Assay," Litton
Bionetics, Kensington MD, Project 20862, February 1978,
revised June 1978,

Goldenthal, E. I., "Chloreuadic Anhydride. Teratology
Study in Rats", International Research and Development
Corp., Mattawan, MI, Report No, 163-535, November 8,
1978,

Goldenthal, E. I., "Chlorendic Anhydride. Twenty-Eight

Day Range Finding Study in Rats", International Research
and Development Corp., Mattawan, MI, Report No. 163-532,
July 6, 1978,

Nair, K.P.C. and Gunderson, G., "Chlorendic Anhydride,
Tech. 90-Day Subacute Toxicity Study in Rats",
International Research and Development Corp., Mattawan,
MI, Report no. 163-544, January 7, 1980,

Jefferson, N. D, and Goldenthal, E. I., "Chlorendic
Anhydride. 90-Day Subacute Toxicity Study in Rats.
Amendment to th:> Final Report", International Research
and Development Corp., Mattawan, MI, Report No. 163-533,
February 8, 1980 (amendment to reference 9)

Goldenthal, E. I., "Chlorendic Anhydride, Three Week
Dermal Toxicity Study in Rabbits", International Research
and Development Corp., Mattawan, MI, Report No. 163-530,
January 24, 1979,

Ulrich, C. E., "Chlorendic Anhydride. Subacute
Inhalation Study in Rats 20 Exposures in 28 Days,"
International Research and Development Corp., Mattawan,
MI, Report No. 163-531, October 19, 1979,
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Chlorendic Anhydride has been produced at Velsicol's Memphis,
Tennessee Plant since commercialization. The plant epidemiology
study 1is, in our opinion, useful in assessing the effects of
chlorendic anhydride to humans.

The NTP chlorendic acid study was done orally. Any exposure to
chlorendic anhydride is likely to be via inhalation or dermal
exposure rather than oral. The results of the enclosed inhalation
and dermal studies would be more useful than the results of an oral
study in assessing the effects on exposure.

Velsicol has already submitted a great deal of informatiun on
chlorendic anhydride to the Agency. A summary of these submissions
is, for convenience, listed on the following page.

With regards to the confidentiality of these studies, we believe
that the provision in TSCA, which provides that health and safety
data is not a trade secret, is an unlawful takirg of property under
the constitution. However, we are a small company, not in a
position to challenge the constitutionality of this provision.

Until such challenge is made, we will abide by the terms of the
statute.

Accordingly, we assert an interest in these studies to the extent
that there may be compensation due from other manufacturers and
processors of chlorendic anhydride.

We will not resist the Agency's disclosure of these studies
recognizing that the Agency proceeds at its own risk regarding the
constitutionality of this provision of the Act.

If you have any questions on this submission, please contact me at
(312) 670-4805.

Very truly yours,

=

Alfred A. Levin
Director, Toxic Substances Control

enc,
AAL: jmes
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REPORT OF EPIDEMIOLOGIC STUDY
VELSI1COl,_ CHEMICAL CORPORATION
MEMPHIS, TENNESSEE
JANUARY 1952 - DECEMBER 1979

Introduction

The initial epidemiologic study by Shindell and Associates of
health experience of employees of the Velsicol Chemical Corporation
at its Memphis, Tennessee plant was conducted during the period
July 1976 through May of 1977. Its purpose was to evaluate the
overall health status of all former and current employees with
three months or more employment at the Memphis plant between 1952
when manufacture of heptachlor began and the study cut-off date of

31 December 1976.

Mortality data on Yelsicol employees were compared to the
overall mortality experience of like segments (by age and sex) of
the United States population at large to determine whether Memphis
plant exposure prcduced any discernible variations from expected
mortality from all causes and from selected significant causes.
Analysis of these mortality data revealed no significant differ-
ences between Velsicol employees and the overall U.S. population.
The degree of follow-up achieved in this study was less than op-
timal, however, the study having been prematurely terminated in
order to meet a deadline imposed by the necessity to prepare a
report for presentation at a hearing being conducted by the Envir-

onmental Protection Agency.

In spite of the relatively limited follow-up achieved in 1977,
the observed deaths among Memphis plant employees from all causes
and from the specific causes of primary interest (i.e., heart dis-
ease and cancer) were found to be essentially at the level of the
calculated expected deaths amons comparable segments of the overall
U.S. population. These data were presented in testimony by Dr.
Shindell on 9 June 1977 at the EPA hearing along with similar data

-l- 000009




derived from a study of the chlordane plant in Marshall, Illinois.
Concomitant with this prior study, an ind. -~ndent investigation

employing different follow-up and angrycical .o/ 7lvues was performed

by Drs. Wang and MacMahon of the Harvard Schuol of Puilic Health.

An account of their study was published in the Journu) of Occupa-

tional Medicine, Volume 21, No. 11, November 1979 (pp. 745-748)

and reported substantially similar results.

A second independent study involving the Memphis plant has been
conducted by the University of Illinois School of Public Health under
contract with the National Institute for Occupational Safety and
Health (NIOSH). The NIOSH/University of Illinois contract was
awarded in 1976 and Menphis is one of four plants Included in the
Mortality Study of Workers Employed at Organochlorine Pesticide

Manufacturing Plants. This.study is based on a longer minimum em-

ployment perisd (b months) and covers a shorter overall time span,
including only those qualified individuals whose employment ter-
minated on or before 31 December 1964. The follow-up cut-off date
was 31 December 1976 and a report in general agreement with our
prior findings and those of Drs. Wang and MacMahon was completed
in draft form in April 1980.

Velsicol renewed its contact with Shindell and Associates in
the latter half of 1979, wishing to update its own study of the
Memphis plant and achieve two objectives: (a) to aim for a more
complete degree of follow-up, and (b) to extend the period of
follow-up by including persons employed subsequent to 1976, thus
resulting in an additional three years of expevience compared to
the initial Velsicol-sponsored study. Negotiatic.s were formal-
ized in Memoranda of Understanding in September and October of
1979; the follow-up work was begun in February 1980 and con-

cluded in January 1981,

This report describes the methodology of investigation, the
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techniques of analysis, and the find/ng: and conclusions of the
resuiting uwpdated study of the mortality of employees of the
Velsice® Memphis plant during the twenty~eight year period

of heptachlor mani-facture from 1952 through 1979,




Design of the Study

The overall goal of the study is to determine the health status
of all persons who completed a minimum of three months' employment
at Velsicol's plant in Memphis, Tennessee at any time between 1
January 1952 and 31 December 1979. The employment experience of
such employees prior to 1952 is included for individuals who ter-

minated employment in that year or thereafter.

The methods employed in reconstructing the roster of hourly
employees terminated prior to 1957 and salaried employees termirn-
ated pr_.or to 1969 was described in the Summary Report issued in
1977. This roster of employees was the starting point of the cur-
rent study and, using all collateral sources available, every in-
dividual who could be identified as having been employed for three
months or more in the plant éuring the 28-year period of the study

has now been included in the current study cohort.

The requirement that a period of three months' employment be
necessary for inclusion in the study cohort was imposed primarily
to eliminate transients from consideration. All persons who could
be determined to have had the potential of experiencing significant
exposure to the occupational environment of the Memphis plant have

been subjected to the follow-up procedures employed.

After updating the prior cohort roster to include qualified
emplovees hired after 31 December 1976, intensive effort was made
to trace and contact all employees not determined to be dead at
the time of the original study. Death certificates were obtained
for individuals who died between 1 January 1977 and 31 December
1979 and attempts were made to determine the current health status

of all suivivors as of 31 December 1979.

In order to evaluate relative health effects of various occu-
pational expcsures among Memphis personnel, classifications of job

types and products exposures, established at the time of the original

-4 000012




study, were reviewed and refined, Based on information obtained
during and subsequent to the original study, the categories of
job/product exposure were clarified to reflect distinguishable
characteristice in groups large enough to permid valid statis-
tical analysis. The job/product classifications ultimately em-
ployed are in accordance with the Project Specification attached
(Appendix I-1).

A data sheet was created for each individual incorporating
information as of 31 December 1976 for members of the original
cohort and relevant information as of 31 December 1979 for sub-
sequent additions to the cohort. The form used for data col-

lection is attached (Appendix I-2).

Al information collected was coded and/or transcribed for
computer input in accordance with revised and updated Coding
Specifications (Appendix I-3), and entered for analysis as re-

quired in accordance with the TNata Field Layout (Appendix I-4).

The methods employed to contact former employees included the
traditional approactes of searchirg company recovds, conferring
with current emplovees and former employees still residing in the
local communities, contacting relatives and personal references,
inquiring of school alumni groups and professional associations,
and following up with former neighbors and identified acquain-

tances.

Two general circumstances significantly enhanced our success

in determining current status of former Memphis employees. The first
was the generous cooperation received from local and state agency
custodians of background data on individuals in the cohort. The
Memphis Consumer Credit Association was particularly helpful in
providing address information from its files; Mr. Harold E. Crawford
responded with unusual speed to our requests for assistance. Simil-
arly valuable help was provided by Major Charles W. Dunner, Director

of Driver Control of the Tennessee Department of Safety, by Mr.
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Thomas Overton, Assistant Director of the Division of Vital Records
of the Tennessee Department of Public Health, and by Mr. Art Richard-
son, Management Information Systems Officer of the Mississippl Depart-

ment of Public Safety. The second major factor contributing to the

substantially increased achizvement of contact compared to the 1977
report was the availability at reasonable cost of the cross-reference
directories by street address for Memphis and environs published by
Cole Publications of Lincoln, Nebraska. These directories were of
inestimable value in tracing former employees by contacting their

former neighbors.

Determination of survivor status by querying the Social Security
Administration was also attempted. Through SSA assistance we were
able to identify ten decedents whose deaths we had not discovered
by other tracing efforts, and to confirm as alive during the first
thrzz months of 1980 an add{tional nine individuals not otherwise
ascertained to be alive as of the 31 December 1979 cut-off date.

Although assistance from all these sources has been helpful
in increasing success in locating many individuals whose status
had not been determined in 1977, the reports did not permit res-
olution of the status of all the individuals identified as qual-
ifying for inclusion in the study cohort. Overall, however, the

status of 92.8% of the study cohort was determined.




The Study Universe

The Memphis plent cohort of employees who completed three
months or more employment during the study period of 1 January 1952
through 31 December 1979 totaled 1,115 individuals. The greup 1o
comprised of 970 white males, 55 n. -white males and 90 females,

Of the 1,115 in all classifications, 263 were persons employed
as of 31 Decemr~r 1979 and 852 were former employees of whom 80
wvere determined to have died before 1 January 1980. Of the 772
not known to be deceased, 692 were contacted either directly or
indirectly and confirmed to be alive as of 31 December 1979. An
individual is classified as & direct contact whenever (a) one of
our staff actually spoke with him or her by telephone, confirmed
all the data on the data sheet and received an answer concerning
his or her current health stétus, or (b) a mailed questionnaire
affirming the above information was completed, signed and returned
by the employee. An indirect ccutact is (a) one in which the de-
sired information was obtained from a family member or close as-
sociate, (b) in which current status as alive was confirmed by a
personally signed receipt for a certified letter sent to an address
reported by a reliable source to be the employee's curren. address,
or (c) by report of SSA of a currently active account or by the
Motor Vehicle Department of a current driver's licence. Eighty
persons could not be confirmed alive or dead and are classified

as status unknown.

Table I shows the white males (grouped according to primary
job/product category), the non-white males and the females clas-
sified according to status: current (1), former contacted (2 & 3),
former deceased (4 & 5), and former with status unknown (9). The
degree of follow-up achieved for each sub-group is also shown.

As was stated, 92.8% of the study cohort could be accounted for

as of 31 December 1979.
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The original Memphis plant study covering the period from
1 January 1952 through 30 December 1976 identified a total of 1,074
potential members of the then study cohort. This total included
seven part-time employees shown later not to qualify for inclusion
and 8 number of individuals who had been identified by only a name
at the time of the originsl study. Review of Velsicol records
during the current investigation failed to disclose any additional
information regarding sex, race, dates of birth, hire or termination,
nor any social security numbers. Being unable to obtain valid data
for analysis or identification for review by the Social Security
Administration, and being unable to confirm reliably their basic
qualification for inclusion in the study, these persons were de-

leted from the current update cohort.

0f the remaining 161 originally qualified individuals whose
status was not determined du;ing the original study, we succeeded
in ascertaining the status of 104 during the current study by
direct or indirect contact. Only 57 of the 228 with undetermined
status in 1976 remained in that category at the conclusion of the

current update study.

Of the 534 individuals classified in the initial study cohort

as former employees, confirmed alive, all but 15 were successfully
contacted or otherwise confirmed to be deceased or still alive
during the current update study. These 15, whose status was not
confirmed during the current study, include six who were contacted
directly and nine who were confirmed alive with unknown health

status in 1976.

The update study added 115 individuals to the original study
cohort. The status of all but six of these was determined. Of
these six, three had been hired after completion of the previous
study and the other three were identified as qualified former
employees when a group of personnel records was discovered in

October and Novewmber of 1980.
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Of the 1,077 health starus investigations which comprised the
criginal study, all but the 54 individuals for whom death certifi-
cates were obtained at that time required complete reinvestigation
for the current study. Thus, the present study involved retracing
and/or additional data collection for 1,138 individuals as compared
to 1,077 in the 1977 investigation. The death certificates on file
from the original study were reviewed and classification by specific
cause confirmed. Efforts to obtein death certificates for all in-
dividuals reported to be deceased were nct successful in five
cases. Table II summarizes the information available on those
reportad to be deceased but for whom no death certificates were

_obtained. These individuals are included in the analysis as
deceased individuals even though final confirmation of their

deaths was not obtained.
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Analytic Technique

In order to analyze the mortality experience of the Memphis
employees, it is necessary to compare the observed mortality in
the employee groups with that of the comparable segments of the
United States population over the zame period of time. To per-
form these comparisons, the probability of zach employee dying
from the specific causes during the period of the study was

calculated using the following formula:

Py = 1 - (l—pl)el(lmpz)QZ . oo (l-pk)ek = the probability of
each individual em-
ployee dying over
the total period of
the study, where:

= the probability of
dying in the indi-
vidual years of the
study, and

the portion of a
year ir which the
individual 1is repre-
sented in the study
("e" may be 0, 1, or
a fraction of a yr.)

When calculating expected mortality, two imjortant constraints
are imposed. ¥First, the period for calculation of risk of dying
for each individual is precisely defined. Because the conditions
for inclusion in the study included a minimum period of employment,

the calculation of expected mortality began at the conclusion of

the period of minimum employment rather than on the date on which

employment began. The counting of time at risk terminates at the
end of the study. However, where a person's status as of 31 Dec-
ember 1979 was not determined, time was counted only to the point

of last known date alive rather than the cut-off date of the study.

The second constraint concerns the rates that were used in

calculating expected mortality. Race- and sex-specific U.S. mor~-
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tality rates for the years 1945, 1950, 1955, 1960, 1965, 1970 end
1975 were employed. The rates for 1945 were applied in calcul-
ations for the period January 1946 - June 1947; rates for 1950
for July 1947 = June 1952; and similarly for each five-year period,
using 1975 rates for the period July 1972 - December 1979 (the
most recent detailed rates available).

Rates for 1960 and later are published by the National Center
for Health Statistics for five-year age groups. In order to make
data for 1945, 1950 and 1955 comparable, logarithmic interpolations
between published rates for ten-year age groups were derived to
obtain estimates for the intervening five-year intervals. Thus
in calculating expected mortality, five-year age groups and five-

year time periods were used for comparison purposes.

The causes of death considered in the analyses were classified
according to the Eighth Revision of the International Classification
of Diseases, Adapted. The categories of interest were deaths from:
all causes (all ICDA), malignant neoplasms (ICDA 140-209), diseases
of the heart and circulatory system except cerebrovascuiar (ICDA
390-429 & 440-458), cerebrovascular diseases (ICDA 430-438), and
all trauma (accidents, suicide, homocide, etc. - ICDA EB800-E999).
For those cases in which death certificates were not obtainable,
the cause of death was tabulated as '"'Other or Unknown" unless the
source of the inlormation was able to furnish a reliably classi-

fiable cause.

Statistical significance was determined by comparing the
observed number of deaths with that expected, and assuming that
the distribution of the difference is Gaussian. This is expressed

by the following formula:

Z =

= Zpi, and

VEpi(l-pi)

- 13 -




This technique results in statistical gignificance for smaller
variatione than is the case_if the distribution is assumed to
be Poisson and § = VE.

Summarizing the above: we use the published mortality rates
for the U.S. population at large to calculate how many deeths would
be expected to occur for all causes and for each specific cause
among a group of individuals of the same numerical size, race, sex
and age composition as the Memphis nlant ewployee group during the
time period in which the Memphis cohort was “a* rigk" during and
after Velsicol employment. The comparison of these expected values

_to the observed deaths among the Memphis cohort provides a deter-
mination of whether working at the Memphis plant is likely to be
accompanied by a mortality experience that 1s similar to that of
people of comparable ages not working at the Memphis plant.

By eliminating periods of adult activity of Memphis workers
prior to Velsicol employment from the time at risk calculations,
we reduce the overall person-years base on which the expected
deaths are calculated, and thus reduce the number of expected
deaths to which we compare the number of actually observed deaths.
While it can be argued that it is likely that Velsicol employees
hired after employment elsewhere should be considered at risk
during their entire working lives for purposes of establishing
the overall person-years base for calculating expected deaths,
we deem it more conservative to consider only the time after
the required minimum exposure to the occupational environment

whose effects we are attempting to evaluate.

The analysis includes 5,805.8 person-years of employment at
Velsicol and 14,092.8 person-years of survival since commence-

ment of such employment.

A second type of analysis was performed In which the actual

mortality experienced and the expected mortality in the comparable
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segment of the U.S. population as calculated above were used to

develop survival curves, i.e. the proportion of & cohort sur-

viving over the period of study, compared to the survival of

the comparable segment of the U.8. populaticn.

The results of these two types of analyses are presented

in the feollowing pages.




Summary of Findings

Comparisons of the observed mortality among the Memphis cohort
to calculated expected values based on national statistics revealed
a slightly lesser occurrence of death overall than would be expected
in a group of similar size and age distribution in the U.S. as a
whole. When viewed in detail for various job and product classi-
fications and with respect te specific causes of death the results
ere generally consistent with the national experience. This can

be seen 1n Table III and Figure I which are presented on the

following pages.

Table III shows the number of deaths by major cause among the
employees of the Memphis plant. Overall there werz 80 deaths in
this group compared to an expected number cof 84.2. There were 30
deaths from heart disease as.compared to 32.2 expected and 15 deaths

from cancer as compared to an expected 16.3.

Both strokes and trauma showed an increase over expected, but
the apparent excess of deaths from these causes is limited to em-
ployee groups who are at relatively low risk of exposure to the

actual process of manufacturing the chemicals which are produced

in this plant. These findings will be discussed in further detafl

in the next section.

Figure I displays graphically the survival curve of the white
male employees. Too few non-white males or female employees are
in the cohort to permit a comparable analysis. As can be seen
from this curve, the likelihood of survival among the employees
of the Memphis plant is more favorable than the comparable portion
of the U.S. population until about age 60 and from then on is
essentially identical to that of the U.S. white male in the

country as a whole.
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FIGURE I: Proportion of white mele employees of
the Memphis plant of the Veleicol Corporation sur-
viving at specific eges when those dying from all
causes are deducted, as compared to the comparable
segment of the U.S. population (January 1952 to

December 1979)

Key
U.S. White Males

¥——x—— Memphis Employees

4

+

30 40 50
AGE (Years)
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The morbidity experience among current and surviving former

employees i3 entirely unremarkable. Althougb no reliable national

statistics are available on the health of the U.S. population in
general, we reviewed the occurrence of health problems among the
Memphis employees confirmed to be alive and compared the results
to similar findings of our prior studies in the chemical industry.
Approximately 727 of all surviving Memphis employees reported no
health conditions requiring medical attention. This "good health"
index is substantially higher than we have found in previous
studies where the overall absence of health problems has averaged
about 661.

In summary, we discern no relationships attributable to the
Memphis occupational environment which would suggest any dele-
terious effect upon the life expectancy or general health of
the Memphis employees. The detailed results of our analyses

are presented in the following sections.
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HMortality by Job and Product

Table III above showed the overall mortality experience of

all Memphis employees who worked at the plant for three months

or more since Velsicol began producing pesticides in that facility
some twenty-seven years ago. It also displays the mortality ex-
perience with respect both to the kinds of exposure by job and
product and to specific causes of death. The matrix of exposure
categories and specific causes of death represents an attempt to
be as specific as possible in distinguishing differences in poten-—
tial exposures and types of illnesses given the constraint of
considering groups of sufficient size to permit statistical

validity.

The comparisons of observed deaths among Memphis employees
with expected deaths based og U.S. rates for like segments of the
general population reveal no significantly excessive differences
with the exception of deaths from stroke among the maintenance
employees and deaths from trauma among both the engineers and
female employees. Other than these instances, the number of
deaths observed for all causes and for each specific cause among
the various employee groups are consistent with the national

norms.

~

Because of the finding that the deaths from stroke among
the former maintenance personnel exceeded the number expected
in the comwparable segment of the U.S. population over this

period of time, this group was subjected to further analysis.

It should be noted that while more deaths from stroke were
recorded generally for the Memphis employees than expected, this
is offset by a lesser number of deaths from causes other than
those specifically noted. The "Other" category included deaths

from emphysema (3 cases), alcoholism (2 cases), and diabetes and
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hypertension (1 case). In two instances, as was reported in

Table 1I, che cause of dedth 18 unknown.

Table IV shows a listing of the nine former employees whose

death was recorded as having been from a stroke. As can be seen,
five of these persons worked for Velsicol two years or less and
died an sverage of 13.8 years after leaving Velsicol. Three of
the four maintenance workers who died of stroke are inm this group.
The other had worked for Velsicol 18 years and died five years
after leaving the company's employv. There thus appears to be no
relationship between the occurrence of stroke and the work ex-
perience at Velsicol.
/

The deaths from trauma of various forms were also subject to

further exploration. Among the white male employee group, treumatic

deaths occurred in the following fashion:

Auto accident
Industrial accident (2 at Velsicol)
Suicide

Homicide

Household accident (while employed at Velsicol)
Poisoning (while employed at Velsicol)

Drowning

Land e B > T VS B UC Ry % ]

Asphyxiation

Four of the above people were employed by Velsicol at the time
of death. An average of 7.8 years intervened between leaving Vel-
sicol and time of death in the other individuals. Two of the three
deaths listed as industrial accident resulted from an explosion at
the Memphis plant which occurred in November 1955. The death from
poisoning was in a painter employed in maintenance at Velsicol at
the time of his death in May of 1955. Other than the three deaths

from trauma occurring during employment at Velsicol, all of which
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occurred 25 years ago, none of the deaths in this category can be

considered to be related to the work situation.

There were no deaths from trauma recorded among the non~white
males of the study cohort and the two trauma deaths in the female
employee group were both auto accidents seven and fourteen years

respectively after leaving the employ of Velsicol.
It would appear, therefore, that both the trauma deaths and
stroke deaths represent chance variations unrelated to the work

environment at Velsicol.

While the incidence of cancer deaths was consistent with the

expected number of deaths from this cause in the U.S. population,

an analysis was nonetheless performed of the deaths from cancer by
site and by job class. Table V shows the result of this analysis.
The only concentration of cases is in the lung cancer category

among maintenance personnel.

Only one of these individuals exhibited the disease while at
Velsicol and died while in the employ of the company. A second
individual in this group worked for Velsicol less than one year
and died six years after leaving the company. The other two worked
for Velsicol over ten years and died in their mid-60's after leav-

ing Velsicol--one three years later and the other ten years later.

Among the current and former employees alive at the time of
this study and reporting neoplastic disease, none report lung cancer.
There are two with brain tumors, two with skin cancer and one each

of the testicle, bladder and prostate.

0f the individuals affected by brain tumor, neither of the
decedents was involved in the production process. The two surviviag
employees with this condition are a former maintenance employee and
a currently employed operator who was invelved at one time or another

in multiple production processes.
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Ho pattern of neoplastic disease thus emerges that would
raige any suspicion of a job-related risk factor unless, of course,
the ability to smoke on the job may be considered job-related. A
factor which may also be operative is the likelihood of being af-
fected either by prior or subsequent employment. On the average,
maintenance personnel in the cohort were employed at Velsicol
at 35.7 years of age. The white male employees in the other job
categories were employed at age 27.8 years on the average. Thus
4f the work-situation were an operative factor, the maintenance
personnel had a substantially greater period of time prior to
employment at Velsicol to be exposed to hazardous substances

in other work settings.

Since the maintenance employees represent a somewhat dis-
similar group from the remainder c¢f the employees at Velsicol's
Memphis plant, an analysis of the survival of this group of

employees was performed separately.

Figure II shows the curve for overall survival of the main-
tenance employees as was presented for the total cohort of white
male employees in Figure I. The curve demonstrates that even
though hired at an older age than the remainder of the work

force, thelr overall mortality experience does not vary sig-

nificantly from the U.S. population which is plotted for

comparison.
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JFIGURE II: Proportion of white male maintenance
employees of the Memphis plant of the Velsicol
Corporation surviving et specific ages when thoge
dying from ell causes are deducted, &s compared
to the compareble segment of the U.S. population
(January 1952 - December 1979)
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Mortality by Length of Employment

The matter of "latency” of influences present in the work
environment is of constant concern. In an attempt tc examine
this issue, an analysis of standard mortality ratios was performed
for the white male employees other than the maintenance group.

The results are shown as standard mortality ratios in Table VI.

It will be noted that the analysis continues only through
15 years of employment. Because the period of the study extends
over a 28-year period and the average non-maintenance worker was
employed at age 27.8 years, only those employed in the early
years have had time for death to occur in sufficient numbers
for analysis. The average age at death for those that have-
died was found to be 55.2 years for this group.

It is evident that the analysis indicates the likelihood of
mortality from exposure to conditions present in the plant prim-
arily during the first half of the study perioad. The numbers
are too small to permit analysis at this time beyond the 15-year
period. Among people with a minimum of 20 years of employment,
only ten deaths have thus far occurred, six from heart disease,
two from cancer and two from trauma.

\

The analysis disblayed in Table VI shows essentially no

change in risk of death overall or from heart disease or cancer

regardless of length of employment at Velsicol. It is curious

to note that the risk of death from causes other than heart dis-

ease or cancer tends to decline as length of employment increases.
This is undoubtedly affected by the fact that the chronic degen-
erative diseases have not had sufficient time to be manifested

in this employee group and that trauma deaths, which are more
likely to occur in younger persons, are already evident in the

data available and are reflected in the SMR's for the briefer

periods of employment.
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In summary, the analyses performed of the specific causes

of death, of the specific job categories showing apparent var-

iation from normal and of the relationship of mortality to dur-

ation of employment all tend to con{irm that chance variation
is responsible for the findings present. The overall death
rate of individuvals employed im the plant and the death rates
by major causes are consistent with what one would expect in

the population studied.




Health Status of Surviving Employees

In addition to the analyses of mortality, the health conditions
wvarranting medical attention were recorded for all employees, cur-
rent and former, who could be contacted and who agreed to supply

the information.

Table VII shows the types of problems reported by the employees
indicating a current medical condition or illness. Consistent with
earlier studies in the chemical industry, a substantial majority
of current and former employees reported no medical conditions war-
ranting treatment. Of the 955 persons confirmed to be alive, the
current health status of 822 was determined. Good health was re-
ported by 683 of these, representing 83.1%7 of those reporting.

The 139 who reported health problems identified the conditions

shown in Table VII.

The most commonly reported problem was hypertension. Hyper-
tension and other cardiac disease were reported by 6.5% of the
surviving employee group, an incidence appreciably less than ob-
served in other studies which averaged 10Z of surviving employees
reporting hypertension and cardiovascular disease. This may be
due to the fact that follow-up only covers a 2B-year period, while

other studies covered periods of greater length.

Because of the interest in the possible relationship between

work environment and the occurrence of cancer, the seven subjects

alive at the time of contact who reported the presence of neo-

plastic disease were reviewed in detail. As was reported above,
there were two individuals who reported having brain tumors.

One is a currently employed operator, the other formerly employed
in maintenance. Two individuals reported having skin cancer, a
currently employed operator and a former laboratory worker. The

cancers of the testicle, bladder and prostate are in a former
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laborer, operator and maintenance employee respectively. The
variety of tumors present im the numbers noted does not reveal
an unusual 2oncentration of a specific cancer type in any

specific employee group.

Review of the information contained in Table VII revealed
no pattern of disease or medical condition, by job or product
exposure, that would suggest an adverse influence on morbidity

from the work environment in the Memphls plant.
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Sumnary and Conclusions

A study was conducted of a cohort of 1,115 current and former
employees who worked three months or more at the Memphis, Tennessee
plant of the Velsicol Chemical Corporation from 1 January 1952
through 31 December 1979. Of the study cohort, 93.1% of the males
and 90.0% of the females were located and data on morbidity and
mortality obtained.

The data indicate that overall mortality was lower (but not
significantly) in the male employees than that expected in the
comparabl.e segment of the U.S. populatjon as a whole. This was
true also in the case of deaths from heart disease and cancer.
Trauma deaths and deaths from stroke were generally consistent
with U.S. experience. Trauma vas the major cause of death among
fema o employees. There were minor differences among specific
clas '‘es of workers due to chance variation but none of the var-
iations in specific employee groups could be related to the pro-

ducts handled. The relative mortality by cause was found to be

consistent regardless of length of employment.

Morbidity data &are likewise comparable to expectations in
a work force of the age composition present in the Memphis fac-
ility and among those no longer employed and surviving at the

time of the termination of the study.

There is, thus, no evidence of any long-term latent effect
on health related in any way to employment at the Velsicol plant
in Memphis, Tennessee, for the twenty-eight year period in which
it has been engaged in the production of chlorinated hydrocarbon

insecticides.




APPENDIX I




APPENDIX I-1

1

B WAURKEE, WISCONBIN

SPECIFICATIONS FOR STUDY

at Velsicol Chemical Corporation - Memphis Plant: 1979 Update

Mailing address: 1199 Warford, Memphis, TN 38108

Phone:_901-324-~-4401

Plant Mgr. C. Lynn Sharpe Medical Dept. C. Lee Maglio

Ind. Rel. Fred C. Billings Personnel Linda Medlin-Spitzer

DEFINITION OF SAMPLE:

Employees completing 3 wmonths or more after _1 Jan.-1952 to 31 Dec 1979

COMPANY/PLANT CODE: VMEB

JOB CATEGORY CODE: PRODUCT/PROCESS CODE:

Operator, Shift Foreman End products - EGH(exc.chlorine)

Labor . Intermediates - PCL

Shipping Caustic Chlorine

Maintenance, High Risk Heptachlor/Chlorendic

Majintenance, Low Risk Endrin

Laboratory 1ot _assigned

Engineering not assigned

Management /Admin./Clerical . Formulations/Laboratory

Miscellaneous/Unknown ’ Multiple/Other/Unknown

Absence/Leave/Layoff | Office

SPECIAL CODES:

Study approved on __ 18 October 1979

Data collection commenced initial visit 31 Oct 1979
project start-up 7 Jan 1680

F1ELD suPErvisor: 000043
Slack Ulrich

P.O BOX 26509 53228 (414} 257-8283
$29 NORTH ASTOR STREET 33202 {414) 270-4974




o
C%M AND ASSOCIATES

INFORMATION SHEET ON EMPLOYEES

APPENDIX 1-2

NAME o ¢ v 9 3 o a1 4 2 5 1 3 "

SSN 4 ¢ 4 st L % g v 3 Sex y 3 Borny 4 e 2 g1

Phone

Last address

Phone

Subsequent

Phone

Subsequent

Product

Major Job Category

Date Terminated

Date Employed

Intervening Activity

Status as of I - Current 2 - Contacted 3 - Indirect

Deceased: Location __b.C? 4 - Yes 5 - No Date

Major Illness/Cause of Death

Other lllness/Cause of Death

Prlhary Cancer Site

Other Jobs within Plent

Category Product Months

VELSICOL: MEMPHIS
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Page 1

SYNOPSIS

Inhalation exposure of 10 rats for 1| hour to a dust atmosphere of
Chlorendic Anhyvdride at a "metered" concentration of 203.0 =g/l
resulted in salivation during the exposure. A slight bodv weight loss

was observed in 6 rats for 1 day postexposure.
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Page 2

I1. COMPOUND
The compound was received from the Velsicol Chemical Corporation,
Chicago, Illlinois on September 2, 1977,
It was recelved and identified as follows:

Compound
Identification Descriiption

Chlorendic Anhydride fine white powder containing
Technical Reference Standard some chunks
93.8% (EIl)
Lot No. 3-12-206

163-512
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Page 3

PROCEDURE
A. ANIMAL EXPOSURE:
Five male and 5 female Charles River CD rats, which had been

quarantined for at least | week, were used to study the compound. The
male rats weighed frem 211 to 226 grams, and the females from 213 fo
232 grams. The razs were housed individually in wire-mesh cages and
were kept throughout the pre- and postexposure periods in a tem—
perature and humidity controlled room in accordance with standards
outlined in the "Guide For the Care and Use of Laboratory Animals;
DHEW No. (N.I.E. 74-23) 1974", Purina Laboratory Cnow and water were
supplied ad libitum except when the rats were in the exposure chamber.

The rats were exposed to a single concentration of test material.

During exposure, the rats were caged individually in compartmented
wire-mesh exposuve cages. The cages were placed in a 160-liter cubi-
cal, stainless steel and glass chamber. A constant chamber airflow
was maintained by means of a rotary centrifugal alr pump located at
the exhaust side of the chamber. The chamber exhaust was filtered
with an activated charcoal filter and a Cambridge Absolute® filter
before being discharge outside of the laboratory.

B. OBSERVATIONS:

Observations for pharmacotoxic signs and mortality were :made
during and immediately following the 1 hour exposure p-~iod and twice
daily thereafter for 14 days. Individual body welghts were recorded
prior to 1 hour exposure and periodically thereafter in order to
detect any latent effects following the exposure. The rats were

sacrificed and discarded at the end of the 14 day observation period.

000005
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Page 4

C. DUSTS ATMOSPHERE:

The dust atmosphere of the compound was generated by dispersing
the powder at a calculated rate, with a specially constructed dust
generator located near the chamber air inlet at the top of the expo-
sure chamber. This dust generator consisted of a revolving plate with
calibrated "cups” for transporting a known quantity of powder per unit
time from a reservoir to a "blowhole”. At the "blowhole" the powders
in a "cup” were dispersed into the chamber by a jet of air blowing at
tne rate of 7.5 liters per minute.

The actual quantiiy of powder disseminated was determined by
weighing the quantity of powder in the reservoir before and after the
experiuent.

A total of 91.37 grams of the powders was disseminated during the
] hour exposure period. The rate of powder dissemination was calcu-
lated to be 1.52 graws per minute. The rate of chamber airflow was 7.5
liters per minute and the chamber dust concentration was calculated to

be 2C3.0 mg/l. The chamber atmosphere was extremely dusty.

163-512
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Page 5

RESULTS
A. ANIMAL OBSERVATIONS:

The immediate response of the rats to the experimental atmosphere
was an increase of activity in preening. After several minutes of
exposure, this activity decreased. After 30 minutes of exposure six
rats exhibited salivation. By the end of the exposure all the rats
exhibited salivation and one rat exhibited nasal discharge. After
the exposure, all the rats appeared ncrmal.

B. BODY WEIGHTS:
A ~light body welight loss was observed in 6 rats for 1 day postex-
posure 1l..ble 1).
C. MORTALITY:
None of the rats died in the experiment.
All animals survived the observation period and were sacrificed

and discarded.

163-512
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SYUO0PS1S

The test compound was cxamined for acute toxicity in rats and
rabbits in accordance with the regulations under the Federal Hazardous
Substances Act. The following tects were conducted and the results as
indicated obtained:

Eye Irritation Test in Albino Rabbits (Proposed regula-
tion under 21 CFK Pcrt 191, Hazardous Substances Test
for Eye Irritants, Food and Drug Administration):
Group I - 5 minute wash:

A strongly irritant substance,
Group II ~ 24 hour wash.

An extremely irritant and corrosive substance.
Acute Dermal Toxicity in Albino Raobits:

Not a toxic substance by the dermal route of
administration.

Acute Inhalation Exposure in Male Albino Rats:
Not a highly toxic substance by the inhalation
route of administration.

The test compound @lso was evaluated for primary skin irritation
and corrosive hazard in accordance with Title 49 - Transportation,
Chapter 1, Classification of Corrosive Hazards. Based upon the test
data, the followirng resulc was obtained:

Not a primary skin irritant nor does this material
present a corrosive hazard to the skin.

In addition, an acute oral toxicity (LDSO) was conducted in male
and female albino rats, The acute oral LDSO values were calculated
to be as follows:

fale Albino Rats: 1190 (875-1618) mg/kg
Female Albino Rats: 1098 (912-1220) mg/kg
Combined Male and Female Albino Rats: 1138 (971~-1333) mg/kg

163-140 000005
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COMPOUND

e

The test compound w:, received from the Velsicol Chemical Corp-

oration, Chicago, Illinocis on July 21, 1372

It was identified as "Chlorencic Anhydride, 72-785, . Calo'" and

was received as a white powder.

163-140
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EYE IRRITATION IN THE ALBINO “\BBIT

A, METHODS:
Four male and 4 female New Zealand White rabbits were used in
this test. The rabbits weighed from 2171 to 2777 grams at the

beginning of the study. Food and water were available ad libitum.

Prior to compound administration, the eyes of each rabbit were
examined with ultravinlet light after instillation of one drop of a
2.0 percent sodium fluorescein solution. Rabbits exhibiting corneal

lesions were discarded.

The 8 rabbits .ere divided into 2 groups. Group I consisted of
5 rabbits and Group II consisted of 3 rabbits. Rabbits in both groups

received 0.1 wmilliliter by vri.me of the test compound.*

The test material was placed into the cupped conjunctival sac of
the right eye of each rabbit fecllowing which the eyelids were gently
held together for one second. The left eye served as the untreated

control for each rabbit,

The 5 rabbits in Group I were exposed to the test compound for
5 minutes. The rabbits in Group II were exposed to the test compound
for 24 hours. TFollowing the exposure periods, the treated eyes were

washed with a geatle, continuous stream of water, regulated tc

deliver a volume of 300 milliliters of water over a 2 minute period.
The eyes c¢f the rabbits in Group II were examined at 24 hours prior

to the 24 hour wash,

The treated eyes were examined in accordance with the following

schedule:

*Average weight of each milliliter test dose:
Group I - 104,3 milligrams
Crowp II - 94.9 milligrams
163-140

000007/




International Research and Development Corporation

Group 1 : Group II

1 hour following wash at 5 minutes 1 hour following instiliacion
24 hours 24 hours*
48 hours 48 hours
72 hcurs¥* 72 hours>
7 days* 7 days*
14 days* 14 days*
21 days¥* 21 days*

*Sodium fluorescein examinations were conducted at these intervals,
After grading the eye reaction, one drop of sodium fluorescein

was instilled directly onto the corneal surface of each rabbit.
After a few seconds, excess stain was flushed from the corneal
surface with 20 milliliters of water and the eyes examined with
ultraviolet light,

Fourteen and 21 day examinaticns were not required in this test

as no ulceration, necrosis or corneal opacity was present at the 7

day examination interval.

The grading system employed in this test procedure is presented

on the following page.

B. RESULTS:
Table 1 (Group I) and Table 2 (Group II) present a summary of the

results obtained at each examination period.
Based upon the data derived, the following results were obtained:

vroup I - 5 minute wash:
A stringly irrvitant substance.
Group II - 24 hour Wash:

An extremely irritant and corrosive substance.

163-140

000008




firading System for Scoving Ocular Lesions

Axrca

CORNFA:
No ulceration or opécity

Scattered or diffusc arcas of opacity, deteils of
fris clecarly visible

Easily discernible translucent arcas of opacity,
details of iris slightly obscurcd

Nacreous arecas of opacity, no details of iris visible,
size of pupil bLarely discernible

Complete corneal opacity, iris not discernible
Ulceration, abscnce of a gross patch of corneal
epitheclium
B. IRIS:
Normal

Markedly decpcned folds, congestion, swelling,
moderate circumcorneal injection (any of these
or combination of any thereof). Iris still
reacting to light

No reaction to light, hemorrhage, gross destruction
(any of all of these)
CONJUNCTIX&E:
1. Redness (palpebral/bulbar conjunctivae):
Vessels normal
Some vessels definitely injected

Diffuse, crimson red, individual vessels not
easily discernible

Diffuse, becfy red
Chemosis:

No swelling

Any swelling above normal (includes nictitating
membranc) .

Obvious swalling with partial eversion of lids
Swelling with lids half closed
Swellirg with lids more than half closed

Ulceration or necrosis of palpcbral/bulbar
conjunctivac or nictitating membranc

cousidercd positive for determining an eye irritant
considered positive for detcrmining a corrosive substance
if a grade I opacity is evidenced for 6 or more days,
considered positive for determining a corrosive substance

163-140 000009




Chlorencic Anhydride: Eye irritation in the Albino Rabbit,

TABLE 1, Observations (Group I - 5 minute wash),

Examination Interval
(No, Pesitive/No. Dosed)
Hours Days
Area Observation 24 .3 72 7

CORNEA
No ulceration or opacity . 5/ ¢ 5/ 5/5 5/5
Grade )1 opacity
Crade 2 .opacity
Grade 2 opacity
Grade 4 opacity
Ylceration, absence of corneal epithelium

IRIS
Normal
Grade 1 iridal irritation
Grade 2 iridal irritation

CONJUNCTIVAE
Rednessa:

Vessels normal

Grade 1 redness
Grade 2 redness
Grade 3 redness

CHEMOSIS
No swelling
Grade 1 swelling
Grade 2 swelling
Grade 3 swelling
Grade &4 swelling

Ulceration or necrosis of conjunctivae
or nictiteating membrane

OTHER:
Blanching
Hemorrhaga, conjunctivae
Purulent discharge
Vocalization following instillation

Sodiumrfluorescnin examination, number
exhibiting positive corncal damage 0/5

163-140 000010




Chlorencic Anhydride: Eye Irritation in the Albino Rabbit.

TABLE" 2, Observations (Group II = 24 hour wash),

Examination Interval
(No. Positive/No. Dosed) _
Hours Days
Area Observation 24 48 72 7 14

CORNEA
No ulceration or opacity 3/3 2/3 1/3 2/3 3/3
Grade 1 opacity /3 2/3  1/3
Grade 2 -opacity
Grade 3 opacity
Grade 4 opacity
Ulceration, absence of corneal epithelium

JRIS
Normal
Grade 1 1iridal irritation
Grade 2 1iridal irritation

CONJUNCT IVAE
Redness:

Vessels normal

Grade 1 redness
Grade 2 redness
Grade 3 redness

CHEMOSIS
No swelling
Grade 1 swelling

Grade 2 swelling
Grade 3 swelling
Grade 4 swelling

Ulceration or necrosis of conjunctivae
or nictitating membrane

OTHER:
Blanching
Hemorrhage, conjunctivae
Purulent discharge
Vocalization following instillation

Sodjum fluorescein examination, number
exhibiting positive corneal damage

163-140
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ACUCE DERMAL TOXICITY IN ALDINO RABBITS

A, METHOD:

Two maie and 2 female New Zealand White rabbits were used in this
test. The rabbits weighed from 2410 to 2930 grams at the beginning
of this study. Food and water were available ad libitum. Body weights

were measured initially and at 14 days after compound application.

The hair was removed from the back of each rabbit with an electric
clipper. The skin of 1 male and 1 fer.a'> rabbit was abraded with

a scalpel blace.

The test compound was applied once only to the back of each rablit
at a dosage level of 2000 mg/kg. The area of application was wrapped
with a gauze bandage and occluded with Saran Wrap. Twenty-four hours
later the bandages were removed and the backs were washed with tepid
tap water, The rabbits were observed for mortality for a pericd of

14 days.

B. RESULTS:
'All of the rabbits survived the 14 day period of study.

Two of four rabbits exhibited body weight gains during the study
period; the remzining two rabbits showed body weight losses of ¢14

and 31 grams,

Based upon the results obtained, the test compound would -ot be

considered a toxic substance by the dermai route of administration,

163-140
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ACUTE INHALATION TOXICITY IN THE ALBINO RAT
A. METHOD:

l. General Procedure:

Ten male rats of the Spartan strain, weighing from 223 to
265 grams, were used in this test. The rats were housed in groups of
5 in metal cages above the droppings and maintained in temperature and
humidity controlled quarters throughout the pre-exposure and post-—
exposuie periods. Purina Laboratory Chow and water were available ad

libitum.

During the 4 hour exposure to the test compound, the rats were
observed continuously for changes in behavior and/or appearance.
Immediately following the ecxposure, the rats were examined closely for
pharmacodynamic ard/or toxic signs. All rats which died on study were
subjected to a gross aecropsy examination, The rats were observed for

a period of 14 days and then sacrificed.

2. Compound Administration:

The group of 10 rats was placed in a sealed 59.1 liter glass
chamber and exposed for 4 hours to a dvnamic atmosphere containing the
aerosol mist c° the test material., In order co prevent '"piling up"
during the exposure, the rats were sepurated into 4 units of 2 or 3 rats

each,

Addition of the test compound to the test chanhker atmosphere
was controlled by a Wright Dust Feeder, Dried and filiered .ir
was passed through the mecharism and directly into the exposure chamber,

Airflow was regulated by means of a flowmeterl.

1Gelman Instrument Company, Ann Arbor, Michigan, Model No. 8221

163-140
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. The calculated atmospheric concentration administered was

approximately 65 mg/L. of the test compound.

B, RESULTS:
None of the rats exposed to the 65 mg/L. atmospheric concentration
died during the 4 hour exposure period or the subsequent 14 day

observation period,

Signs seen during the exposure period included eye squint, dyspnea,
prostration, salivation, l-crimation, ocular and nasal porphyrin
discharge, erythema and generally decreased motor activity. At 24
hours 3 rats continued to exhibit ocular or nasal porphyrin discharge.
At 48 hours all rats were normal and continued so for the remainder

of the 14 day study period.

All rats exhibited normal body weight gains during the 14 day
period of study.

In accordance with the results obtained and the regulations under
the Federal llazardous Substances Ac®, the test compound would not be
considered a highly toxic substance by the inhalation route of admin-

istration.

163-140
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Page 11

PRIMARY SKIN IRRITATION AND CORROSIVE HAZARD TEST IN ALBINO RABBITS

A, METHOD:
Three male and 3 female New Zealand White rabbits were used. The

rabbits weighed from 2330 to 2595 grams at the beginning of the study.

The hair was removed from the back of each rabbit with an electric
clipper. The skin of 3 of the rabbits was abraded with a scalpel

blade. Food and water were available ad libiggg.

500 willigrams of the test material were applied to the back
of each rabbit. The area of application was then wrapped with
a gauze bandage. Four hours later the bandages were removed and the
area was washed with tepid tap water and examined for skin irritation
in accordance with the scale on the following page. These examinations

were repeated at 24 and 72 hours.

B, RESULTS:
" No evidence of skin irritation was observed at any of the observ-

ation intervals.

Based upon the results obtained, Chlorencic Anhydride does not
present a corrosive hazard to the skin nor is this material a primary

skin irritant.

Due to the negative results obtained in this study, tables of a
summation of observations and calculated primary irritation score

have been deleted from this report.

163-140
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Erythema and Eschar Formation:

No erythema

Very slight erythcma (barely perceptible)

Well defined erythema

Moderate to severe erythema

Severe erythema (bect redness) to slight
eschar formation (injuries in depth)

Edema Formation:

No edema
Very slight edema (barely perceptible)
Slight edema (edges of area well defined
by definite raising)
Moderate edema (raised approximately 1.0 mm)
Severe edema (raised mnre than 1.0 mm extending
beyond the area of exposure) 4

*The ''Value" recorded for each reading is the average value of
six or more animals subjected to the test.

The values for erythema and eschar formation at 24 hours and at

72 hours for the intact animals' skin were added to similar values

obtained for the abraded skin animals (a total of 4 values).

Similarly, thé values for edema formation at 24 and 72 hours for
intact and abraded skin animals were added together (a total of 4
values)., The primary irritant score is the sum of the 8 values
divided by 4. As scored by this method, a primary irritant is a
substance which 1s not corrosive, but which results in a score of
5 or more, (Section 191.1 (g) (2) of the regulations of the Federal

Hazardous Substances Act,)

163~140
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ACUTE ORAL TOXICITY IN ALBINO RATS

A, METHOD:

Twenty-five male and 25 female Spartan rats weighing from 104 to
144 grams were used for this study. The rats were housed by sex in
groups of 5 rats per cage, elevated above the droppings. They were
maintained in temperature and humidity controlled quarters through=
out the study period. The rats had food and water available ad
1ibitum, except for an overnight period preceding compound admin-

istration during which food, but not water, was withheld.

The test compound was suspended in corn oil and administered
orally at the following dosage levels to male and female rats: 500,

1250, 1984, 3150 and 5000 ug/kg.

Five rats of each sex were used at each dosage level. Volumes of

10 ml/kg of body weight were administered at all dosage levels.

All rats were observed for mortality continuously during the first
4 hours after dosing, at 24 hours, and once daily thereafter for a

total of 14 days.
Body weights were recorded initi:lly and at 14 days.

B, RESULTS:
1. Body Weight:
All surviving rats at each dosage level exhibited normal body

weight gains during the 14 day observation period.

2, Calculated Acute Oral LD Values:

50
a. Male Albino Rats (Table 3):

The acute oral LD50 of Chlorencic Anhydride in male albino

rats was calculated to be 1190 mg/kg with confidence limits of 875-
1618 mg/kg.

163-140
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b. Female Albino Ratc (Table 4):

The acute oral LD50 of Chlorencic Anhydride in female
albino rats was calculated to be 1098 mg/kg with confidence limits of

912-1320 mg/kg.

¢. Combined Male and Female Rats (Table 5):

The combined acute oral LD50 of Chlorencic Anhydride in
male and female albino rats was found to be 1138 mg/kg with confidence

limits of 971-1333 mg/kg.

163-140




Chlorencic Anhydride:

TABLE 3, Acute Oral Toxicity (LDSO) in Male Albino Rats,

Dose No. Died Total LD and

llours Days 50
mg/kg No. Died/ Confidence

0-4 4 No. Dosed Limits (mg/kg)

0/5

0/5

4/5 1190

4/5 (875-1618)

5/5

Geometric Ratio: 1,588

Statistical Reference:

1. Thompson, W. R., Bact, Rev., 1i: 115-145, 1947,

163-140




Chlorencic Anhydride:

TABLE 4, Lcute Oral Toxicity (LDSO) in Female Albino Rats.

Dose No. Died Total LDSO and

mg/ kg Days No. Dicd/| Confidence
4 No. Dosed Limits (mg/kg)

0/5

0/5

4/5 1098

5/5 (912-1320)

5/5

Geometric Ratlo: 1,588

Statistical Refererce:

1. Thowpson, W. R., Bact. Rev., 11: 115-145, 1947.

163-140
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Chlorencic Anhydride:

TABLE 5. Acute Oral Toxicity (LDSO) in Male and Female Albino Rats,

Dose No. Died Total LDSO and

mp/keg Days No. Died/ Confidence
4 No. Dused| Limits (mg/kg)

__0/10

0/10

8/10 1138

9/10 (971-~1333)

10/10

Geometric Ratio: 1,588

.

Statistical Refercnce:

1. Thompson, W. R., Bact. Rev., 11: 115-145, 1947.

163-140
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THE TOXICITY OF CHLORENDIC ACID
AND CHLORENDIC ANHYDRIDE

INTRODUCTION

Chlorendic acid and chlorendlc anhydrlde are prod-
ucts of Velsicol Chemical Corporation. They may be used in
the making of resins and plasticizers that retard the propa-
gation of rlame, in the syntheses of other organic chemicals,
ag additives 1in certain petroleum products, and for various
other technical purposes,

The chemical structure of each of the 2 materials

is shown below:

Chlorendic Acid Chlorendic Anhydride

Investigation of the toxicological propertles of the 2 com-
pounds was undertaken in order to provide informatlon which
could serve in promoting methods whareby the compounds could
be used safely. These investigations were concerned with 1),

the immediate toxlcity of chlorendic acid and chlorendic an-

hydride, when administered orally to rats; 2) the effects asso-

clated with the ingestion by rats of small amounts of elther
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material on each of 5 days per week over perlods of 7 weekeg;

3) the physiological responses of rabbits, feollowing the place-
ment, repeatedly, of either the acid or the anhydride in con-
t2.f with the intact abdominal skin; and 4) the irritating
properties of the material when placed upon the surfases of

the ocular tissues of rabbits.

MATERIALS AND METHODS

Chlorendic anhydride (52-CS-83A) and chlorendic acid
(52-C3~-83B) were obtained from Velsicol Chemical Corporation,
Chicago, Illinois., Each material 1s a white crystalline solid.
The acld Gecomposes to the anhydride when heated, The anhy-
dride melts at 240-241°C.; it sublimes between 90° and 100°C.
when under a pressure of 0.5 mm. of mercury. The acid 1is
formed when the anhydride is boiled 1n water. The acld 1is
soluble in benzene to the extent of 1.1 per cent (w/w), as 1is
the anhydride, to the extent of UO.L per cent; they are but
glightly soluble in water.

Each compound, as a 20 per cent agueous suspension,
was administered, on one ocrasion, in staged dosages, to sepa-
rate groups of rats. Each group contained both sexes, ranglng
in age from 3 to 12 weeks,

Three groups, each composed initially of 6 male and

€ female rats, approximately 5 weeks of age, were given chlor-

endic anhydride orally in repeated dosages of 400, 200, or 100

mg. per kg. of bodily welgnht, respectively. An appropriate
volume of an agueous suspension contalning the anhydride, in

the concentratiosn of 4 per cent (w/v), was given by means of a
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stomach tube to each animal on each of 5 days per week over
the period of 7 weeks. In like manner and dosage, chlorendlc
acld was glven orally to 3 other groups of rats; a Tth group
(similarly constituted in respect to the sex, number and age
of the rats) was glven water only, in the corresponding manner.

The animals were observed regularly for slgns of
11lness, and were weighed individually each week.

Terminally, samples of blood were taken from each
rat, in which the relative numbers of erythrocytes and leuko-
cytes, the content of hemoglobin and the percentage distribu-
tion of the differentlated leukocytes, were determined. The
animals were killed, thelr organs were examined for gross
pathological changes, the brain, heart, lungs, llver, kidneys,
and spleen were weighed individually, and gections of the vis-
cera were prepared for mlcroscopic examinatlon,

In preparation for topical applicatlions of the acld
or the anhydride, the halr was clipped closely from the abdom-
inal skin of 18 male New Zealand rabbits (10 weeks of age),
and the animals were restrained supinely in individual stocks.
Powdered chlorendir annydride, in the dosage of 1 g. per kg.,
was applied upon a, . ..llowed to remain for 4 nours in contact
with the intact abdominal skin of 3 of the rabblits; a solution

containing chlorendic anhydride in the concentration of 20 per

cent 1in dimethyl phthalate, was applied upon the intact skin

of 3 other rabblts, 1in volumes equivalent to 0.2 g. of the
compound per kg. of bodily welght. After Iy hours, the resid-
ual materials were washed from the skin of the animals with

soap and warm running water. The contact with the compound
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was repeated in like manner on each of 5 days per week, over
the period of 8 weeks.

Similarly, 3 rabbits were subjected to dally contact
with powdered chlorendic acid in dosages of 1 g. per kg., as
were 3 others with a solution of the compound in dimethyl
phthalate, the daily dosc of the compound being 0.2 g. per
kilogram. Dimethyl phthalate, containing no chlorendic acid
or anhydride, was applied daily upon the skin of 3 rabbits;

3 rabbits were confined in the stocks regularly and were sub-
Jected to all of the manipulations required by the procedure,
excepting that no material was applied upon thelir skin,

A solution contalning either chlorendie anhydride
or acid, in dimethyl phthalate in concentratlions of 5, 10, or
20 per cent (w/v), was inserted beneath the eyellds, upon the
surface ~f the ocular tissues of one eye of each of 4 rabbits;
dimethyl phthalate was placed upon the surface of the other
eye. The volume of the dose was uniformly 0.2 ml. regardless
of the concentration of the chemical in the sovlution or the
bodily weight of the rabbit. Powdered chlorendic anhydride
(20 mg.) was placed upon tha surface of the conjunctiva of one
eye and a like amount of the powdered acld upon the conjunc-
tiva of the other eye of each of 2 rabblts. The eyes were
examined periodically during 5 days after the materials had
been placed in contact with them, and the reactions were

noted and recorded.
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RESULTS

Immediate Oral Toxlcity.

The detailed data showing the numbers of rats of
each sex that were given the gpecified dosage of elther ma-
terial, together with the number of deaths resulting at each
level of dosage, are given in Table 1A in the Appendix, The

LD values estimated from the data are represented in Table 1.

50
Table 1

Chlorendic LD5O (g. per kg.)
compound
Males Females Both sgexes

Anhydride 3.13 + 0.37 3.16 + 0.30 3.13 + 0.34
Acid 2.92 + 0.10 2.65 + 0.48 2.79 + 0.35

Within the limits of the experimental procedures,
the sex of the animals and their age had little, if any,
effect upon thelr responses to the absorption of the anhydride
or the acid. The length of the period of survival, following
the administration of lethal dosages, generally ranged from
10 hours to 15 days; most of the deaths occurred within 2 or

3 days. The signs of illness were vague and poorly defined.

Rats that had teen given lethal amounts of elther the anhydride

or the acid generally showed some mlld degree of weakness and
a continuous loss in bodily weight. An occasional animal had
a bloody discharge from the anus. Animals that had been glven
sublethal arounts of eilther compound exhibilted only mild tran-

glent losses in bodlly welght.
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All rats that had been glven any one of the several
oral dosages of either the chlorendic anhydride or the chlor-

endlec acld were examined post mortem. Animals that died after

ingesting a sufficient amount of either compound exhibited
marked passive hyperemia of the ilnternal viscera, on gross
examination., The brain and llver were swollen and soft. The
kidneys were swollen, pale and cloudy.

Representative animals were chosen at random for
mlcrogcopic examination of thelr viscera.

The viscera of animals that survived after ingesting
chlorendic anhydride in dosages of 1.4, 2.1, 3.2, or 4.7 g.
per kg. of bodily weight (these animals were killed for exami-
nation 1 month after ingesting any one of the stated doses),
were found to be normal. The animals that dled, within 3 days
after ingesting the compound, nhad diffuse degenerative changes
in the hepatic cells throughout the liver lcbule. These
changes increased in severity with lncrease in the dosage of

chlorendic anhydride. There was degeneration in the eplthe-

1ial cells of the renal tubules, with focal necrosis. This

also lncreased in severlty with increase 1n the dosage of the
materlial. Neurophagla was encountered in the cerebral cortex
of some of the animals to which 4.7 or 7.0 g. of chlorendic
anhydride per kg. of bodily weight had been administered.
There was no difference between male or female, or young or
older rats, with respect to the morphologic manifestations of
the effects of the absorption of chlorendic anhydride, upon

the liver, kidney, or brain.
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The rats that survived, after ingesting chlorendlic
acid in amounts ranging from 1.4 to 4.7 g. per kg., were
killed 1 month later for pathological examination. The milcro-
scoplc examination of theilr viscera revealed no alterations
attributable to chlorendic acid. Rats that died within 3 days,
after inges*ing the acid in a single oral dose of 4,7 or 7.0
g. per kg., exhiblted diffuse degeneration 1n the hepatic
cells, degeneration of the eplthelial cells of the renal tu-
bules, and a slight degree of neurophagia. The pathologlc
alterations were more severe in the animals to which the com-
pound had been administered in the higher concentration; they

were not differentiated according to the age or sex of the

animals.
2, The Effects Assoclated With the Ingestion, Repetitively,
of Moderate Amounts of Either Compound.
The cumulative number of deaths among the 6 animals

of each sex to which each level of the dosage of either com-

pound was administered during the 7 weeks, 1s shown in Table

2A. The data with respect to mortality are summarized in
Table 2 below, without respect to the time at which the fatal-

ities occurred.
Table 2

Daily Number of deaths resulting

dosage Chlorerdic Chlorendic
anhydride aciad

(mg. /keg.) males females males females
Loo L 1 0]
200 1 0
100 2 0

water only
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The mortality was 50 per cent among the 12 rats that
were glven chlorendic anhydride at the level of 400 mg. per
kg.; ameng the rats subjected to the dosages of 200 or 100 mg.
of the arhydride per kg., and among those that were given the
chlorendic acid at all 3 levels of dosage, the mortallty was
less than that which occurred among the rats that were glven
water only. Certain groups of male rats to which the anhydrlde
had been given, showed marked reduction in thelr average rates
of growth (Figure 1), the inhibition being apparent at the 100
mg. per kg. level of dosage, and increasing in degree with in-
creased levels of intake. The female rats to which the anhy-~

dride was administered, showed only slight and inconclusive in-

terferences with thelr rates of growth, irrespective of the

level of dosage.

Male rats subjected to the oral administration of
chlorendic acid also sustained marked reduction in their rates
of growth (Figure 2), but this effect correlated poorly with
the level of intake of the compound; males that were given 40O
mg. per kg. per day, gained in welght as well, or better, fhan
those that were given 200 mg. per kg. per day. The females
sustained a mild degree of depression Iin thelr average rates
of growth, which agreed but poorly with the magnitude of the
dose.

The average content of hemoglobln, the relative num-
bers of erythrocytes and leukocytes, and the relative distri-
bution of the differentiated leukocytes in the blood of the
rats, after they had been glven the specified doses of either

the anhydride or the acid, are given in Tables 3A (males) and
4p (females).
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Figure 1

Average Rates of Growth of.Groups of Rats Given
Chlorendic Anhydride, Orally, on Each of 5 Days per Week,
During the Perlod of 7 Weeks
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Figure 2

Average Rates of Growth of Groups of Rats Glven
Chlorendic Acid, Orally, on Each of 5 Days per Week,
During the Perilod of 7 Weeks
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There was an increase in the relative numbers of
leukoeytes in the blood of the male rats to which 400 mg. per
kg. of either the anhydride or the acld were given; occaslon-

.y, slgnificently elevat<¢d numbers were noted in indlvidus®
animas o2+ other levels of dosage. The content of hemoglobln
and the relative numbers of erythrocytes remained essentially
unchanged in the blood of both aexes.

The average weights of various organs of the rats in
the respective groups {after having taken 35 doses of elther
material) are given in Table 5A in conjunctlon with the final
bodily weights. The data indicate that the weights of the
brain, heart, lunge, liver, kidneys, and spleen, irespectively,
were not affected by elther compound that had been adminis-
tered at any of the levels of dosage.

Of the rats to which chlorendic anhydride had been
administered, repetitively, 1in oral dosages of 100 mg. per kg.,

2 males died after the 15th and 36th days. The gross and

microscopic examination of their viscera revealed diffuse de-

generation in the llver, tubular renal degeneration, focal
necrosis in the apleen, and hyperemia and sligiht edema in the
lungs. The 4 males that survived for 7 weeks during the admin-
i1stration of this dosage ha? normal viscera, except for slight
evidences of fatty metamorphos.s of the hepatic cells. All
the female rats survired; microscopic examination disclosed
only comparable evidences of fatty changes in the liver;

9f the 6 male rats that had ingested chlorendic an-
hydride in the repetitive dosage of 200 mg. per kg., 1 died on

the 10th éday; microscopic examination of its3 viscera revealed
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acute pneumonla, slight fatty metamorphosis in the hepatic
cells, and tubular degeneration and focal necrosis in the kid-
neys, The 5 animals that survived zt this level of dosage,
had normal viscera, except for a slight to moderate evidence
of fatty metamorphosis of the hepatic cells, All the female
rats at this level of dosage had normal viscera excepting for
corresponding alterations 1in the liver.

The rats that died during the perlod 1n which chlor-
endic anhydride had been administered to them in serlial dos-
ages of UOC mg. per kg., were found to have intercurrent infec-
tious diseases, lncluding diffuse myocarditls, encephalifis,
and bilateral bronchopneumonia. A toxlc effect induced by the
absorption of the compound was manifested in the liver 1in the
form of a moderate degree ol fatty metamorphosls. Two female
rats that died during the administration of the same dosage
were found to have acute bllateral pneumonia; however, s8light
to moderate fatty changes wera noted in the llvers of all of
the females within this group. The other viscera exhlblted no
abnermalities.

Except for slight degrees of chronlic gastritis, no
pathologic changes were present in the vliscera of rats to
which chlorendic acid had been administered repetitively in
the dosage of 100 mg. per killogram.

One of the male rats that had been glven the acid in
serial dosages of 200 mg. per kg., dled of acute confluent
bronchopneumonlia. This anlmal, and 3 of the survivors showed
8llight degrneratlve changzes in the centro-lobular hepatic

cells. All of the € males in this group had chronic gastritis.
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The 6 female rats survived during the period in which chloren-
dic acid had heen glven in the serial dosage of 200 mg. per
kilogram. All of them had gastritis; 2 animals had slight de-
generative changes Iin the hepatic cells,

Of the 12 rats to which chlorendic acid had been ad-
ministered, repetitively, in oral dosages of U400 mg. per kg.,
1l male died, incldentally, of acute peritonitis. Except for
chronic gastritis, the 11 survivors had normal viscera.

One female and 2 male rats in the control group died
of bllateral confluent pneumonia. The viscera of the survivors
were normal.

The pathologic changes resulting from the ingestion
of chlorendiec anhydride, repetitively, were more severe than
those resulting from the ingestion of chlorendic acid under
comparable condltions of dosage. The latter compound caused
only irrlitation of the gastric mucosa, without inducing toxic
changes in the other viscera. The pathologic changes attribu-
table to the absorption of chlorendic anhydride by the male
rats were more prominent than those observed in the female
rats. The deaths that occurred among the rats subjected to
all levels of dosage of elther compound, and as well as those
which occurred in the control group, were caused, primarily,
by intercurrent Infectlous diseases,

3. Effects Ass.ciated With Repeated Contact of Chlorendic
Anhydride or Chlorendic Acid With the Skin of Rabbits.

All of the animals that were subjected, repetitively,

to contact of thelr skin with the anhydride or the acid, sur-

vived without exhiliblting signs of 1lllness, but for some
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fluctuation in their bodily weights. Contact of the skin of
rabblts with either material, in solution in dimethyl phthal-
ate, resulted in thelr fallure to gain in bodily welght as
rapidly as did those subjected to contact with the respective
compounds as a dry powder. In each instance, howaver, the
average rate of growth was better than that of the correspond-
ing control group (Figure 3).

No local irritation resulted from repeated contact
of the skin of the animals with either the anhydride or the
acid in dry powder form. Corresponding periods of contact
with a solution containing the anhydride in dimethyl phthalate
produced mild, recurrent erythema, and occasional slight edema
in the skin of one of 3 rabbits. Repeated contact with solu-
tions of chlorendic acid in dimethyl phthalate caused mild to
severe erythema, mild edema, vesiculation, and occasional fis-
sures in the skin. 1In general, these changes did no* appear
untll the 5th week; they were transient, but recurrent.

The gross and milcroscoplic examinatlon of the vigcera
of the rabbits at the time they were killed revealed no patho-
loglc alteratlions that could be attributed to the absorption
of either chlorendlic acld or chlorendic anhydride. Some of
the animals suffered from lntercurrent diseases such as granu-
lomatous encephalitis, chronic pyelonephritis, or pericho-

langitis.

L, Opnhthaimic Effects.
A code that was used to score the responses of the
external tlssues of the eye to contact with the material, and

a summary of the results, are given in Tables €A and 6B,
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Figure 3

Average Rates of Qrowth of Groups of Rabbits Subjected,
Repetltively, to Contact of Thelr Skin With :
Chlorendic Anhydride or Chlorendlc Acid

(The compounds were applied upon the skin of the respective
animals, in the stated dosages, elther as undiluted powders
or a8 20 per cent solutions in dimethyl phthalate, and
allowed to remain for 4 hours on each of 38 days.)

Undiluted
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respectively, in the Appendix. Contact of the ocular tisgues
with chlorendic acid resulted in severe palpebral conjuncti-
vitis, merked edema in the palpebra, and, frequently, a mild
purulent discharge. The severity of the responses and the
duration of their persistence, varied with the concentration
in which the acid had been applied to the tissues. The eyes
were generally normal in appearance and in the pupillary
responses when stimulated with light after the Lth day.

The responses to the anhydride were generally milder
and less prolonged. There was rarely any evidence of irrita-

tion in the palpebra 24 hours after contact with the ankydride.

DISCUSSION

~

With respect to the immediate toxicity of the 2 com-
pounds, there was no significant difference in the quantity
of the anhydride as compared with that cf the acid required to
produce a specific degree of mortality, when given orally to
rats. The 2 compounds were not differentiated by the nature
and severity of the responses which they elicited when given
orally in comparable dosages.

The anhydride and the acid were not cumulative in
their toxic properties; at the levels of dosage of 100, z0O
and 400 mg. per kg. the total quantities acdministered to
rats that survived for 7 weeks were approximately 1, 2, and 3
times tne magnitude of the respective immediate lethal dosages

(LD The mortality among the several groups cf rats that

50) °
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were given serial dosages of elther materlal was affected,
primarily, by extraneous diseases, without apparent relation-
ship to the amounts, elther of the anhydride or of the acid,
that were lngésted by the animals. This conclusion 18 sup-
ported, 1in part, by the deaths of 3 rats in the cortrol group
that had ingested neither chlorendic acid nor the anhydride;
1t 1s supported further by the nature and extent of the patho-
logical changes found in the viscera of the fatalltles,
Neither material was absorbed through the skiln of
rabbits in amounts sufflcient to cause serious 1llness or
death., Solutlions of the acld, and ¢o a lesser extent, solu-
tions of the anhydride in dimethyl phthalate, were moderaftely
irritating to the gkin., Both the acid and the anhydride were
irritating to the palpebra and the conjunctival membrane of

rabbits, but they induced no marked injJury in the eye Lltself,

SUMMARY

When given orally as agueous suspenslons to rats, the

LDSO of chlorendic anhydride was 3.13 + 0.34 g. per kg.

of bodlly welight; the LD50 of chlorendic acid was 2.79 +
0.35 g. per kilozram.

The mortallty was 50 per cent among rats gilven chlorendic
anhydride orally 1in dosages of 400 mg. per kg. on each of
35 days; however, the deaths have been attributed to in-
fectious diseasea. Reduced rates of growth were evident
in the male rate but not in the females that were given
the compound repetitively in dosages of 200 or 100 mg. per
kilogram.
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Retardation of growth occurred among male rats that were
given chlorendic acid orally in amounts of 400, 200, or
100 mg. per kg. on each of 35 days. Rates of growth of
the females glven comparable amounts of the acid were not
affected. Occasional deaths at all levels of oral admin-
1stration, without reference to the dosage, were attributed
to extraneous dlsease.
Neither chlorendic anhydride nor chlorendic acld was ab-
sorbed in quantities sufficient to cause severe illness or
death when kept in contact with the intact skin of rabbits
for 4 hours on each of 36 days. Local irritation resulted
from repeated contact of the skin with solutions contain-
ing either compound in dimethyl phthalate.
Chlorendlc acid was severely irritating to the palpebra
and the conjunctival tissue of rabbits; chlorendic anhy-

dride was moderately irritating.

From the Kettering Laboratory 1n the Department of Preventlve
Medicine and Industrlal Health, College of Medicine, Univer-
sity of Cincinnati, Cincinnati, Ohlo. .

Experimental Work and Report by:

Sylvan Witherup, B.S.
Klaus L. Stemmer, M.D.
Harold Schlecht

Approved: wéQAZKQO*TXZEZZ*

1 N
Robert A. Kehoe, M.D.
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Table 24

The Mortality Among Groups, Each Composed Initially of
6 Male and 6 Female Rats, to Which Either
Chlorendic Anhydride or Chlorendic Acid Was Adminlstered,
Orally, on Each of 5 Days per Week During a Period of 7 Weeks

Sex of the Length of the
rats and Daily Number periods of
the compound dose of survival

given
(mg. /ke. ) deaths (days
y

MALES
Anhydride 4oo 20, 32, U5
200
100 36

h4oo
200
100

Water only

FEMALES

Anhydride

Water only
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Table 5A

Average Vieights of Various Organs of Groups of Rats
To Which Either Chlorendic Anhydride or Chlorendic Acid
Was Administered, Orally, on Each of 5 Days per Week
During a Perlod of 7 Weeks

Compound
and con-
cen*ration
given

(mg. /kg. )

MALES

Anhydride
400
200
160

hverage weights (grams)

Heart Lunga Liver KXidneys Spleen

Acld
Loo
200
100

Controls

FEMALES
Anhydride

400

200

100

Acld
400
200
100

Controls

000025




Table 6A

Code Used in Scoring the Responges of the Ocular
and Conjunctival Tissues of Rabbits, Following the
Instillation of Either Chlorendic Acid or Anhydride

Irritation

No remarkable signs of iInjury

Injection of the palpebral vessels

Mild general palpebral conjunctivitis
Moderate general palpebral conjunctivitis
Severe general palpebral conjunctivitis

Edema
Mild
Moderate

Severe
Puriform secretion

000026
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SPONSOR: Velsicol Chemical Company
MATERIAL:Chlorendic Anhydride
SUBJECT: FINAL REPORT MUTAGENICITY PLATE ASSAY

0BJECTIVE

The objective of this study was to evaluate the test compound for genetic
activity in microbial assays with and without the addition of mammalian
metabolic activation preparations.

MATERIALS

A. Taest Compound

1. Date Received: September 6, 1977

2. Oescription: White powder

Indicator Microorganisms

Salmonella typhimurium, strains: TA-153%
TA-1537
TA-1538

Saccharomyces cerevisiae, strain: D4

Activation System (Ames et al., Mutation Research 31:347, 1975)

1. Reaction Mixture

Compaonent final Concentration/ml

TPN 4 umoles
Glucose-6~phosphate 5 pymoles
Sodium phosphate (dibasic) 100 wmoles
43C, 8 pmoles
KC1 23 pmoles
Homogenate fraction equivalent 0.1-0.15 ml 9,000 x

to 25 mg of wet tissue supaernatant of rat liver

S$-9 Homogenate

A 9,000 x g supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroclor 1254 five days
prior to kill. CORFIDERTIAL
This document coniding confidential information
which is the property of Velsicol Chemical
Corporation. It must be accounted for and returnad,
without reproduction, upon corr fetion of the v O O O O O 4
BIONETICS {avolved of sooner upon requsst

Litton




MATERIALS (Continued)

D. Positive Control Chemicals

Table 1 below lists the chemicals used for positive controls in
the nonactivation and activation assays.

TABLE 1

PROBABLE
MUTAGENIC
ASSAY CHEMICAL? SOLVENT SPECIFICITY
Nonactiva-  Methylnitrosoguanidine Water or Saline BPSb
tion (MNNG)
2=Nitrofluorene (NF) Dimethy]su]foxidec FS

Quinacrine mustard (QM) Water or saline FS

b
b

Activation 2-Anthramine (ANTH) Dimethylsulfoxide®

2-Acetylaminofluorene Dimethy]sulfoxidec
(AAF)

8-Aminoquinoline (AMQ) Dimethy]sulfoxidec

a
Concentrations given in Results Section

bBPS = Base-pair substitution
FS = Frameshift
CPrevious]y shown to be nonmutagenic

Solvent

Either deionized water or dimethylisulfoxide (OMSQ) was used to prepare
stock solutions of solid materials. A1l dilutions of test materials
were made in either deionized water or DMSO. The solvent employed

and its concentration are recorded in the Results Section.

6@Wﬁ®@mmwu

mus‘gng of Vm Cltasigel

000005
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3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Method*)

Approximately 108 cells from an overnight culture of each indicator
strain were added to separate test tubes containing 2.0 ml of molten
agar supplemented with biotin and a trace of histidine. For non-
activation tests, at least four dose levels of the test compound
were added to the contents of the appropriate tuves and poured

over the surfaces of selective agar plates. In activation

tests, a minimum ¢f four different concentrations of the

test chemical were added to the appropriate tubes with cells.

Just prior to pouring, an aliquot of reaction mixture (0.5 ml
containing the 9,000 x g liver homogenate) was added to each

of the activation overlay tubes, which were then mixed, and

the contents poured over the surface of a minimal agar plate

and allowed to solidify. The plates were incubated for 48

hours at 37C, and scored for the number of colonies growing on

each plate. The concentrations of all chemicals are given in

the Results Section. Positive and solvent controls using both
directly active positive chemicals and those that require

metabolic activation were run with each assay.

Recording and Presenting Data

The numbers of colonies on each plate were counted and recorded

on printed forms. These raw data were analyzed in a computer
program and reported on a printout. The results are presented

as revertants per plate for each indicator strain employed in the
assay. The positive and the solvent controls are provided as
reference points. Other relevant data are provided on the computer
printout.

%*Certain classes of chemicals known to be mutagens and carcinogens do not
produce detectable responses using the standard Ames cverlay method. Some
dialkyl nitrosamines and certain substituted hydrazines are mutagenic in
suspension assays, but not in the plate assay. Chemjcals of these classes
should be screened in a suspension assay.

CONFIDENTIAL
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INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was examined for mutagenic activity in a series

of in vitro microbial assays employing Salmonella and Saccharomyces
indicator organisms. The compound was tested directly and in the
presence of liver microsomal enzyme preparations from Aroclor-induced
rats. The following results were obtained:

A. Toxicity Test Re-uits

The compound was tested over a series of concentrations such
that there was either quantitative or qualitative evidence of
some chemically-induced physiological effects at the high
dose level. The low dose in all cases was below a concentra-
tion that demonstrated any toxic effect. The dose range
employed for the evaluation of this compound was from 0.1 ug
to 500 ug per plate.

Nonactivation Test Results

The results of the tests conducted on the compound in the
absence of a metabolic system were all negative.

Activation Test Results

The resuylts of the tests conducted on the compound in the
presence of the rat liver activation system were all negative.

Conclusions

The test compound, Chlorendic Anhydride, did not demonstrate
mutagenic activity in any of the assays conducted in this
evajuation.

Submitted by:

O
D.

Q/MQ!L i }0/31/7“7
. Jagannath, Ph.D. Date
Section Chief

Submammalian Genetics
Department of Molecular
Toxicology
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EXPLANATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS

Plate test data consist of direct revertant colony counts obtained
from a set of selective agar plates seeded with pepulations uf mutant
cells suspended in a semisolid overlay. Because the test chemical
and the cells are incubated in the overlay for 2 to 3 days, and a few
cell divisions occur during the incubation period, the test is semi-
quantitative in nature. Although these features of the assay reduce
the quantitation of results, they provide certain advantages not con-
tained in a quantitative suspension test:

The small number of cell divisions permits potential
mutagens to act on replicating DNA, which is often more
sensitive than nonreplicating ONA.

The combined incubation of the compound and the cells in
the overlay permits constant exposure of the indicator
cells for 2 to 3 days.

Surviving Populations

Plate test procedures do not permit exact quantitation of the
number of cells surviving chemical treatment. At low concen=
trations of the test chemical, the surviving population on the
treatment plates is essentially the same as that on the nega-
tive control plate. At high concentrations, the surviving
population is usually reduced by some fraction. Our pretocol
normally employs several doses ranging over two or three log
concentrations, the highest of these doses being selected to
show slight toxicity as determined by subjective criteria.

Dose Response Phenomena

The demonstration of dose-related increases in mutant counts is
an important criterion in establishing mutagenicity. A factor
that might medify dose-response results for a mutagen would be
the selection of doses that are too low (usuaily mutagenicity
and toxicity are ralated). If the highest dose is far lower
than a toxic concentration, no increases may be observed over
the dose range selected. Conversely, if the lowest dose em-
ployed is highly cytotoxic, the test chemical may kill any
mutants that are induced, and the compcund will not appear to
be mutagenic.

. EONFIDEN TS
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EXPLANATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS (Continued)

C. Control Tests

Positive and negative control assays are conducted with each
experiment and consist of direct-acting mutagens for nonactiva-
tion assays and mutagens that require metabolic biotransform.-
tion in activation assays. Negative controls consist of (e
test compound solvent in the overlay agar together wit che
other essential components. The negative control plate for
each strain gives a reference point to which the test data are
compared. The positive control assay is conducted toc demon-
strate that the test systems are functional with known mutagens.

Evaluation Criteria for Ames Assay

Because the procedures used to evaluate the mutagenicity of the
test chemical are semiquantitative, the criteria used to determine
positive effects are inherently subjective and are based primarily
on a historical data base. Most data sets are evaluated using

the fcllowing criteria:

1. Strains TA-1535, TA-1537, and TA-1538

If the solvent control value is within the normal range, a
chemical that produces a positive dose response over three
concentrations with the lowest increase equal to twice

the solvent control value is considered to be mutagenic.

Strains TA-98, TA-100, and D4

If the solvent control value is within the normal range,

a chemical that produces a positive dose response over three
concentrations with the highest increase equal to twice the
solvent control value for TA-100 and two to three times the
solvent control value for strains TA-98 and 04 is considered
to be mutagenic. For these strains, the dose response
increase should start at approximately the solvent control
value.

Pattern

Because TA-1535 and TA-100 were both derived from the same
parental strain (G-46) and because TA-1538 and TA-98 were
both derived from the same parental strain (D3052), there

is a built-in redundancy in the microbial assay. In general
the two strains of a set respond to the same mutagen and
such a pattern is sought. It is also anticipated that if a

CONFIDENTIAL
This document contains coniidential information
which is the property of Yolsicod Chemical
Corporation. It must be accounted for and returned,
without teproduction, upon complstion of the work
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6.  EXPLANATION OF EVALUATION PROCEDURES FOR PLATE ASSAYS (Continued)

0. Evaluation Criteria for Ames Assay

3. Pattern

given strain, e. g. TA-1537, responds to a mutagen in
nonactivation tests it will generally do so in activation
tests. (The converse of this relationship is not expected.)
While similar response patterns are not required for all
mutagens, they can be used to enhance the reliability of

an evaluaticn decisian.

Reproducibility

If a chemical produces a response in a single test that
cannot be reproduced in one or more additicnal runs, the
initial positive test data loses significance.

The preceding criteria are not absolute and other extenuating
factors may enter into a final evaluaticn decision. However,
these criteria are applied to the majority of situations and
are presented to aid those individuals not famiiiar with this
procedure. As the data base is increased, the criteria for
evaluation can be more firmly established.

Relationship Between Mutagenicity and Carcinogenicity

It must be emphasized that the Ames Salmonella/microsome test
is not a definitive test for chemical carcinogens. It is
recognized, however, that correlative and functional relation-
ships have been demonstrated between these two end points.

The results of comparative tests on 30C chomicals by McCann et
al. (Proc. Nat. Acad. Sci. USA, 72:5135-5139, 1975) show an
extremely good correlation Letween results of microbial muta-
genesis tests and in vivo rodent carcinogenesis assays.

All evaluation and interpretation of the data presented in
this report are based only on the demonstration of or lack of
mutagenic activity.
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STANDARD OPERATING PROCEDURES

To ensure an accurate and reliable mutagenicity testing program, LBI
inctituted the following procedures:

The test compound was registered in a bound log book recording
the date of receipt, complete ciient identification, physical
description and LBI code number.

Complete records of weights and dilutions associated with the
testing of the submitted material were entered into a bound
notebook.

Raw data information was recorded on special printed forms that
were dated and initialed by the individual performing the data
collection at the time the observations were made. These forms
were filed as permanent records.

A1l animal tissue --9 preparations used in the activation tests
were taken from dated and pretested frczen lots identified by

a unique number. The $-9 preparations were monitored for uni-
formity and the information recorded.
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PREFACE

This report contains a summary of the data compiled during the evaluation

of the test material. The report is organized to present the results in

a concise and easily interpretable manner. The first part contains items
I-1V and provides sponsor and compound identification information, type

of assay and the protocol reference number. All protocol references indicate
a standard procedure described in the Litton Bionetics, Inc. "Screening
Program for the lIdentification of Potential Mutagens and Carcinogens."

[tem V identifies the tables and/or figures containing the data used by
the Study Director in interpreting the test results {(item VI).

The second part of the report, entitled PROTOCOL, describes, in detail,
the materials and procedures employed in conducting the evalution.

This part of the report aiso contains evaluation criteria, standard
operating procedures and any appendices. These are included to acquaint
the sponsor with the methods used to develop and aralyze the test resul:ls.
A1l test and control results presented in this report are supported by
fully documented raw data which are permanently maintained in the files
of the Department of Genetics and Cell Biology. Copies of raw data will
be supplied to the sponsor upon request.
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SPONSOR:  Velsicol Chemical Corporation
HATERIAL*

A. Identification: Chlorendic Anhydride
B. Date Received: September 6, 1977

C. Physical Description: White powder
TYPE OF ASSAY: Mouse Dominant Lethzi Assay
PROTOCOL NO.: DMT-110

RESULTS

The results are presented in Tables 1-7. Table 1 provides
information on toxicity and dose selection. The remaining
tables surmarize the test results and statistical analysis.

INTERPRETATION OF RESULTS AND CONCLUSIONS

Chlorendic Anhydride was examined for its ability to induce dominant
lethality in male mice. The test material was evaluated at 0.223 g/kg,
0.074 g/kg and 0.022 g/kg. The vehicle for this t2st was DMSO and the
route of administration was oral (PO). Following dosing, the males
were mated sequentially for 7 weeks to virgin female mice. Pregnant
females were scored for dominant lethal indexes at mid-pregnancy.

The results of the assay are presented in Tables 2-7. The data did
not indicate any evidence of compound-induced dominant lethality.
Some reduction in feriility was observed at Week 5 but none of the
other parameters produced significant trends during the same week.

The positive control, TEM, was active over the first three mating
weeks indicating induction of alterations in sperm and spermatids.

*Information was supplied by the sponsor. If this information was not indicated
by the sponsor, N.l. was entered.
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INTERPRETATION OF RESULTS AND CONCLUSIONS (Continued)

Chlorendic Anhydride was considered to be inactive in this test
and did not induce dominant lethality in mice under the test
conditions employed in this evaluation.

Submitted by:

Study Director

te

ociat /
Section Chief
Mammalian Genetics
Department of Genetics
and Cell Biology

Reviewed by:

ga_,sk R0, :{/__7[75

David J. Brusick, Ph.D, ate
Director

Department of Genetics

and Cell Biology
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TABLE 1 Test Mouse Dominant Lethal

LBI RANGE FINDING AND LD50 DATA SHEET

Compound Chlorendic Anhydride jS Assay# 253

Client Velsicol Chemical Corporatien Project # 20862

Test Initiated September 30, 1977.. By Va, AT

Solvent__ DMSO o Species/PO# CD-1 Male Mice

Route of Admin.  Oral (PO) v Dose Units  g/kg

File Reference

Comments

Deaths/ Animals

Dosage Day 1472 617

.3 ml 5 g/ke 1[0 00

.3 ml 1 g/kg

.03 ml .5q/xQ

.03 ml .lg/kg

.03 ml_.05 g/kg

-~

Calculated Values:
LD;n 0.835 LDy 0.129 LDy 0.223

upper 2.610 upper (.372 upper 0.455 slope

lower (0.361 lower 0.000 lower 0.001 intercept

Reviewed by: @n jw Date: ?/3//30/7y
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PROTOCOL
PURPQSE
The purpose of this study was to evaluate the test material for its

ability to induce dominant lethality in mice.

OVERVIEW AND RATIONALE

The dominant lethal assay is designed to determine the ability of a
compound to induce genetic damage in the germ cells of treated male mice
leading to fetal wastage. Chromosome aberrations including breaks,
rearrangements, and dsletions are believed to produce the dominant
lethality although ploidy changes and chromosome nondisjunction may also
be devected in this assay. Male mice are exposed to several dose levels
of the test compound for 5 days and tien mated over the entire period of
spermatogenesis to unexposed virgin females. At mid-pregnancy, the
females are killed and scored for the number of living and dead implants
as well as the level of fertility. These results are then compared to
data from control animals and used to determine the degree of induced
dominant lethality.

Evidence of dominant lethality emphasizes that the compound is able to
reach the developing germ cells and induce genetic damage. It also
suggests, but does not measure diractly, that in addition to the detected
gross chromosomal lesions, more subtle balanced lesions or specific locus
gene mutations may bc produced. These latter types have a good chance of
being transmitted to the gene pool of future offspring.

EXPERIMENTAL DESIGN

Ten (10) randbm bred, male mice from a closed colony were assigned to 1
of 5 grouos. Three of these grouns received different dose levels of the
test compuund; a fourth group received only the solvent or vehicle; and
the fifth group received a known mutagen and served as the positive
control group. The test compound and control compounds were administered
as specified in Table 1. Triethylenemeiamine (TEM) was used as the posi-
tive control and was given as a single intraperitoneal injection. Foliow-
ing treatment, each male was rested for 2 days and then caged with 2 un-
exposed virgin females on the third day. At the end of 5 days, these
females were removed. This weekly mating sequence was continued for 7
weeks. Fach pair of mated females was transferred to a fresh cage, and
approximately 14 days after the midweek of being caged with the male, the
females were killed with CO,. At necropsy, their uteri were examined four
dead and living implants, and total implantations.

BIONETICS
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EXPERIMENTAL DESIGN (Continued)

A. Animals

Random bred, adult male and female mice, strain CD-1 were purchased
from the Charles River Breeding La~oratories, Inc. Male and famale
mice were at least 8 weeks of age upon initiation of dosing.

Animal Husbandry

Males were housed individually and females housed in pairs (excupt
during mating) in shoe box cages on AB-SORB-DRI bedding.

A1l animals were quarantined prior to being used in the study to
acclimate them to the new laboratory conditions. Purina Lab Chov
was used as the basic diet and water was offered ad lipitum. Light
was provided on a 12-rour 1ight/dark cycle.

Personnel handling animals or working within the animal facility
wore suitable protective laboratory garments, including face masks
or respirators.

Dosage Determination

Dosage information was calculated on the basis of range finding
studies using 6 groups of 6 mice each. The high dose level was
selected from these data. One-third and one-tenth of the high

dose were used as the intermediate and low dose levels, respec-
tively. For nontoxic compounds, a maximum high dose level of 5 3/kg
(or equiva]ent) is generally chosen.

Records

The number of dead and 1iving implants and total implantation sites
were recorded on a standardized record form. Data were keypunched
directly from these forms %0 computer entry ca.ds, and analyzed for
ctatiztical significance as outlined in Appendix A. Criginal copies
of all data are stored in the Litton Bionetics, Inc. archival system.
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EXPERIMENTAL DESIGN (Continued)

A. Animals
Random bred, adult male and female mice, strain CD-1 were purchased
from the Charles River Breeding Laboratories, Inc. Male and female
mice were at least 8 weeks of age upon initiation of dosing.

Animal Husbandry

Males were housed individually and females housed in pairs (except
during mating) in shoe box cages on AB-SORB-DRI bedding.

A1l animals were quarantined prior to being used in the study to
acclimate them to the new laboratory conditions. Purina Lab Chow
was used as the basic diet and water was offered ad libitum. Light
was provided on a 12-hour 1ight/dark cycle.

Personnel handling animals or working within the animal facility
wore suitable protective laboratory garments, i{ncluding face masks
or respirators.

Docage Determination

Dosage information was calculated on the basis of range finding
studies using 6 groups of 6 mice each. The high dose level was
selected from these data. One-third and one-tenth of the high

dose were used as the intermediate and low dose levels, respec-
tively. For nontoxic compounds, & maximum high dose level of 5 g/kg
(or equivalent) is generally chosen.

Records

The number of dead and 1iving implants and total implantation sites
were recorded on & standardized record form. Data were keypunched
directly from these forms to computer entry cards, and analyzed for
statistical significance as outlined in Appendix A. Original copi s
of all data are stored in the Litton Bionetics, Inc. archival system.
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EVALUATION CRITERIA

Both pre- and post-implantation losses contribute to dominant jethality.
The former is reflected in the total number of implantation sites per
pregnant female and strictly measured by the difference between the
number of corpora lutea gravidus and the number of implantation sites.
Toxic or physiologic effects on sperm may also reduce the number of
implantation sites. Therefore, unless subtle physiological effects

on sperm can be discounted, pre-implantation loss is not as rigorous
an indication of dominant lethality as post-implantation Yoss.

Corpora lutea can not be reliably counted in mice and, therefore,
pre-implantation loss is not evaluated in studies using mice. Post~
implantation losses are measured as early and late fetal deaths plus
the number of resorption sites,

Dominant lethality is typically determined from: a mutation index
derived from the ratic of dead to total implants; or the number of
dead implants per preanant female. In interpreting these values,

it must be remembered that the former measurement reflects both

pre- and post-implantation losses and that ihe ratio is affected by
changes in either the numerator or the denominator. For this reason
the second parameter is perhaps a better indicator of oost-imolanta-
tion loss. This becomes especially so if one concurrently examines
the numper of living embryos per pregnant female, The two sets of
data should be inversely related, In other words, if true dominant
lethality is being observed, then a significant increase in the number
of dead implants per pregnant female should be accompanied by a
significant decrease in the number of living implants per pregnant
female,

These ratios are comparad with both concurrent and historicai control
data for significant statistical differences. Dose-related trends
are also looked for, but may not always be found, For example, some
compounds such as EMS tested in mice show a threshold value and then
a very steep rise, Certain portions of the response might be missed,
depending on the spacing of the dose levels used.

True, as opposed to spurious, dominant lethality also tends to cluster
according to the stage of spermatogenesis affected and typically would
not be expected to appear in widely spaced weeks or pblocks of weeks,

A1l data which are indicated as being statistically significant must
also be stronaly evaluated for their biological significance, By
bringing both statistical and biological selective pressures to bear
on the data gathered, an estimate of dominant lethality and of risk
to the gene pool should be optainable,

BIONETICS 000016
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STANDARD OPERATING PROCEDURES

The test compound will be registered in a bound log book recording
the date of receipt, complete client identification, physical
description, and Litton Bionetics, Inc,, code number,

Complete records of weights and dilutions associated with the
testing of the submitted material will be entered into a bound
notebook,

Raw data information will be recorded on special printes frrms that
will be dated and inftialed by the individual performing tne data
collection at the time the observations are made. These forms will
be filed as permanent records.

A1] data will be entered in ink (no pencil).

A1l changes or corrections in entries will be made with a single line
through the change, and an explanation for the change must be written,

A11 calculations (weights, dilutions, dose calculations, etc.) will be
shown on data records,

A11 data entries will be dated and initialed,

A1l laboratory operations will be written out in standard protocol
manuals. These manuals will be present in each laboratory area.

Deviations from any established protocol will be described and justi-
fied,

Data will be stored in bound form (notebooks or binders), These bound
data books will be reviewed by the appropriate Section Heads,

Chemicals submitted for testing will have date of receipt and initials
of entering person.

Lot numbers for all reference mutagens, solvent, or other materials
used in assays will be recorded.

Animal orders, receipts, and 1dentification will be recorded and main-
tained such that each animial can be traced to the supplier and ship-
ment. All animals on study will be properly identified.

A copy of the fin2l report plus all raw data and support documents will
be permanently stored in the archival system of Litton Bionetics, Inc.

Current curricula vitae and job descriptions will be maintained on all
personnel involved in the study.

BIONETICS
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APPENDIX A

This analysis describes the statistical treatment of dominant lethal
data. The entire analysis is applied to studies in rats and only purts
are applicable to mice since corpora lutea counts are not made in ¢his
species. The respective table numbers ave given where applicable.

OQ?OW
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APPENDIX A
Analysis of Data

Fertility Index - Table 2 (Mice and rats)

The fertility index is defined as F.1. = # of pregnant females/
4 of mated females. It is calculated for each week (in subacute
study) or at the end of 8 weeks (in acute study) and for each

dose level, negative control, and positive control.

A chi-square test is used to compare each treatment group and

positive control to negative control.

(Ng + M) (ng(Ng = ) = ny(lg = mp)t = (Ng ¥ N/2)
(g © Ny /N = ng * Ny = nyIRgh,

impregnated in i-th test groupb
impregnated in negative control group
of females mated in the i-th test group

of females mated in negative control group

A2 x 2 table is formed at follows:

control

# impreg

# not impreg

Significance at the 5 and 1% levels is indicated with asterisks
on Table 1.

Armitage's trend for linear proportions is used to test whether
the fertility index is linearly related to arithmetic or log dose.

BIONETICS
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The following table is set up:

-control dose dose k totals

# impreg t

# not
impreg

totals

and Armitage's chi-square is calculated:

2 _ .2 o
Xa T X(x-1) X

K k
T(TE n.x, = T N.x;)
=g ' i=0 '

2

2
X

K 2 K 2
0T - (T NG - (3 N

i=0 i=0

AN - 4T
2 _ 3 ]
X(k=1) (T - v)

and the x, are the dose levels. This calculation is repeated with
x replaced by 10910 x. The % and 1% significance levels are
indicated by dollar signs on the data table.

[:Iii BIONETICS
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Total Number of Implantations - Table 3 (Mice and rats)

The total number of implantations is evaluated by the Student's t-test
to determine whether the average number of implantations per pregnant
female for each treatment group and the positive control group differs

significantly from the negative control group.

# of pregnant females at dose level 1.
# of implantations for pregnant female j in dose group i.

Significance at the 5 and 1% levels is indicated by asterisks in

the data table.

BIONETICS
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A regression fit of the average number of implantations, Ui’

is made for both the arithmetic and logarithmic dose (X and log xﬁ).
The doses x, are used as independent variables and the fit includes
data from the three treatment groups and the cuntrol group.

total # of pregnant females in all groups.

dose/log (dose) for the i-th female.

# of implantations for the i-th female.

(x; - ;)(Ui -0

ectimate of slope of regression line = qu/SSx

estimate of intercept of regression line = U - B x
variance of U about regression line

§S. - S_ 2/SS
u xu X
N-2

variance of B = VARU
SSX

BIONETICS
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=2
variance of A = VARU (% + ég—)
X

8/(VARB)% = t-statistic for testing the hypothesis
that the regression slope is zero

N-2 = # of degrees of freedom for T B
coefficient of variation of U about x

(VARU.X)%/U

2

1 . ]
-N-_—Z (S.)U SXU/)SX)

standard deviation of U about the regression line
b
(VARU.X)
standard deviation of the slope
1
(VARB)?
- ¢tandard deviation of intercept

L
(VARAY*

Significant difference of the siope from zero is indicated at the 5
and 1% levels in Table 2. Table ZA shows detailed results of the
regression analysis.

S

Total Number of Corpora Lutea - Table 4 (Rat studies only)

The average number of corpora lutea per pregnant female 1is evaluated
by t-test to determine whether each treatment group differed sig-
nificantly from the control group. Use the equation described in

Step 2 above with

= f# of corpora lutea for pregnant female j in dose group 1.
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A regression fit of the average number of corpora lutea per pregnant
female is made for both the arithmetic and logarithmic dose. Use
the equations described in Step 2 above with

up = # of corpora lutea for the i-th female

Preimplantation Losses - Table 5 (Rat studies only)

The number of preimplantation losses is the number of corpora lutea

minus the number of implantations.

Yij preimplantation losses for j-th female in i-th group
# of corpora lutea for j-th female in the i-th group

Freeman-Tukey transformation is applied to the Yij as follows:

- Y4 A NVESR
= s V.. + 1 *osin V.. + 1
1] ij
t-test is then applied to the f's, comparing the test groups TO
negative control. Let
i

-

(fi

g

where n, = # of pregnant females al dose level i

2
- = So " 5 ] 1
Then t = (Fa-F. )/ [ (=— * =
0 nO + ni 2 n0 n,.l

Yk

Regression analysis js used to determine whether the average number
of preimplantation losses per female is related to the arithmetic

or the log dose. The method is as used in Step 2 above substituting

Ui = # of preimplantation losses for the i-th female.
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Dead Implantations - Table 5 in rat studies
Table 4 in mouse studies

The dead implants were evaluated by the same statistical techniques

that were used in evaluating the total number of implantations.

Substitute

uij = # of dead implants for j-th female in the i-th group in the
equations in Step 2 above.

Proportion of Females with One or More Dead Implantations - Table 7 in rat studies
Table 5 in mouse studies

The proportion of females with one or more dead implants is the number of
females with dead implants/number of pregnant females. Th.se proportions
are analyzed by the same method used tc analyze the fertility indices, i.e.,
by a chi-square test and Armitage's trend.

Substitute n, # of pregnant females with one or more dead implants at
dose level i and
# of pregnant females at dose level i in Step 1 above.

Also a probit regression analysis ic done using these proportions, P
to determine whether the probit of P; is linearly relatea to the la2g or
arithmetic dose. The Biomedical Computer Program BMDO3S is used to
compute A and B and the x2 statistic for the regression equations
y=A+8xardy=A+B log x.

Proportion of Females with Two or Morz Dead Implantations - Table 8 in rat studies
- Table 6 in mouse studies

The proportion of females with two or more dead implantations is the
number of females with two or more dead implants/number of pregnant
females. The data are evaluated by the same method used for evaluating

the proportion of females with one or more dead implants.
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Dead Implants/Total Implants - Table 9 in rat studies
Table 7 in mouse studies

Dead implants/total implants were computed for 2ach female and transformed
by way of the Freeman-Tukey arc-sine transformation prior to being
evaluated by t-test to compare each treatment group and positive control
to negative control.

Use yij # dead implants for j-th female in i-th group

V\'j # of total implants for j-th female in i-th group

in the equations in Step 4 above.
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SYNOPSIS

Pregnant Charles River CD rats were used to evaluate the terato-
genic potential of Chlorendic Anhydride in this study. The compound
was administered by gastric intubation at dosage levels of 25, 100 and
400 mg/kg/day from days 6 through 15 of gestation. A control group
received the vehicle, corn oil, at 10 ml/kg/day.

During gestation the females were observed for clinical signs of
effect, for mortality and for changes in body weight gains. Cesaresan
sections were performed on gestation day 20. The number of viable and
nonviable fetuses, early and late resorptions, corpora lutea and total
implantations were recorded. The fetuses were weighed, sexed and exa=-
mined for external, soft-tissue and skeletal anomalies and variations.

There were no differences in maternal body weights or changes in
appearance or behavior for rats in the 25 or 100 mg/kg/day dosage
group when compared to the control group. There was a slight increase
in matted fur, red nasal discharge and anogenital staining in the 400
mg/¥g/day dosage group when compared to the control group. A slight
mear. body weight loss during the first 3 days of treatment and reduced
mean body weight gains throughout treatment were seen for the rats in
the 400 mg/kg/day dosage group when compared to the control group.
Survival was 100% for all groups. There were no biologically meaning-
ful differences in the mean number of viable fetuses, total implan~-
tations, corpora lutea or male to female sex ratio in any of the
Chlorendic Anhydride treated groups when compared to the control
group. There was an increase in the mean number of postimplantation
josses in the 100 and 400 mg/kg/day dosage groups when compared to the
control group, however this increase was only slightly higher than the
historical control mean. The number of developmental or genetic
variations were comparable for all Chlorendic Anhydride dosage groups

and the control group. The increase in malformations in the

163-535
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Chlorendic Anhydride groups were not biologically meaningful vhen com=-
pared to the control group. Chlorendic Anhydride is not considered
teratogenic in rats in dosage levels up to and {ncluding 400 mg/kg/day.
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11, COMPOUND

The compound was received from Velsicol Chemical Corporation,
Chicago, Illinois on October 10, 1977 as indicated below:
Label Descripticn

Tech, Ref. Std. white somewhat
Chlorendic Anhydiide chunky powder
93.81% (Titr.)

Lot No. 3-12-206

»
|
§
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METHODS AND PROCEDURES
A. ANIMALS:

One hundred female Charles River CD rats (The Charles River
Breeding Laboratories, Inc., Canada) were used in this teritology

study. These rats were approximately 3 months old at the time of
mating and had been acclimated in this laboratory for a minimum of 10
days prior to mating., All rats were individually housed, except during
mating, in wire mesh cages and maintained in & temperature, humidity
and light controlled room. Purina® Laboratory Chow® and tap water werte
available ad libitum.

Mating was initiated on February 13, 1978 and the last cesarean
section was performed on March 10, 1978.

B. MATING:

Male rats of the same strain were used for mating. One female and
one male were placed together for mating. The day of mating was
determined by daily inspection for a copulatory plug or vaginal smear
for sperm. The day when a plug or sperm was found, was designated day
0 of gestation and the female was returned to an individual cage.

C. ORGANIZATION OF TEST GROUPS AND TREATMENT:

Bred females were consecutively assigned to 4 groups in a block
design, ones control and 3 treatment groups of 25 rats each.

Chlorendic Anhydride was suspended, using & tissue homogenizer, in
Mazola® corn oil at varying concentrations to permit the administra-
tion of 10 ml/kg/day at dosage levels of 25, 100 and 400 mg/kg/day.
Compound administration was by gavage from day 6 through day 15 of
gestation., The contrzl females were given the vehicle on a comparable
regimen at 10 ml/kg/day. Individual dosages were based on the body
weights on gestation days 6, 9 and 12,
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D, MATERNAL OBSERVATIONS:

Prior to compound administration females were observed daily for

mortality and overt signs of toxicity. The females were observed
daily for changes in appearance, behavior, mortality and clinical
signs of toxicity from gestation déys 6 through 20, Individual ferule
body weights were recorded on days 0, 6, 9, 12, 16 and 20 of
gestation.

E. CESAREAN SECTION OBSERVATIONS:

On day 20 of gestation, all female rats were sacrificed by an nver-

dose of carbon dioxide, the abdominal and thoracic cavities were exa-
mined, and the fetuses delivered by cesarean section. The number and
location of viable and nonviable fetuses, early and late resorptions,
total implantations and corpora lutea were recorded. The sex and bedy
weight were recorded for each fetus.

F. MORPHOLOGICAL OBSERVATIONS:

All fetuses were subjected to gross examination to determine sex

and any external abnormalities. Approximately one-third of the fetuses
was placed in Bouin's fixative and later sectioned by the method
described by Wilson1 to examine viscera. The remaining fetuses
were fixed in alcohol, macerated with potassium hydroxide and stained
with Alizarin Red S by a method similar to that describea by
Dawson2 and examined for skeletal anomalies and variationms.
G. STATISTICAL ANALYSES:

All statistical analyses compared the treatment groups with the

control group, with the level of significance at p<0.05. Male to
female fetal sex ratio, number of litters with anomalies and number of
fetuses with anomalies were compared using the Chi-square test cri-

terion with Yates correction for 2 x 2 contingency tables and/or

Fisher's exact probability test as described by Siegel3 to judge

significance of differences.
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The proportion of early and late resorbed fetuses, nonviable fetuses
and postimplantation losses were compared by the Mann Whitney U-test
as described by Siege13 and Weila

differences.

to judge significance of

Mean number of corpora lutea, total implantations and viable
fetuses were compared by analysis of variance (one-way classification),
Bartlett's test for homogeneity of variances and the appropriate t-test
(for equal or unequal variances) as described by Steel and Torries
using Dunnett's6 multiple comparison table to judge significance
of differences,

Fetal body weights were compared by analysis of variance
(hierarchal classification) and t~test as described by Steel and
Torrie using Dunnett's multiple comparison tables to judge signifi-

cance of differences.,
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IV. RESULTS
A. MATERNAL OBSERVATICNS:
Survival was 100% for all groups.

i it o s o s | O

Individual maternal body weights are presented in Table 1. There
was a slight loss in mean body weight during the first 3 days of
treatment and reduced mean body weight gains throughout the eutire
treatment period frr the 400 mg/kg/day dosage group when compared to
the control group. Mean body weight gains for the 25 and 100 mg/kg/day
dosage groups were comparable to the control group.

There were no changes in appearance or behavior for the females in
the 25 and 100 mg/kg/day dosage group when compared to the rats in
the control group., Matted fur, anogenital staining and red nasal

discharge, were seen for some rats in all groups, however there was a

T T 1 A Ao e T A e L o WS A

slight increase in the 400 mg/kg/day dosage group when compared to the
rats in the control group.
B. CESAREAN SECTION OBSERVATIONS:

A summary of maternal and fetal observations is presented in Table

R

2 and individual cesarean section data is presented in Table 3. There
were no biologically meaningful or statistically significant differen-
ces in the mean number of viable or nonviable fetuses, corpora lutea or
in the mean fetal body weights for rats in the 25, 100 or 400
mg/kg/day dosage groups when compared to the control group. The male
to female sex ratio in the 25 mg/kg/day dosage group was statistically
significantly different from the coatrol group, this difference is

‘.g“.._'.,m‘,
e R S T
s .

attributable to random oeccurrence and not considered compound related.
The increase in the mean number of postimplantation losses in the .
100 and 400 mg/kg/day dosage group was statistically significant when
compared to the vehicle control. However, this increase is only
slightly higher then the mean for the historical control.

E—— e 2 Cad s
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C. FETAL MORPHOLOGICAL OBSERVATIONS:
Summarized findings of all fetal external, soft tissue and skele~

tal examinations are presented in Table 4. The findings are listed as
malformations or developmental and genetic variations. There were no
malformed fetuses in the control group, one malformed fetus in the 25
mg/kg/day group, 2 malformed fetuses in two litters in the 100
mg/kg/day group and 1 malformed fetus in the 400 mg/kg/day group.
These malformations were not statistically significant and not con-
sidered to be treatment related. The variations observed were similar

for all groups.
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Chlorendic Achydiride: 7 Teratology Study in Rats.

TABLE 1. Individual Body Weights, Grams.

Dosage Level, _ , Day of Gestation
vam Number 9 12

Control:

81195 278
81201 286
81206 280
81211 283
81212 252
81216 309
81220, 279
81225 255
81232 279
§1233 274
81237 ( 294
81241 276
81250 291
81251 291
81255 290
81256 287
81262 286
81269 292
81270 303
81272 265
81277 296
81290 304
81300 296
813108 269
81318

Mean

aNongravid, tiot used in calculation of means.
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Chlorendic Anhydride: ‘ Teratology Study in Rats.

TABLE 1. Cont. Individual Body Weights, Grams.

Dosage Level, Day of Gestation
Dam Number 9 12

25 wg/kg/day:

81196
81197
81202
81207
81213
81218
81222
81227
81231
81235
81238
81239
81245
81252
81254
81257
81264
81268
81271
81275
81279
81281
81293
81308
81319

Mean

163-535
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Chlorendic Anhydride: Teratology Study in Rats.

TABLE ], Cont, Individual Body Weights, Grams.

Dosage Level, Day of Gestation
Dam Numbet 9 12

100 mg/kg/day:

81198 284
81204 276
81208 272
81209 274
81214 271
81221 279
81223 269
81228 kY
81234 288
81236 286
81242 301
81243

812472

81253 294
81259 290
81260 291
81265 304
81273 266
81276 259
81278 289
81280 306
81284 307
81295 297
£1309

81321

Mean

aNongravid. not used in calculation of means.
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Chlorendic Anhydvide: Teratology Study in Rats.

TABLE ). Cont. Individual Body Weights, Graws.

Dosage Level, Day of Gestation
Dam Number 9 12

400 wg/kg/day:

81200
81203
81205
812102
81215
81217
81219
81224
81226
81229
81240
81264
81246
81248
81249
81258
81261
81266
81267
81274
81288,
81289
81297
81299,
81316

Mean

aNongravid, not used in calculation of means.




*swep G Lo posey
cj0°0>d ‘dnoad joijuo) Byl wolij JUIIIIJIP Apauedy Jpud)sSxyx
¢ nyd ‘dnoald [013u0) A WOIY JUIIIFIIP Apaued| Jultisy

Lt 8°c Lt 9°¢ L°¢ :(8) Iy3yam Apoq Te33j UBIK

118 &2 ¥4 LYT:EST #5%1:991 9TL:TSL 991:2¢1 :afewaj:aTem - OfIe1 X3§

L°ET rA A 2°91 el sl govl :wep/ea3n] eaodicd jo °oN

0°¢l 9°tl £l 9°¢l £ el :wep/suojjeijuejduy jo °ON

#C°1 »1°1 8°0 0°1 S0 ;wep/8assof uojiejuerdwyisod j0 °oN
811 gl LARAL 1A 6°¢l iwep/gasniaj IAJ] JC °ON

0 0 0 i 0 :Ajuo suojidiosai yjijm swep jO °ON

0z %z st Lt £c :538N33] SAFT YIIM suep jo °ON

S I 0 8 A piaeaduou °ON

(174 9z : 74 811 £C pIAE€a3 -ON
4 <z ¥4 9z} ¥4 :UOJ3ID3S URIIPSID JB PIUTWEXI Sfewjue JO

L4 ST 174 9z1 194 :Apn3s uo sjewjue jJo

00Y 001 14 1013u0) 1013u0)
Aep /3y /3a ap1ipAyuy DFpuaioryd 182F303STH (110 u10))

*u0J109S uUE2IESI) ¥ SUOJIBAIISqQ [EI34 pue JEUIAIIBW JO Aleumng °7 AVl

*gjey uy Apnis ASojoleasl :aprapAyuy dJpudiolyd




6°C1] ueay
0 96¢ 130}

0 SI glels
pIaeaduou Qlgl8
%1 00¢Ig
k21 06cl8
(14 LLT1s
€l rAXAL:
el 0LTi8
I 69216
£l c9218
el 96718
A4 1394 ¢']
[4 1618
91 0sZ18
91 19218
(12 JAxAL:
71 €eels
8 FAYAL:
piaeaduou czeis
4 octis
Gl 9118
YA | [AYAY:]
(1 licis
91 90718
13 10¢I8
21 SelIs8

$7013U0)

(=

d L * 9 . 14

NDOQOO=O=QO~0OC =0
NOOOCO~mQmDO~NC O =0
COODOLOOOOOOOOOOO
oO0COCODOOOCOOOCOOOOO

O LN ON
NN OVOAALOMITONODIEINON

9°¢
8°¢
vt
v°t
£y
9°¢
9°t
2°t
0y
Lt
9°¢t
2°¢
6t
°¢
8°t

.

¢ &

NQQ\tGﬁNO
AT NN
DO NDWON
L 20 A L ST S o ]
NO = C O =t
NO = O O o=
(== il = ]
cCO0OoOODOCO0

(3) y31em oTewdg Iien eaing Suo}3J SS07 A1aey 93e peaq 247 a3aquny weq
Lpog wo3INqi31siQg eaodio) -ejueidu] vojlejuedu] suo}jdaosay S28N134 ‘1aaa7] 23es0()
ueIK xag -131s04

*sajewad jenpiajpul 10j EJE( U0 J JOI3G UBERAILSA) *t 419VL

esjey uj Apnig Adojoresag sapjaphyuy DjpuIIoTi)




S€6-£91

ueay

~
€
(3]

18301

61¢18
8otle
£6Z18
18218
6L218
GLT18
14218
89¢i8
¥y9Z18
L6T18
LAYAL
[AY4Y]
1%74¢%)
6¢218
8ecls
ceee
1tZ18
L8
[£44% "
8ItIs
€118
L0Ti8
z0z18
L6118
96118

:KXep e/ 7

O

O

-
-
o~
—
o~

. [
MM OMEOMTIOOOOAMMAMMAOMATAaMNM

0
0
(1]
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
)]
Y
6]

" e e
oOVLOONY

FSHOWVNMNLWAOIOANMOLDOMNMNANROATNWANN SO
CONMBDOIONRA=OVINNVNAVNOANTIONNDWONOY
CO0OONODOD—-C=OODMNNMOODOT OO =~m=mO
COOCNO=-O—0DOMANNMCODOT=OO—~=O
CCOO0O0DO0O0O0OOOOOOOOO0OOOLOOOOD © O

(¥) ydrom alewdy OdIun vaIng Su0§3 S50°] A1aeg a3e peag 2a311 Jaquny weq
£poy uolINGlIisiy el10d10) ~ejuefdwy vojjeuedsg suojjdiosay EETIBEY ‘1aaad7 adesoq
ueoy x3G -150(4

*sajewey [EBPRAIPUL 104 EIg( UO]IIAS UEBIESI) c3uo) g FUVL

*sjey U} Apunig Ldojojeaa] :9p1apAyuy D}pudIOTY)




*10°0>d *dnoa8 joijuo) 3yl woij JUI3IIIIIP L13ued)JFusdISyy

00 6°71 ueay
0 oot 18301

11 |FARE:]
6 60¢t18
A | S6Ci8
(4 928218
91 W1 TAR]
¢l 81718
¢l 918
6 I¥XAL]
91 <9¢18
(12 09¢18
SI 65218
SI £sZie
praeaduou iveig
91 13748}
el nels
11 9¢¢CI8
vl weTie
A 8ZCI8
(41 teeig
€l 1ztis
01 21218
91 eN71g
A\ 80718
71 20718
6 gelis

:Xep/3%/3a 001

o
.

o000 LCOOOO0OO0O0OOC © ©

9°tl »l°1 "1
L€ L7 Ll

4
11
£1,
si
91
v
el
[4
71
4]
91
sl

-]
3
(1]

L ¢ [ ¢ [

[ i [

AWV NWNMNOOANRFTOMN=M
*
MM FOAMAMMEN T O

Qo= N O ) o= v N ) ot (N oo
€ omt ON GO N mu e N () vt (N o
CoOo0OOCOOQOCCOCOCO

VRO OOV
MO NWOD TN O T D

91
£l
4
91
SI
el
Sl
I
Ll
11
91
6

K] ¢ 8 o o o
MO MO MMM O™
— -

N WM S OO O
PV ITOVODO O WSS
C N et Nt et C = OO
O N ottt Nt = O OO
COQ0O0OO0O0OQOOQOOO
COO0OO0OOOLCOOOO0C

S
0
8
L
6
L
m.
6
8
8
8
S

(3) 3y3iapm 3fewdd IR ealing Suoj3} SS07] A1aeg a3jeq pea( aafl Jaquny weg
Apog uoIINgF33siqa exodio) -ejueldu] uojjejuejduj suo}jdiosay sasnjag ¢13aaa 3desoq
ueay xag -131804

*sajewdy [ENPJAIPU[ 120j) ElEyg U0} IDBS UBIIBSI) *3U0) g  IYVL

*s3jey ul 4Apnis L3ojojeas) 2apjapAyuy DJpudIoTY)




SES-£91l
*50°0>d ¢dnoa8 j[oa3juo) wWolaj JudIdJJIP £13uedpJTudisy

0°¢l ¥C°1 ¥C°1 0°0 0°c 8°11 ueaN
09¢ V{4 L {4 0 0 9t Te30L

praeaduou gIclg
0 71 66218
0 o1 {6C18
pyaea3uou 68218
el 88218

ZI 9218

I L1918

1T 99718

6 19C18

121 8scis

VI 69218

el g8yl
praeasduou 9%ZI18
0 ot LATAY']

0 ol 0%Z18
pPyasaduou 62218
0 el 9zTi8
0 A 9eLis

0 €1 elrcie

0 12t IAYA L]

0 ot SiZig
pPiaEa3uUOU olzig
0 A S SOCIs

0 el £Geig

0 11 00Z18

:Aep/3n /3w 00y

ﬁ-ﬂ
"o m
& <&

71
£l

w O

-
™ O
g =]

oo

[

y1
71
cl
It
tl
1
€l
€l

4

*

COO0COO0O00QO

Ual o STa R - W - - -
DT ANNMDW
O N st P O mv N e
QO N = O » N =~

*

[
M mm g

ol
4}

9°t
108 4
8°t
Lt
Y
st
8°t
8°€c
0

i

0
N O
~N O
N O
[ =]

S
71
el
vl
(4}

G(WP:F~N
Vi NN W
MO WwWn~
NO ONN
COO0CCOCO

rA
gl
cl

—— O
(=N == =]

ﬁDO:Q
Mo g
LA -
~ 0 WO

(3) 3y813M ajewag Ifel eaqn| suo}j S50°| Ajaey 23wy peaq aaj] Jaquoy we(q
Apog uoyInqgiL3siq v10da0o) ~-ejuejdu] vojlejuejduj suo | 3daosay $3sN194 ‘[aa37] adesog
ueay xAg - 1504

*sSajewdy jruplajpuj 30j 2] U0} 1098 ULIANSI) = Ju0Y) T IV,

‘sjey U} Apni1g AYOJOIELS tOplApALUY D pPUIIOTY!
| pPas I L P1HApAY i 140




*auoq K1ossadoe pajeydosse yijm je3aajaed 3321 031 [rIV0IJ 3I9]
JO uoysny pue pawiojjew eyIrxewaid 3IFay ‘ojered 33212 :sapuydul Ljewoue pedy 13Y30g

()2 (e "vovcoumﬁvmuouwusu:o:uﬁ:

10/y3ja padoTaasp 3ou eyyyded Jeuay
(1t (D1 :pajjIssoun proky
(£)¢ ()t STINY8 JO UOFIBDFJIES0 padNpaIY
(1 :ae1qau1a3s pausyIesii
(D1 (€)y :pojjjesoun IB1QaUIIIS ISYID
(91)L2 (zZ1)91 (8)81 ipajjyssoun 9 Jo/pus G °"OU 2B1qIUIIIS

(N1 (1)1 1(8)qI3 TEBITAID Y3/

(71)9y (e1)oy (s1)L€ :(8)qF3 Aaejuawipni Yiyl
(1t (N1 :(8)q13 TIP3 Yyl
(N1 ()e (N1t :281q@319A TEadEEId [T
(D1 :8q1a jJo ayed 1Inj Zi

poaiasqQ 2j3aud) pus [ejudwdo}aaad — BUCTIBTIEA

(e SUOTIPMIOJTBH [PIOL

(1 :1§87p Aaeiawnuiadng
:3]udsqB STeudapy

(11 :8q}1 Jueg
:AJewoue peay 13yjo yiym dy1 337)

paa128Q(Q SBUOTIPWMIOJ[EN

(839313771 JO °ON) 8a8n33ad JO °ON
€01 101 :3ngs]] 3JOS 10] paujwexs s8asniaj Jo °ou [elol
L61 %02 :A[Jel12[3)8 paujwexd B8aIsN3Iaj jJO °ou TBI0]
00€ 11€ :A]Teul33xd pIUjWEXd §38N3I3J JO "Ou eIl

ye s¢ 74 :paujuexa s81a3IF] Jo °oN

00k Y4 1213uv)
(Kep/3%/3uw) apjapAyuy d1puaiojyd

*SUO}IEB}IEA DJI3us9 pue jeIjuawdo]aAnd( JO pPuB Suo}IPWICS[EW JO 2uapjdu]l JOo L1ewwng *y 21qel

*sjey u} Apn3ys LAdojojesal :apjapiyquy Djpuaioly)d




OFFICE OF TOXIC SUBSTANCES
CODING FORM FOR GLOBAL INDEXING

Microfiche No. (7) ¢ | @/515. _/ 1] No. of Pages |

Doc I.D. ] . 3] 01d poc 1.D, |
FIL-0TS /RS G ASHY Sl
Case No.(s) | ’

Date Produced (6) | 6 | Date Rec'd (6) | Conf. Code ¢ |
g7de 78 (2245 5" VA

Check One: E]Publication E]Internally Cenerated Eaﬂxtetnally Cenerated
Pub/Journal Name |

Author(s) l

Organ., Nang

— VELSIC ol CHEW) CoPLP
ept iv|

e

P.0. Box] 13 | Street No./Name] )
34/ E‘”B] OHIC ST
city] -, _ 15 [ State] 16 | 21 17 | Country]
Citreneo. ZL 1A —
MID No. (7)] - 9[psBNO. D] 7

Contractorl ﬂ/TL 7€5 ,¢ ﬁﬁ“/ &0/@40

Doc Txgel
s LRI WL YL VS - — S B
b—i)oc Title l 23
TUENTY ~ ETEH T~ PAY RANEE [FADIN G-

S7uLY I RATE

| Chemical Name (300 per name )| CAS No. (10)]

CHLORENLIL. AN YORINE IS 27-5

L

Sk Ve




Office of Toxic Substances 'REV, '9715/Sli‘
Coding Form For Global Indexing : Pagas2 w0

Chemical Name {300 per name) 25§ CAS No., (10)1

Yo 7 =R ETIHN HQISL BEDLZ OITURIN 4, 3 DIONE e UV S1aA4 57 W
73’/,? - EXAC 1/1—0/9 34,4 7 2 DA JETLRANYOCOD — Y Y SR W U

Ly it
V. yraged™s) (;z 2. /)/4&7’/ S STENE 2,3 -LICARBEXYLTC YAVATSR )
/))0[)1/\ /7{5/4 // //é:/\’/}(,/r‘M,é’d"‘ I

1 LR WO T T W A |

G ok ENPLC  ACTD VRR) A

llillel

I B BN
1. L

|

| i

[ T O T O I |

LlLLtL:nI

S S tawse




International Research and Development Corporation

SPONSOR: Velsicol Chemical Corporation
COMPOUND : Chlorendic Anhydride

SUBJECT: Twenty-eight Day Range Finding
’ Study in Rats.

ORIGINAL RECORD
DO NOT REMOVE

Edwin I. ?ﬂaenthal, Ph.D.

Vice Pres nt and
Director of Research

Collaborators:

D. C. Jessup, Ph.D., Associate
Director of Research

R. G. Geil, D.V.M., Director
of Pathology

B. W. Benson, B.S., Director
of Small Animal Toxicology

Date:_ . uly &, 1978

163-532

000002




International Research and Development Corporation

TABLE OF CONTENTS

SYNopsis. « « o+« o o 0 o o
Compound. « « o+ o+ « ¢ o o o 4 »
Clinical Studies. « « ¢« &+ o o+ &
A, Methods . . . . « .« . « .
1. General Procedure . . .
2, Compound Administration
3. Observations. . . . . .
4. Cholinesterase Activity . . .
Results ¢ v ¢ o ¢ o o o o o o o o o &
1. General Behavior, Appearance and Survival
2. Body Wedghts. . ¢ + ¢ ¢« ¢ ¢ ¢ ¢« ¢« o ¢ & o &
3. Food and Compound Consumption . . . .,
4, Cholinesterase Activity . . . . .
IV. Pathological Studies. . « + « « ¢« « « &+ &
Table No.
1. Group Mean Body Weights, Weight Ranges; and Survival.
2. 1Individual Weekly Body Weights.
3. Mean Food Consumption . . . . . ¢« « + ¢« « & « &

4, Cholinesterase Activity . + ¢ « v o o s o ¢ o o

163-532

000003




Interiitional Research and Development Corporation

Page 1

SYNOPSIS

In a twenty-eight day range finding study in Charles River CD rats,
Chlorendic Anhydride was administered at dosage levels of 500, 1,000,
2,500, 5,000 and 10,000 ppm. Five male and five female rats were used
at each dosage level and also in a control group. The rats were observed
daily for overt signs of toxicity and for mortality, Detailed observa-
tions were recorded weekly. Individual body weights and food consumption
were recorded weekly. Plasma and red blood cell cholinesterase activities
were determined at the termination of the study for all rats in the control
group and the 2,500, 5,000 and 10,000 ppm dosage levels.

e L A A S e A 0 1 A G T T e IO DR S R e MR R .
S e ; K K )

No changes considered to be related to compound were seen in general
behavior and appearance. Group mean body weights were slightly to
markedly lower for rats at the 500, 2,500, 5,000 and 10,000 ppu dosage

levels as compared to control rats. The average food consumption during
the study was slightly lower for male rats at the 5,000 and 10,000 ppm
dosage level as compared to male control rats, but was similar for
control and treated female rats. No rats died during the 4 weeks of
compound administration; however, 1, 2 and 2 rats at the 2,500, 5,000 and
10,000 ppm dosage levels, respectively, died following the collection
of blood for cholinesterase determinations, Plasma and red blood cell
cholinesterase levels were similar for control and treated rats.

No gross lesions considered to be compound related were seen in

rats at necropsy.
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II. COMPOUND

The compound was received from Velsicol Chemical Corporation,
Chicago, Illinois, on October 10, 1977, and November 7, 1977, as de-

scribed below:

Label Description

Tech. Ref. Std. white somewhat

Chlorendic Anhydride chunky powder.
93.81% (titr)

Lot No. 3-12-206

Tech. Ref. Std. white somewhat
Chlorendic Anhydride chunky powder.

93.81%
Lot No. 3-12-206

163-532
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y . III. CLINICAL STUDIES :
A. METHODS:

1. General Procedure:

Thirty male (weighing from 80 to 96 grams) and thirty female

(weighing from 72 to 90 grams) Charles River CD rats, obtained from
The Charles River Breeding Laboratories, Inc., Portage, Michigan were

used in this study. The rats were distributed among the groups by use

v v

of a computer generated table of random numbers. Upon receipt, the
rat numbers and their corresponding body weights were entered onto
magnetic tape which was used as the data source for the following com-
puter calculated procedures. After calculating the body weight mean

',F? (by sex) and standard deviation, a revised list was generated from

. those rats whose body weight was within the interval of the body
weight mean * 1.5 standard deviations. A computer generated random-
jization selected from the revised list the required number of rats

and assigned them to the desired groups. Bartlett's chi-square test

Rt

o S L e e et i e

for homogeneity of variances was performed on these groups. If the
group variances were judged heterogeneous, then new randomizations were
generated until they were homogeneous, at which time the randomization
was accepted. The rats were housed individually in hanging wire mesh
i; cages and maintained in a temperature, humdidity and light controlled

e environment. Water and the control and test diets were available ad

T TN T

libutum.
This study was initiated on December 7, 1977 and terminated on
January 4, 1978.

2. Compound Administration:

Chlorendic Anhydride was administered in the diet at dosage
levels of 500, 1,000, 2,500, 5,000 and 10,000 ppm. Five male and five

DS ek 2o i T B

female rats were used at each dosage level and also in a control group. A

The control rats received the basal laboratory diet, ground Purina® i

163-532 ‘
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Laboratory Chow®, on the same regimen as treated rats.

The compound was ground with a mortar and pestle and the appro-
priate amount added to a portion of ground Purina® Laboratory Chow® and
mixed in a Hobart mixer. This premix was then added to the remainder
of the required amount of Purina® Laboratory Chow® and mixed in a twin
shell blender with an intensifier bar.

3. Observations:

The rats were observed daily for overt signs of toxicity and
for mortality. Detailed observations were recorded weekly.

Individual body weights and food consumption were recorded
weekly.

4. Cholinesterase Activity:

Plasma and red blood cell cholinesterase activities* were deter-
mined for all rats in the 2,500, 5,000 and 10,000 ppm dosage levels
as well as the control group at 28 days of study.
B. RESULTS:

1. General Behavior, Appearance and Survival:

No changes considered to be related to compound were seen in
general behavior and appearance.

No rats died during the 4 weeﬁs of compound administration;
however, 1, 2 and 2 rats at the 2,500, 5,000 and 10,000 ppm dosage
levels, respectively, died following the collection of blood for
cholinesterase determinations.

2. Body Weights (Tables 1-2):

Group mean body weight gains were moderately lower for male rats

at the 2,500 and 5,000 ppm dosage levels and markedly lower for male
rats at the 10,000 ppm dosage level as compared to male control rats.
Group mean body weight gains were slightly lower for female
rats at the 500 ppm dosage level, moderately lower for female rats at
the 2,500 and 10,000 ppm dosage levels and markedly lower for female

rats at the 5,000 ppm dosage level as compared to female control rats.

*Levine, Scheidt and Nelson - An Automated Micro Determination
of Serum Cholinesterase, Technicon Corporation, Ardsley,

163-532 New York. 0 O 0 0 O 7
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Group mean body weights and the percent difference from the

control group at the end of the study were as follows:

Group Mean Body Weights, grams
Dosage Level (% difference)
ppm Male Female

0 T 302 200
500 292 ( =3.3) 185 ( =7.5)
1,000 297 ( -1.7) 195 ( -2.5)
2,500 270 (~10.6) 177 (~11.5)
5,000 258 (-14.6) 154 (-23.0)
10,000 240 (~20.5) 172 (-14.0)

3. Food and Compound Consumption (Table 3 ):

The average food consumption during the study was slightly
lower for male rats at the 5,000 and 10,000 ppm dosage levels as com-
pared to male control rats, but was similar for control and treated

female rats.
The average food consumption and compound consumption during
the study were as follows:

Average Average
Food Consumption Compound Consumption

Dosage Level g/rat/day mg/kg/day
ppm Male Female Male Female

0 24.0 18.1 0 0

500 23.0 17.5 53 59
1,000 23.7  18.1 108 115
2,500 22.7 17.1 282 287
5,000 20.5 15.7 529 606
10,000 20.2 18.2 1113 1242

Cholinesterase Activity (Table 4 ):

Plasma and red blood cell cholinesterase levels were similar

for control and treated rats.

163-532
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| Iv. PATHOLOGICAL STUDIES

Necropsy observations in rats which died after terminal blood collection

included the following:

2,500 ppm
no gross lesions 1/1 female

5,000 ppm
‘no gross lesions 2/2 females

10,000 ppm

no gross lesions 1/2 females
alopecia, both flanks 1/2 females

No gross lesions were seen in any of the remaining 5 male and 3 female
rats from the 10,000 ppm dosage level which were sacrificed and necropsied.
All other remaining test and control rats were sacrificed and discarded.

No tissues were saved.

163-532
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Tech., Ref., Std.
Chlorendic
Anhydride: Twenty-eight Day Range Finding Study in Rats.

TABLE 2. Individual Weekly Body Weights, Grams,

Group, Control Week of Study
Rat No. Sex 0 2

Control:

77353
77354
77355
77356
77357

77358
77359
77360
77361
77362

500 ppm:

77363
77364
77365
77366
77367

77368
77369
77370
77371
77372

1,000 ppm:
77373
77374
77375
77376
77377

77378
77379
77380
77381
77382

ISR e e IO I S i Jhc Ji<4 Mo RRXERX

Mamym ZRXIXX
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Tech. Ref. Std.

Chlorendic

Anhydride: Twenty-eight Day Range Finding Study in Rats¢

TABLE 2, Cont. Individual Weekly Body Weights, Grams. .
: Group, Control Week of Study :
> Rat No. Sex 0 1 2 3 4 :

2,500 ppm: 3 .

77383 M 84 150 200 246 284 -

77384 M 90 150 194 240 292 |

77385 M 80 130 162 210 248 3’~~

77386 M 86 140 176 222 264 |-

77387 M 86 144 178 224 260 %

77388 F 80 122 135 156 170 g

77389 F 76 114 124 142 152 3

77390 F 90 136 150 170 188 g

77391 F 82 124 144 164 186 |

77392 F 86 130 150 168 188 %

5,000 ppm: %

77393 N 86 140 176 220 260 7

77394 M 92 134 170 218 248

77395 M 94 144 190 234 270

77396 M 86 140 186 234 272

77397 M 82 120 178 206 240

77398 F 72 100 110 130 144

773¢9 F 80 100 114 134 152

77400 F 88 118 130 150 160

77401 F 80 114 128 154 160

77402 F 78 108 120 138 152

10,000 ppm:

77403 M 90 134 162 218 240

77404 M 86 124 154 204 234

77405 M 90 140 180 220 266

77406 M 84 118 144 186 220

77407 M 84 138 168 206 238

77408 F 80 124 138 164 178

77409 F 90 128 154 178 188

77410 F 84 118 126 148 156

77411 F 80 114 126 140 164

77412 F 84 120 130 150 174

163-532
000012
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Tech. Ref. Std. Page 11
, Chlorendic
- Anhydride: Twenty-eight Day Range Finding Study in Rats.
' TABLE 4., Cholinesterase Activity.
Group, Units of Plasma Units of Cell §
Rat Cholinesterase Cholinesterase i
Number Sex Activity Activity i
B Control: %«
77353 M 1.9 10.1 {
77355 M 2.2 11.1 | v
77356 M 2.0 10.4 g
77357 M 2.1 11.7 i
, Mean 2.1 10.1 .
v 77358 F 4.4 11.4
, 77359 F 4.6 11.1
77360 F 3.6 10.7
o 77361 F 5.1 11.1
el 77362 F 6.7 12.7
' Mean 4.9 11.4 o
2,500 ppm: i
77383 M 2.3 11.4
77384 M 2.0 11.7
77385 M 3.1 11.4
77386 M 2.8 11.1
77387 M 2.0 10.7
Mean 2.4 11.3
77388 F 4,2 13.7 4
77389 F 3.8 10.7 18
77390 F 3.4 9.0 N
O 77391 F 2.7 10.1 .
= 77392 F 3.2 11.4 z
N Mean 3.5 11.0 B
o i
.
'8
: i .
163-532 :
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Tech., Ref. Std.
Chlorendic
Anhydride: Twenty-eight Day Range Finding Study in Rats.

TABLE 4. Cont. Cholinesterase Activity.

Group, Units*of Plasma Units*of Cell
Rat Cholinesterase Cholinesterase
Number Activity Activity

5,000 ppm:

77393
77394
77395
77396
77397

Mean

77398
77399
77400
77401
77402

Mean

O ONS =D M- INEENO

. e

e

- N\
.

— e et
O O
. N . .

> D= RO W OWWL SO
—
—

W SWWWND N DD LW

10,000 ppm:

77403
17404
77405
77406
77407

Mean

77408
77409
77410
/7411
77412

Mean

W WWWWW W NDWWes &

N O OPWO S & A= HNO
—

[ W]

— — —

O =WVWOOmmM O VW

. e s s e e .
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163-532 *Micromoles of SH groups liberated in 3 minutes
from 1 ml of plasma or erythrocytes.
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QUALITY ASSURANCE STATEMENT
Based on a quality assurance review, it was concluded that this

report accurately reflects the data for the 90-Day Subacute Toxicity
Study in Rats with Chlorendic Anhydride, Tech.

Approved And ﬁ /
Submitted By: / = 22N Z 4’//¢
“Barry W. Benson, B.S. Dte”
Director of Quality Assurance
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SYNOPSIS

Chlorendic Anhydride was fed in the diet at levels of 100-, 500~
and 2500-ppm to three groups of Charles River CD® rats in a 90~day
subacute toxicity study; there were 15 rats/sex/group. Control rats,
also 15/sex/group, received the basal laboratory diet only. The rats
were observed twice daily for signs of overt toxicity and mortality,
setailed observations, individual body weights and individual food con-
sumption were recorded weekly. Ophthalmic examinations were conducted
during the pretest period and at 3 months of study. Uematologic and
biochemical tests and urinalyses were performed at 1, 2 and 3 months of
study for five rats/sex/groups.

Mid- and high-dose males and all three groups of treated females
had decreased group mean body weights when compared with controls.

Mid- and high-dose males and high-dose females had decreased food con-
sumptiun over the y0-day study when compared with controls. Both
treated males and females had elevated SAP activitieg at 1, 2 and 3
months of study.

Statistically significant decreases in the mean absolute weights of
hearts of male rats (p<0.05) and in the mean absolute and relative
weights of livers of male and female rats (p<0.01) at all dosage
levels, appeared to be treatment related.

No compound-related gross lesions were seen in any of the rats from
the treatment groups.

No compound-rziated microscopic lesions were seen in any of the

tissues from rate that were examined from the 2500-ppm group.
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III. COMPOUND

The test material was received from Velsicol Chemical Corporation,

Ann Arbor, Michigan on April 17, 1978 as follows:

Label Description

Chlorendic White somewhat

Anydride, chunky powder
Tech. #8093-1
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CLINICAL STUDIES
A. METHOD

1. General Procedure

Sixty male (75 to 106 grams) and 60 female (71 to 97 grams)
weanling Charles River CD® rats from The Charles River Breeding
Laboratories, Inc., Portage, Michigan were initiated in this subacute
toxicity study. The rats were housed individually in suspended wire-
mesh cages and maintained in a temperature-, humidity- and light- (12-
hour light/12-hour dark) controlled room. Water and appropriate diets
were available ad libitum throughout the study.

The rats used in the study were selected from a larger group of
160 animals after observation and examination during the pretest
period. Any rat with physical abnormalities or signs of disease was

discarded, and the remaining animals were distributed among the four

groups in accordance with the randomization described in IV. A.
The study was initiated om July 25, 1978; all surviving rats
were sacrificed and necropsied “on October 23-24, 1978.
2. Compound Administration
The test material, Chlorendic Anhydride, was fed to the rats
the following concentration:

No. of Rats/Group
Treatment Level (ppm) Male Female

0 (Controil) 15 15
100 15 15
500 15 15

2500 15 15

The test diets were prepared by first blending known amounts of

test material (ground with mortar and pestle) and basal laboratory
diet, ground Purina® Laboratory Chow®, in 2 Hobart mixer to vield e
premix. This premix was then mixed with larger amounts of the basal

laboratory diet in a twin-shell blender (wizh an intensified bar run
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for 2 minutes at the beginning and end of each mixing period) that
resulted in test diets of the desired concentrations. Control rats
received only the basal laboratory diet and water. '

The diets were prepared fresh weekly. Dietary samples were
collected immediately after mixing and on day 7 at week 1 and at 1, 2
and 3 months of study. The samples were frozen and shipped to the
spensor on October 30, 1978 (after termination of the study).

3. Observations

The rats were observed twice daily for signs of overt toxicity,
moribundity and mortality. Detailed observations were recorded weekly.
Individual body weights and individual food consumption also were
recorded weekly.

4, Ophthalmoscopy

Ophthalmic examinations by a veterinary ophthalmologist were
performed on all rats once during the pretest period and again at 3
wonths of study.

Ophthalmic examination of the rats was performed following
pupillary dilation with 1% Tropicadmide solution. The binocular
indirect ophthalmoscope was used with a positive 20-diopter focusing
and magnifying lens. This instrumentation allowed for the evaluation
of the ocular tissues with steroscopic vision at a magnification of
approximately 4-5 power. The clarity of the ocular media (precorneal
tear film, cornea, aqueous humor, lens and vitreous humor) and fundic
reflex were initially evaluated. The ocular adnexa and iris were
viewed under magnification and the lens focal distance changed to view
the fundic tissues (approximately the equator ef the globe).

5. Laboratory Tests

Blood and urine samples were collected from five rats/sex/group

at 1, 2 and 3 months of study. Selection of rats for these tests was

from a computer—generated table of random numbers. Prior to sample
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collection, the rats were housed overnight in metabolism cages; also

food and water were withheld during this time period. Blood was

collected via the orbital sinus technique.

Samples of liver were taken from five rats/sex/group at ter-
minal sacrifice, frozed and stored for possible future analysis of the
bromine content.

a. Hematology

. . 1
Hematologic tests included: total erythrocyte countl, total

and differential leucocyte counts, hemoglobin concentration? and hematocrit
value3.
b. Biochemistry

Biochemical tests included: fasting blood glucosea, blood

4

urea nitrogen (BUN)A, serum alkaline phosphatase activity’, serum glu-

tamic oxalacetic transaminase activity4 and serum glutamic pyruvic
transaminase activitys.

¢. Urinalysis

Urinalyses included: description of appearance; measure-
ment of volume, pH6 and specific gravity; and qualitative tests for albumin®
glucose6, bilirubin® and occult blood6; and microscopic examination of
the sediment.
6. Statistical Analysis

411 statisticel analyses compared the treatment groups with the
control group by sex. Body weights (week 13), food consumption (week
13), hematological, biochemical and uvrinalvsis parameters (1, 2 and 3
months) and absolute and relative organ weighte (terminal sacrifice)
were compared by analysis of variance (one-wayv classification)
Bartlett's test for homogeneitv of variances and the appropriate t-test
(for equal or unequal variances) as described by Steel and
Torrie’ using Dunnett's® pultiple comparison tables to judge signifi-

cance of differences.
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Randomization Procedure

Animal numbers and corresponding body weights were entered onto
magnetic tape which was used as the data source for the following ran~
domization procedure. First, the mean body weight and standard
deviation was calculated by sex, and a computer-generated edit deve-
loped a listing of those animals whose body weights were within + 1.5
standard deviations of the mean. From the qualifying animals, the ran-
domization procedure selected and assigned the required number of ani-
mals. Bartlett's Chi-square test for homogeneity of variances was
applied to the groups. If the groups were not judged to be homoge-
neous, new randomizations were applied until homogeneity was
established.
B. RESULTS

1. General Behavior, Appearance and Survival

There were no signs of overt toxicity observed for the treated
rats. Some incidental signs seen in a few control and/or treated rats
were malaligned upper incisors, soft stools, skin lesions, hair loss,
lacrimation, corneal opacity, redness around eye. Eye problems, such
as pale coloration of eye, decrease in size of eyeball, dilated pupil
unresponsive to light, clear or white internal eye and increased
distance between pupil and cornea, occurred most frequently in rats
that had had blood drawn via the orbital sinus technique.

Three high-dose femzles diet between the 5th ané 13th week of
study; no other rats died during the study. Survival at week 13 was as
follows:

No. Survivors/No. Initiated
Treatment Level (ppm) Male Female

0 (Control) 15/15 15/15
100 15/15 15/15
500 15/15 15/15

2500 15/15 12/15

163-533
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t>.*' 2. Body Weights (Tables 1-3)
[ The mid- and high-dose males and all three.groups of treated
~ females had a decreased rate of weight gain that was compound related.
I The group mean body weights of the mid- and high-dose males and high-

dose females were significantly less than controls at week 13. At week

" l 13 of the study, the group mean body weights were as follows:
Group Mean Body Weight, g
{” (% difference from control)

Treatment Level (ppm) Male Female

0 (Control) 502 285
[ 100 509 (+1.4) 274 (- 3.9)
500 464 (- 7.6) 269 (- 5.6)
. 2500 440 (-12.4) 224 (=-21.4)
f_ 3. Food and Compound Consumption (Tables 4-5)

Mid- and high-dose males and high~dose females had decreased
food consumption values over the 90-day study when compared with
controls; however, only the food consumption of the high-dose females
was significantly less than the controls. Food and compound consump-
tion over the entire study were as follows:

Food and Compound Consumption Cowmpound Consumption

(g/xat/day) (mg/kg/day)
Treatment Level (ppm) Male Female Male Female
0 (Coutrol) 25.7 18.2 - -
& 100 25.8 18.3 8 8
500 24.7 18.5 39 45
2500 24.6 16.4 202 226

4, Ophthalmoscopy

There were no compound-related effects in the 13-week

ophthalmic examinations.
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Laboratory Tests (Tables 6-17)
a. Hematology
No compound-related effects were obgserved in the results of
the hematologic tests. An incidental finding was the slightly elevated
number of leucocytes seen for the high-dose males at 1, 2 and ? months
of study. Other occasional statistically significant values were of no
physiologic importance.
b. Biochemistry
Both treated males and females had elevated SAP activities
at 1, 2 and 3 months of study (only the 2- and 3-month values of the
high~dose females and the 2-month value of the mid-dose females were
significantly greater than controls). At 3 months of study, all groups

had greater SAP activities than controls. Mid- and low-dose males and

females had SGOT activities significantly lower than controls at 3
months of study. However, these activities as well as other occasional
statistically significant values were of no physiologic importance. No
other compound-reluited effects were seen in the results of the bioche-
mical tests.
c¢. Urinalysis

No compound-related effects were seen in the results of the
urinalyses. An incidental finding at 3 months of study was the ele-
vated urinaly pH of two of five high-dose females tested. The few
statistically significant values (specific gravity) were of no phy-

sioclogic importance.
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V. PATHOLOGICAL STUDIES
A. METHODS

e S o o = PP

1. Gross Pathology

At the termination of the 90-day period of study, all rats were

sacrificed using carton dioxide gas and necropsied. Se.vcted organs

were weighed and representative tissues were preserved in buffered 10%

neutral formalin.
Three rats from the 2500-ppm group, that died following blood

collection during the course of the study, were also necropsied and

. representative tissues were preserved in 10% formalin.

i 2. Histopathology
The following tissues from 10 males and 10 females from the

sontrcl and the 2500-ppm groups were paraffin embedded, sectioned,

stained with hematoxylin and eosin and examined microscopically:

I adrenals pituitary
] aorta prostate/uterus
brain sternum (bone marrow)
eye s skin/mammary gland
1 heart spinal cord
large intestine (colon) stomach
small intestine (3 levels) testis/ovary
] kidneys (2) thymus
: liver thyroid
lung and bronchi urinary bladder
1 mesenteric lymph node nerve (sciatic)
» spleen skeletal muscle
pancreas any other tissues with lesions
_ J in addition, frozen sections of liver and kidneys from 10 male
; and 10 female rats frow the control and the treatment groups were
. i stained for fat with oil red O and examined microscopically.

163~533
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B. RESULTS
1. Gross Pathology (Table 18)

The three rats from the 2500-ppm group that died during the
course of the study did not show any compound-related lesions. None of
the rats that were sacrificed at the termination of the study had any
compound-related lesioms.

2. Organ Weights (Tables 19-20)

Statistically significant (p<0.05) decreases in the mean abso-
lute weight of spleens of female rats at the 2500~ppm dosage level,
mean absolute weight of kidneys of male rats at the 2500-ppm dosage
level, mean absolute weight of hearts of male rats at all dosage levels
and the female rats at the 500-ppm dosage level and an increase in the
mean weight of testes of male rats at the 500-ppm dosage level, were
noted. In respect of liver, statistically significant (p<0.01)
decreases in the wmean absolute and relative weights at all dosage
levels were observed. Of these variations, decreases in the mean gbso-
lute weights of heart of male rats (p<0.05) and in the mean absolute
and relative weights of livers (p<0.01) at all dosage levels, appeared
to be treatment related., In the absence of any significant histo-~
morphologic changes in these organs in the test groups, these decreases
probably might be due to the overall reduction in the body weights
resulting from a reduction of body fat and/or extracellular body fluid.

3. Histopathology (Table 21)

No cowpound-related microscopic lesions were observed in any of
the tissues from rats that were examined from the 2500-ppm group.

The microscopic lesions seen were considered spontaneous and

incidental in nature.
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Tech. y0-Day Subacute Toxicity Study in Rats.
TABLL 1. t-Test Comparison Between Means of Control and Treated Groups,
Body Yeights, grams.
Week
of
Study Sex Control 100 ppm 500 ppm 2500 ppm
13 M 508 504 463% 435%*
F 277 275 266 226%%*

153-533

*p<0.05
*%p<0,01
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Chlcrendic Anhvéride, Tech. 90-Day Subacute Toxicity Study ia Rats

Group Mean Body Weights, Grams; Weight Ranges; &nd iurvival

0 ppr (Control) 100 ppm 500 ppm 2500 pprm
Mean Mean Mean
Body  Weight Sur- Body  Weight Body Weight Sure Weight
We. Ranges vival Ht. Ranges Wt. Ranges vival Ranges

77106 75-103 75-100 75-100
136=-174 134-172 110-166 11Y-i62
197-220 183~222 148-218 156-204
24L0-278 232-287 179-269 185-201
286-336 288-336 225-331 214-315
326-374 316-370 242-364 236-338
335~429 340-411 276-4C2 254-383
330-456 368-432 306-427 271~-420
360-489 389-459 312-444 286-444
393-315 405~485 375-460 344=457
375-53¢8 420-500 332-477 306-480
404-564 444-532 344495 318-515
410-568 467-541 360-510 336-538
430-539 457-558 362-522 336-558

[
[
[
r
4

v e O8O U o
LERS v

n
A¥L)

= LY LD L PO D b

E/

FEMALES:

74- 97 79- 95 71- 96 86 TTe 63
112-140 114-140 112-140 125 112-136
134-171 130-175 131-170 140 125-156
152-185 145-192 148-183 153 135-175
168-215 163-225 171-216 168 144-192
182-230 180-244 183-230 172%  154-200
201-249 190-256 198-242 187 162-217
214-265 202-274 214~253 196 171-226
219-276 210-279 220-269 202 180-228

[
[r 228-285 215-292 220-270 202*%  178-228
1[

230~282 222-296 230-276 210 187-240
239-300 234-306 236-290 216 196-241
246-311 238-518 242-308 220 200~244
259-309% 238-317 246-309 224%%  199-251

“Food withheld 5 rats/sex/group; not included in mean
#*nfood and water withheld 5 rats/sex/group; not included in mean
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Chlorendic Anhydride, N P 2
Tech. 90-Day Subacute Toxicity Study in Rats age 21
TABLE 4. t-Test Comparison Between Means of Control and Treated Groups
Food Consumption, g/rat/day

Week

of 0 pPpPMm

Study Sex . (Control) 100 ppm 500 ppm 2500 ppm

1-13 M 25.7 25.8 24,7 24.6

F 18.2 18.3 18.5 16.4*

*Sionificantly different from control group mean,
[

163-533

p<0.05.
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. 3 2%8.0 73.% 23.% 7%6.2 3 19.2 B1.1 43 18.8 B2.9 2B
3 2L.0% 83.0 2D. 7% 1.9 B 20.8% B6.0 43 7.9 8B.% favd]
1 1.8 70.0 1%3.0 743 7 1%.2 M4 33 .2 8.2 203
r 3 1%.1 71.3 13.3 8.7 7 19,1 4.2 37 1%.% m”».y 1%
12 A%.4 20.1 1%9.9 72.3 7 13.3 737 37 7.2 may 1%
13 1%. Paw 33.3 26, 2%% 39.0 b Q7. wn 63.3 33 A3..0%% %%.% %7

y
*Food withiheld 3 TETE IS FTOUP; WO inclodird in mear

'- f3-333 FhTopE Emt waler wivhheld 3irarsieen/group; mol Innluded in mean

4 LR




rendic anhvdride,

20-Dar Subazute Toxizite 3tudy in Rats

TARLT 6,

MALES:

Yezns and Jipnificance of Pensrological Valuac

Hematelopy

-

Study
¥anth

D prm

{Control) 120 ppm

300 ppm

<300 ppm

Irvikrocvies,

100/ o

Hemoplotisn,
£'100 md

hemsTorvit,
T
3

lzuzooyres,

Nonosvrest

v
I3

Basophilsd,

v
IS

6.47
7.37

7.6%

13.1
17.0
17.3%

47
30
34

12.3%
13.38
13.9%3

10
13
12

1
3

[P % A=

te b s

(&5 3 A

.38
Y
713

13.3
135.9%
16, 3%

4
47

30%

15.33%
18, 4%#+
1£.00
10

11
1%

*Significantly different from con

trol group memn

~

A

**eignificently different from TONTXLDL Erow) mEAM;

p<b.03
0<9.01

Eno statistical analysis performed on this parameter.

000027




Chleverniic anne
Tet. 90-Day Suvbzrure Toxizity Study in Rats

TARBLT 6. Comt FEMAL Yeans and Signifivance of Rematolegical Valuas

Studr T ppn
kemetclopy Yonth (Tontrol) 100 ppm

Ir?tgro:ytes,

10 /ome

LA 2

[#5

Hemozliobin,

£/200 ml

oy b pt

CThs

ToeTit,
v
9

ter AJ s

12,26
15.%2%

12.23

Leuc\cytes,
10~/ erm

ey 5

NeurrophilsE,

T
#

[P

Lymphocviess,

T
r

1
3

Ecosinophils®,

r $3 b Cer 47 ¢

v oy bt

*Eignifdcerntly 2ifferent from oontrol gToUp mean: p<0. 03
EX: sreristicsl snalvsis performed om this parameter.
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hlovendic Anhwéride,
Tech, 90-Day Subacute Toxdecity Stedy iv Ra.s

TABRLE 10, MALES: Neans and Significance of Biochemical Values

Sewdy 0 ppm
Biochamistry Month {Control) 100 pom 300 ppm

Glucose, 109 126% 118
ng /100 wml 114 137 124
132 137 126

B.UN., 4.3 16.6
227100 m : 5 13.5
. . 12,5

Alkaline 377
Phosphatase, 179
int'l u/i 178

S.GP. T, 24

sigma u/ml 2 18%%
23

$.6.0.T., 192
int') v/} ' 18
136%

*imificantly different from control {TOUP Wasn;
**Significantly different from control group mean;

163-333

000035




Chlorendic Anhvdride,
Tech, $0-Day Subacute Toxicity Study in Rats

TABLE 1C.  Cont. FEMALES: Maans & d Significance of Biochemical Values

Study 0 ppm
Biochamistry Moanth (Control) 100 ppm 500 ppm

Glucose, : 129 138 137
mR/100 ml 140 134 133
127 142 136

B.U.N.,
mg/100 m

Alkaline
Phosphatassz,
int')l uw/)

S.G.P.T.,
sigma u/m)

S$.6.0.7T.,
int'l v/l

*Significantly different from control group mean; p<0,05
**Significantly different from control group mean; p<0.0l

163-533
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Chlorendic Anhydride,

Tach.

20-Day Subacute Toxicity Study ia Rats

TABLE 14,

MALES: Means and Significauce of Urinalysis Values

Urinalyais

Study 0 ppm
Yonth {Control) 10D ppu 300 ppm

Volums,
ml

Specific
Cravity

1.031%%
1.043
1.064

163-333

*Sigunificantly different from control group wesan)
**Significantly diffevent from control group wesm;

pe0.03
p<0.01

000043




Chlorendic Anhydride,
Tech .~ 90-Day Subacute Toxicity Study in Rats

TABLE 14. Cont. FEMALES: Means and Significance of Urinalysis Values

Study 0 ppm
Urinalysis Xonth {Control) 100 ppm 300 ppm

Volume,
ml

Specific
Gravity

*Significantly different from control group mean; p<0.03

163-533

000044
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APPENDIX I

Ophthalmoscopic Examination Surmary

163-533




Anrvéride, Tech., 9C~Day Subacute Toxizity Study in Rats

NALES: Ophthaimoe _opisz Examinatior Sunmary

Pretest

OU-Cherioretinal hypoplasia, NOP

Ol-~Cataract; phthisis bulbi,
Of-Chorioretinal hypoplasia,
OD-Conjunctivitis, NOP

A A A R R T R )

4

N
X
N
N
N
X
X
N
N
Ny
N
N
N
N
N

Normal, ne observed ocular pathclogy
Ne cther pathology

Both eves

Right eve

Lelt eve
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90-Dayv Subacute Toxicity Sta

dy in Rats

BLT

MALES: Ophthalmoscopic Examin

ation Summary

Group.,
Rea:
Nuzber

Pretest

13 Weaxs

OD-Conjurctivitis, NOP
1

X

X

R

hY

OS5-Conjunctivitis, NOP

1y

OD-Catarast; phthisis buldby, NOP

X

OS-Chorioratina. hypoplasia
OD-Retinsl vesse) attenuation, NOp
N

N

OD-Cataract; retinal vessel attenuatjor, NOP

Nermal, nc observed ccular pathology
Ne other pathology

Both eves

Right eve

Left eye
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FEMALES: Ophthalmoscopic Examination Summary

13 Weeks

O ppr (Contrel):
98271
92Tl

A A

[«]
P

‘~Cherioretingl hypoplasia, NOP

A AR A

OD-Cataract; phthisis bulbi, NOP
N

'/,7.7:717:7'2%7,275’/,:17,'/,

Normal, nc observed ocular pathology
Ne ether pathology

Both eves

Riglt eve

Left eve
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9%.Nav Subacute Toxieity Study n Rats

TABLY

FEMALES: Ophthalmogeopie Ixamination Summary

Group,
[N
Kumber

Pretest

13 Weeks

A

N
N
N
N
N
N
N
N
N
hY
N
N
N

0S-Chorioretinal hypeplasia, NOp
N
N
R

N

N

N

N

N

OD-Cataract; phthisis bulbi, NOP
N

Died

N

OD~-Chorioretinal hypoplasis NOF
Died

Normel, no observed ocular
No other patholegy

both eves

Right eve

Left eye

pathology
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Amendment
to the
Final Report

SPONSOR: Velsicol Chemical Corporation

TEST ARTICLE: Chlorendic Anhydride

SUBJECT: 90-Day Subacute Toxicity Study in Rats

DATE OF SUBMISSION: February 8, 1980

163-533

“credence through research” OOOOOZ




International Research and Development Corporation

The following changes in the final report have been made by
request of the spounsors' representative, Mr. Deanis W. Arnoid:
1. Section II. SYNOPSIS, page 2, paragraph 2, last sentence
should read as follows:
Males and females treated at 2500 ppm had elevated serum
alkaline phosphatase values at 1, 2 and 3 months of study.
2. Section III. COMPOUND, page 3, should read as follows:

Label Description

Chlorendic vhite, somewhat
Anhydride chunky powder
Tech #8093~}

3. Sectiom IV. CLINICAL STUDIES, B, RESULTS, 1. General

Behavior, Appearance and Survival, page 7, second paragraph, first
sentence should read as follows:

Three high-dose females died between the Sth and 13th week of
study; no other ra*s died during the study.

B. RESULTS, 5. Laboratory Tests b. Biochemistry, page 9
should read as follows:

Both males and females treated at 2500 ppm had consisteantly
elevated SAP activity at 1, 2 and 3 months of study. However, rhe
only SAP values showing statistical significance were the high~dose
females at 2 and 3 months of study. In addition the mid-dose females
at 2 months showed statistically significant elevated SAP values.
Other statistically significant changes were noted. However, these
values were of no physiological importance. WNo other compound
related effects were seen in the results of the biochemical tests.,

B. RESULTS, 5. Laboratory Tests c. Urinalysis, page 9,
second sentence should read as follows:

An incidentsil finding at 3 months of study was the ele-

vated urinary pH of two of five high~dose females tested.

163-533
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4. Section IV. PATHOLOGICAL STUDIES, B. RE3ULTS, 2. Organ

Weights, first sentence should read as follows:

+ + <« + .« . mean absolute weight of hearts of male rats at
all dosage levels and the female rats at the 500-ppm dosage level
were noted.

5. Table l. t-Test Comparison Between Means of Control and
Treated Groups, Body Weight, gross, page 15.

This table presents mean body weights for all animals in each
sex group. The mean body weights presented on page 8 and 16 »ve the
means of animals excluding animals fasted for clinical pathology
determinations. Statistics were run only at week 13.

6. Table 2. Group Mean Body Weights, Grams, Weight Ranges and
Survival, page 16, should be clarified as follows:

a. Week 5, an asterisk(*) should be placed after the control
male body weight; asterisks should be placed after the control female
and 100 ppm female body weights.

7. Table 3, Individual Weekly Body\Weight, Grams, page 17
should be corrected as follows:

Animal 96260, Control female, was bled during study week 9.
An asterisk(¥*) was inadvertently not recorded on this body weight
table.

8. Table 3, Individual Weekly Body Weight, Grams, page 20,
should be clarified as follows:

A footnote (a) should be placed after the word "died" for
animal 96375, 2500 ppm female, study week 5. The (a) should be
coded, died following week 5 blood collection.

A footnote (b} should be placed after the word "died" for
animals 96363 and 96372, 2500 ppm female, week 9. The (b) should be

coded, died following week 9 blood collection.
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Page 1

SYNOPSIS

Chlorendic Anhydride was administered to the backs of New Zealand
White rabbits at dosage levels of 100, 500 and 2500 mg/kg/day, 5 days a

weex during this 3 week dermal study. Four male and four female rab-

bits were used a: each dosage level and in the contrel group, The rab-
bits were observed daily for signs of overt toxicity, general behavior,
dermal irritation, moribundity or mortality. Body weights were

recorded weekly. Hematologic, biochemical and urinalysis studies were

conducted during the control period and following the 2l-day treatment

period,

One or more of the following signs of dermal irritation were noted
for all treated rabbits: erythema, edema, atonia, desquamation,
coriaceousness and fissuring. The number of signs observed, severity
of the conditions (barely perceptible to moderate) and duration were
dose-related. Incidental findings (primarily at the 2500-mg/kg/day
dosage level) included: diarrhea, nasal or ocular discharge, hypo-
activity, anorexia and dehydration. Male and female rabbits at the
high dosage level had decreases in weight when compared with the
controls. All rabbits survived the treatment period. No changes con-

sidered related to compound were seen in the hematologic and biochemi-

cal studies. Urinalyses were considered normal.

Stomach mucosal lesions, described as erosions, ulcerations, or
light foci and areas at necropsy in rabbits from the 2500 and 500
wg/xg/day were the only gross findings at terminal sacrifice which were
considered compound-related. No ¢owpound-related organ weight
variati.ns were observed. Microscopically, grossly described stomach
changes were confirmed in severa: rabbits from the 500- and 2500~

wg/kg/day groups. These changes were attributed to compound effect,
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Page 2

Evidence of mild skin irritation, characterized by hyperkeratosis,
acanthosis and dermal inflammatory cell infiltrate was seen at the
application site in most rabbits from the 100~-, 500- and 2500-
mg/kg/day groups and was considered compound related. Overall skin

response based on microscopic exawination of the application site was

characterized as mild.
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II. COMPOUND
The compound was received from Velsicol Chemical Corporation,
Chicago, Illinois as indicated below:
Date Received Label Description

October 10, 1977 Tech. Ref. Std. vhite somewhat-churky
Chlorendic Anhydride powder
93.81% (titr)
Lot No. 3-12-206
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Page 4

CLINICAL STUDIES
A. METHODS:

1. General Procedure.
Sixteen male (2124 to 2781 g) and 16 female (2187 to 2602 g)

New Zealaad White rabbits (Sweetwater Farms, Hillsboro, Ohio) were

housed individually in suspended wire-mesh cages and maintained in a
temperature-, humidity- and light-controlled room. Water and Purina®
Rabbit Chow® were available ad libitum.

The rabbits were selected from sex groups of 25 rabbits each
following a preconditioning period of approximately 2 weeks and eval-
uation of baseline hematologic, biochemical and urinalysis values,
Assignment to either control or treatment groups was determined by a
computer-generated table of random numbers.

The study was initiated on January 13, 1978 and terminated by
sacrifice of all animals on February 3, 1978,

2. Compound Administration:

Chlorendic Anhydride was applied at dosage levels of 100, 500
and 2500 mg/kg/day, 5 days per week for 3 weeks, for a total of 15
applications. Four male and four female rabbits were assigned to each
treatment group and to the control group. The control rabbits were
administered 1.2 ml/kg/day of 0.9% physiological saline on the same
regimen as treated rabbits., The compound was weited with a comparable
amount of saline prior to dosing.

The dorsal skin (approximately 10% of body surface) was pre-
pared for treatment using electric clippers, as necessary, for close
cropping of the fur. In addition, the skin of the first two rabbits of
each sex-group was abraded twice weekly using a scapel blade,

The compound administration period was 6 hours, 5 days a week
during which time the rabbits were restrained using an Ejay Saf-T Shield

(W. A. Butler Company). A glass rod was used to evenly distribute the
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compound over the entire prepared area, Following each exposure
period, the excess compcund was wiped off the animals and they were
returned to their cages.,

3. Observations:

The rabbits were observed daily for changes in general beha-
vior, signs of overt toxicity, moribundity and mortality., Signs of der-
mal irritation were scored and recorded prior to, and following, each
6-hour treatment period. Individual body weights were recorded weekly,

4. Laboratory Tests:

Once in the control period and at three weeks of study, blood
and urine samples were obtained from all rabbits for apprepriate analy-
sis. The rabbits were fasted overnight prior to collection of samples,

a. Hematology:

Hematological studies included hemoglobinl, hematocritz,
total erythrocyte count3 and total3 and differential leucocyte
counts,

b. §13phemistrz:

Biochemical studies on serum included glucose4, bloed
urea nitrogen (B.U.N.)“, alkaline phosphatase activity4, serum
glutamic oxalacetic (5.G.0.T7.)5 and pyruvic (S.G.P.T.)% tran-
saminase activities, calciume, inorganic phosphorus7, total
protein’ and albumin®,

¢. Urinalysis:

Urinalysis included measurement of volume, pHB and speci-
fic gravity; description of color and appearance; and qualitative tests
for albumine, glucoses, bilirubin® and occult bload8.

5. Statistical Analysis:

All statistical analyses compared the treatment groups with the

control group by sex. At termiration of the study, body weights,

163-530
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Revised Page 6

hematologic, biochemical and urinalysis parametirs and absolute and
relative organ weights were compared by analysis of variance (one-way
classification), Bartlett's test for homogeneity of variances and the

appropriate t-test (for equal or unequal variances) as described by

Steel and Torrie? using Dunnett'sl0 multiple comparison tables to
judge significance of differences.
B, RESULTS:

1. General Behavior, Appearance and Survival:

One or more signs of dermal irritation were present for all
treated rabbits. The level of intensity and time-of-onset were pri-
marily dose-related.

At the 100-mg/kg/day dosage level, a barely perceptible
erythema was noted for all rabbite beginning in weeks 2 or 3 of treat-
ment. At the 500-mg/kg/day dosage level, the onset of erythema (barely
perceptible to slight) was usually evident by day 4 and persisted
throughout most, or all, or the treatment period. Other signs of der-
mal iritation (barely perceptible to slight) included: edema, atonia,
desquamation, coriacedusness and fissuring. These signs were evident

for most treated rabbits during either the second or third week of

treatment.

At the 2500-mg/kg/day dosage level, erythema (barely percep-
tible to moderate) was evident as early as day 2 and persisted
throughout the study for most rabbits. Other signs of dermal irrita-
tion as noted previously (barely perceptible to moderate) were evident
by, or on, dav 7 and for most rabbits persisted throughout the treat
ment period,

Incidental findings (primarily at the 2500-mg/kg/day dosage
level) included: diarrhea, nasal or ocular discharge, hypoactivity,
anorexia and dehydration, None of the rabbits died.
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2, Body Weights (Table 1);

Female rabbits in the 2500-mg/kg/day group had decreased body
weight gains when compared to controls. Males had slight, but gta-
tistically significant, weight losses, Percent change in sex=group
mean body weight from week 0 to week 3 are as follows:

Dosage Level Change in Group Mean Body Weight, 2%

(mg/kg/dax) Males Females

Control +15.1 +12.2
100 +13,4 +13.6
500 +10.0 +13.0

2500 - 1,1 + 4,7

3. Laboratory Tests (Tables 2-10):
a. Hematologz:

No changes considered to be related to compound were seen

in the hematologic studies.
b. Biochemigﬁzz:
Values for biochemical parameters measured were within the
expected physiologic range for this species.
¢. Urinalysis:
No urine was collected from one male and one female rabbit
in the 2500-wg/kg/day treatment group. All other urinalyses were simi-

lar to the control,
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Page 8
PATHCLOGICAL STUDIZS

METHODS:
smiie e

)

L. Gross Pathclogv:

After 3 weeks of compound administration, all rabbits were sac-

‘ith an intravenous overdese of sodium pentobarbital and ne-

Al necropsy the spleen, liver, adrenals, ovaries/testes, thy-
reid/parathyroid, brain and kidneys were weighed and representative
tissues were collected in buffered neutral 10% formalin.

2. Histopathologv:

Hematoxvlin and eosin stained paraffin sections of the foliow-
ing tissues from rabbits from the controi and 2500-mg/kg/day groups
prepared by Medical Pathfinder Labs, Inc; Fenaville, Michigan:

(treated and untreated) urinary bladder
lvnaph node prostate/uterus
ovaries/testes
perve, muscle
bone marrow
thynus
heart
trachea
lung
thyroid, parathyroid
@esenteric lymph node eve
liver brain (cerebrum, cerebellum and pons)
gallblacdder pltuitary
adrenals (2) kidneys (2)
spinal cord and any unusual lesions

Selected tissues from some of the above rabbits were also Proc-
essed histologically by Intemational Research ard Development Corpor-
ation. Hematoxylin and eosin stained paraffin sections of treated and
untreated skin and stomach from all rabbits in the 100- and 500-
mg/kg/day groups were prepared by International Research and Develop-
ment Corporation. All microscopic examinations were performed by R. G.

Geil D.V.M., International Research and Development Corporatisn.
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1. Gress athoi=>gv (Table 11) and Organ weizghts (Taple 12):

Six rabbits from the 2500-ng/kg/day group and 2 rabbits from the
500-ng/xg/day group had stomach lesions which may have been compound
related., These stomach changes were descripec a8s ulcerations, erossions
and yellow, gray or white foci or areas in the wucesa. Thev were not
seen in rabbits from the control or 100-mg/xg/day groups. No compound-
related organ weight variations were observed.

2. Eistopathologv (Table 13):

Stomach erosions noted grossly and confirmed microscopically
ir several rabbits from the 2500-mg/kz/day group were shallow and §id
not extend the full thickness of the mucosa. The stomach mucosa away
from the 2rossly noted erosions was completely normal. Erosions or
other stomazh alterations could not be confirmed Dicroscopically in
all stomachs in which a g8ross dec:ription of a lesion was mace.

tcmach lesions were not geen aicroscopically in raboits from the con-
trol- or 100-mg/kg/dav Eroups; their occurrence in rabbits f{rom the 500-
anc 2500-xg/xg/day gToups was probably compound related,

Evidence of very siight to slight compounc relzteq dermal
irritation was seen in most rabbits from the 2530-, 500-, and 100-mg/kg/day
groups. These skin changes included epidermal acanthosis and hyper-
keratosis and inflammatory cell infiltrate in the dermis. The severity
of these skin changes appeared somewhat dose related and the overall
skin response to this compound could best be characterized as mjld.

Other microscopic lesions were considered spontaneous and
unrelated to treatment and were typical of the usual lesions seen in
untreated rabbits. Brain lesions, characterized by perivascular
lymphocytic cuffing, glial nodules andg lymphocytic meningitis were

considered due to infestation by Encephalitozoan Cunniculli, cotmon

protozoan parasite of laboratory rabbits.
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Chlorendic Anhydride: Three Week Dermal Toxicity Study in Rabbits.

IABLE 1. Individual and Group Mean Body Weignts, Grams.

Group,

Rabbit Skin Control Week of Study
Number Sex Preparation -2 -1 1 2

Control:

32021
32027
32040
32057

Mean

32022
32036
32040
32064

Mean

100 mg/kg/day:

32933
32043
22047
22059

Mean

32024
32026
32028
32034

Mean

A - Abraded
163-530 . I - Intact
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Page 12

Chlorendic Anhydride: Three Week Derma} Toxicity Study in Rabbits,

TABLE 1. cCont. Individual and Group Mean Body Weights, Grams.

Group,
Rabbit Skin Control Heek of Study
Number Sex  Preparation -2 -1 1 2

200 mg/kg/day:

32025
32035
32039
32045

Mean

32032
32052
32054
32056

Mean

2500 mg/k /dav:
3201¢
32023
32031
32065

Mean

32020
32048
32050
32068

Mean

A -~ Abraded
I - Intact
*Significantly different from Control group mean, p<0.0S5,

000016
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SYNOPSIS

Male and female rats were exposed to the dusts of chlorendic
anhydride for 6 hours per day, 5 days per week for 20 exposures during
a 28 day experimental period, The average nominal exposure con-
centraticns were 0, 0.11, 0,99 and 9.97 mg/liter. The aerodynamic
equivalen: mass medium diameter was calculated to be 6,0 micrometers
with a geometric stamdard deviation of 3.16.

Immediately after the 6 hour exposure period, the rats exhibited

varying degrees of occular and nasal irritation, and salivation in

relatior to the chlorendic anhydride concentrations, By the following
morning these symptoms had generally disappeared. The rats also ex-
hibited alopecia ranging from a slight thinning on the abdomen to
large patches lost on the back of some of the rats in the high con-
centrations group.

The low- and medium-concentration groups and the female rats of the
high-concentration group demnnstrated weight gains comparable to the
rats of the control group, The male rats of the high-concentration
exhibited decreased weight gains as compared to the controls.

Statistical differences in hematocrit, erythrocytes and hemoglobin
concentrations were observed in male rats while statistical differ-
ences in hematocrit, erythrocytes and leucocytes were seen in female
rats. Similarly, statistical differences in glucose, alkaline phospha-
tase and SGPT levels were observed in male rats while statistical dif-
ferences in alkaline phosphatase levels were observed in female rats.

Increased incidence of dark red foci and dark red area/discolor-
ation in the lungs and dark red or brown foci in glandular part of the
stomach seen at necropsy in the treated groups, were probably compound-
related.

Statistically significant decreases (p<0.05), probably compound-

related, were noted in the mean relative weights of livers of males
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SYNOPSTS

Male and female rats were exposed to the dusts of chlorendic
anhydride for 6 hours per day, 5 days per week for 20 exposures during
a 28 day experimental period. The average nominal exposure con=
centrations were 0, 0,11, 0.99 and 9.97 mg/liter. The aerodynamic
equivalent mass medium diameter was calculated to be 6.0 micrometers
with a geometric standard deviation of 3,16.

Immediately after the 6 hour exposure period, the rats exhibited
varying degrees of ocular and nasal irritation, and salivation in
relation to the chlorendic snhydride comcentrations. By the following
morning these symptoms had generally disappeared. The rats also ex-
hibited alopecia ranging from a slight thinning on the abdomen to
large patches lost on the back of some of the rats in the high con-
centration group.

The low- and medium~concentration groups and the female rats of the

high-concentration group demonstrated weignt gains comparable to the

rats of the control group. The male rats of the high-concentration
exhibited decreased weight gains as compared to the controls.

Statistical differences in hematocrit, erythrocytes and hemoglebin
concentrations were observed in male rats while statistical differ-
ences in hematocrit, erythrocytes and leucocytes were seen in femsle
rats., Similarly, statistical differences in glucose, alkaline phospha-
tase and SGPT levels were observed in male rats while statistical dif-
ferences in alkaline phosphatase levels wmre observed in female rats.

An Increased incidence of dark red foci and dark red area/discolor-
ation in the lungs and dark red or brown foci in the glandular part of the
stomach seen at necropsy in the treated groups, was probably compound-
related.

Statistically significant decreases (p<0.05), prcbably compound=-

related, were noted in the mean relative weights of livers of males
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frem all treated groups and in the mean absolute and relative weights
of thyroids in female rats from the 1.0-mg/1 anu 10.0-mg/1 groups,

Compound-related microscopic changes of a hemorrhagic inflammatory

nature in the lungs and of an inflammatory nature in the trachea, nasal

turbinates and stomach bucosa, occurred in rats from all treated

groups,

163-531

000008




International Research and Development Corporation

Page 4

ITI. TEST MATERIAL

The compound was received from Velsicol Chemical Company, Chicago,
Illinois on Octecber 10, 1977. it was received and identified as
follows:

Test Material Identitication Description

Sponsors': Tech, Ref, Std. white somewhat
Chlorendic Anhydride chunky powder

93.81% (titr.) 7 jars x 300 grams.
Lot # 3-12-206 according to

packing slip.

163-531
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IV. TEST PROCEDURES
A, ANIMALS:

Forty male and 40 female Charles River CD® rats, 6-8 weeks of age,

were used in this study. The male ratg wveighed from 191 to 211 grams.
The female rats weighed from 182 to 206 grams. The 40 males were ran-
domized into 4 groups of 10 rats each, in accordance with the IRDC com=
puter randomizatiou program for 40, The females were likewise
randomized.

After the randomization process, the rats were individually iden-
tified with ear punches in numerical order, from 1 to 40 for the meales
and frcw 41 to 80 for the females. Each animal was also given a
"permanent"” IRDC number which were used in all records. The rats were
housed in individually numbered wire-mesh cages and were kept throughout
the one week quarantine and the 28 day experimental periods in a tem-
perature- and humidity-controlled room in accordance with standards
outlined in the "Guide for the Care and Use of Laboratory Animals, DHEW
No. (N.I.H. 74-23) 1974". Purina® Laboratory Chow® and water were
suppplied ad libitum except when the rats were in the exposure chamber.
During exposure, the rats were caged individually in numbered stainless

steel cages.

The study was initiated on June 7, 1978 and was terminated on July
5, 1978.

B. EXPOSURE:

All exposures were conducted in a l-cubic meter cubical stainless
steel and glass chamber, with pyramidal top and bottom. A constant
chamber airflow was maintained by means of a rotary centrifugal air
pump located at the exhaust side of the chamber. The chamber exhaust

was filtered through an act‘vated charcoal filter and a Cambridge

163-531
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Absolute® filter before being further diluted with air and discharged

outside of the laboratory., The desired chamber concentrations were 0,
0.1, 1.0 and 10.0 mg/l.,
C. DUST ATMOSPHERE GENERATION:

IRAD dust generators were ugsed for generating the dust atmospheres,

The DUSTGIN® consisted of a revolving plate with calibrated "eups" for

transporting a known quantity of powder per unit time from a reservoir
to air jet., At the air jet the powders in a "cup" were dispersed into
the chamber by blowing at a rate of 8 liters per minute,

The dusts emerging from the dust generators were directed into the
exposure chamber air inlet and were further diluted by the incoming
make-up air to the desired concentration,

D. MONITORING OF CHAMBER DUST CONCENTRATIONS:

1. Calculated Concentration:

The concentrations are based upon the empirical chamber airflow

Tate and the powder dissemination rate, The quantity of powder dissgi-

minated was determined by weighing the quantity of powder in the reser-

voir of the dust generator before and after the experimen., The
concentration of the dusts in the chamber atmosphere was calculated
from the ratio of the average rates of powder dissemination to the rate
of total chamber airflow (the volume of air ejected from the dust

generator plus the volume of meke-up air passing through the chamber

per unit time).

2. Analytical Concentration of Airborne Particles:

The concentration of the airborne dusts in the chamber atmos-
phere was determined gravimetrically using the fiberglass filter,

sampling technique. The chamber atmosphere was drawn through a 37 mm,

163-531
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fiberglass filter at the rate of 2 liters/min lor a suitable

duration.

A critical orifice was used for regulating the air flow

rate. Three samples were taken from each chamber during the 6-hour

exposure period.

The weight of chlorendic anhydride collected on the

filter was determined and the quantity of the chlorendic anhydride

powder per unit volume of chamber ajir wag calculated in milligrams/liter,

3. Particle Size Distribution Analysis:

The particle size distribution of the chlorendic anhydride

powder in a sample of the chamber atmosphere was determined once daily

using and Andersen® 3 stage cascade impactor. The chamber atmosphere

was drawn through the sampler at the

rate of 28.3 1/min for a suitable
The weight of the particlas collected on each stage was
determined gravimetricaly and

duration.

the weight percent of each size category

was calculated.

The cumulative weight-percent of each size category ;

was calculated.

The cumulative weight-percent of particles smaller

than a certain indicated diameter were plotted on a logarithmic proba-
bilivy graph,

The equiwvalent dercdynamic diameter were determined

grapaically,
E. CLINICAL STUDIES:

l. Animal Observations:

The rats were observed daily for ocular and nasal irritation,

respiratory distress and any pharmacotoxic signs before and immediately

after the 6~hour exposure.

Individual body weights were recorded periodically before the
initiation of the studv and twice weekly during the four weeks of
exposure.

2. Laboratory Tests:

Cli. i~ul laboratory test were tonducted on all male and all

163-531
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fiberglass filter at the rate of 2 liters/min for a suitable

duration. A critical orifice wae usad for regulating the air flow

rate., Three samples were taken from each chamber during the 6-hour
exposure period. The weight of chlorendic anhydride collected on the
filter was determined and the quantity of tke chlorendic anhydride

powder per unit volume of chamber air was caleulated ia milligrams/liter.

3. Particle Size Distribution Analysig:

The particle size distribution of the chlorendic anhydride
powdar in a sample of the chamber atmosphere was determined once daily
using and Andersen® 8 gtage cascade impactor. The chamber atmosphere
was dravn through the sampler at the rate of 28.3 l/min £5r a suitable
duratisn. The weight of the particles collected on each stage wag
determined gravimetrically and the weight percent of sach size category
was calculated. The cumulative weight-percent of each size category
was calculated. The cumulative weight-percent of particles smaller
than a certain indicated diameter were plotted on a logarithmic proba-
bility graph. The equivalent aerodynamic diameter was determined
graphically.

E. CLINICAL STUDIES:

1. Animal Observations:

The rats were observed daily for ocular and nasal irritation,
respiratory distress and any pharmacotoxic signs before and immediately
after the 6~hour exposure.

Individual body weights were recurded periodically before the
initiation of the study and twice weekly during the four weeks of
exposure,

2., Laboratory Tests:

Clinical laboratory test were conducted on all male and all
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female rats from the four groups ot the termination of the exposure

period. The rats were fasted overnight and the blood was obtajined by

the orbital sinus puncture technique. The following clinical labora-
tory test were conducted:
a. Hematology:
Hematological studies included hemoglobin, hematocrit,
erythrocyte count and morphology, leucocyte count/total and differ-

ential, bone marrow smear/differential count only if indicated by

biood hematologic evaluation,

b. Biochemistry:
oo iemlstTy
Biochemical studies included alkaline phosphatase, blood
urea nitrogen, serum glutamic pyruvic transaminase and fasting blood

sugar,
F. GROSS AND HISTOPATHOLOGICAL EXAMINATION:

At the termination of the study the rats from all groups were

sacrificed for gross and histopathological examinations.

G. STATISTICAL ANALYSIS:

All statistical analyses compared the treatment groups with the

control group, by sex.

The hematological and biochemical parameters (1 month) and absolute
and relative organ weights (terminal) were compared by analysis of
variance (one-way classification), Bartlett's test for homogeneity of
variances and the appropriate t-test (for equal or unequal variances)
as described by Steel and Torriel using Dunnett's2 multiple com-~

parison tables to judge significance of differences.

163-531
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famale rats from the four groups at the termination of the exposure
period. The rats were fasted overnight and the blood was obtained by
the orbital sinus puncture technique. The following clinical labora~-
tory tests were conducted:

a, Hemato{g&z:

Hematological studies included hemoglobin, hematocrit,
erythrocyte counv with morphology and total and differential leucocyte
count. A bone marrow smear/differential count was to be conducted only
if indicated by blood hematologic evaluationm.

b, Biochemistry:

Biochemical studies included alkaline phosphatage, blood
urea nitrogen, serum glutamic pyruvic transaminase and fasting blood
sugar,

F. GROSS AND HISTOPATHOLOGICAL EXAMINATION:

At the termination of the study the rats from all groups were

sacrificed for gross and histopathological examinations.
G. STATISTICAL ANALYSIS:

All statistical analyses compared the treatment groups with the

control group, by sex.

The hematological and biochemical parameters (l month) and absolute
and relative crgan weights (terminal) were compared by analysis of
variance (one-way classification), Bartlett's test for homogeneity of
variances and the appropriate t-test (for equal or unequal variances)
as described by Steel and Torrial using Dunnett's? multiple com-

parison tables to judge significance of differences.
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RESULTS
A. CHAMBER DUST CONCENTRATIQE:

1. Nominal and Analytical Concentrations:

Nominal concentrations of chlorendic anhydride are presented

in Table 1. These concentrations are only slightly different from the

desired chamber concentrations of 0.1, 1.0 and 10.0 mg/1, respectively,
Gravimetric analysis using fiberglass filters resulted in mean analy-
tical chamber concentrations of 0.004, 0.0l and 0.08 mg/1 as shown in
Table 1. These value represent 4.0%, 1.0% and 0.8% of the respective
desired concentrations. The daily variations in concentrations and

discrepancy between nominal and analytical concentration is due in

part tc : 1) the number of large particles in the dust which were too
heavy to remain air borne; and 2) the quantity of fine dust that

adhered to chamber walls because of the electrostatic charge produced

in generating fine dust atmosphere.

2. Dust Particle Size Distribution Analysis:

Figure ! presents a composite aerosol size distribution graph
for the three exposure concentrations. For all three levels the
equivalent aerodynamic diameter was 6.0 micrometers with a geometric
standard deviation of 3,16,

B. CLINICAL STUDIES:

l. Appearance and General Behavior:

The rats exhibited varying degrees of ocular and nasal irrira-
tion, salivation and hair loss in relation to the chlorendic anhydride
concentrations,

! the group exposed to 9.97 mg/liter, all the rats, except
one, exhibited at various times and in varying degrees, red~tinged
nasal and ocular discharge when observed immediately after exposure.

Salivation was also noted in some of the rats. When observed the

163531
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V. RESULTS
A. CHAMBER DUST CONCENTRATION:

l. Nominal and Analytical Concentrations:

Nominal concentrations of chlorendic anhydride are presented
in Table 1. These concentrations are only slightly different from the
desired chamber concentrations of 0.1, 1.0 and 10.0 mg/1, respectively,
Gravimetric analysis using fiberglass filters resulted in mean analy-
tical chamber concentrations of 0.004, 0.0l and 0.08 mg/l as shown in
Table 1. These value represent 4.0%Z, 1.0% and 0.8% of the respective
desired concentrations. The daily variations in concentrations and
discrepancy between nominal and analytical concentration is due in
part to : 1) the number of large particles in the dust which were too
heavy to remain air borne; and 2) the quantity of fine dust that
adhered to chamber walls because of the electrostatic charge produced
in generating fine dust atmosphere.

2. Dust Particle Size Distribution Analysis:

Figure 1l preseats a composite aerasol size distribution graph
for the three exposure concentrat.ions. For all three levels the
equivalent aerodynamic diameter was 6.0 micromecers with a geometrie
standard deviation of 3.16.

B. CLINICAL STUDIES:

l. Appearance and Genersl Behavior:

The rats exhibited varying degrees of ocular and nasal irrita-
tion, salivation and hair loss in relation to the chlorendic ankydride
coacentrations,

In the group exposed to 9.97 mg/liter, all the rats, except
one, exhibited at various times and in varying degrees, red-tinged
nasal and ocular discharge when observed imnediately after exposure.

Salivation was also noted in some of the rats. When observed the
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following morning, before exposure, these toxic signs had generally
disappeared. Also, in half of the animals, alopecia was observed,
ranging from slight thinning on the abdomen to large patches on the
back of the animals in the high-concentration group.

These symptoms appeared in the low and intermediate groups but
with less severe effects and were exhibited by fewer animals,

It should be noted that Z of the control rats also displayed
slight alopzcia,

2. 3ody Weights:

Group mean body weights are presented in Table 2. The male
rats of the high-concentration group showed depressed weight gains as
compared to the controls. The low- and medium~concentration groups
and the female rats of the high-concentration gained weight comparable
to the rats of the control group. Individual body weights for each
group are presented in Tebles 3-6.

3. Laboratory Tests:

a. Hematology:

Group mean hematological values for male rats are presented

in Table 7. Hematocrit values are significantly depressed from
control values in all three exposure groups, In addition, the number
of erythrocytes and hemoglobin levels were significantly depressed in
the low-concentration group,

Group-mean hematologicz' values for female rats are given in
Table 8. The hematocrit value for the low~concentration group was
significantly depressed from control values. The number of erythrocytes
was significantly increased for the medium- and high-concentration
groups while the nuwber of leucncytes was significantly increased in
the high-concentration group. Individual hematological values for all

four groups are given in Tables 9-12.

163-531
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Even though these changes in values for both males and

females are statistically significant, these values probably do not
represent any biological significance since they fall within the normal
range of biological variation for the species,

b. Biochemistry:

Group-mean blood chemistry values for male rats are given
in Table 13. For male, the fasting blocd glucose level was signifi-
cantly depressed from control values in the high-concentration group.
Also for males, alkaline phosphatase values were significantly
lncreased in the intermediate~ and high-concentration groups while the
SGPT level was significantly increased in the intermediate-
concentration group. Group-mean values for female rats are presented
in Table l4., For females, alkaline phosphatase was significantly

increased in the intermediate- and high-coucentration groups, Even

though the changes in alkaline phosphatase and SGPT values were sta-
tistically significant, these values probably do not represent an expo-
sure related effect since these values are within the normal range of
biological variation for the species. Individual blood chemistry

values for all four groups are given in Tables 15-18.
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Even though these changes in values for .-*h males and
females are statistically significant, these values prokably do not

represent any biological significance since they fall within the normal

range of biological variatiou for the species,

b. Biochemiscrz:

Group-mean blood chemistry values for male rats are given

in Table 13. For males, the fasting blood glucose level was signifi-

cantly depressed from control values in the aigh-concentration group.

Also for males, alkaline phosphatase values were significantly
increased in the intermediate- and high-concentration groups whila the
SGPT level was significantly increased in the intermediate=-

concentration group. Group-mean valvnes for female rats are presented

in Table 14. For females, alkaline phosphatase was significantly

Even
though the changes ip alkaline phosphatase and SGPT values were sta-

tistically signiiicant,

incrr:ased in the intermediate~ and high~-concentration groups.

these values probably do not represent an expo-
sure related effect since these values are within the normal range of
biological variation for the species. Individual blood chemistry

values for all four groups are given in Tables 15-18&,
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VIi.

PATHOLOGICAL STUDIES
A. METHODS:
1. Gross Pathology:

Page 12

At the termination of 4 week period c¢f study, all rats were sacri-

ficed using carbon dioxide 8as and were necropsied.

One rat each from the

1.0-mg/1 and the 10.0-mg/1 group that died after bleeding at necropsy were

also included under the terminal sacrifice.

Selected organs wera weighed

and representative tissues were preserved in 10% neutral formalin.

2. Histopathology:

The following tissues from 20 rats from the control group and the

10.0~-mg/1 group were paraffin embedded

lin and eosin and examined microscopically:

adrenals
aorta

brain (2 sections)
bone - rib junction
gonad

heart (with coronary vessels)
duodenum

Jejunum

ileum

esophagus

colon

kidneys

liver (2 sections)
lungs (2 sections)
mesenteric lymph node

nasal turbirnates
pancreas
pituitary
salivary gland
mammary gland
skin

spleen

stomach

thymus

thyroids
urinary bladder
uterus

trachea

gross lesions

Additionally, from 20 rats each from the 0.1-mg/1

groups, nasal turhinates, trachea,
ilarly and examined.
dose group,

in any other organs.)

163-531

lungs and stomach were

(Microscopic examination of tissues

10.0-mg/1, did not suggest possible treatment

» sectioned, stained wich hematoxy-

and 1,0-mg/1
processed sim-
from the high

related lesions
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RESULTS :
Gross Pathology and Organ Weights (Tables 19-22);

Gross lesions that were considerd probably treatment related were
seen in the lung and stomach.

In the lungs, these consisted of increased incidence of dark red foci
and dark red areas/discoloration and in the stomach, dark red or brown
foci on the glandular micosa,

Other gross lesions observed in the control and the treatment groups
were considered spontaneous or incidental in nature and wer¢ not treat-
ment related,

Statistically significant decreases (p<0.05) in mean relative weights
of livers in males in all treated groups and the mean absolute and relative
welghts of thyroids in female rats in the 1.0-mg/1 and 10.0-mg/1 groups,
were considered probably compound-related. The variations in the mean
weights seen in adrenals and pituitary were not consistant and their bio-
logical significance is unknown,

2. istopathology (Tables 23-23);

&~
—

Compound-related microscopic changes were observed in treated groups
at all lsvels in the lungs, trachea, nasal turbinates and glandular part
of the stomach.

In the lungs, the lesions consisted of increased incidence and inten-
sity in interstitial inflammatory cell infiltration, peribronchial lymph-~
oid hyperplasia, perivascular lymphocytic infiltration, interstitial fib-
rosis and scattered hemorrhages. Interstirial pneumonia occurred only
in the treated groups.

In the trachea, the changes included inflammatory cell infiltration
in mucosa and submucosa and focal epithelial hyperplasia.

In the nasal turbinates, changes seen were inflammatory cell infiltrate
in mucosa and dark brown pigment and/or inflammatory exudate in the nasal

cavity.
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In the glandular part of the stomach, inflammatory cell infiltrate 1in

mucosa and submucosa and focal mucosal congestion in the 10.0-mg/1 group

and focal mucosal congestion in the 1.0-mg/l and 0.1-mg/l group were seen.
Other organs in which microscopic lesions occurred included .dremnais
(excessive vacuolation in cortical cells), liver (portal inflammatory cell
infiltration, scattered inflammatory foci), kidney (interstitial lymphoeytic
infiltravion, healed infaret),  uterus (hydrometra), and cervical lymph aade
(congestion, erythrophagocytosis). These lesions were of low or equal
frequency in both the control and the high dose groups and were considered

Spontaneous and incidental in nature and not related to treatment.

£4. (- an 70 11779
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Staff Pathologist
Department of Pathology
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Chloren 'ic aAnhydride: Subacute Inhalation Toxicity Study in Racs

TABLE 135. Individual Biochemical Values - Terminal
Group, Alkaline

Rat Glucose 30N Phosphatase SGPT
Number Sex mg/100 mg/100 int'l u/1 Sigma u/ml

0.0 mg/1l (Control):

90848
90851
90857
90858
90861
90866
90868
90874
90877
90884

Mean

90897
90898
90903
90905
90910
90911
90918
90920
90935
90940

Mean
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Chlorendic Anhydride: Subacute Inhalation Toxicity Study in Rats

TABLE 16, Individual Biochemical Values - Terminal

Group, Alkaline
Rat Glucosa BUN Phosphatase SGPT
Number 3 mg/100 wg/100 int'l u/1 Sigma u/ml

0.1 mg/1:

90854 B 219
90862 M . 276
90867 \ . 278
90859 ) 207.
90880 A 195
90882 K . 291
90885 ) 240
90887 A 1