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trypan blue exclusion and changes in cell number over the exposure period. Als
in this tier was the effect of chemicals on DNA synthesis. For Tier 2, the
lymphacyte response to a T and a B cell mitogen is used, and in Tier 3, the mor
complex cell-cell interactions involved in a Mishell-Dutton assay, the mixed
lymphocyte reaction, and the in vitro growth of stem cells are investigated.
The in vivo studies included a complete toxicolegic workup in both male and
female mice, using trichloroethylene and dexamethasone. Both of these compound
were administered in the drinking water. trichlorcethylene was administered
over a six month period with an interim sacrifice at four months.

For trichloroethylene, the oral LDS0 in female mice was 2443 mg/kg (95% confi-
dence limits of 1839-3779 mq/kqg) and in male mice was 2402 mg/kyg (95% confidenci
limits of 2065-2771 mg/kg). In the subchronic study, trichloroethylene was
administered at concentrations of 0.1, 1.0, 2.5, and 5.0 mq/ml, and mice uf bott}
sexes were exposed for four or six months. There wa: @ decreased body weigh®
qain at thes highest dose, which could be attributed to a decrease in fluid
consumption. The most significant effects attributable to trichloroethylene
were an increase in liver weight in both sexes, and an increase in kidney weight
in both sexes, accompanied by increases in protein and ketonrs in the urine. .
Trichloroethylene failed to elicit any other adverse effects. The only signifi-

cant effect on. immune function was a3 dose-related decrease in bone marrow stem
cells in females.

Based on the more routine toxicological parameters, the most sensitive indicator
of dexamethasone toxicity were changes in body, spleen, and thymus weights,
depression of peripheral leukocyte counts, and an increase in the percent of
polymorphonuclear leukocytes.

Mice exposed to dexamethasone were deficient in humoral and cell-mediated
immunity, with minimal effects on the macrophage and bone marrow parameters.

The in vitro studies were able to point to the immune system as a target organ
for dexamethasone. However, trichloroethylene effects were not predictahle
based on the in vitro results.

This report briefly describes the results of the development of the approach
and methods now in place for in vitro and in vivo assessment. We belie.e that
this will provide a practical approach to in vitro and in vivo assessmunt of
toxicity, particularly with respect to the immune system.
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Investigations during and subsequent to the experimental period which pro-
duced the in vitro approach to toxicological studies were conducted in the
~ Immunotoxicology Program at the Medical College of Virginia/Virginia Common-

X

% wealth University. The program coordinator is Albert E. Munson, Ph.D., Pro-

» fessor of Pharmacology and Toxicology. There were three distinct phases to

gﬁ the studies described. The first year of the contract (Phase I) was used to

. develop a tier concept and to develop an apprcach to confimm in vitro with in

5 vivo results. The second year (Phase I;) was used to select assays and in
vitro exposure methods. Subsequent to the second year (Phase III), studies

;3 were carried out to refine and choose the best in vitro and in vivo approaches.

- Phase III studies have provided the present approach to in vitrs and in vivo

5 immunotoxicological evaluation., During Phase III, two metabolic activation

o systems were developed that interface with the in vitro {mmunological system.
One, begun during Phase II, was the 9000 xg 11ver supernatant, and the second
was the primary hepatocyte. Phase [l is summarized in this report,

IE The overall goal for the research performed under this contract was to
develop a battery of assays that could be used to predict subchronic and

EE chronic toxicological behavior produced by in 1133 exposure to a chemfcal,
Conceptually, in vitro approaches would be more efficient and less expensive

l§ than current methods using subchronic and chronic exposures. The plan set

~ forth was to use both in vitro and in vivo approaches, where the results from

o ~ each would be correlated. Several in vitro assays were investigated and the

2 strengths and weaknesses of each determined. ODuring the initial contract
period, several in vitro assays were analyzed and, during the last three

S@ years, one In vitro and one in vivo approach have come into focus. Several

publications have shown the feasibility of the connection betwecn thesa two
- approaches, From the work that was started during the contract period, a

..
)

process has been formulated to use the in vitro antibody forming cell assays

with several varfations to provide a first screen for activity. Inherent in
the assays is the measurement of the direct cytotoxic action of the xenobintic,

A

oex

P
4

The celis of the immune system offer the opportunity for the toxicologist/

a?%%gﬁ v

DA

pharmacoiogist to investigate 1n vitro the actions of a xenobiotic at several
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Tevels. Cells of the immune system are capable of {unctioning in vitro as
they do in vivo. In a 3 to 7 day period, depending on the antigenic stimulus,
immune cells must recognize antigenic determinants (communicated both by
physical contact and through humoral mediators - lymphokines) and undergo all
the membrane and cytoplasmic transduction events in order to proliferate,
produce new messengers, and differentiate into an end 1ine cell that produces
a specific product (i.e., antibody or a cell which has the ability to recog-
nize and remove the antigen). With all of these biochemical events ongoing;
the addition of the xenobiotic affords it every opportunity to perturd the
system. The in vitro approach using the immunocompetent cells also provides
the opportunity to determine the cellular site of action of the xenobiotic.
Investigations during the contract period frcused on several of the specific
events, 1.e., cell recognition and proliferation. The approach presently
taken as 2 result of all studies in the Immunotoxicology Program 1s built on a
belief that the 13:!1553 antibody forming cell system represents the best
assay system.. '

This report briefly describes the results of the deveiopment of the
approach and methods now in place for 12_!1£:g‘and ig.xixg assessment, We
believe that this will provide the Department of Defense with a‘pract1Ca1
approach to 13‘!1352 and in vivo assessment of toxicity, particularly with
respect to the immune system.
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BACKGRCUND AND INTRODU(.TION

The toxicology community is continuing to face a major problem in fulfill-
ing 1ts responsibiiity to assess the toxic potential of chemicals Lefore they
are registered with federal regulatory agencies. Tests now used to make such
assessments are expensive, time-consuming, ani not always reliable. The‘costs

~ of toxicological testing nave reduced efforts in chemica’ and drug discovery.

The high costs of toxicologica’ testing are well-documented. Before a
chemical can be registered for human consumption, acute, subchronic, and
chronic toxicity studies must be performed in several species of animals at a
cost (as of 1976) of 3500,000 per compound (Mudel et al., Scienco. 193:834,
1976). Several governmental agencies conduct toxicological testing at an
estimated cost of $100 millfon and private 1n&ustry spends much more, Thus, a
conservative estimate indicates that approximately 400 compounds can be
evaluated per year with the funds derived from federal and p-ivate sectors.
Data derived from the President’'s Advisory Committee (Handling of Toxicolo-
gical Information, Government Printing 0ffice, Washington, DC, 1966) indicate

that thousands of chemicals generated from federai and private sources are in
need of toxicological evaluation., Based on this information, current rescurces
preclude the evaluation of most chemicals, many of which might be of great
benefit or detriment to society, '

Even {f there were sufficient time and money to evaluate all chemicals
being used, there are st111‘comp11cated issues surrounding the use of in vivo
tests: animal, species and strain differences in response to xenobiotics, and
meaningful extrapolation of these results to man.

The adverse effects of chemicals on the organs, tissues, and cells of the
lymphoreticular system have received considerable attention from both toxic .-
1ogisté and immunologists. This interest is well founded since the immune
system has been shown to be the target organ of various chemically and physi-
cally diverse compounds. This system, 1ike all others in the body, is complex,
with several types of cells working both independently and in concert, to carry
cut a %sie in homeostanis. Immunctoxicology 1s the subject of increased acti-

vity and awareness because the physiology and biochemistry of the immune system
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are now being systemically dissected; as a result, the basis processes involved
in host defense mechanisms are better understood. A second reason for the
interest in immunotoxicology is that it represents a system in which the cells -
from exposed animals can be readily rewoved and their functions examined in
vitro. This is in keeping with the direction in which toxicology is moving,
i.e., complementing morphological changes with functiunal alterations.

The overall aim of this project is to develop a system of in viiro assays
that can be used to predict chronic toxicological behavior produced by‘iﬂ.!i!ﬂ
exposure %0 a xenobiotic. Successful development of these in vitro assays will
allow for selection of xenobiotics for in vivo toxicological investigation and
could provide a basis for the types of in vivo assessment. The 12_!1§§g’system
will allow for the interfacing of biotransforming capability and, possibly, the
use of fluids from animals exposed to a xenobiotic. We also recognize that a
comprehensive in vitro system requires a strong biochemical basis. A chemical
that interferes with high-level cel functions involving specialfzed, differ-
entiated activities sucn as antibody synthesis, neurotransmitter production,
or insulin synthesis and/or activity, may or may not affect basic fun._tions
common to all cells, such as cell growth, enzyme actiQities or macromolecular
synthesis. Therefore, it {s important to develop an approach that considers
both basic and spéc1a1ized cell functions. The tier system for in vitro
testing that is reported here is based on this approach. Three tiers are
outlined according to a sequential level for increasing sensitivity to per-
tubation by a xenobiotic, {.e., the higher the tier assay, the greater the
number of biochemical sites available for a1teratidn. The specific objectives .
for the first year of the project are listed below:

- Design and develop an in vitro procedure for exposing volatile and non-vola-
tile xerobiotics to bone marrow cells, lymphocytes and macrophages.

- Develop at least two assays that can be defined as cytotoxicity assays.

- Develop two biochemical assays that would signal altered macromolecular
metabolism. :

- Develop two functional assays that would predict an adverse effect in
experimental animals,

- Design, develop and implement subchronic toxicological studies on xeno-
biotics administered in the drinking water that would provide reference to
1in vivo investigations.
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- Develop analytical capabilities for both the in vitro and in vivo aspects of
the study.
The pathway of investigation for these studies is outlined in Flowchart 1.
The chemical is selected for study based on environmental importance, import-
ance to an agency, or its known toxicological effects. The physical and
chemical properties provide the basis for designing the exposure vehicle for

.the in vitro and in vivo investigations. Acute toxicity data are either

generated or obtainad from the literature. From the acute toxicity data, a
subchronic study is dasigned and performed. Althoush studies were performed
for up to six months, 14 day subchronic studies may be enough to predict

- immunotoxicity. The in vitro studies involve direct addition of the xeno-

biotic to bone marrow cells of lymphocytes de~ived from spleen or thymus, and
macrophages derived from the peritoneél cavity. In vitro exposure is con-
ducted in the presence and absence of a hepatic metabolizing system. Two
xenobiotics (trichloroethylene an dexamethasone) were used in the early
development of these assays. A revised tier system which was used is shown
below:

I. Tier 1

A) Spleen Cell Number
B) Sp]gen Cell viability
lchromium release
2) lll1ndium release
3) Neutral red dye uptake
4) Trypan blue exclusion
5) Sensitivity to Pronase
C) Spleen Cell DNA Synthesis

11, Tier 2

A) Spleen cell responsa to concanavalin A and bacterial
lipopolysaccharide

II1I. Tier 3

A) IgM antibody response to T-dependent antigen
1) Mishell-Dutton assay
2) Mixed lymphocyte reaction
3) Effects of trichlorcethylene

B) Bone marrow parameters

1) Bone marrow cell number
21 ﬂllA njnéhae{ -

-] e L AREVIRe IR ]

3) Bgne marrow stem cell number (CFU-GM)
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The Tier one assays are aimed at measuring the cytotoxic effects of the
chemicals, the effects on DNA synthesis of resting and stimulated cells and
~one cellular function, i.e., phugocytosis. Tier two assays involve recogni-
tion and funciional responses and employ the mixed lymphocyte -2action and
macrophage chemotaxis. Tier three assays require information of a product,
‘i.e., stem cell growth and antibody responses. This report describes these
assays, most of which were begun during the contract period and have been
refined to the present state.

The studies conducted during and subsequent to the contract period have
brovided a usable and general approach to the development of‘jg_!izzg assays
using immunocompetent cells for assessing perturbations caused by xenobiotics.
For Tier 1, Tier 2 and the bone marrow stem cell assay of Tier 3, the cells
were exposed to xenobiotics in either 50 ml centrifuge culture tubes or in 250
ml flasks. The larger vessels were used when more cells were required, or
when the xenohiotic required greater df]utions because of solubility. Ce11§
were analyzed over a 48 hour period for viability and DNA synthesis in the
presence and absence of mitogen. In the other Tier 3 aésays,'individua1
‘exosure were conducted in 96 well culture plates.

As the assays were developed and used, they became somewhat artificial; in
the Tier 3 assays, interpretation can be made only if the Tier 1 and Tier 2
assays are included. For example, appropiriate analysis of the IgM response
requires that cell number, viability and proliferative ability be known,
However, the Tier 1 and Tier 2 assays can be performed without Tier 3.
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PART 1 - IN VITRO STUDIES
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MATERIALS AND METHODS AND RESULTS

TIER 1
Characterization of the Spleen Cell Assays (Flowchart 2)
Spleen Cell Number

The time course for changes in spleen cell number is shown in Figure 1 and
Table 1. Four experiments are shown, with two of the four having viabitity

data. Spleen cells are stable with respect to cell number and viability (pro-

nase method) over the 48 hour experimental period. Cell number did change if
the glassware was not siliconized.

Spleen Cell Viability
Several procedures were investigated to determine the best method for

assessing cell viability, Five methods were studied:.51
111 )

chromium release,
indium release, neutral red dye uptake, trypan blue exclusion and sus-
ceptibility to pronase,

51Chromium Release: Bone marrow, and spleen and thymus cells were'fadio-
labeled with sodium 51chromium. The radiocactive label enters the cell's
cytopiasm and is released upon lysis of the cell. 'This is a frequently used

assay for measuring cytotoxicity induced by natural killer cells and for T
cell mediated cytotoxicity. For the most part, these assays are completed in
4 hours. Fof in vitro toxicity studies, 48‘hours was set as the time for
exposure to the xenobiotic. Spontaneous release was highly vafiab1e from
experiment to experiment and sensitivity was not as good as with trypan blue
or the pronase method. Five experiments were conducted using 51chrom’um
release and, because of the high spontaneous release over 48 hours (in excess
of 50%), other viability assays were investigated.

111 111

Indium Release: An attempt was made to use indium radiolabeled

51

cells for cytotoxicity. As with ““chromium, spontaneous release was very

high over the 48 hour jncubation period, making interpretation of xenobiotics

difficult. Three experiments were performed using trichloroethylene and dexa-

111

methasone, Indium release was only slightly elevated in the xenobiotic

Ly
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FLOW CHART 2

COLLECTION OF SPLENQOCYTES

v

Wash cells and Adjust to 5§ x 10° /mi

'

Add Xenobiatic 1

With Hepatic Activation

Without Hepatic Activation

System System
Place Tubes on Roller or
Flasks In Shaking incubator
J370 C, 95% Humidity 5% CO,
Ramove at least 2 tubes
per concentration per time point
4-20ul asmples 2- 20 ul samples
Cafl counts chemical analysis

Tubes removed centrifuged
250 x g for 10 min
Resuspend to 5 x 10 /ml

v

y

[ Ceit viability [[DNA " synthesis | tFha»s:?tonss
o mitogens

Mixed lymphocte
response
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Table 1

Spleen Cell Number and Viability as a Function of Incubation Time

Incubation cell number x 106
time (hrs) Exp. 1 Exp. 2 Exg. 3 Exp. 4
.25 6.9 = 0.3 6.8 0.3 7.2 0,2 6.5 % 0.2
. (95%) (S3%)
1.0 7.8 0.1 5.9 £ 0,2 7.2 %0.2 7.3 %0,2
' (93%) (90%)
3.0 7.4 £ 0.1 7.4 2 0.1 7.1 £0.2 . 6.9 % (1,2
(94%) (85%4)
6.0 7.0 = 0.1 6.6 £ 0.2 7.0 = 0.1 6.6 % 0.2
(90%) (89%)
9.0 7.5+ 0.1 7.6 £ 0.1 7.5 0.1 7.6 0.1
(924) (90%)
24.0 7.7 £ 0.1 7.8 0.1 7.4 £ 0.1 7.5 £ 0.1
(90%) (854)
48.0 7.3 £ 0.1 7.3 0.1 6.9 0,3 7.1 £0.,2
(85%4) (82%) '

Spleen cells were incubated under standard conditinns for 48 hr. At the
indicated times, 3 culture tubes were removed and triplicate cell coun™s
obtained on a Coulter counter. The numbers represent the mean £ SE. The
numbers in parentheses represent the cell viahility as measured by trypan blue
exclusion. Four of 10 experiments are shown.
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exposed cultures over the appropriate vehicle cultures and no dose response
could be obtained. Because of the high spontaneous release over 48 hcurs and
the cost of the isotope, this approach was discentinued as a means of measuring
cell viability.

Neutral Red Dye Uptake: In this assay, cells are 2xposed to neutral red
dye, which will only be taken up by cells which are viable. Ths method was
used in 15 experiments, and at times appeared to be more reproducidble and
sensitive than >lchromium or 1}lindium release. Over the course of the
experiments. 1t became evident that the neutral red dye preparation changed
and could not de reproducibly prepared in such a mnnrer as to give consistent
results. Because trypan blue exclusion and, eventually, the pronase method
were more éonsistent. the neutral red dye uptake into viable cells was dis-
continued as a method for measuring cell viability.

Trypan Blue Exc1u516nf Cells were exposed to several xenobiotics. At ‘
various times following exposure, samples were removed and trypan dlue dye was
added, Cells were then examined under 100 x magnification and cells which
took up dye were considered non-viable. Percent viadbility was determined by
counting 200 cells, After two experiments using trichlorvethylene and dexa-
methasone, 1t became evident that no significant change occurred in trypan
dlue exclusion when compared to vehicle controls, even in the presence of
decreased cell number. After several additional experiments, it became |
apparent that the time between the ability of the cell to exclude the dye and
cell lysis was short, that the dye exclusion assay was useful only during a
short exposure period, and that at lower concentrations of a xenobiotic an
equilibrium exists between the ability to exclude the dye and cell lysis,

Sensitivity to Pronase: Stewart et al. (1975) reported on the method
presently being used to measure viabilfty. The method takes advantage of the
sensitivity of nun-viable cells to pronase, Pronase {s diluted to 3 mg/ml and
100 43 1s added to 100 u1 of cells in 13 ml polycarbonate tubes and incubated
for 10 mirutes at 37°C. Following the incubation, 10 ml of [soton is added to
the tubes and cell counts determined by Coulter counter, The percent viability
is determined as by dividing the cell counts with'pronase by the cell counts
without pronase and multiplying by 100. .
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Spleen Cell DNA Synthesis

Spleen cells are continuously undergoing proliferation as they respond to
internal and external stimuli. A good indicator of ONA synthesis is the incor-
poration of a DNA precursor into acid precipitable cellular material. For the
earlier‘studies, 125IUdR was used as the precursor because it was a gamma
emjtter and could he more quickly analyzed. Because of the increase in cost
of 125IUdR, studies nw conducted use 3H-thym1d1ne. Appropriate studies
were conducted and reported to show that both 1ZSXUdR and 3H-€hynid1ne are
incorporated into acid precipitable material, The time course for incorpora-
tion of 125IUdR into DNA of spleen cells is shown in Figure 2 and Table 2.
The uptake is linear over the first two hours with a decreased rate of uptake
from 2 to 3 hours. For most studies, uptake was at 1, 2, and 3 hours. For
the time course studies, 1.e., determining the effect of {ncubation ?.ee on
spleen DNA synthesis, a 1 hour isotope pulse provides the best indicator of
DNA synthesis, | , o

DNA synthesis was measured over time {n order tu determine the stability
of the system. The time course over 18 hours {s shown in Figure 3 and Table
3. DNA‘synthesfs is stabie over 3 hours and then there {s a sharp decline,
Several variables, including cell density, amount and "lots” of fetal calf
serum, and different media were investigated {n order to maintain the DNA
synthetic activity of spleen cells, None of the changés prolonged the DNA
synthetic activity. Because cell viability does not change, the cells are
most 11kely moving ocut of the S phase of the cell cycle,

Since DMA synthesis was determined based on a 1 hour pulse of {sotope, a
matrix study was conducted with incubation time as a varfable and pulse time
as a variable (Figure 4 and Table 4), There was no difference in the profile
with a2 1 hour pulse with no preincubation or ! hour preincubation. Three

hours of preincubation, coupled with a 1, 2, or 3 hour pulse period, shbwed
decreased synthetic activity. Thus, the constraints for preincubation and
pulse period are 3 and 1, respectively,
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Spleen Cells were incubated with [UdR for 180 minutes in microtiter plates.
Six wells wer analyzed for [UdR uptake at the indicated time periods. The
numbers represent the mean + SE derived from 6 samples for each time period.
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Table 2
Uptake of 125 IUdR into Spleen Cells

e dik

Incubation
with 125 IUGR cpm/5 x 106
(minutes) cells
K .
e 5 | 2002 # 50
o 30 ‘ 5105 & 407
ol
60 . 9269 # 500
4 g | 120 - 10054 602
§ 180 : B 1100556 * 789
d Spleen celis were incubated with 125 IUdR for 180 minutes in.
A microtiter plates. Six test wells were analyzed for 125 IUdR

oot oo uptake at the indicated time periods. The numbers represent
) : : the mean #* SE derived from the six samples.




16

Figure 3

IUdR Incorporation Into Spleen Cells
As a Function of Incubation Time
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Spleen Cells were incubated under standard conditions for 18 hours.
Three cultures were removed at the indicated time period and incorporatdon
of TUdR was allowed to occur for 60 minutes. Numbers represent the
mean * SE derived from 3 tubes for each time period.
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Table 3
Change in Incorporation of 125 IUdR into Spleen Cells
as 2 runction of Incubation Time

RAS

XA

Incubation
withou. 125 IUdR . CPM for 60 Minutes
(miutes) i ~ Incubation with 125 IUdR
gi .
0 9140 & 535
»
¥ 15 11291 * 345
o 60 12688 * 668
& 180 11729 « 859
ﬁ 360 2353 = 120
540 660 + 38
% 1080 560 + 44

Spleen cells were inéubated under standard conditions for 18 hr.
Three culture tubes were removed at each indicated time period and
incorporation of 125 .IUdR was allowed to occur for 60 minutes. Num-
bers represent the mean % SE derived from 3 tubes for each time
point and 3 samples for each tube.

|

sl P W

s s

AR

“ e e w e e e w~ e e



18

Figure 4

IUdR Incorporation Into Spleen Cells
: As a Function of Preincubation Time
> 50000 \

40000 -
j ‘ 80 min

180 min

v

CPM/5 x 10 ° Spleen Cells
5
L

%
] . 0 et ————— e

‘ 0 40 80 120 160 200
5 . Incubation wjth IUdR (Minutes)

A

2

Spleen cslls wera incubated under standard conditions for 0, 60,

or 180 minutes prior to incubations with 1UdR for 30, 60 or 180
minutes. The numbers repreant the mean + SE derived from 3 culture
tubes with 3 samples from each tube.
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Table 4

Change in Incorporation of 125 IUdR into Sb]een Cells
as a Function of Preincubation Time

Incubation Time Incubation Time (minutes) Prior to Addition of 125 IUdR

with 125 IUdR (min) [ 4 50 150
30 | 9,776 + 471 9,584 ¢ 381 9,354 * 1317
60 20,141 + 888 18,465 + 531 10,397 + 1140
120 35,437 + 1974 34,730 ¢ 387 18,554 # 2337

180 ‘ 40,465 * 1467 41,870 + 1784 21,614 + 1763

PN

Spleen cells were incubated under standard conditions for 0, 60, or 180 minutes
prior to ingubation with 125 IUdR for 30, 60, 120, or 180 minutes. The numbers
(CPM/5 x 102 cells) represent the mean * SE derived from 3 culture tubes with

3 samples from each tube. :
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TIER 2

Spleen Cell Response to Mitogens

Spleen Cell Response to Concanavalin A and Bacterial Lipopolysaccharide

The response of spleen celis to the T cell mitogen, Concanavalin A, and the
B cell mitogen, bacterial lipgpolysaccharide, was characterized over a 48 hour
period (Figures 5 and 6 and Table 5). Three concentrations of each mitogen
were used and the optimum cell concentration and medium were determined in the
previous stuaies. Responsiveness to mitogens is stable for 1 hour, decreases
slightly by 3 hours, and decreases in a linear fasion to an unresponsive level
by 48 hours. Figures 7 and 8 show data for the first 12 hours using Concana-
valin A and LPS, respectively. This expands the decay part of the curve. As

~ with DNA synthesis, changes in medium supplements, amounts and “lots* of fetal

calf serum, 2-mercaptoethanol, and incubation gas mixtures did not alter the
decay rate. | .

~ The efforts to prolong the time when spleen cells would be respbnsive to
mitogens were important in arder to provide the xenotiotic as much time as
possible to bring about its potential effect. From these data, the longest
period used for xenobiotic exposure was 3 hours. '

In retrospect, because the cells are in sing1e cell suspension, a xeno-

biotic is most 1ikely to be able to enter the cell and produce its effect in a
3 hour period. |

TIER 3

IgM Antibody Response to a T-Dependent Antigen

The T-dependent antibody forming cell system (Mishel]—Dutton) has become
the most powerful method of assessing the effects of xenobiotics on immuno-
competent cells and determining the cellular target for the effect. Macro-

phages, T cells and B cells are all required for the successful production of
an immunological product, the antibody.

The importance of this system and the impact it has made on toxicological
studies related to the immune system has caused significant changes in the
overall approach. This has become the first assay used and s combined with
the cell number and the pronase method for viabilily. |
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Decay of Spleen Cell Response
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r Spleen cells were incubated under the standard conditions. At the indicated
Py tires, 3 culture tubes were removed and 6 samples analyzed at each mitogen
concentration. The umbers represeut the mean + SE of 3 tubes.
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Figure 6
Decay of Spleen Cell Response
= 160000 LPS
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Spleen cells were incubated under the standard conditions. At the indicated
times, 3 culture tubes were removed and 6 samples analyzed at each mitogen
concentration. The numbers represent the mean * SE of 3 tukes.




-,

R 2L

ST

1} Y PO

LANRA

Pin

a2

et an
PRV |

e

£
afal

23

Table 5

Spleen Cell Response tubuitogens as a Function of Incubation Time

Incubation Con A (ug/5 x 105 cells) LPS (ug/5 x 105 cells)
Time (hrs) 1 5 - 10 1 5 1C
.25 117924 171481 15862 121997 105203 90167
T %9078 + 8861 + 1980 + 7442 + 3912 + 4016
1.0 121613 157277 23808 139567 109044 86211
+ 358 * 7341 + 986 + 5597 + 831 + 1366
3.0 108323 136419 18047 100865 82141 52572
+ 5229 + 2720 + 2967 + 5348 + 81 + 8181
6.0 71024 83268 13940 49483 29158 16252
* 654 + 2458 + 3217 + 6961 + 3359 + 452
9.0 59521 71083 24744 33584 17796 18083
+ 1226 + 8339 + 6546 + £341 + 295 + 1391
12.0 21907 35358 11249 22042 16281 18760
+ 3601 53249 + 1569 + 1261 + 6685 + 5216
18.0 12524 15868 5120 14745 18061 18080
+ 1358 : 741 + 1647 + 4044 + 5392 . = 7120
24.0 1987 12422 2287 | 1430 1660 4369
* 998 t 777 + 231 + 244 + 410 * 253
48.0 1620 1436 1467 1508 1470 835
x 27 37 + 196 + 55 + 88 + 35
Spleen cells were prepared and incubated under standard conditions. At the

indicated times, 3 culture tubes were removed and 6 samples analyzed at each

mitogen concentration.

SE of the 3 tubes,

The numbers (CPM/5 x 10° cells) represent the mean #
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Figure 7

Decay of Spleen Cell Response
200000 Concanavalin A
(First 12 Hours)

150000

100000

CPMW/S x 10A5 Spleen Ceils

50000

. ’ v ey
0 2 4 -] 8 10 12 14
incubation Time
(Hours)

Spleen cells were incubated under the standard conditions. At the indicated

times, 3 culture tubes were removed and 6 samples analyzed at each mitogen
concentratior. This is a subset of data from Figure 5 which expands the data over
the first 12 hours. The numbers represent the mean + SE of 3 tubes.
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Figure 8

Decay of Spleen Cell Response
LPS ‘
1H9  (1st 12 Hours;

0 2 4 6 8 10 12 14
Incubation Time (hours)

Spleen cells were incubated under the standard conditions. At the indicated
times, 3 culture tubes were removed and 6 samples analyzed at each mitogen
concentration. This is a subset of data from Figure 7 which expands the data
over the first 12 hours. The numbers represent the mean + SE of 3 tubes.
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This system could not be successfully {nterfaced with the previously
described format, {.e., exposure of cells in siliconized culture tubes, nor
could the random bred mouse spleen cells be used. Poolin, of spieen cells
from random brad mice would lead to a mixed lymphocyte reaction that could
produce cytotoxic or suppressor cells that would make interpretation dif_fi-
cult. Initially, BALB/c mice were used, but now the B6C3F1 female mouse is
used. The B6C3F1 mouse is the NTP mouse of choice and {s also used for the in
vivo studies. '

2 R A

>0

§‘3 Mishell-Dutton Assay: Measurement of the in vitro IgM antibody response
to sheep erythrocytes (Table 6) was conducted es;ent‘lal'ly as described by
E; Mishell and Dutton (1967). The magnitude of the IgM response is dependent on

the source of spleen cells, the presence of 2-mercaptoethanol and thé'uatching
of the sheep erythrocytes and the fetal calf serum., The basic assay (Figure
9) 1s as follows: Spleens are aseptica'l]y removed from mice and placed in a

| 22

! petri dish containing RPMI 1640 medium. Using toothed forceps, spleens are

4 gently teased apart and the resulting cell suspension allowed to stand for 5
. minutes. This permits larger debris to settle. The supermatant fluid is

l aspirated off and transferred to a sterile tube which {s centrifuged at 900 xg

for 10 minutes at 4°C and the supernatant is discarded., One ml1 of RPMI 1640
2 is added %0 each tube and the cells suspended. The cell concentration of each
' samp a 1s determined and a portfon of the cells {s used to determine cel)

g viability and a portion is used to measure the number of antibody forming

“ cells, Presently, the best method for determining the antibody forming cell

Y response is as follows: The matrix for the plaque assay consists of a 0.5%

2 agar {Bacto-agar, Difco) solution in Essential Balanced Salt Solutfon (EBSS),

- heated to boiling in a microwave, Eight tenths of a mi11{iiter of a 30 mg/ml

w1 solution of DEAE-Dextran(Pharmacia) in EBSS is added to 50 ml of agar. The

. agar solution {s kept in a 37°C water bath and 0.35 m} is added to preheated

‘_.;3 12 x 75 mm borosilicate tubes (Fisher), one tube per culture well, Sheep
erythrocytes (30 41 of a 1:3 dilution in EBSS of the same sheep erythrocytes

ﬁ as were used for {mmunization) are added to the agar containing tubes. 50 4l

’ of the spleen cell suspension {s then added to the agar-sheep erythrocyte

g mixtures. At this point the tubes are removed from the water bath and 25 41

of cold 1:4 guinea pig complement (Gibco) in EBSS with Hepes is added and the
tubes vortexed and pourtd into a 60 mm petri dish (Falcon) and covered with 50
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Table 6
Time Course for In Vitro Antibody Forming Cell Production

Day Cells Recovered x 106 AFC/culture
3 5.6 165 = 15
4 4.8 o 253 4 37
EB 5 5.5 801 * 56
' | 6 4.0 - 375 74
3 7 3.2 215481
. Background 21+ 1
e
' ' The standard Mishell-Dutton Assay was performed and the number of anti-
ij body-forming cells determined on days 3 - 7. The numbers represent the
o mean & SE derived from 5 cultures per day. | o
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x 45 mm cover slips (Fisher) to obtain a monolayer. The plates afe then incu-
bated for 3 hours at 37°C, after which time the plaques are enumerated using a

Bellco plaque viewer. The number of antibody forming cells (AFC) is enumerated

"~ and expressed as AFC/IO6 spleen cells or AFC/culture.

Figure 10 shows the cell number recovered and cell viability for the anti-
body forming cell response. Figure 11 shows the time course for the response;
In contrast to the response to mitogens, sp]een'cells can be incubated for 24
hours without significant loss in the ability to respond to the sheep erythro-
cyte,

The basic culture system has been used with tw. other antigens which
require different cell cooperation in order to prnduce antibody. The LPS used
{n this system i{s 2 polycional activator and ONP-Ficoll is a T-{ndependent
antigen. LPS {s macrophage and T lymphocyte {ndependent, while DNP-Ficoll is
T-1independent, requiring only macrophages and B cells to produce‘the response.

A complete set of data on the effects of a direct acting fmmunocactive t.ug
(dexamethasone) in the Mishell-Dutton assay are shown in Table 7. This experi-
ment 11lustrates the relationship among cell viability, time course of the
response, and dose response. A graphic representation of the dose-response
inhibition of the AFC by dexamethasone is shown in Figure 12.

A second typical experiment using the Mishell-Dutton assay is shown in
Table 8. Gallic auid produced a dose-dependent inhibition of AFC's, with the
highest dose producing an inhibition siight1y above the background level, The
approximate ED50 fs 1 um.

Mixed Lymphocyte Reaction: The mixed lymphocyte reaction (MR) is an in

vitro assay for measurement of cell-mediated reactivity to specific ce11q1ar

antigens coded by specific immune reactivity genes, This has been considered
a Tier 3 assay because of the complexity of the cellular interactions, This
assay measures the degree of proliferation induced by stimulator cells by
measuring the incorporation of 125IUdR into DNA of the responder cells,
Spleens are aseptically removed from CBA/H-Tb and DBA/2 mice and sing1e’
cell suspensions prepared as described from the Mishell.Dutton assav., Mito-
mycin C is used to treat aliquots of each cell type. The treatment period is
30 minutes, followed by removal of the mitomycin C by washing with RPM] 164Q
medium. The mitomycin-treated cells are used as stimulator cells. A1l cell
concentrations are adjusted to 107 cells/ml and 50 41 aliquots dispensed
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. Figure 10

Cell Number & Viability
In vitro AFC Response
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Day In Culture

The in vitro antibody forming cell assay (Mishell Dutton) was
perfurmmed and the number of recovered cells and viability were
determined. The numbers represant the mean derived from 5
cultures per day. Viability was performed by trypan blue exclusion.
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m .
- Figure 11
3
N Time Course for IgM Antibody Forming Response
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g The in vitro antibody forming cell assay (Mishell Dutton) was

performed and the number of antibody forming cells were
determined. The numbers represent the mean derived from 5
cultures per day. Viability was performed by trypan blue exclusion.
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Table 7

Time Course of Dexamcthasone Effects in the Mishell-Dutton Assay:
Cell Recovery and Yiability

A »n W

Day Background Control 10 ~°M 10 "M 10 ~Su 10 =M
. Cell Counts (106 Cells) , ,
3 4,21+ .26 4.42 ¢ .18 3.97 + .27 3.85+ .32 4.87 + .06 3.28 + .10
4 3.06 + .13 3.03% .22 1,26+ .0/ 1.64 + .18% 1,59 + ,11* 1,81 + ,03*
5 4.14 % .24 427+ .43 1,14 + 06* 1.07 + .03* 1.33 + .09* 1.00 * .17*
6 2.88 % 05* 3.51 % .17 1.04 ¢+ .06* 0.94 + .08* 0.90 + .08* 1.02 + .07*
. Percent Viability (Trypan Blue)
74 4 4 7245 59 & 4* 56 &+ 3* 53 & 2% 44 = 4*
78 %5 855 7525 58 & 3% 61+ 7% 52 & 3*
76 ¢+ 6 72 ¢ 3 86 49 805 67 ¢ 5 63 #
77 + 3 70 %5 87 + 5« 85 #2* . 80 79 *
~ AFC per Culture
3 70 + 10* 348 # 3% 50 + 10* 17 ¢ 7* 20 * 6% 23 ¢ 3%
4 113 * 15% 2954 + 173 197 + 93* 33 & 3* 30 + 6* 10 * 6%
5 20 # 12* 3542 # 334 1180 + 237* 574 # 279% 460 % 148* 10 * 67*
6 10 # 10* 2220 + 200 1760 # 114* 1310 2 240* 910 ¢ 120* 1077 % 67*
AFC per 106 Cells
3 17 2 3* 79 ¢+ 8 13 # 3* 4 2 2% 4 & 1* 7+ 1
4 37 5% 985 + 58 151 # 71* 21 & 2% 19 + 3,6% 6 ¢ 3*
5 5 & 3% 824 + 78 1073 + 215 522 + 253 354 * 114* 10 ¢ 10*
6

.3 % 3 634 £ 57 1692 + 109 1394 * 256* 1011 * 134* 1056 * 66*

The Mishell-Dutton Assay was set up using BALB/c female spleen cells, The cul-
tures were exposed to dexamethasone at the indicated concentrations within 15
min of the sensitization of sheep erythrocytes. The assays were performed on .
days 3 through 6. Cell counts were performed on a Coulter counter. Trypan
blue exclusion was performed for estimation of yiability. Antibody forming
cells were enumerated and expressed on a per 10° spleen cell and per culture
basis. A1l numbers are expressed as mean * SE derived from triplicate cul-
tures, * = P ¢ .05 based on a one way ANOYA and Dunnett's T test,
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Figure 12

Dexamethasone Suppression of in Vitro

Antibody Response : AFC/Cuitura
4000 - :

3000 -

0 - 8 - 7 - 6 . - 5
Molar Concentration of Dexamethasone

Spleen cells were exposed to Dexamethasone at the indicated
concentrations under standard conditions. The bars represent
the mean + SE derived from triplicate cultures. Day 5 indi-
cates that the cultures were harvested after 5 days. Similarly
Day 6 indicates that the cultures were harvested after 6 days.
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Table 8

Dose Response Using Gallic Acid in the Mishell-Dutton Asﬁay

% Gallic Acid AFC/Culture 106 celis AFC/106 viability
3 | |
None 2027 + 106 4,03 ¢ .18 507 + 33 35%
‘E 0.25 uM 2173 + 158 3.89 *+ .13 563 + 48 kk; 4
B4 1 uM 1047 =+ 107* 3.34 = Q7% 315 = 34* - 34%
) 4 .M 373 + 64* 3.00 + .12* 120 + 20* 27%
E 16 M 95 & 37* 3.40 + .13 28 + 11* 7%
&)
§; This experiment was carried out under standard conditions using spleens from
. male BALB/c mice and assayed on day 5. The values represent the means of 6
{5 replicate plates. The background was 37 AFC/culture. VYalues differing from
K] control at p < .05 using Duncan's multiple range test are noted by an asterisk.
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into microtiter plate wells in the combinations shown in Figure 13.

Cultures are fed 10 ul of nutrient medium on days 2 through 7. Eighteen
hours before harvest, 0.2 uCi of *2>IUdR and 50 A of 4 x 10°°M FUGR were
added. Cells were harvested and counted on days 3 through 8. A typical
control MLR response is seen in Figure 14 and the effect of the ethanol
vehicle is seen in Figure 15.

A R B

Effects of Trichloroethylene: Trichlorcethylene (TCE) was dissolved in
95% ethanol to yield 1.0, 0. 1, 0.01 and 0.001M solutions. These were then
added to aliquots of the cell suspensions to yield 1 x 10'2 10'3 107 4
and 107 5M concentrations in the cultures. Vehicle controls received ethanol
to produce a 1% concentration. Figure 16 shows the effect of TCE upon the
mixed lymphocyte reaction. As previously reported, TCE at a concentration of
1x 10'2M suppresses iymphocyte blastogenesis, while other concentrations
and the vehicle group are equal to ¢r greater than control. However, trypan
blue exclusion studies revealed that this effect is due to cytotoxicity rather

s 258 bx3

o

55 than an effect upon the immune reaction itself.

. Prior studies have indicated that TCE/ethanol may have a slight stimulatory

ii effect upon the MLR. 1In this experiment, the vehicle group and 1 x 10'3,
10'4, and 10'5M concentrations of TCE-2 showed modest, but significant,

E; increases in 125IUdR incorporation on days 6 and 7.

N Effects of Dexamethasone: An additional experiment with temporal add1tion

= of dexamethasone to yfeld a 1 x 109M concentration in the cultures did not

2 produce any unusual findings (Figure 17). Although there were a number of

4 points of significant decrease in cpm, this may be due to normal variation

- within the experiment and does not represent a strong suppressive effect in

ig our opinion.

The MLR assay may become a useful assay in this serjes; however, the
expense allotted to animals and the time make it less attractive as a routine

N ES‘\

procedure.
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Bone Marrow Parameters (Flowchart 3)

Bone Marrow Cell Number: The time course for changes in bone marrow cell

o number is shown in Table 9, and a representative experiment in Figure 18. The
) .’; .
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'§ Figure 13
Q A 0/Cm TCE-Vehicle
| B | oMM TCE 10”2M
@ c c/D TCE 1073M C/DM
D C/DM TCE 10~*M '
. E| c/em TCE 1075M
VU
* F D/DM . C/om
¢ G D/Con A C/bm
o H C/Con A
.
) 7
(/;. Received DXM - Day 0 DXM 107'M - - C/Om "
“ B " DXM 10”°M - Day 1 DXM 107 XM-Day 0
K
3 c * DXM 10°M - Cay 2 DXM 1074
. oMo " DXM 107M - Day 3 px# 10710y
M E " DXM 10™7M - Day 4 DxM 107 11M
F " pxM 10~ - pay 5
~§_:. G " DXM 10~°M - Day 6
‘ b " XM 10°M - Day 7
X
2 Concentration | Viability
N
- C - .98 x 107/ml 87
3; cm - 1.10 x 107/ml 87
D - 1.15 x 107/ml 82
R
) Dm -  1.06 x 107/ml 89
o~ Cell combinations and treatment for evaluation of the effects of TCE-2 and DXM
:: upon the mixed lymphocyte reaction. The first plate shows routine controls as

well as the dose-response curve for TCE-2. The second plate!demonstrates the

temporal addition and dose-response protocol. Below the plates are data giving

f3 the concentrations and percent viability of the different cell types from which
the aliquots were taken at the beginning of the experiments. C = CBA spleen

ceils, D = DBA spleen cells, m = mitomycin treated. Cultures receiving Con A

W were given 5 ug/well. ;
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, 2 Figure 14
o Time Course for M.R Response
3 12000 - ’
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g 2 3 4 5 6 7 8 9
. Days in Culture
E Mixed Lymphocyte Response: A typical control
o lymphocyte response (Dba/2 x C3H mice). Six
' replicates wers assayed on each day in culture.
‘ § The points represent the mean of 6 cultures. The
BRI standard error was within 10% of the mean.
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Figure 15

MLR In Presence & Absence of Ethanol Vehicle

YarSE S s eass  emams

18000 1
o 16000‘. :
S 14000 - ‘ Ethanol
; e
4 a3 12000 A
3 ]
3 S 10000 1
'z . L
8000 - Control -
a -y
5 m M 1 v L} 1 i L) M 1 " b v R
2 3 4 L] 6 7 8 9
g Days in Culture

Mixed lymphocyte response in the presence or absence
of ethanol which is used as a vehicle for several xenobiotics.
Each point represents the mean + SE of 6 cultures wells.
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" Figure 16
MLR Response in Presence of
20000 Trichloroethyiene
16000 -
12000 - Control
8000 - N
4000 \"
L & o N .01 L‘ o
0 W ) 3 A ¥ L ; T ; "—7 1
2 3 4 5 6 7 8 9
Days in Culture

Mixed lymphocyte response in the presence and absencs of .01M
or .001 M Trichlorethylene. Six replicate cultures were har-
vested on the days of culture represented on the x axis. The
points represent the mean of the 6 replicates. The standard
error was within 10% of the mean. '
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Figure 17
Dexamethasone Suppression of

CPM/5x10-8 Cells

) Dexamethascone was added o the MLR cultures at the time
of culture establishment. The peak responsa was on day 8
of culture, The bars represent the mean +SE of six replicate
cuiutes per concentration of dexamethasone.
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FLOW CHART 3

COLLECTION OF BONE MARROW CELLS

Wash ceils and Adjust to 3 x 10° /mi

l

( Add Xenobiatic

With Hepatic Activation
System

Without Hepatic Activation
Systam

'

Place Tubes on Roiler or
Flasks In Shsking incubator
370 C, 8% Humidity 8% COy

y

Remove st least 2 tubes
. - | per concentration per time point

v

{

v

4-20ui sampies
Cafl counts

3 20 ul sampies
chemicel enelysie

Tuhbes removed centrifuged
250 x g for 10 min
Resuspend to 8 x 1 /mi

y

Calts diiuted to optimum concentrations for sach asssay

3 x 1d mi 3 x 1¢d mi ‘1 x 1d /mi
Cell  viabHit DNA synthesis CFU/GM
[ Y } [ Y —] Assay
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. Table 9

(35

Bune Marrow Cell Number as a Function of Incubation Time

]

g Incubation : cell number x 106/m
g time (hrs) Experiment 1 Experiment 2 Experiment 3
o 0 3.1 4 0.08 3.2 4 0.06 2.9 + 0.08
a .25 2.3 4 0.1 2.2+ 0.05 2.6 + 0.03
3 1 2.0 + 0.04 2.5 + 0.08 2.6 + 0.07
- 3 2.1 £+ 0.02 1.5 = 0.30 2.5+ 0.10
g 6 2.0 ¢+ 0.04 2.3 ¢+ 0.04 3.0 £ 0.03
a-' 9 2.2 £ 0.05 1.9 2 0.06 2.8 x 0.06
24 2.3 £ 0.07 2.3 # 0.0 3.0 £ 0.05
g 48 2.0 ¢ 0;03 2.0 + 0.04 2.9 * 0.06
. Boite marrow cells were incubated under standard conditions for 48 hours. At

the indicated times, 3 cultures tubes were removed and triplicate cell counts
cbtained on a Coulter counter. The numbers represent the mear 2 SE, Three of
w 10 exp2riments are shown.
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§ Figure 18
Bone Marrow Ceil Number
g 3s
3.0 z = —
5 2.5 -
- ‘g . r

g 2.0 4
F' P
o x 154

P ]

8 101
. I
™ 0.0 — T P — ¥ T - T v 1
ﬂ 0 10 20 30 40 50
q Incubation Time Hours
b
- Bone marrow celis were incubated under standard conditions for 48 hours.
. At the indicated times, 3 culture tubes wera removed and triplicate counts

b performed on the Couiter counter. The points represent the mean + SE
of the cell counts.
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cell concentration was stable over the 48 hr incubation period. Cell viability
studies in the bone marrow cells were highly variable because of the diversity
of cells that take up trypan blue. In the specific studies using chemicals,
trypan blue exclusion is shown.

BN R

L~

DNA Synthesis: The time course for uptake of “29IUdR fnto DNA of bone

‘marrow cells is shown in Figure 19 and Table 10, Incorporation of 125IUdR is
~ linear over the 3 hour incubatfon perfod. As with the spleen cell preparatica,

the 1 hour incorporation period is used as the indicator of DNA synthésis.

DNA synthesis in bone marrow cells was measured over a 48 hour period.
The results, shown in Figure 20 and Table 11, represent the 1 hour incubation
with 1251ydR and show stability over 1 hour, with a slight (30%) decrease
after 3 hours and a sharp decline to minimal detectable activity at 24 hours.
Manipulation of cell density, changes in medium, medium supplements, and fetal
calf serum did not reproducibly prolong the time for which DNA synthesis could
be mafntained. The biggeét variable as to the amount of incorporation of
125IUdR was between bone marrow preparations.

As with the spleen cells, we have set a limit of 3 hours for the exposure
of the chemical prior to measuring DNA synthesis,

'
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Bone Marrow Stem Cells - CFU-GM: Bone marrow stem cei1s have the longest
survival when incubated under the standard conditions (data not shown). There
was no significant change in stem cell number over a 48 hour ‘incubation period.

v

v

N4 HEPATIC MICROSOMAL ENZYME ACTIVATING SYSTEM

o | -

fg The successful employment of an in vitro toxicological test assay should
include a hepatic mixed functional microsomal activating system that can allow

'aﬂ for the in vitro conversion of a chemical to an active form or to its detoxifi-

cation. Over the last 5 years we have developed a number of activation systems
? that can be interfaced with immunocompetent cells. The sihp1est system uses a
‘ 9000 xg liver supernatant from normal, phenobarbital and Arochlor 1254 {nduced
llivers. Additional induction methods have been used for specific substrates
- such as {sopropanolol for the induction of DOMN demethylase. The S9 fraction
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& Figure 19

B8

Uptake of ' 251UdR Into Bone Marrow Cells

‘ 50000 -
’ = 40000 -
ue i
’ x 4
g g
E 8 20000
E 10000 -
,..‘..;. 0 v L DDA i.' LS L IR L v i v
- | 0 30 60 90 120 150 180

Incubation Time in Minutes

Bone Marrow Cells were incubated with IUdR for 180 minutes
™ , in microtiter plates. Six test wells were analyzed for uptake
E: ‘ at the Indicated time period. Each point represants the mean + SE
derived from 6 samples.

vy

o S 1 1

!'_‘l‘:ﬂ

B L L I e R R Y O I P N TR R B RS S A



Y R

R My >N R R

.S'\

e AR

46

Table 10

Uptake of 125 IUdR into Bone Marrow Cells

Incubation '
with 125 IUdR cpm/5 x 105
{minutes) cells
30 8836 + 396
60 17135 + 649
120 33578 + 2602
180 45502 * 926

B X

2

AE

del

R R R e A R At e Rl Lk et A E SRS

Bone marrow cells were incubated with 125 IUdR for 180 minutes in microtiter
plates. Six test wells were analyzed for 125 IUdR uptake at the indicated
time perfods. The numbers

represert the mean ¢ SE derived from 6 samples.
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o Figire 20

Decay of Incorporation of '251UdR
Into Bone Marrow Cells '

LSRN £ SRS

¥
5
CPM/5X10 Cell

‘ , ey
3 0 1000 2000 3000

o Incubation Time
h:! ‘ (Minutes)

£ Bone marrow cells wers incubated under standard conditions
for 48 hours. Three culture tubes were removed at each indicated
o~ time period and incorporation of IUdR allowed to occur for
by 60 minutes. Points represent the mean + SE of 3 tubes with
3 sampies from each tube.
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Table 11

Decay of Incorporation of 125 IUdR into Bone Marrow Cells
as a Function of Incubation Time

@ T Y S A Y P YW et e | WL TS WA T WAVl W W W Tt Il Y LAWY Te 1 W TR L Tw " LTS LA L

Incubation CPM for
without 125 IUdR 60 Minutes Incubation
(minutes) , with 125 IUdR
15 26076 + 2054
~d
o 60 32637 # 702
/ 180 22866 * 492
ad 360 12866 + 575
3 1440 571 + 21
2880 321 + 18
&
®
' Bone marrow cells were incubated under standard conditions for 48 hours. Three
W culture tubes were removed at edach indicated time period ind incorporation of
ii 125 IUdR allowed to occur for 60 minutes. Numbers represent the mean * SE
derived from 3 tubes for each time point and 3 samples for eacn tube.
&
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sa can be maintained at -70°C for about 1 month without significant loss of acti-
vity. Purified microsomes have also been used in order to increase the acti-
I' vity/mg of protein., For the most part, the purified microsomes offer no
< advantage over the S9 fraction supernatant. The most complex system is the
use of the primary hepatocyte as an activation system. This offers the optimal
tﬁ opportunity of xenobiotics to be activated or detoxified. Tne primary hepato-
cyte system requires greater technical skills and the assay system requires up
g to 12 hours to set up.

E% Preparation of S9 Fractions: The preparations that were successfully used
b included the 9000 x g 1iver supernatant fluid from normal, phenobarbita]-

QE induced and Arochlor 1254 induced mice. The mice used were BALB/c and CD-1.
A Phenobarbital was administered in the drinking water at 1 mg/ml for 1

week, with a 1 day withdrawal prior to the ‘preparation of the S9 fractions.
§ Arochlor 1254 was administered as a single intraperitoneal dose of 400 mg/kg.
. The S9 fraction was prepared 4 days later. The three preparations will be
&, referred to as uninduced, phenobarbital-induced, and PCB-induced.
For preparation of the S9 fractions, the livers were removed aseptically
and homogenized in 3 ml of cold sterile 1.15% KC1/g of liver. The homogenate
was centrifuged at 9000 xg and the supernatant f uid removed and frozen in 1

:’. ml quuofs. When used, a tube of the S9 was removed from -70°C storage,

. thawed, and added to a solutio~ of cofactors. This "S9 mix" contained 3 mg S9
! protein, 2 m¥ NADP, and 35 m* isocitrate in sterile culture medium, and was
. added directly to cell sus,ensions, 0.1 ml per ml of cell suspension.
= |
% Effects of S9 Mixes on the In Vitro Assays: The S9 mixes did not appre-
= ciably decrease cell number, cell viability, or response to the lymphocyte
4"2 mitogen over 3 hours of exposure (Figures 21 and 22 and Tables 12-14). Two

experiments are shown in Table 12. One experiment compared no S9 mix to the
g uninduced S9 mix, while the second experiment compares no S9 mix to the '
phenobarbital-induced S9 mix. Cell viability, as measured by trypan blue
, exclusion, was performed in the same studies, and the results (Table 13) show
™ no adverse effects produced by the S9 mixes. ’
3 The expected decay of mitogen response over the 3 hr exposure period oc-
d' curred (Figure 23). Howaver, there was no S9 mix effect on efther the T cell

response to Concanavalin A or the B cell response to bacterial Hpopd’lysac-
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Figure 21

. Spleen Cell Number in Cuitures
8 - . Exposed to S3 Mixes

0 ‘ 60 180
Exposure Time (Minutes)
No S9 fraction Mean + SE
B Un-induced S9 Fraction . N=3

B Pb-induced S9 Fraction

Cell Viability in Cultures
Exposed to S9 Mixes

Exposure Time (Minutes)

No S9 Fraction N =3
Un-induced S9 Fraction M = SE
No S9 Fraction ean *
Ph-induced S9 Fraction
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Figure 22

Concanavalin A Resporse in Presence of S8 Mixes

; 5 ug/5 x 1045 Cells
200000 o T
160000 -
120000 -
80000
40000 -
0 pe ke
0 60
Exposure Time (Minutes)
Lipopolysaccharide Response in Presence
of S9 Mixes
100000 - 20 ug/5x10A5  Cells
80000 - _
o /\
60000
40000 !
20000
. [
0 = ;
_Exposure Time (Minutes)
] No S9 ' ‘ Mean + SE
Uninduced S9 N =13
B Pb-induced S9
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Table 12

S BN

Spleen Cell Number in Cultures Exposed to S9 Mixes

Exposure Time {(minutes)

& '
3 0 50 T80
] No S9 6.4 + 0.1 6.6 + 0.1 6.4 0.1
Y ,
‘Uninduced S9 - 6.4 0.2 6.0 £ 0.2
‘ No S9 . 6.8%0.1 7.2 £ 0.2 6.9 + 0.2
g PB Induced S9 - 6.5 %x0.1 6.7 £ 0.2

Spleen cell suspensions obtained from CD-1 male mice were exposed to uninduced
or phenobarbital (PB) induccd S9 mixes for 3 hours. Cell counts were deter-
mined from 3 culture tubes at the indicated times. Triplicate cell counts were
taken on each tube. The numbers represent the mean * SE derived from the 3
tubes. -
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Table 13

Cell viability in Cultures Exposed tc S9 Mixes

Exposure Time {miautes)

) 50 T80
No $9 90+2 . 90 2 1 g9 1
Uninduced S9 - 88 2 2 89 + 1
No S9 90 + 3 : 90 + 1 84 21
PB Induced S9 - 90 + 2 88 + 3

Spleen cell suspensions obtained from CD-1 male mice were exposed to uninduced
or phenobarbital (PB) induced S9 mixes for 3 hours. Cell viability was deter-
mined by trypan biue exclusion from 3 culture tubes at the indicated times.

‘Triplicate viability tests were performed on each tube. Numbers represent the

mean £ SE derived from 3 tubes.
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Table 14

Spleen Cell Response to Optimum Concentrations of Concanavalin A
) and Bacterial Lipopolysaccharide

mE o ERS

;{; Exposure Time (minutes)
K 0 60 . 180
3 :
Concanavalin A 5 4g/5 x 10 spleen cells
~ ' .
:'E No S9 181900 * 1970 188411 2 2715 . 173225 + 3958
W * Uninduced $9 . 198808 + 4939 168441 * 4301
i P8 Induced S9 | 181017 # 6601 177331 * 6102
i
5
. Bacterial Lipupolysaccharide (20 ug/5 x 10 snleen cells:
:; No S9 73315 + 3931 - 65988 #3590 64124 * 5410
i Unfnduced S9 ' 85246 + 7778 62368 + 3601
P8 Induced S9 67418 » 3882 59571 # 6810

Q"
@ Spleen celi suspensions obtained from CD-1 male mice were exposed to uninduced

or phenobarbital (PB) induced S9 mixes for 3 hours. At the indicated times,
[ ] cells from sach of 3 culture tubes were added to microtiter plates containing
I the mitogen., Responsiveness was measured 72 hours later, The numbers repre-

sent cpm/S x 107 spleen cells and are the mean * SE derived from the 3 cul-
": ture tUbCS. .
x

¥ 3
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3
~ Figure 23

1o |

Suppression of Spleen Call Response
to Concanavalin A (5ug/well)
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H 100 - 200 300
kg Cyclophosphamide

Comparisen of uninduced and induced S¢ praparations. Cyclcphosphamide
! was incubated in the presencs of S9 preparation and spieen cells for 1
)

hour. The ceils were washed and the splaen cell rasponse to Concanavalin A
was measured. The points represerit the mean of 3 culture tubes, with 4
Pu] replicates for sach tube. Induced S9 was prepared from phanobarbital
b treated mice. o |
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charide (Table 14). Only the optimal concentrations of mitogen are shown. At
the sub and superoptimal concentrations, there was no S9 mix associated altera-
tion in response. '

The S3 mixes were successfully interfaced with the Mishell-Dutton assay

" (Figure 28). Several experiments were performed to determine the amount of S9

protein, the type of preparation, i.e., purified microsomes vs 9000 xg liver

. supernatant along with cofactors. Table 15 {1lustrates one experiment, showing
‘that 0.4 mg and above of microsomal protein was toxic. Additionally, the

cofactor mix alone was toxic, which was found to be the isocitrate dehydro-
genase. However, the cofactors and the S9 fraction together did not reduce

. the number of cells recovered or the number of antibody producing cells (Tables

16 and 17). The amount of S9, up to 200 mg/culture, did not produce a toxic
effect with 1 hour exposure (Table 16). The incubation time with the S9 mix
longer than 1 hour causes diminution of the antibody forming cell response.
Thus, the time period for a11bw1ng a chemical to become metabolized in the
presence of sp]een'CeIIS in the Mishell-Dutton assay is 1 hour,

The S9 mixes were capable of carrying out at least one of the oxidation
reactions, as seen in the conversion of cyclophosphamide to its active form.
An example of this {s seen in the ability of cyclophosphamide to inhibit the
lymphocyte response to mitogens and to inhibit the development of antibody-
forming cells in the Mishell-Dutton assay. The data seen in Table 18 and
Figure 25 shows the dose-dependent reduction in the spleen cell response to
the optimal concentrations of Concanavalin A and bacterial lipopolysaccharide,

BASEL INE AﬂD EDSQ VALUES FOR POSITIVE CONTROLS

Although additional refinements are underway for the development of the
tier assay systems in both the spleen and the bone marrow, certain chemicals
have been used as positive controls and certdin baseline values can be
expected when the cells are cultured under the conditions that we have
described. For looking at cell viability, we have chosen trichloroethylene
because of the number of studfes that have been conducted using 1t. Invari-
ably, IO'ZM or 1340 ug/culture kills about 50% of the spleen cells, as
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Cultures of spieen cells were exposed to phenobarbital
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Table 15
Effects of Microsomal Protein and NADPH on the Mishell-Dutton System

Cultur2 Conditions AFC/Culture

1. Background : 120 ¢+ 57
Control | | 628 * 153
0.6 mg S9 protein none detected
0.2 mg microsomal protein 852 ¢+ &3
0.4 mg microsomal protein 475 + 148
0.6 mg microsomal protein ' 120 + 28
0.8 mg microsomal protein . none detected
Control, 1 hr incubation 1005 ¢+ 35
. 0.5 mg S9, 1 hr incubation - 758 ¢+ 11
Cofactor mix . ~ none detected
II. Background A 147 + 37
Control 1493 + 191
Isocitrate + NADP (0.1 mM) 1220 * 318
Isocitrate dehydrogenase . 493 = 87
NADPH (0.04 mM) , 1927 + 291
111. Background, 1 hr incubation 240 2 70
Control, 1 hr incubation : 1627 2 113
S-9 mix, 1 hr incubation 1087 = 316

Spleens were obtained from female BALB/c mice, cultured under standard condi-
tions, and assayed on Day 4. S9 refers to the 9000 xg supernatant from a

fresh KC1 mouse liver homogenate. Microsomes were collected from a portion of
the S9 by centrifugation at 100,000 xg. For the samples where "1 hr incuba-
tion" is indicated, the cultures were removed from the incubator after 1 hr,

centrifuged, and the cells put into fresh culture medium and returned to the

incubator. The complete cofactor mix consists of 40U isocitrate dehydroge-
nase, 32 mg NADP, and 180 mg isocitrate in 20 ml KC1. Fifty ul of this is
added to each culture. When the components are added singly, the same amounts
are used. In part III, "S9 Mix" is 35 mM isocitrate, 2 mM NADP, and 5 mg S9

‘protein per ml. The S9 protein was from phenobarbital induced mouse liver and

had been stored at -70°C. Fifty ul of this was added to each culture.
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Table 16
Response of the Mishell-Dutton Assay in the Presence of S9

L+ . vl

< Mg S9 Mix , Cells x 106
§§ Per Culture Per Culture . AFC/Culture
E’ 0 : 3.4 ¢ 0.4 610 ¢ 80
B 50 3.6 ¢ 0.1 786 + 92
ra
9 100 3.5 % 0.1 ; 1011 + 42

200 3.3+0.2 - 860 + 47

a2

'PB induced S9 mix was incubated with spleen cells from BALB/c mice for one
hour. The cells were then washed in fresh medium and sheep erythrocyte antigen
added. The number of recovered cells and antibody-t'orming cells (AFC) were
determined on day 5 of culture. The numbers represent the mean # SE derived
from triplicate cultures. _ ‘
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Table 17

Antibody-Forming Cell Response (Mishell-Dutton)
in Cultures Exposed to S9 Mixes

Recovered

cells x 106 AFC/Culture  AFC/106 Cells
No $9 . 5.6%0.5 1760 * 210 317
Uninduced S9 5.0 £ 0.2 . 2520 + 218 . 504
PB Induced S9 5.1¢0.4 2227 * 154 441

Spleens obtained from BALB/c mice were exposed to three different preparations
of S9 mixes for one hour.. The cells were washed and sheep erythrocyte antigen
added. The AFC and recoverable spleen cells were enumerated on day 5 of cul-
ture. The numbers represent the mean # SE derived from 3 cultures, The back-
ground plaques/culture was 103 2 23, ‘
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‘Table 18

In Vitro Inhibition of Antibody-Forming Cell Response
(Mishell-Dutton) by Cyclophosphamide

cells x 106

AFC/Culture per culture

" No $9 Mix 2520 + 218" 5.0 £ 0.2
Uninduced S9 Mix *807 + 140 8.1+ 0.6

PB Induced S9 Mix 0 1.9 + 0.2

Spleen cells and the S9 mixes were incubated for 1 hour with 2.6 ug/culture of
cyclophosphamide. The cells were then washed with fresh medium and. the cul-
ture initiated with the addition of sheep erythrocyte antigen. The numbers
represent the mean * SE derived from 3 cultures.
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measured by trypan blue exclusion. However, the actuzl cell number decrease
can be seen with an approxfmate EDS0 of 600 ug/ml. This difference between
viability and cell number is a function of the disintegration of these cells
shortly after they lose their ability to exclude trypan blue. The haseline
viability of the spleen cells throughout the study was between 78-98%.
Baseline ED50 values of the positive controls for DNA synthesis were as
follows: After 60 minutes of incubation with 1251ycR the range of cpm/5 x

106 cells was between 4100 and 15,000. We have had cpm's at much higher

 1eve1s, but we believe that this was because there was some infectious process

going on the mouse. The ED50 value for the positive control cytosine arabino-
side was 11 pg with 95% confidence limits of 3 to 25 uyg. Cyclophosphamide 1s
able to inhibit DNA synthesis with an ED50 of 200 ug per culture. This effect
is seen only when cyclophosphamide is administered with a phenobarbital-in-
duced S9 mix. Even though we are calling cyclophosphamide a positive control
in this system, it is the only positive control that we have that works with
phenobarbital-induced S9 mix. ' ”

The normal and EDSO values of the positive controls were the spleen cell
response to mitogens, as shown in Table 19. The baseline responses to the mi-
togens are shown and are a function of the amount of mitogen. With Con A,
there is a bell-shaped curve, which is well-known. In the case of LPS, the
response is about the same, regardless of the concentration of mitogen used.
These ranges are taken from 28 experiments that have been conducted under the
standard conditions. The positive control in this system is dexamethasone in
the absence of an S9 mix. The ELS50's are the smallest of any of the compounds
tested. Approximately 1 ug/5 x 106 cells will give an ED50 for this res-
ponse. In a screening mode, one would not use all concentrations of the
mitogens, but could use two concentrations. Cyclophosphamide was very active
in this system in the presence of the S9 mix, with ED50 values ranging between
3 and 8 ug/5 x 10° cells. This is a very reproducible effect and represents
a good positive control.

The baseline and ED50 values for the positive controls for Mishell-Dutton
assay have been determined. The antibody forming cell baseline response should
be between 1000 and 4000 AFC/culture. VYiability on the peak day of response
should be between 30 and 40%, and dexamethascne should produce an ED50 of about
5 ug/culture. Again, cyclophcsphamide represents a very good positive control
in the presence of an induced S9 mix, with an ED50 of approximately 6 ug/
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Table 19

Normal and ED50 Yalues of Positive Controls
for Spleen Cell Response to Mitogens

Baseline Response Dexamethasone . Cyclophosphamide
EDS0 EDS0
Con A 1 .9 30,000 - 180,000 2.5 3
’ (0.3 - 7.5) (1 - 15)
5 ug 140,000 - 200,000 1.9 8
, - (1.0 - 3.5) (4 - 9)
10 ug 40,000 - 160,000 0.7 8
(0.6 - 3.0) (3 - 12)
a LPS 5 ug 50,000 - 70,000 . 0.9 6
, R (0.6 - 4.0) (3 - 10)
/ o -
‘ 10 ug 20,000 - 70,000 0.7 7
(0.6 - 1.8) (3 - 11)
20 ug 20,000 - 70,000 0.7 8
(0.6 - 1.8) (2 - 10)
40 yg 15,000 - 60,000 0.8 8
: (0.6 - 1.9) (3 - 12)
No Mitogen 3,500 - 7,000 - ‘ -
- 52 Spleen cells were exposed to dexamethasone and cyclophosphamide under standard

conditions., The baseline- response is expressed as cpm per 5 x 10° cells,
The ED50 is in ug based on 5 x 106 cells, with 95% confidence 1imits in
parentheses.
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culture,

The mixed lymphocyte reaction has more variability than the other assays.
The baseline response measured on peak day should be 7,000 to 20,000, and the
viability on peak day should be 20 to 40%. The two positive controls that can
be used in this system are dexamethasone and cyclophosphamide. Good defini-
tive ED50's have not been established; however, in four experiments it appears
that the ED50 for dexamethasone should be about 5 ug/culture (5 x 105 res-

M R N BER

g; ponder cells). Cyclophosphamide is a good control for the presence of the S9
mix and in our hands we have found the ED50 to be about 15 pg/culture,
gg For the bone marrow ce11s, the pbsitive control that we have used is tri-_
chloroethylene. Baseline viability in the absence of trichloroethyelene is
3§ between 75 and 95%. This {is based on approximately 26 experiments, or 20 dif-
“ ferent bone marrow cell preparations. The cell number at the end of the expo-
e sure of the control cultures is 1.5 to 4.0 x 106 celis/ml. There 1s more
is variability in the bone marrow cells than in the spleen cells. Trichloro-
D ethylene at 10'?M should produce about a 50% reduction in the trypan blue
i 32 | exclusfion, and 600 ug/lo6 bone marrow cells should produce a 50% reduction
. " in the cell number. ‘
B Baseline and ED50 values of positive controls for the DNA synthésis in
» bone marrow cells were also determined. The baseline cpm's after 1 hour incu-
53 bation with IUdR ranged between §,000 and 40,000, Again, this variability
between experiments is most iikely a function of the status of the mice from
ii which the bone marrow cells are taken. Cytosine arabinoside represents an
> excellent positive control in this system, with an EDS0 of § ug/lO6 cells.
M Cyclophosphamide will inhibit DNA synthesis in the bone marrow cells, with an
& ECS0 of approximately 110 ug/lO6 cells in the presence of an induced S9
N, mix. Again, the effect of cyclophosphamide on DNA synthesis is not as effec-
}i tive as the anti-metabolite cytosine arabinoside. ,
- Baseline and EDSO values of the positive controls for bone marrow stem
Bg cells have been calculated. We have now run 38 assays on the bone marrow stem
cells, and the range of stem cells/5 x 105 bone marrow cells is between 110 -
;5 and 220. The £D50 for cyclophosphamide in the presence of the S9 mix for the
stem cells is 5 ug/los bone marrow cells., For cytosine arabinoside, the
gg ED50 is 15 ug/lo6 bore marrow cells. These two agents represent excellent
- positive controls for this particular assay.
i
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GENERAL STATISTICAL APPROACH

For the chemical effects, analysis of variance was used to investigate the \ '
effects of various factors. The model employed was: Lt

Xigkim =0 * Dy * Fypq) * T * T * DTy * DTy Tlyg DTgke * Eqgkime

where D, + effect of chemical concentration Fj(i) = nested‘effects of the
tubes, Tk = JUAR time effect, Ie = incubation time effect, and the other
terms are the interaction effects. Note that the interaction effects with
tubes are assumed zero. The model assumed for the analysis was:

Xggkm = * * 05 * Fyeny * Skea,) " Te * DTie * Eqgkim

‘where D, = the effect of chemical concentration Fj(f) = nested effects of

tubes, Sk(i,J) = nested sample effect, Te 2 JUdR time effect, and DT =
dose and time interaction effect. The interaction effects with tubes and
samples are assumed zero. ‘

~ The EDS0 with confidence 1imits were calculated by the model described by
Box and Hunter (1954). The model from which the model was derived from is

Y = By + By x LOG, (dose + 1)
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Sections A through C of Part II (General Approach and Methods, General Toxico-
logy of Trichioroethylene, and Effects of Trichloroethylene on the Immune
System) represent manuscripts that have been published in the peer reviewed
literature. Section A appeared in Drug and Chemical Toxicology, and Sections
B and C appeared in Toxicology and Applied Pharmacology.




IMMUNOTOXTCOLOGICAL INVESTIGATIONS IN THE MOUSE
A. GENERAL APPROACH AND METHODS

ABSTRACT

Thé adverse effects of chemicals on the lymphoreticuiar system have
generate4 considerable toxicological interest, In this series of papers, the
effects éf selected environmentally relevant compounds are reported. This
first paper describes the methods and general approach used in judging a chemi-
cal's pofential risk to the immune system. Risk evaluation was approached
uti]izind acute, 14- and 90-day studies. Both sexes of the CD-1 random-bred
" mouse were employed. The immune system was evaluated against a bac«ground of
more staﬁdard toxicological parameters, which included fluid consumption, body
and organ weights, hematology, serum and liver chemistries, hepatic microsomal
enzyme activities and blood coagulation. Bone marrow status was evaluated by
assessiné DNA synthesis., Humoral immunity was evaluated by determining the
number of IgM spleen antibody-forming cells (AFC) to sheen erythrocytes (sRBC),
the seruﬁ antibody level to sRBC, and spleen lymphocyte response to the B cell
mitogen,{11pop01ysaccharide (LPS). The status of cell-mediated immunity was
assessediby quantitati~g the delayed type hypersens1t1v1fy (DTH) response to
SREC, proliferation of Lhe popliteal lymph node, and the spleen cell response
to the T lymphocyte mitogen, Concanavalin A (Con A)., Macrophage function was
evaluated by measurement of the vascular clearance rate and distribution of
radiolabeled sRBC 1n the 1iver, spleen, lungs, and thymus, and recruitability, '
adherence, chemotaxis, and phagocytic activity of peritoneal exudate cells
(PEC). Historical control data from six 14- and 90-day studies conducted over
a one year period are given, The data resulting from these types of studies
can provide a basis for the initial evailuation of a chemical's adverse effect

on the {mmune system,

INTRODUCTION

The advarse effects of chemicals on the organs, tissues, and cells of
the lymphoreticular system have received considerable attention from both
tox1c01dgists and immunologists. This interest {s well founded since the
immune iystem has been shown to be the target organ of certain chemically and
physicaﬂ]y diverse compounds (Koller, 1979; Thomas and Hinsdall, 1979; Vos et
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al., 1979). This system, like all other systems in the body, is complex, with

several types of cells working both independently and in concert, to carry out
a2 role in homeostasis. Immunotoxicology fs a subject gaining increased activity
and awareness because the physiology and biochemistry of the immune system are
now being systematically dissected; as a result, the basic processes involved
in host defense mechanisms are better understood. A second reason for the
interest in 1mmunotox1cblogy is that it represe ‘s a system in which the cells
from exposed animals can be readily removed and their function(s) examined in
vitro. This is in keeping with the direction that toxicology is taking, j.e.,
complementing morphological changes with functional alterations,

This paper describes the approach we have taken in evaluating the immuno-
toxicity of chemicals in experimental random-bred mice. The effects of a given
chemical on the immune system were investigated against a background of stan-
dard toxicological procedures. In this way, the specificity of the imwune
system as a target could be more clearly defined. Historical control data are
provided for each of the assays, with the data presented as the mean : SD. In
additioﬁ, an analysis of variance was calculated on the combined experiments
to determine 1f there were significant differences among the control values

from experiment to experiment.

EXPERIMENTAL APPROACH

Figure 26 outlines the experimental design which is now be1ng used to
evatuate chemicals for their target organ toxicity.

After the compound was selected for study, unknown physical and chemical
properties of the chemical were determined and necessary studies were'performed
to assure appropriate integration into thé 11 vivo systems. These data in-
cluded: confirmation of {dentity, solubility properties, pH characteristics,
stability at concentrations in the test system, and purity.

Acute toxicity studies + re performed on eight week old male and female
mice using the route of a_ainistration which most closely approximates human
exposure. Routifnely. efght mice were used per group and at least six dose
levels were emplcved. 1In many of these studies, we were concerned with
environmental chemicals that are introduced orally. The mice were éxposed via
an 18 gauge stainless steel stomach tube after 18 hr of fasting. The mice
were observed hourly for the first eight hours for behavicral changes and
morbidity, then twice daily thereafter for 14 days. The animals still al{ive




70

% ' FIGURE 26 '
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at the end of the experimental period were sacrificed, and all mice were
necropsied and examined for gross pathology. Calculations of the LD50 and
slopes of the dose-response curves with 95% confidence 1imits were performed
by the Probit Procedure of Goodnight (1979). These data provided the basis
for selecting the dose levels employed in the 14- and 90-day studies, and
began to indicate the possible target organ(s). |

Following the acute studies, a 14-day range finding'sfudy was performed.
‘ If'no sex differences were seen in the acute toxicity, only male mice were
used. Again, the relevant route of exposure was employed. The chemical was
administered daily for 14 days via stomach tube at two dose levels. These
levels were usually 1/10 and 1/100 the LDgy. Body weights were determined
and recorded prior tc the initiation of exposure, and again one and two weeks
after exposure. ' :

Table 20 1ists the variables monitored after 14 days of exposure. Three
sets of mice were used to obtain this toxicological information. In one set
 of mice, humoral immunity was assessed by enumerating the number of spleen IgM’
AFC to sRBC, both as a function of AFC per spleen and per 106 sﬁleen cells.

In the same mice, serum obtained from blood co]Iected by cardiac puncture was
used for serum chemistry studies, These included glutamic-pyruvic transamin-
ase, 1actate‘dehydrogénase and blood urea nitrogen. A second set of mice was
used for general toxicological assessment. Cardiac blood was collected into
3.2% sodium citrate (1:10 citrate to blood) for hematology and cpagu1at1on
studies. Hematological studies‘included leukocyte counts, hematocrit, and
hemogiobin levels. If a change was seen in leukocyte counts, a differential
analysis was performed. A complete necropsy was performed on this set of mice
and the following organs were removed, trimmed, and weighed: brain, liver,
spleen, 1ung$; thymus, kidneys, and testes. The organ weight data were -
expressed as both organ to body weight ratio and as organ to brain weight
ratio. Cell-medfated imaunity was assessed in the third set of mice by
measurement of the DTH response to SRBC. ‘

Tables 21-25 show the control values for CD-1 micelin the 14-day studies.
These values were derived from six 14-day studies performed over a one-year
period. The micc were five weeks of age when they arrived at our facility.
They were quarantined for seven days and then placed in the study for the two-
week period. The 14-day study provided baseline data for the design of the
- 90-day study. Except for mutagenic, carcinogenic, teratogenic, and reproduct-
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ive effects, the 90-day study should successfully describe the target organ
toxicity.

TABLE 20

Parameters Measured in a 14-Day Study

Standard Toxicology

1. Body Weights

. Necropsy - Gross Pathology
. Organ Weights

. Hematology

. Serum Chemistries

. Blood Coagulation

e WwN

Immunotoxicology

1. Humoral immunity - spleen AFC response to sRBC
2. Cell-mediated immunity - DTH response tu sRBC

Doses were based on the acute toxicity study and were usually 1/10 and 1/100
of LD50.

TABLE 21

Control Values for Body Weights {(Grams) of Two Month 01d
Male CD-1 Mice -

Final Weight Initial Weight Change in Weight

30.0 + 2.8 - 24.2 2.3 5.8+ 2.3

Values represent the mean * SD of 334 control male CD-1 mice derived from six
14-day experiments. A1l weight means were significantly different (p < 0.05)
among the six experiments.



TABLE 22

BN ELR

Control Organ Weight Values of Two Month 01d Male CD-1 Mice

b - &

Organ Weight (mg) % Body Weight Organ/Brain
gg Brain 440 = 39 1.47 £+ 0.15* -

Liver 1862 + 294* 6.17 # 0.73 4.26 + 0.74
5? Spleen 170 + 53 0.56 + 0.17 0.39 ¢ 0.12
LY Lungs 214 + 35 0.71 # G.11 0.48 * 0.07

Thymus 79 ¢ 19 0.26 + 0.06 0.18 * 0.04*
N Kidney 522 + 84 1.73 # 0.20 1.19 # 0.15
5 Testes 211 + 34 0.79 2 0.11 0.48 + 0.07*

A=

Values represent the mean * SC of 68-70 ccntrol maie CD-1 mice derived from
six 14-day experiments. A1l values were significantly di ferent (p < 0.05)
among the six experiments, except where indicated by an asterisk.

L

® TABLE 23

Control Values for Selected Hematological, Serum Chemistry and
Blood Coaguiation Parameters in Two Month 01d Male CD-1 Mice

-’ﬁ

‘§ Parameter . Values

' Hemoglobin (¢%) 12.7 £ 2.1

™ Hematocrit (%) : 41.2 + 2.5
Leukocytes (10°/mm%) 7.44 + 2.76
Lactate Dehydrogenase (IU/L) 926 * 195
Glutamic-Pyruvic Transaminase (IU/L) 56.4 ¢+ 21.6
Blood Ur2a Nitrogen (mg%) 27.2 + 4.8

. Prothrombin Time (sec) 8.4 + 0.8

i; Fibrinogen (mgh) 298 + 41

Values represent the mean + SD derived from 38 control mice used in six l4-day
studies. A1l values were significantly dif+erent (p < 0.05) among the six
experiments.
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: TABLE 24
Control Values for Humoral Immune Assessment in Two Month 01d Male CD-1 Mice

Parameter Values
Spleen Weight (mg) - 204 + 47
Spleen Cell Number (x 10'8) v 1.65 + 0.48
IgM AFC/Spleen (x 107°) 4.86 + 3.18
IgM AFC/106 Spleen Cells 2904 + 1667

Values represent the mean ¢ SD derived from 68 control mice in six 14-day
studies. The antibody forming cells were enumerated on the peak day of
response (day 4). A1l parameters were significantly different (p < 0.05)
among the six experiments.

TABLE 25
Control Values for the DTH Response to sRBC in Two Month 01d Male CD-1 Mice

Parameter Value

Stimulation Index 3.73 £ 1,60

The value represents the mean + SD derived from 70 control mice used in six
l4-day studies. A value of 1.97 has been subtracted from each animal value to
correct for non-specific swelling as described in Methods. There was no
significant difference (p < 0.05) among the six experiments.

Table 26 lists the variables that were measured during, and at the conclu- .
sion of, the 90-day study. Six sets of mice were used to evaluate these vari-
ables. The first sat was used for necropsy (gross pathology), organ weights,
microsomal mixed functional oxidase parameters, liver glutathions levels, hema-
tology, coagulation, hemagglutination titer to sRBC and bone marrow DNA synthe-
sis. The second set of mice was used to determine spleen AFC response‘to SRBC,
spleen cell response to mitogens, and serum chemistries. Assessment of cell-
mediated immunity, as measured by the DTH response to SRBC. was accomplished
with the third set of mice, while the fourth set of mice was used to determine
popliteal lymph node proliferation. The fifth set of mice was used to measure
the functional activity of the reticuloendothelial system, while the sixth set
of mice was used to study the number and functional status of PEC. Tables 27-37
show the control values for CD-1 mice in the 90-day studies.
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TABLE 26
Parameters Measured in a 90-Day Study

A. Standard Toxicology

1. Body weights - twice weekly

. Fluid consumption

. Necropsy - gross pathology

. Organ weights - brain, liver, spleen, lungs, thymus,

kidneys, and testes

Hematology - hematocrit, erythrocytes, leukocytes,

differential, platelets, and hemoglobin

. Coagulation - prothrombin time, activated partial

thrombopiastin time, and fibrinogen

. Serum chemistries - lactate dehydrogenase, glutamic-
pyruvic transaminase, glutamic-oxaloacetic transaminase,
alkaline phosphatase, blood urea nitrogen, total
protein, glucose, cholesterol, creatinine, phosphorus,
calcium, sodium, chloride, and potassium

8. Liver chemistries - glutathione levels

N WM
L]

B. Hepatic Microsomal Mixed Functional Oxidase Parameters

. Liver weight

Microsomal protein

P450 content

Cytochrome bg
Aminopyrine-N-demethylase
Aniline hydroxylase

AN B WN -

C. Cell Mediated Immunity

1. OTH response to sRBC
2. Popliteal lymph node proliferation to sRBC
3. Spleen cell response to Con A

D. Humoral Immunity

1. Spleen AFC response to sRBC
2. Serum antibody response to SRBC
3. Spleen cell response to LPS

E. Functional Activity of the Reticuloendothelial System

1. Vascular clearance rate of sRBC

2. Organ uptake of sRBC

3. Chemotaxis, adherence, and phagocytic activity of PEC
F. Bone Marrow

1. DNA synthesis
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METHODS

Experimental Animals

Although the mouse is currently being used for some toxicological studies,
the random bred rat has been the experimental animal most widely used and con-
sidered to be the most appropriate for toxicological evaluation of chemicals
and drugs. Unfortunately, the physiology of the rat's immune system has rot

been studied or defined to the same degree as that of the mouse and man. . i@
mouse has been the {mmunclogist's animal of choice because of the availabilitly

of inbred strains, which has allowed for the development of specific immune
sera and for decreased animal-to-animal variation. In addition, due to_the
homogeneity of the lymphoid cells derived from genetically similar inbred
mice, functional tests can be performed on cell samp1es pooled from several
animals, ‘

As a compromise, the program we have‘déveloped empioys the random bred
CD-1 mouse. Of the three commercial sources of mice we evaluated, only one
(Charles River Breeding Laboratories, Wilmington, MA) supplied mice of consis-
tent quality and temperament. This mouse has been used to assass the effects
of chemicals on the immune systm, and with the increased availability of micro-
assays, has become attractive for the more routine toxicological tests.

Upon arrival, all animals were housed four per cage in plastic shoe box
cages containing sawdust bedding (PWl Hardwood Sawdust, Lowville, NY}. After
the quarantine period (7 days), animals were randomized and were individually
earpunched. Acute toxicity studies were performed on animals eight weeks of
age. The l4-day studies were hegun on animals six weeks of age, while four
week old animals were used in 90-day studies. Mice exposed by gavage were
maintainad on Purina Lab Chow and water ad 1ibitum. Those animals exposed to
the chemicals 1n drinking water were maintained on Purina Lab Chow and chemical
solutions ad 1ibitum. Control values for body weights of the mice used in the
90-day studies are presented in Table 27. Animal room temperature was main-
tained between 21 and 24°C and reiative humidity between 40-60%. The light-
dark cycle was maintained on 12-hr intervals.

If the chemical was water soluble it was placed directly in defonized
water. For the chemicals which were water inso1uble, a polyethoxylated
vegatable oil, emu}phor (GAF 620, GAF Corp., New York, NY), was used as the
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TABLE 27

Control Values for Body Weight (Grams) of Male and Female
CD-1 Mice Used in 90-Day Studies

Final Weight Initial Weight Change in Weight
Males 39.3 = 4.6 22.2 + 3.6 173 # 5.7
Females 30.6 + 3.8 19.5 + 2.8 11.1 + 4.5

Yalues represent the mean * SD of 288 male and 288 female control mice derived
from six 90-day studies. All weights were significantly different (p < 0.05)
anong the six experiments. s

vehicle. Ten percent emulphor in deionized water was used to dissolve chemi-
cals used in gavage studies, while a 1% emulphor soiution was used for drinking
water studies, if necessary. Solutions for gavaging were prepared fresh daily,
while solutions for the drinking water were prepared twice weekly. All solu-
tions were maintained in dark bottles to alleviate possible photodeqdmposition.
Gavaging was done with an 18 gauge stainless steel feeding tube between the
hours of 10:00 and 11:00 am Solutions for drinking water studies were placed
in 250-500 m1 amber colored bottles capped with cork stoppers'containing stain-
less steel sipper tube inserts. All drinking water solutions were analyzed by
GLC with head space analysis to determine the stability of the compound over a
three- to four-day period at room temperature. Fluid consumption was calcu-
lated by weighing the water bottles at the time solutions were initially placed
in them, then weighing the bottles again before solutions were changed to

determine the amount consumed over the three- or four-day period.

Blood and yissue Collection, Hematology, and Coagulation Studias

To assure that the maximum amount of blood was obtained and that its
quality was applicable for special coagulation tests, the mice were anesthe-
tized with chloroform. Several anesthetic agents have been tried, and the two
that did not perturb any of the parameters . _mined, including the hepatic
microsomal mixed functional oxidase system, were chleroform and sodium brevi-
tal. Sodium pentobarbital and hexctarbital perturbed liver mfcrdsoma] enzymes
and ether affected the quality and amount of blood drawn from the animals
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(data not shown). The blood was collected by cardiac puncture into a 3 ml
plastic syringe fitted with a 23 gauge needle. For the hematology and blood
coagulation studies, the blood was collected into 3.2% sodium citrate (1:10
citrate to blood). The samples were collected without air bubbles within 30 .
sec’ of the puncture. One to two ml of blood were routinely collected by this
method. The blood was maintained at 4°C and leukocytes, erythrocytes, and
platelets were enumerated on a Coulter counter, Model ZBI. Platelet counts
were determined on platelet-rich plasma by a modification of the metheds of
Bull et al. (1965). Leukocyte differentials were evaluated using the standard
Wright's-Giemsa staining procedure. Hematocrits were perfomed"on a micro-
hematocrit centrifuge and hemoglobins determined by the cyanomethemog1obin
method. The plasma was separated from the cellular elements by 800 xg centri-
fugation at 4°C. The plasma was used to evaluate the status of the coagulation
system. Prothrombin times were performed to assess extrinsic activity and
activated partial thromboplastin times (APTT) were performed to assess intrin- |
sic activity. These assays were done on a BBL Fibrometer using General Diag-
nostics reagents (Baltimore, MD). Fibrinogen levels were determined by the
kinetic method using Dade Diagnostics reagents (Miami, FL). Control histori-
cal hematologic and coagulation data from six 90~day studies are shown in
Table 28. The only parameter showing a sex difference was the fibrinogen
Tevel, where the females had a 25% lower level than the males.

Immediately after the blnud sample was drawn, the liver was examined,
rémoved, trimmed, weighed, and if needed, a section was removed for histopatho-
logical examination. The remaining 1iver tissue was homogenized and a micro-
somal fraction was prepared for analysis. One femur was removed and the bone
marrow collected for apalysis. A complete necropsy was then performed and the
following organs were removed, trimmed, and weighed: brain, liver, spleen,
lungs, thymus; kidneys, and testes. Samples of these tissues were fixed in
10% buffered formalin along with the heart, mesenteric lymph nodes, striated
muscle, stomach, ileum, jejunum, colon, bladder, ovaries, and adrenals. The

most notable sex differences in organs weights were in the brain and kidney
(Table 29). The brain was 28% larger in the female when calculated on a
percent body weight basis. The kidney was 17% and 35% larger in the male when
calculated on a percent of body weight and organ to brain ratio, respectively.
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TABLE 28

Control Heﬁato]ogy Yaiues for Male and Female CD-1 Mice
in 90-Day Studies

Parameter Male ’ Female
Hemoglobin (%) 12.5 + 2.0  12.3 + 2.0
Hematocrit (%) : 41.3 % 3.7 41.4 * 2.0
Erythrocytes (10%/m%) 8.1 + 1.50  8.51 # 2.05
Leukocytes (10°/mn°) 6.42 + 2.79  6.37 +2.94
Platelets (10%/mm’) 3.78 # 0.90  3.60 ¢ 0.81°
Prothrombin time (sec) 9.6 £ 0.7 9.7 £ 0.7
APTT ‘ 31.1 + 65,5+  33.1 %+ 5.8+
Fibrinogen (mg%) . 282 50 211 # 29
Differential:

Lymphocytes (%) . 67.2415.8 78.7 % 9.0
Polymorphonuclears (%) 30.0 ¢ 15.4 16.1 £+ 7.9
Monocytes (%) 3.8 £ 3.3 3.6 2.8,
Eosinophils (%) 1.0 £+ 1.3* 1.6 £ 1.2*

Hematology values repressnt the mean + SD of 131 male and 137 female control
CD-1 mice derived from six 90-day studies. Differential values represent the
mean t SD of 88-92 male and female CD-1 mice derived from four subchronic
90-day studies. A1l values were significantly different (p < 0.05) among the
six experiments, except where indicated by an asterisk.

Preparation of Microsomes

Immediately following sacrifice, livers were removed, weighed, thoroughly
rinsed, and homogenized in 9 volumes of ice cold 0.15M KC? - 0.0IM potassium
phosphata buffer (pH 7.4) using a teflon glass homogenizer, and centrifuged at
9000 xg for 20 min. An aliquot of the supernatant fluid was removed, care?ully
avoiding the top lipid layer, and recentrifuged at 105,000 xg for 60 min. The
resulting pellet was rinsed and resuspended in 0.05M potassium phosphate buffer
to obtain a concentration of approximately 2 mg protein per mg of buffer. The |
protein concentration of the microsomal suspension was determined by the method
of Lowry et al. (1951), using human serum albumin #s the standard.
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TABLE 29
Control Organ Weight Yalues for <D-1 Mice
Used in 90-Day Studies

Organ Weight (mg) % Body Weight Organ/Brain
| MALES
Brain 499 + 39 1.27 + 0.14 -
Liver 2057 * 349 5.17 # 0.53 4.13 ¢+ 0.70
Spleen 167 + 69 0.42 *+ 0.16 0.34 + 0.14
Lungs 234 + 36 0.59 + 0.08* 0.47 % 0.07
Thymus 45 * 14 0.11 * 0.03 0.09 + 0.03
Kidney 650 + 102 1.64 £ 0.18%  1.30 ¢ 0.20
Testes 260 + 41 0.66 + 0.10* 0.52 + 0.06*
_ FEMALES ' ’

3rain 497 * 41 1.63 # 0.22 Co-
Liver 1526 + 242 4.97 + 0.68 3.10 ¢ 0.59
Spleen ' 155 ¢ 45 0.50 + 0.13 0.32 ¢+ 0.10
Lungs 216 + 40 0.71 ¢ 0.13 0.44 + 0.09
Thymus 54 + 16 0.17 + 0.05 0.11 + 0.03
Kidney 418 + 54 1.36 # 0.16 0.85 + 0.13

Yalues represent the mean # SD of 132 ﬁa1e and 138 female control CD-1 mice
derived from six 90.day studies. All values were signiriicantly different (o <
0.05) among the six experiments, except where indicated by an asterdisk.

Drug Metabolism Assays

Substrates were selected as representative of Type I (aminopyrine) and Type
11 (aniline) cytochrome P450-dependent mixed function oxidase. Historical con-
trol data for drug metabolism assays are shown in Table 30.

Aminopyrine N-demethylase: The methods of Cochin and Axelrod (1959) were

used to measure the in vitro metabolism of aminopyrine. A 25 ml Ehrlenmeyer
flask containing 0.5 ml cofactors and buffer {7.5 umoi MgC]z'SHZO, 17 umol
glucose-6-phosphate, 2 umol NADP, and 1 unit glucose-6-phosphate dehydrogenase

“in 0.5M potassium phasphate buffer, pH 7.4), 0.5 ml aminopyrine (10 umol), and

1.0 ml of microsomal zuspension {2 mg protein/ml) was prepared. 8lanks were
orepared similarly, except that aminopyrine was omitted from the flasks. The




g , ' TABLE 30

N

i Control Values for Hepatic Microsoma) foed Functional Oxidase

. Parameters of Male and Female CD-1 Mice Used in 90-Day Studies

g Parameter Unit Male - Female

2
Microsomal Protein mg/g liver 23.4 *+ 3.2 20.4 = 2.3

5? Cytochrome °450 mol/mg protein 1.16 ~ 0.259 0.98 # 0.1384
Cytochrome b5 nmol/mg protein 0.41 * 0.050 0.52 = 0.079

o Aminopyrine N- mol/mg protein/ 10.6 # 1.7  13.1 # 2.1
- Demethylase ' min
e Aniline Hydroxylase nmol/mg prot/min 1,60 ¢+ 0.48 1,72 # 0.37

Yalues represent the mean 2 SD of 44 male and 48 femals : !ce from six 90-day
studies. The means of the parameters were significantly different (p < 0.05)
among the experiments,

: CAH
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flasks were shaken for 10 min at 37°C at 120 oscillations per min in a gyratory
shaker bath, At the end of the incubation period, the reaction was terminated
il by the addition of 0.6M perchioric acid. The contents were transferred to cen-
trifuge tubes and centrifuged at 2000 xg for 15 min, One ml of the supernatant
fluid was added to 1 ml of double strength Nash reagent (300 g ammonium acetate
and 2 ml acetyl acetone per liter HZO), and the color alluwed to develop for
30 min in a 6C°C water bath. Samples were cooled immediately and the absordb-
ance at 415 nm was recorded. '

Aniline Hydroxylation: The 4-hydroxylation of aniline was determined using
a comparable procedure (Imai et al,, 1966), except that 16 ymol of aniline HC)

‘f‘{ .}_.a

.'.-.H

- was incubated {n the presence of cofactor and microsomes. The reaction was
2 terminated dy addftion of 1.0 ml of 20% trichloroacetic acid. One ml of the

_ protein-free supernatant fluid was added to 0.5 ml 10% sodfum carbonate, mixed,
E; ard added to 1.0 mi of phenol reagent (2% phenol in 0.2N NaOH). The color was

allowed to develop at 37°C for 30 min and the absorbance at 630 m recorded.

Spectral Studies

1'.).‘.‘_ "

‘o The methods of Omura and Sato (1964) were used to measure the content of
microsomal cytochromes P450 and bs. Historical control data are shown in
Table 30,
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Cytochrome P450: Microsomes were diluted to 1 mg protein per ml in 0.1M
potassium phosphate buffer. Carbon monoxide was gently bubbled through the
sample cuvette for 30 sec and a few crystais of sodium dithionite were added
to each cuvette. The CO-difference spectrum of the reduced microsomes was
recorded from 500-400 nm and cytochrome P450 content was calculated froa the

absorbance difference (0D 450 nm minus 0D 490 nm) using S1 mM'1 cm‘1 as

the mt extinction coefficient.

Cytochrome b5: Micrpsomes were diluted to 1 mg prutein per ml buffer
and divided equally into two cuvettes, The sample cuvette was reduced by
adding 4.4 ymol NADH in 0.01 ml Hzo. The reduced vs oxidized spectrum was
recorded and cytochrome b5 content calculated from the absorbance difference
(00 423 nm minus 0D 409 nm), using 185 md™> cm™l as the mM extinction
coefficient.

Bone Marrow
The status of the bone marrow was evaluated by determining bone marrow cell
DNA synthesis. In addition, bone marrow smears were prepared for evaluation

* {f marked changes in the parameter occurred. Bone marrow cells were added to

each well of a 96-well microtiter dish at 6 x 105 cel1s/200 ul. Twenty 4l

of a solution containing 0.1 4Ci of 23I-Tododeoxyuridine (1291-1UdR; New
England Nuclear) in 2 x 10’5M Fluorodeoxyuridine (FUdR; Sigma Chemicil Co.)
was added tc each well. At 60 and 120 min, triplicate wells were harvested
and the cells were collected onto filter disks with the aid of a Titertek cell
harvester., Filter disks containing the 1ZSI-IUdR i{ncorporated into DNA were
radiocassayed in a Beckman 300 gamma counter, Figure 27 shows a typical incor-
1ZSI-deR into bone marrow cells. As can be seen, there

is a 1inear incorporation of 125I-IUdR over a 3 hr incubation period. Appro-
priate studies were performed to assure that 12sI—IUdR‘ was incorporated into
OMA. Table 31 shows control historical data on bone marrow DNA synthesis.

poration curve for

Serum and Liver Chemistries

The serum enzymes, glutamic-pyruvic transaminase, glutamic-oxaloacetic
transamirase, lactate dehydrogenase, and alkaline phosphatase were measured
kinetically on the ABA 100 Bichromatic analyzer (Abbott Laboratories, Dallas,
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FIGURE 27
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The time course of incorporat.on of 125I--IUdR into bone marrow cells

over a 180 min, period. See Methods for procedure.
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TABLE 31

Control Values for Bone Marrow DNA Synthesis from Male and
Female CD-1 Mice Used in 90-Day Studies

'

Parameter Male Female
DNA Synthesis {60 min) 16082 = 4411 17246 * 4319
DNA Synthesis (120 min) 29563 * 6655 30224 + 8823

Values represent the mean t SD of 60 male and female mice from six 90-day
studies. There were no significant differences (p < 0.05) among the six
experiments.

TX). These enzymes had been optimized for the mouse as to pH and substrate
concentration. A-GENT reagent kits purchased from Abbott Laboratory Diagnostic
Division (South Pasadena, CA) were lised tn determine blood urea nitrogén, total

_ protein, glucose, cholesterol, and calcium, while Pierce reagent kits (Pierce.

Chemical Co., Rochford, IL) were‘used to measure phosphorus and creatinine.
These chemistries were measured hv endpoint analysis on the above-named instru-
ment. Sodium and potassium {ons were measured on a flame photometer {Instru-
mentation Laboratory 443), and chloride ions were measured on a chloridometer
(Buchler Instruments). The methods of Jollow et al. (1974) were used to
measure liver glutathione content. A mixture of 0.5 ml of liver homogenate
(described previously) and 0.5 ml of 4% sulfosalicylic acid was centrifuged at
2000 xg for 15 min. Two hundred u1 of protein-free supernatant fluid were
added to 2.0 m) of 0.4 mM Ellman's Reagent (5,5'-dithiobis-2-nitrobenzoic

acid) ‘n 0.1M potassium phosphate buffer, pH 8.0. Ten min after mixing, the -
absorbance at 412 nm was recorded and compared to the absorbance of glutathione
standards. Baseline historical control data for the sérum‘and liver chemis-
tries from the 90-day studies are shown in Table 32.

Cell-Mediated Immunity

The functional status of both the afferent and efferent arms of cellular
immunity was evaluated by measuring a DTH response to sRBC. Sheep erythrocyte
sensitization was done on Day 0 in the left hind footpad (LFP) with 1 x 108
SRBC in a volume of 20 ul. Four days following sensitization, the mice were
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' TABLE 32

Control Serum and Liver Chemistry Values in Male and Female
CD-1 Mice Used in 90-Day Studies

Parameter Unit Male Female
LOH I - 664 * 233 606 + 193
SGPT /L 44,6 + 24.4 36.5 * 18.6
SGOT 1U/L 84.4 + 38.9 92.0 *+ 28.2
SAP /L 44,1 £ 22.6 62.4 + 29.7
Glutathione . uymol/g liver 8.97 ¢+ 1,79 7.85 %# 1,66
BUN md% 27.7 + 6.9 22.8 ¢+ 5,2
Protein ‘ g 7.13 £ 1,21 7.5 + 1.08
Glucose : mgk 160 = 32 137 + 24
Cholesterol my’s 167 + 98 120 = 77
Creatinine md% 0.42 £ 0,19 0.50 * 0.23
Phosphorus mEq/L 8.40 + 2,01 8.05 *:2.28
Calcium mEq/L 12,0 £ 2.1 11.7 £ 1.6
Sodium mEq/L 155 + 10 156 + 11
Chloride mEq/L 108 + 12 109 + 14
Potassium mEq/L 7.30 £ 0.94 6.90 ¢ 0.95

Values represent the mean * SD derived from 70-143 control CD-1 mice used in
six 90-day studies. LDH=lactate dehydroge nase, SGPT=serum glutamic-pyruvic
transaminase, SG0T=serum glutamic-oxaloacetic transaminase, SAP=serum alkaline
phospha tase, BUN=blood urea nitrogen. The means of each parameter were signi-
ficantly different (p < 0.05) among the six experiments.

8

challenged in the same footpad with 4 x 10~ sSRBC in a volume of 40 1. Seven-

teen hr following the chaHenge1 mice were injected intravenously with 0.3vm1
of 125 12°I-HSA; 80,000 cpm/0.1 m1; Mallinckrodt).

Two hr later, the mice were sacrificed by cervical dislocation and both hind

I-human serum albumin {

feet were removed at the ankle joint and radioassayed in a gamma counter. It

125

has been shown that I-HSA will extravasate into the edematous area pro-

duced by a DTH response (Paranjpe and Boone, 1372). The right hind footpad
(RFP) served as a control for background infiltration of 125I-HSA. A group

of mice which were unsensitized but challenged as above acted as unsensitized
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controls to deteﬁmine non-specific swelling. Results are expressed as a stimu-
lation index (SI), which was calculated are follows:

&4

2 3

SI = LFP sensitized - mean LFP unsensitized.
RFP sensitized RFP unsensitized

Evaluation o% cell-mediated immunity using the foolpad assay requires both
the afferent arm (antigen recogniticn and processing, blastogenesis) and the
efferent arm (]yﬂphokine production, increased vascular permeability) to func-
tion adequately. hf an experimental chemical decreases the extravasation of
125I—HSA, it may be evaluated as immunosuppressive in the cell-mediated
response. Howevef, this may not necessarily be true if the compound has anti-
o inflammatory prapfrties. To determine if a chemical affects the afferent am
of the cellular r?sponse, proliferation of the popliteal lymph node cells to

SRBC was measured. Additiona) groups of animals were used for this assay.
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EQ They were subjectéd to the same procedure as were the DTH animals, except that

. 11/2 hr after ché]1enge they received 20 ug/kg FUdR intraperitoneally, and 2

- hr after cha11engé they received 1 uCi of 125I-IUdR intravenously. 12SI-HSA

. was not administe%ed to these animals. These mice were sacrificed 24 hr after

II challenge and botp popliteal lymph nodes were removed and counted in a gamma
counter. Non-specific proiiferation was corrected for and an SI was calcu-

- lated as described for the footpad assay. Historical control data for both

footpad swelling and popliteal lymph node proliferation are shown in Table 33.
B |

- Lymphocy*e Pesponsiveness

~ The ' togens employed were Con A, a T cell mitogen in the muuse, and LPS,

.
:i' a B cell mitogen.: A 0.05 ml volume of RPMI 1640 medium containing either 1,
- 5, or 10 ug of Con A or 1, 5, or 20 ug of LPS was placed in flat-bottom micro-
Eg titer wells and frozen at -70°C. When needea, plates were removed from the

. freezer and thawed at room temperature. No differences were cbserved between

) ii mitogen plates fr§zen and those freshly prepared. To detect a maximal mitogen

- , response and to detect any shifts in the dose response curve, three concentra-
:Ii tions of mitogen Qere routinely used, ‘

. - Spleens were aseptically removed from mice and single cell suspensions

prepared by pushing spleens through sterile 60.mesh wire screens into RPMI
1640 media supplemented with 5% heat-inactivated fetal calf serum (HIFCS), 2
mM L-glutamine, 100 ug/m! penicillin and 1 ug/ml streptomycin. The cell con-
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TABLE 33

Control Values for Cell-Mecdiated Immune Response as Measured
by DTH and Popliteal Lymph Node Proliferation to sRBC in
Male and Female CD-1 Mice Used in 90-Day Studies

Stimulation Index Male Female

' Footpad Swelling | © 4,02 * 2,05 4.61 ¢ 2.15

Popliteal Lymph Node Proliferation 18.0 # 12.1 12.0 £ 6.7*

Footpad swelling values represent the mean * SD of 103 male and 104 female
mice derived trom six 90-day studies. A value of 1.95 for males and 2.07 for
females has been subtracted from each animal tu correct for non-specific
swelling as lescribed in Methods. Popliteal lymph node data were obtained
from three 50-day studies using 29 males and 32 females. To correct for
non-specific 'ymph node proliferation, a value of 1.1 for males and 1.3 for
females was sustracted from each animal. The means of each parameter were
significantiy different {p < 0.05) among the experiments, except where
indicated by an asterisk.

centration was adjusted to 5 x 106 cells/ml in RPMI medium supplemented with
10% HIFCS, L-glutamine, and pencillin-streptomycin. One tenth ml of the cell
suspension was placed in thawed microtiter wells containing mitogen; addi-
tionally, wells were set up without mitogen to act as background controls.
~ The plates were then placed in a 10% C0,, 37%C humidified incubator.

After 48 hr, 0.05 ml of a radiolabeled solution was added to each well. This
solution contained 1251-TUdR (4 uCi/ml) and FUGR (4 x 10°%M). The plates
were reincubated for 18-20 hr, at which time the cells were collected on filter.
disks using a Titertek cell harvester, The filter disks were then counted in
a gamma counter. There are two ingredients which were essential for this
assay to work: heat-inactivated fetal calf serum and FUdR. |

Historical control data for lymphocyte responsiveness to Con A ani LPS are
shown in Table 34,

Humoral Immunity

Hemolytic Plaque Assay: The methond used in our laboratory to detect AFC
was the Cunningham modification of the Jerne plaque assay (Cunningham and
Szenberg, 1968). IgM AFC were enumerated 4 and 5 days following intraperi-
toneal immunization with 4 x 108 sRBC. Data are presented as AFC/lo6
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TABLE 34
Control Yalues for Spieen Lymphocyte Responsiveness to Con A
and LPS in Male and Female CD-1 Mice Used in 90-Day Studies

Parameter Male Female
{cpm/5 x 105 cells)

No mitogen 7778 + 4959 10179 * 6601
Con A (1 yuq) 37654 + 58212 118697 + 53177
Con A (5 ug) 165116 + 68393 195746 + 62703
Con A (10 ug) 55920 + 74316 51333 + 74816
LPS (1 ug) 51064 + 33406 83905 + 42547
LPS (5 ug) 53138 + 33170 90994 + 41820
LPS (20 ug) 49571 + 34632 83618 *+ 44002

Values represent the mean cpms * SD derived from 75 male and female control
CD-1 mice used in five 90-day studies. The means for each parameter were
significantly different (p < 0.25) among th¢ five experiments.

. TABLE 35
Cuntrol Values for Humoral Immunity as Measured by Spleen IgM AFC and
Hemagglutination in Male and Female CD-1 Mice Used in %0-Day Studies

Male Female

Parameter Day 4 Day 5 Day 4 Day 5
Spleen Weight 129 61 177 + 38 196 * 44 183 % 55*
Spleen Cell 1.67 + 0.59 1.54 + 0.44 1,68 # 0.52 1.65 # Q.52
No. (x 108)
IgM AFC/ ' 3.15 £ 1,53 1,64 + 0,94 3,54 # 1,47 1.92 £ 0.73
Spleen (x 10-9)

p ‘
IgM AFC/10 1851 + 488 1016 + 401 2114 = 737 1200 * 412

Spleen Cells

Hemagglutiratica 8.3 £ 0.89 9.63 # 1.0

Titer (Logp)

Values represent the mean t SD derived from 70 female and male CD-1 mice used
in six subchronic f0-day studies. Hemagglutination titers were derived from

48 mice used in four subchronic 90-day studies. The assays were carried oui as
described in Methods. The means for each parameter were significantly differ-
ent (p < 0.05) among the experiments, except where indicated by an asterisk.
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spleen cells and also &5 AFC/spleen. Historical control data for IgM AFC from
six 90-day studies are shown in Table 35.

Hemagglutination: Mice were immunized intraperitoneally with 1 x 10
SRBC on day 0. On day 7, blood was collected into 3.2% sodium citrate as
previously described. A sample of the plasma was removed and heat inactivated
at 56°C for 30 min. Serial 1:1 dilutions were made in phosphate buffered
saline in round bottom 96-well microtiter plates to a final volume of 0.1 ml,
To each well was added 0.1 ml of a 0.5% sRBC solution. The plates were covered
and placed in a 37°C humidified incubator. Two hr later, the plates were
removed and placed on a magnifying mirror to determine at which serum dilution
no agglutination occurs. The historical control data from four 90-day studies
evaluating hemaggiutination are shown in Tzhle 35.

9

Macrophage Function _

Functional Ability of the Reticuloendothelial System (RES):
Five ml of freshly drawn sRBC (5 X 109 ceils/ml) were radiolabeled with 1
mCi of sodium chromate-51 (New Eng1and Nuclear) in a 37°C shaker bath for 30 -
min., After chromation, the'sRBC were washed~w1th Alsever's solution until the
supernatant was virtually radioactivity free. Unlabeled sRBC (5 x 109/m1)
were added to the labeled cells until the hematocrit was approximately 12%.
The resulting cpms were 200,000/0.1 ml. The sR3C were refrigerated and used
the following day. Before use, the cells were washed to remove any free

chromium which was release overnight, and resuspended in phosphate buffered
“saline (PBS). |
Mice used for evaluation of RES ac‘ivity were weighed and placed in shoe-

box cages maintained at 39°C. At O time, 0.1 ml of labeled particle/lo g body
weight was injected intravenously. Ten ul blood samples were taken from the
tip of the tail at 2, 4, 6, 8, 10, and 15 min. At 60 min, mice were sacri-
ficed by decapitation and selected organs collected. The blood samples were
put into 1 ml of distilled water and radioassayed. Blood clearance was
expressed as the phagocytic index, which was determined by the slope of the
clearance curve.

- Figure 28 shows the time conurse of particle uptake from the seiected
organs, For a routine stuly, mice were sacrificed at the plateau period (60
min after injection). Liver, spleen, lungs, thymus, and kidneys were removed,
weighed, and counted in a gamma counter. Organ distribution was expressed as
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percent organ uptake and cpms/mg tissue (specific activity). Control values
from six 90-day studies are given in Table 36.

TABLE 36

Control Yalues for the Functional Activity of the RES as
Measured by Vascular and Organ Clearance of Cr-51 Labeled sRBC
in Male and Female CD-1 Mice Used in 90-Day Studies

' Mal: Female
Parameter % Uptake cpm/mg % Uptake cpm/mg
Phagocytic Index 0.10 # 0.05 €.11 + 0.07
Liver - 49,6 £ 11,1 217 + 66 57.6 + 10.6 247 *+ 69
Spleen 8.81 + 4,08 552 # 299 10.6 * 6.2 493 ¢ 332
Lung 1,31 £ 1.11 43 + 46 1.27 £ 0.93* 35 + 28
Thymus .006 = .002 4+ 3% 010 ¢ .007 66
Kidney 2.29 # 1,10 30 %17  2.27 + 0.79 36 + 13

Values represent the mean # SD derived from 95 control CD-1 mice used in six
90-day studies. The means for each parameter were significantly different (p
< 0.05) among the six experiments, except where indicated by an asterisk,

Recruitability of PEC: Mice were injected intraperitoneally with 1 ml of

10% Brewer's thioglycolate on day 0. On day 5, the mice were sacrificed by
cervical dislocation, and the peritoneal cavity was flushed'with 16 ml of
minimum essential medium (MEM). The cells were centrifuged at 300 xg for 10
min and then suspended in fresh MEM. A sample was removed and enumerated on a
Coulter counter in the presence of a lysing agent to determine the number or
PEC recruited.

Phagocytic Activity of PEC: PEC were collected, resuspended, and counted

as described above. Cell concentrations were adjusted to 2 x 105/m1 and 1

ml samples added to each well of a 24-well Costar dish. Plates were incubated
for one hr in a humidified CO2 incubator (37°C). The medium was decanted

and the adherent cells were washed with MEM. To each well was added 5 ul of
chromated sRBC (~100,000 cpm) prepared as described above, which had been

Slcr SRBC were incubated for

opsonized with mouse IgG. The adhered PEC and
10, 20, 30, and 45 min. The plates were then washed once with distilled water

and then twice with medium to remcve any adhered sRBC. One N NaOH (1 ml) was
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then added to each well to dissolve the PEC and then the contents of the wells
were counted in a gamma counte:r,

Adherence of PEC: PEC were collected, resuspendeu, and counted as des-
cribed presiously. Cell concentrations were adjusted to 2 x 105/m1 and 1 mi
samples were placed in each wel. of a _4-well Costar plate. The plates were
incubated for 18-24 hr in a 37°C humidified CO2 incubator. The cells were
washed extensively, scraped from the plates, and counted on a Coulter counter.

Chemotaxis of PEC: Chemotaxis of PEC was measured in modified blind well
Boyden chambers using 13 mm Sartorius membiane filters as described by 'askin
¢t al (1981). Varying numbers of celis (1 to 2 x 106 cells/ml) were placed
in the upper portion of the chamber, with vehicle or chemoattractant (endotoxin
activated mouse serum) in the lower portion. After incutation at 37°C for 4
hr, the filters were removed, rinsed in methanol, and fixed in formalin until
stained. They were then placed on glass slides, stained with hematoxylin,
rinsed, dipped in 0.1% NH4OH for 1 min, and rinsed in distilled water. Aftar
processing through 95% ethanol, absolute ethanol, and isopropanol, the filters
were cleared in xylene, mounted on glass slides, and dried. Using a Nikon
microscope interfaced with an Artec Model 980 Image Analyzer, 20 mfcroérid

fields were counted.
Historical control values for PEC parameters are given in Table 37.

TABLE 37
Control Yalues for PEC Parameters in CD-1 Mice Used in 90-Day Studies

Parameter Male Female
Recruitable PEC (x 10-7) 1.0 # .11 2.0 ¢ .17
Adherent PEC (x 10-5} 2.6+ .08  2.6% .06
Chemotaxis (cells/ficld)
No Chemoattractant 22.6 £ 6 26,0t 6
EAMS 1:10 167 = 27 68 - 10
Phagocytosis of Ab-3lCr sRBC {(cpm)
10 minutes 596 £ 29 354 £+ 58
20 minutes 1086 + 182 449 * 66
30 minutes 1420 + 216 604 £ 835
45 minutes 1693 + 233 745 £ 112

YaTues represent the mean t 3D of 32 male and female CD-I mice, carjved from
E?ree 90-day studies. EAMS = endotoxin activated mouse serum, A,-51Cr sRBC=

Cr labaled sRBC opsonized with mous- IgG.




N Statistical Evaluation
™ if a one way anilysis of variance of the means showed study to study dif-
gg ferences, a Duncan's Multiple Range Test was performed (Sall, 1979). Values

Al which differ from study to study at p < 0.05 were considered statistically

3 o significant. Each of the values represents the mean ¢ SE.

SR
g DISCUSSION .
. Ke have chosen to approach the problem of evaluating the effects of
EE chemicals on the lymphoreticular system from a toxicological viewpoint. Acute,

14- and 90-day studies were utilized for each chemical. The acute study was

Y iﬁ used to aid 1n selecting doses for subsequent studfes and suggesting possible
+ toxicological target sites. In the 90-day studies, both male snd female mice
) were used., The outbred CD-1 mouse was our animal of choice and, »s an ocutbred
CE strain, the increased animal-to-.:imal variation was acceptadle. OJue to the

: A random genetic background of the mice, many of the parameters monitored did
e not fall into a normally distributed response. Most notable is the variation
- in the number of AFC responding te sRSC in ccatrol animals, There appear to
ﬂl be at least three distinct ponlations o/ animals: low responders, medium

responders, and high responders. In an attempt to circumvent this problem, a
large number of mice was used for each treatment dose and for each parameter
evaluated.

Tre effects of a chemical on the {mmune rosponse were not studied {nde-
pendently, hut along with a multitude of sta.lard toxicological parameters,
This results in a more complete overview of the chemical's effect. In evalu-
ating the effects of a compound, spvecifically on the immune system, not just

]

! ﬂ
0
Y 4

PN

= one, but several assays were used 1n assessing humoral !mmunity, cell-mediated

“ immunity, and macroohage function, '

o It has ueen our experience that historica' controls can only be used as a

;; guide. As repeatedly pofnted out in this paper, experiments using the same
strafn of mice, obtairzd from the same supplier, and handled fn an identical

E; manner by the same pwople results in control values which will differ signifi.
cantly from expariment to experiment at the p < 0.05 level as determined by a

zg one way anilyzis of variance. Thus, historical controls are only beneficial
1n estadblishing a data base. When comparing data for .afety assessment or

> evaiuation of drug effects, one must compare the treatment groups to the
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appropriate concurrent controls used in the actual study.
Since the assays outlined here can be used to evaluate the status of the
ii {mmune system in a manner which is quantifiable and reproducible, the assess-
ment of the immunotoxicity of chemicals can be easily incorporated into routine
toxicity testing. These methods have bteen used in this laboratory to evaluate

‘I 2\ the toxicity and immunotoxféity of some halogenated hydrocarbons found to be
drinking water contaminants (Tucker et al., 1982; Sanders et al., 1982; Munson

!g et al., 198¢2). The following four reports use these same approaches to assess.
' the general toxicity and {mmunotoxicity of two other drinking water contami-

: ES nants, trans-1,2-dichloroethylene (DCE) and 1,1,2-trichloroethane (TCE).
N |
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B. General Toxicology of Trichloroethylene
ABSTRACT

The purpose of the study rresented here was to evaluate the acute
and subchronic toxicology of trichlorcethylene (TCE) in the mouse.
After determination of the LDSO by the oral route, a 14-day range-
finding study w;s done in male CD-1 mice in which TCE was admin{stered
daily by gaviga at 24 and 240 mg/kg. A drinnint water study was de-
signad based on this data, in which four concentrations of TCE were
used, and mice of both sexes uer§ exposed for four and six months. The
data obtained in this study consistad of body and organ weights, hema-
tolagy, clinical chemistries, and hepatic microsomal ?n:ymevactjvities.
There was a decreased weight gain at the highest dose, which couid be
attributed to a decrease in fluid consumption. Perhaps the most signi-
ficant effect attributable to TCE was an increase in liver weight of
approximately 20% in both sexes. The data presented consiéts of a
toxicological data profile on subchronic, oral TCE exposﬁre. Although
the effects of TCE were largely negat1ve; it does serve as background
for the immunotoxicological éffects'to be presented in the following

report.

Running Title: Toxicalogy of Trichlorcethylene

WP A B0 I N I A SE R R A A I A AT R R RV R R R S R e e R e R A A R e A RO R R N

L.

.




96

INTRODUCTION

Our laboratory is presently atteupting to define the effects of
selected environmantal chemicals nn host immunocompetence. Since {t is
only recently that immunotoxicology has become an area of interest,
development of methods in this field is of utmost importance. Furthér-
more, correlation of general toxicological effects with 1mmunosdppres-
sive effects 1s essential {n order that the results be more clearly
\understood and kept in perspective.

One of the compounds we have studied 1s trichloroethylene (also
known as TCE or trichloroethene), a widely used solvent which has been
detscted in water, air, food, and human tissues (McConnell et al.,

1975, Pearson and HcConhel], 1975). Man1f§s:atfons of acute tgxicity'to
TCE include central nervous‘system depression and Tivér damage (Stewart
et al., 1970; Defalque, 1961; Watars et al., 1977). There is a general
lack of information concerning chronic effects, other than the very
{mportant observation that TCE {s hepatocarcinogenic in the mouse (NCI,
1976).

The present paper {s the second in a series of reports dealing with
imnmunotoxicological investigations {in the mouse snd concerns general
toxicological effects of TCE. Effects on humoral and cell mediated
immunity, and affects on the macrophage following subchronic aral |
exposure to TCE will be presented in the following paper. Investiga-
tions on five other chiorinated hydrocarbons found in the drinking water
are under way and will be reported using the same apprasch. A known
fmmuncsuppressive agent, dexamethasone, will be reported in i:is series

for comparative purposes.

.« vat
at vt
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MATERIALS AND METHOOS

Animals and Housing

s RN

-
-

Weanling mice (CD-1, an ICR outbred albino) were obtiined from

B 2

v
L/

Charles River Breeding Laboratories, Wilmington, Massacausetts. Upon

arrival, all mice were quarantined for a period of aone week prior to

exposure. Mice were housed five per cage in plastic shoebox cages with

[

sawdust bedding and maintained on Agway Lab Chow ad 1ibitum. chh mouse

w2s individually tagged by earpunching. Room temperature was maintained

. e
..
.

at 70-75°F and relative humidity at 40-60%. The 1ight-dark cycle was

. (N

maintained on 12-hour intervals.

2LS

Trichloroethylene (TCE), certified ACS, lot #713839, was obtained
from J.T7. Baker Chemical Co..’Ph1111psburg, N.J. and contained 0.004%
Ei | di{sopropylamine as preservative.
:5 Trichloroethylene administered ad 1ibitum in the drinking water was
* dissolved in a 1% emulphor (polyethaxylated vegetib1e 011, GAF 620)
. solution {n defonized water at the indicated concentrations. Drinking
water solutions were maintained at room temperature in amber-colored
. bottles with sipper spouts and wer2 changed tw%ce weakly. Less than 20%
of the TCE at the 1.0, 2.5, and 5.0 mg/ml concentra*jons was lost during
 the three and four days in the water bottles as measured by GLC with

v

head space analysis. In the case of 0.1 mg/ml, up to 45% was lost over

TN

a four-day period. Preliminary studies using different concentrations

.‘I

\J

~ of emulphor indicated that a 1% solution would maintain the TCE in

Ej solutfon while causing minimal effects. A naive group (defonized
water) was nevertheless included in the subchronic study. Solutions

"

'{.

A




98
E, for gavage were prepared fresh daily in 10% emulphor and appropriate
i concentrations administered in a volume of 0.1 ml/g body weight to
achieve the desired dose.
o
X
Animal Necropsy

"

'

Ry Animals were anesthetized with chloroform, and blood was collected

\.3 . . .

* immediately by cardiac puncture. Gross pathological examinations were
! 5 performed on all mice. The organs (brain, Tiver, spleen, lungs, thymus,

. kidneys and testes) were then removed, trimmed and weighed.

\‘

P © Urinalysis

= .

!\ f

’ Urine collected during cardiac puncture was assayed using Labstix

. reagent strips from Ames Co., Elkhart, Indiana.

S

.--l

Hematology

o

~ . ‘

o Blood samples were taken in 3.2% sodium citrate. Leukocyte, eryth-

- rocyte, and platelet counts were performed on a Coulter Counter, Model

ZBI. Hematocrits were performed with microhematocrit equipment and

;:: hemoglobins determined as cyanometnemoglobin. Leukocyte differentials

2 ,

were evaluated uring the standard wWright's-Giemsa staining procedure.

»

'::» Bone marrow cells were flushed from the femur in a MEM medium with 5%

Er; fetal calf serum and enumerated on the Coulter Counter.

o

o

[
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The plasma from the blood samples was assayed for extrinsic acfivity
by prothrombin time. Reagents for this assay were ottained from General
Diagnostics. Fibrinogen levels were determined by the kinetic method,
using reagents from Dade Diagnostics, Inc. Miami, FL.

For clinical chemistry studles, additionai‘blood samples were drawnl
by cardiac puucture from animals used for studies on humoral immunity
(described.1h the fo110wfng report) and ailowed to clot. The sera from
these‘samples‘were loaded onto the Abbot: Bichromatic Analyzer, Model

100, and processed according to procedures described in the Abbott
Operator's Manual.

Preparation and Assay of Microsomes

Livers were removed, weighed, rinsed, and homogenized at 4°¢C in 4
volumes of 0.15 M KCi containfng Q.7 M pGtavs.um phosphate buffer, pH
7.4. The homogenate was centrifuged at 9000 x g for 20 minutes and the
supernatant.recentr1fuged at 100,000 x g for 1 hour in a Beckman Model
L5-50 ultracentrifuge. The microsomes in the pellet were resuspended in
0.05 M potassium phosphate buffer, pH 7.4 (0.5 g of 1iver/ml), and
aliquots taken for immediate Study. |

Microsomal protein was assayed by the method of Lowry (1951). The
cytochrome P-450 content Qas determined from the reducerd CO vs. reduced
difference spectrum, using an extinction coefficient of 91 cm-lmM'1
(Omura and Sato, 1964). Aminopyrine N-demethylase activity was deter-
mined by measuring formaldehyde production by the Nash reaction as
described by Cochin and Axelrod (1953). Aniline hydroxylase aétivity

was measured as p-aminophenol production (Imai et al., 1966).
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Statistical Analysis

If a one-way analysis of variance of the means showed treatment

effacts, a Dunnett's T-test was performed (Dunnett, 1964). Values which
differ from vehicle control at P < .05 are noted in the tables with ar
asterisk. Each of the values in the tables is given as mean % standard

error (S.E.) of the mean.

RESULTS
Acute Study

Table 38" shows the acute toxicity data for trichloroethylena. No

deaths occurred at doses up to 750 mg/kg for females and 1250 mg/kg fo

3

males, but there was 100% mortality at doses of 5500 mg/kg for females
and 6000 mg/kg for males. The LDsO's with 95% confidence limits are
2454 mg/kg (2040-3062) for female mice and 2402 mg/kg (2065-2771) for

male mice. The slape functions of the dose-response curves for female

and male mice are 1.835 and 1.587 respectively.
The deaths occurred within 24 hours of trichloroethylene admin- i
\

istration. Other responses observed were dependent on dose and time and
occurred in the following sequence: ataxia, Toss of ability to stand,
ruffled fur,‘1oss of righting reflex, loss of response to tendon pres-|
sure, atdominal breathing and death. No animals that refovered from

anesthesia died during the 14-day observation periocd. The only gross

pathology observed was hypersmia of the stomach of mice dying from

lethal doses of trichloroethylene. Mice sacrificed at 14 days showed ‘

no gross pathology.

I . T T T W}
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TABLE 38

Acute Toxicity (mg/kg) of Trichioroethylene in CD-1 Mice

Sex LD10 LD50 LD90 ' | Slope

Females 1159 2454 5197 1.835
(N=121) (795 - 1450) (2040 - 8592) (3939 - 8592)

Males ' 1356 : 2402 ' 5001 1.587
(N=136) (972 - 1645) (2065 - 2771) (4055 - 7250)

CD-1 male and female mice were fasted for 18 hours prior to a single gavage
of trichloroethylene in doses between 250-6Q000 mg/kg. The LD1q» and
vDgg with corresponding 95% confidence 1imits were calculated accor§9ng to
the Log Probit Procedure using the SAS 79 computer program.




AN
’

102

Fourteen-Day Range Finding Study

The first subchronic axperiment consisted of exposure of
male CD-1 mice to TCE by daily gavage for 14 days. The two
doses chosen (240 and 24 mg/kg) were approximately 1/10 and
1/100 of the LDgq and caused no treatmentfre]ated deaths. As
shown in Table 33 body weight was not significantly affected,
nor were most ofgan weights. The on1y'effect nofed was an
increased liver weight (33% greater than control) at the
higher dose, which appears to be dose related. The only
significant differenca found in hematology was a lower hema-
tocrit in the higher dose groﬁp (Table 40). This does not |
appear to be dose relatad and is well within our norr-1

range.
Hepatic Microsomal Activities

As described inTaledl, a gréup of mice were ngen TCE
dafly by gavage for five days. The avefage daily dose was
2.62 g/kg. Tnis treatment produced a significant number of
deaths and a.decrease in body weight  The treatment also |
caused an increase in microsomal protein, a decrease in
aminopyrine N-demethylase activity, and an increase in ani-

1ine hydroxylase activity as compared to vehicle control.

G
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TABLE 39

Body and Organ Weights of Male Mice Exposed to Trichluroethylene
by Gavage for Fourteen Days

Trichloroethylene (mg/kg)

Neights Vehicle 24 - 240
(Number of Mice) (12) (12) (12)
Body Weight (g) 29.7 + 0.8 31.1 £ 0.4 30.8 £ 0.6
Brain (mg) 426 + 9 441 = 5 425 + 9
(% body weight) - (1.48) (1.42) - (1.39)
Liver (mg) 1886 + 82 2012 + 64 2505 = 77,
(% body weight) (6.34) - (6.48) (8.14)
Spleen (mg) 131 = 9 146 = 10 135 £+ 8
(% body weight) (0.44) (0.46) (0.44)
Lungs (mg) 190 =7 206 + 9 213 £ 9
(% body weight) (0.64) (0.66) (0.70)

Thymus (mg) 74 £ 5 76 £ 2 65 = 4
(% body weight) (0.25) (0.24) (0.21)
Kidneys (mg) 485 + 15 - 495 + 18" 493 £ 9
(% body weight) (1.64) (1.59) (1.60)
Testes (mg) 199 = 8 198 = 5 187 = 7
(% bedy weight) (0.67) '0.63) (09.61)
The vehicle in this study was 10% emulphor in distilled water. Values

are mean : S.E. with those significantly different from vehicle at
p < .05 noted by an asterisk.




103

TABLE 40
Hematology of Male Mice Exposed to Trichloroethylene
by Gavage for Fourteen Days

Trichloroethylene {mg/kg)

Parameter -  Vehicle 24 240
(Number of Mice) | (12j (12) (12)
Hematocrit (%) 41.5 + 0.5 42.2 + 0.4 9.3+ 0.7
Hemoglobin (g%) | 12.220.3 12.7 + 0.3 11.4 £ 0.5
Leukacytes | 5.93 * 0.46 5.15 + 0.44 6.15 + 0.38
(10%/mm*)

Fibrinogen (mg%) 283+5 294 + 7 272 + 8
Prothrombin Time 8.5 £ 0.1 8.4 £ 0.1 8.5 £ 0.1
(sec) ‘

LDH (IU/L) 1024 * 92 938 + 64 880 = 41
S&PT (IU/L) 85.7 + 10.1 70.3 ¢ 5.4 104.5 & 27.5
BUN (IU/L) 31.1 + 0.8 29.1 + 1.5 28.1 + 0.7
LDH = Lactic dehydrogenase; SGPT = Serum qutamiC pyruvic transamina;e;
BUN = Blood urea nitrogen. Values represant Mean = S.E. with

those differing. from vehicle at P < .05 nated by an astarisk.
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TABLE 41

Effect of Trichlorsethylene Administered
to Male Mice by Gavage for Five Dayson
Hepatic Microsomal Activites

Parameter Vehicle Jreated
(Number of Mice) , 0 (4) (4)

Body Weight Change - 3.6% - 2.7%"
Liver Weight (g) : 1.50 £ .06 1.40 £ .16
Microsomal Protein (mg/g iver) 121.8 + 0.3 26.8 = 1.2*
Cytochrome P-450 (nmol/mg protein) %0.59 + .03 0.58 = .04
Cytochrome bs (nmol/mg protein)‘ | ’0.38 + .01 0.37 £ .02
Aminopyrine N-demethylase 9.91 = .56 5.80 + .48"
(nmo1/mg/min)

Aniline hydroxylase (nmol/mg/min) 1.32 £ .10 1.94 + .20

Mice received G.73 ¢/kg twice on day Q, 1.46 g/kg twice on day 1,

2.91 g/kg twice on day 3, and 1.46 g/kg on days 4 and 5.

They were

sacrificed on day 6 for assay. Only 4 out of 11 mice treated with TCE
survived. Values represent the Mean = S.E., those which differ

from vehicle at P < .05 are noted by an asterisk.
;
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Subchronic Four- and Six-Month Studtes

A study was set up using both sexas of CD-1 mice and
drinking water levels of 0.1, 1.0, 2.5 and 5 mg/ml of TCE in
1% emulphor. A naive group receiving deionized water was
included. There were 140 animals of each sex in the nafve
and in each treatment group, except faor 260 in the vehfcle
groups. ' Thirty mice of each sex and treatment were selected
for recording periodic weighlts for six months. These mice
were weighed twice weekly, and fluid consumption‘was mea-
sured by weighing the six corresponding water bottles. The
doses of TCE were then calculated, and this data is shown in
Figure 29 for each month of study. Fluid consumﬁtion was
- decraased in the males receiving the two highest concen-
trations of TCE and comewhat decreased in the females. The
growth chart for the males is shown ir Figure 30, and that
for females in Figure 31. Some of the animals were sacri-
ficed after four months of exposure, the remainder Lfter six
months. The doses of TCE consumed as a time-weighted
ave-age at four and six months for each of the four concen-
trations are given in Table 42. There were no treatment-
related deaths in the study.

Gross pathology revealed a faw effects worth mentioning.
Several livers from animals in the three highest dose grouns

of both sexes appeared abnormal at six months. They were
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FIGURE 30

Growth chart of male (D-1 mice receiving trichlorcethylene
in the drinking water.
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FIGURE" 31

Growth chart of female CD-1 mice receiving tricholorcethylene
in the drinking water
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TABLE 42

X S5l

Average Daily Doses (mg/kg) of Trichlorcetiylene (TCE)
Consumed at Four and Six Months -

"TCE Concentration (mg/ml)

A |

0.1 1.0 2.5 5.0
Males:
Four Months > 18.5 - 219.6 397.2 - 664.5
Six Months 18.4 216.7 393.¢ 660.2
Females: - _
Four Months 18.7 201.4 457 .4 . 809.3

Six Months 17.9 193.0 - 437.1 793.3

The doses were calculated from the fluid consumption and body weights of
the eight groups of males and females and are time-weighted averages for
the two periods of time. The complete data are shown in Pigure 29.

AT ALY LN N A
VAP PRI N

-----



g 110

vl . either pale, grabular or had white spots, and one nodule was
‘ il found (high dose male). Thisranimal also had an enlargement
. of one kidney, as did one male in the 1 mg/ml group. Several
R N ' males in the 1 and 5 ml groups had evidence of gastroin-

] = testinal problews, consisting of gas pockets in the intes-
tinal coating and blood in the intestines. One high-dose

ii male had a twisted spleen with adhesions. A few aniamls

with hyperemic lungs were cbserved among the higher doses.

0f the obsarved abnormalities, only the pale, blotched

livers were gbserved in naive and vehicle groups; however,

EsX

nefther of these groups showed evidence of granular livers

or had any other organ abnbrma11t1es.

¢ \.;’;:b

The average body weight was significantly lower in the

. .
| 8

males receiving the highest dose at both four and six months.

Enlarged 1ivers (as parcsnt body weight) were observed in

'I‘i;

(=

males and females at the three higher doses at both times,

g, 5

although the difference was not significant in the females

at six months (Tables 43-46). The apparent increase in brain

[

weight in treated females at 4 months is 1ikely due to a low
b value in the vehicle group, since the naive value is also

“ high. A significant increase in kidney weight occurred ét
i the highest dose fn males at six months and females at both
Y four and six months. Noteworthy hematoloqy differences

< (Tables 47-50) include 1 decreased erythrocyte count in the

;g males at four and six months; decrea;ed leukocyte counts,

................
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particulariy in the females at four months; and altered

coaqulation values consisting of increased fibrinogen in

males at both times ard prolonged prothrdmbin time in females

at six months. As shown in Table 5F , there were no treatment-
" related avfects.on the types of white ceils in peripheral

blood. No treatment-related effects could be detected on

urinaly:is (protein, glucose, pH, ketones, bilirubin or bloed -
| content). Clinfcal chemistry values are shown in isbles 52 -
55.. A few values were significantly different from vehicle
control, but there are no consistent trends. Not enough
historical controls have accumulated to know if tﬁése values
are within normal range or not. Hepatic micrisomal activities
which were measured are shown in Tables 56-59 . Aniline’
hydroxylase activity and cytochrome P-450 were increased in
fema1es ét four months. These were the only treatment aifferences

observed.




| i -  TABLE 51

:fz Differential Cell Counts of Mice Exposed to Trichloroethy]ene (Tce)
X in the Drinking Water for Four or Six Months
.@ Males (Four Months)
Sg N Lymph PMN Mono Eost
L)
Naive 15 71.1 ¢ 1.2 22.9¢ 1.6 1.6 £ 0.3 4.2
"% Vekricle 22 70.8 ¢ 2.2 23.7 £ 2.5 0.8 + 0.3 4.7 &
0.1 mg/m 15 68.3 + 2.6 27.5 = 2.5 1.7 % 0.4* 2.5
£ 1.0 mg/ml 15 72.5 £ 1.6 3.8+ 1.7  0.5%0.1 3.3
3% 2.5 mg/ml 13 7.1+ 1.9 23.0 1.5 0.8 £ 0.2 5.1 &
=y 5.0 mg/ml 15 69.9 ¢ 1.9 2.9+ 1.5 0.9£0.3 = 5.0¢

Males (Six Months)

ﬁ Naive | 14 69.0 £ 4.3 27.0 £ 4.0 1.4 £ 0.4* 1.9 £
. Venicle 22 70.3 ¢ 3.1 28.4 * 3.0 0.4 £ 0.2 1.4 £
) 0.1 mg/ml 15 78.1 £ 3.2 25.2 + 3.1 0.3 £.0.7 0.9 =
S 1.0 mg/mi 15 65.1 * 3.1 33.3 + 3.4 0.4 2 0.2 1.2
2.5 mg/ml 15 78.9 * 3.1 23.9 £ 3.0 0.4 = 0.1 1.5 +
5.1 mg/m1 17 71.8 £ 2.0 25.1 £ 1.9 0.1 £ 0.1 2.9 ¢
~

Y Females (Four Monthe)

g MNaive BRE 77.7 £ 1.5 17.2 £ 1.5 0.5 £ 0.2 4.6 ¢
Z Vehicle 23 79.4 £ 1.8 17.7 £ 1.4 0.3 £ 0.1 3.0 ¢
. 0.1 mg/ml 15 ©76.1¢ 2.4 20.3 ¢ 2.0 0.8 + 0.4 2.9 +
Z 1.0 mg/ml 14 73.1 2 2.1 22.1 = 1.9 .3 £ 0.2 4.6
., 2.5 mg/ml 15 77.1£1.3 20.6 = 1.1 9.3 £ 0.1 2.0 ¢
% 5.0 mg/mi 14 78.9 * 1.5 18.4 2 1.5 - 0.1:0.1 2.6 »
< Femalas (Six Months)

” Naive 15 83.3 = 2.7 15.1 = 2.4 0.8 0.4 0.8 ¢

v % Vehicle 23 83.9 ¢ 2.1 15.1 £.2.0 - .0.08 < g1 1.0 =
7 0.1 mg/mi 15 76.3 = 2.5 22.8 + 2.4 0.1 = 0.1 0.8 &

.3 1.0 mg/ml 15 79.1% 3.4 19.7 + 3.4 0.3+ 0.2 0.9 =
. 2.5 mg/ml 14 85.2 + 2.3 13.6 = 2.2 0.4 = 0.2 0.7 +
5 5.0 mg/ml 15 80.8 & 2.7 17.0 £ 2.7 0.5+ 0.3 1.7 =

Yalues are averages of percent of total white cells with those values
11 significantly different at P < .05 noted by an asterisk.




“ASLA3ISP ve AQ POV G0 » 4 e 3[ojyana .y BuLaayyip asoyr ypm

‘T3Sl 1 ueay ayy Juasaudad Sanjep “asejeydsoyqd duj|eNlY = 41V ‘aseujwesues
= poum ‘aseujmsues] JpAnIAg-djwRINgY BNIAS = gng taseuaboaphyag ag30e7 = Hg

LA R 0°2

1 21333r0iexg opueyngy umaag
1 ‘uabouiy eaun pooig = HNg

x6'C2 ¥ 2'GZ  «8°2 F ¥ gl A G 3 ) 6°1 % 6°S1 0°Z 7 681 (/n1) 4w
6'9 ¥ 9w 1'0%6°89 €U ¥8°0L TS ¥IHL 6V ¥ 61 ('S ¥9°28 (1/n1) 109s
L'y Eyee €YFyoE 6ZFQI L2%0°8  ¥EFy6EL €67 L9y (/n1) 149
55 ¥ €£9 oy ¥ 2v9 9y ¥ 265 Oy FE6S 8L ¥ 095 1€ ¥ 849 (1/n1) na
6°0 F 0'%1 0 ¥ 2°ST 't el 9°0 ¥ Syl £°0%s'st (0% (81 (xbw) Nng
M0 T ELT 60°0 ¥ €0°1 YU°O ¥F90°T  #0°0¥29°0 (0°0F680 90°0F pI°1 (xbuw) vignaygyg
ST ¥ €81 - 6 ¥ 6L1 8 ¥ il 8 ¥ €Ly 6 ¥ gSI - [ ¥ 891 (26m) ou33saoy)

6 ¥ 611 ¥ ¥ 201 W ¥FG6 - .9 F96 8 ¥ ¥l B8 ¥ 2l (xbs) asodnyy
170 ¥ 9¥°L SE'0 FYI'L 810 FEV'S 200%82°9 EC0O¥F83'9 EVO T OF L (26) ujsjouy
L1°0 ¥ 99°9  02°0 * 95°9  LE'0 ¥82L U0 F6L9 ¥E0FBLY  L1°0FILY9  (1/bIM) vmysseiog
1 ¥ 501 1 ¥ ¢01 1 ¥ 601 1 ¥ 801 1 ¥ 901 1 ¥ (01 (1/b3m) appaory)

Z ¥ gst Z ¥ (Sl € ¥F91 € ¥ 191 2 ¥ (51 Z ¥ 8st (1/b3m) wmypog
900 ¥ LE'6 210 FT2°6 YO F L8 VIO TIL'6 EETOT (86  BI0 T SS I (x6w} wnyope)
(v1) (1) (e1) - (an) (v1) (v1) (321N o aaguny)

. 0'S §'2 01 1°0 TEITTEY) anyen 1979meavg

((w/6w) auagAyjaoao(yajaf

SYJUOKW 4n04 405 J3JoM BuyNujag Yy Uy
U3 | AYI3040[Yd}a] 0} P3sodx] 3DyW I|PH JO Sanfep Aays|may) 1eaiuy )

¢S TV

l‘ “ A
.

-" N\
D

S
LW

a
A‘:‘.

ARV R N
e g .}_\' .

AN
L4
)

- ' .
e le
Aol

o _) ¢

NN NI LA o s
A LRI SV TR R AR

4
A

S¢

SRS
WAV

foe
PRI

TR
« ! .
A\A._“?A_‘

S

- - - A ]
N ICN




UL
Ta Tl
'

3

%

s

"AS}4975e ue £q pajou GO° > d 1P I|I|YIA Wouy HULUBSS|p BSOY YI|M me

**3°S ¥ UE3AY Y] JuasSaAdaa sanjep -Isejeydsoyd duplenly = IV {ISPUjWRSURA] D|}3DPO|BXY DiWRIN|Y a:;wm “

= [0S f3seuUjuesuva] JJANAAY-IfWwRIN|D UNAAS = |4DS !2SeuabouapAyaq 21307 = Hg fueboualiy eaan poolg = NNg “Mu

| | : 3

£°9 ¥ (°9¢ 2°E ¥ yob v'eF2ee 8 FFHIE 0°t ¥ 6°62 9°G ¥ £7L2 (1/n1) dW ",
'L ¥ ¢°06 0'8 ¥ £°08 *§'9 F0°S58 ° V'S FOU9 B’y FI'19 8°t ¥F0'C9 (1/n1) 109S nw&
S'9 F LGy 9°¢t ¥ L'EY 6°2l ¥ £°09 'y ¥e'ie L°EFS°LE €'S ¥ 2Ly (1/n1) 1495 wm
A XY I 6y ¥ 1v8 - vs ¥ 858 Eb ¥ 169 oy ¥ 2¥L 29 ¥ £68 (1/n1) Ha mwm
6°0 ¥ 6°61 1Fee 0TI 0T ¥O01Z  S0FE02 6°0 F 9°02 (x6w) Nng mm
80°0 ¥ 96°0 82°0 ¥ ¥E°1 E1°0 ¥ 9L L0°0 ¥ (1°1 1€°0 ¥ ¥6°1 0E°0 ¥ 66°1 (xbuw) uiqnayqyg ._m
o1 ¥ 961 ¥ 891 1T ¥ S61 - LV ¥ 091 L¥191 L7 91 (%bw) (o4a3saioy) wmu
IS ot ¥ 621 ¢ ¥ bl - 6 ¥ ¥11 L ¥yt 9% pIr v ¥ 92l (x6w) asoonyy hwm
- Y0 ¥ 88°¢ 92°0 ¥ 9L°8 #¥E'0 ¥ E1°6 9’0 ¥ 12°8 (anors mm.~ S2°0 F 9L (26) u133044 u.m
0 ¥ €LY L2°0 ¥ 6L°9 ~62°0 ¥ 2¥°9 SL'0 ¥ ¥2°¢ 61°0 ¥ Lv'{ 92°0 ¥ 0L°9 (1/b3w) unysseyod w..”.,
1% 501 2 % 001 R 2 ¥ o1 RER ] $°0 ¥ O (1/b3w) apyaory) X

»t ¥ 081 £ ¥ £91 ¢ ¥ 091 £ ¥ 091 £ ¥ 291 2 ¥ 951 (1/b3m) wmypos uum
£°0 ¥ 8°01 $°0 ¥*0°11 €0 ¥ 2°01 2’0 ¥ 501 20 ¥ ¥y01 2’0 F 01 (x6w) wnjorey .uwm
(s1) (s1) (s1) (V) (z2) (1) (991W J0 doquny) RS

| | R

X 5z 01 10 P121UIA SAreN g

(|w/6w) suajAyysoaoyspag

SYJuoy XiS 40y 4ajey bupyupag ayy uy
AU {AYIB040{Yd}A] 03 PISOdXI 3DiW DL PW JO S3N[eA A21S)HRY) {eIjUL ()

€S J19VL

D NSy R

Rt




YaiM *°3°S 1 ueay 3yl juasaadad sanjep

262

*ysp433se ue Aq pajou
*aseyeydsoyd aupenly =

S0°

> d I° I|D1UaA oLy m:-gmub_v‘mmocu‘
dlV ‘9seujwesued] 21337v0[exQ J}WRIN|Y UMAIS
= 1095 ‘9seujuesued] J{ANLAJ-djWRINIY WNIAS = |49S t3aseudboapAyag 21312e7 = HQ1 ‘U3BOAILN vI4( poolg =

Hng

€' ¥Fuoe LU'v¥e2e L°'T 7 1°¢e 0'Z % ZEFL1E 9'T ¥ 1°1¢ {1/n1) 4V
2 ¥ 21 9 ¥ 611 - g ¥ 01l L ¥ £0t { ¥ SE1 ABRINAN! (1/n1) 109S
6'02 ¥ 9°¢8 8'€ ¥ 6°LS $'8 ¥ ¥°6S L'zre'ey 29 ¥G'19 7Ll ¥ 9°%8 (1/n1) 1495
otY ¥ 016 59 ¥ Gb6 9 ¥ ¥L6 St ¥ (2 6 ¥ £€2L ¥6 ¥ L16 (1/a1) wor
6°0 ¥ v°G2 L°0 ¥ 2°62 L'0 ¥ ('ve T FeLe B’y ¥ ¥ lc 8’0 ¥ 6°€¢ ~ (xbw) Nng
80°0 ¥ 18'0 (0°0 ¥66'0C €00 ¥ 8L°0 ¥0°0 ¥ S9°0 L0°0 ¥ 88°0 80°0 ¥ 28°0 (%bw} 2yqnayyyg
S ¥ Il v FL € F V01 ¥ ¥ 601 9 %06 9 ¥ 201 (%bw) jouarsajoy)
J b ¥ Iet b ¥ Iel LARSR 14 € ¥ eel b ¥aer 9 ¥ [11 (xbw) asoonyy
B xS0 F ¥9°L 48170 ¥ $9°¢ EL°0 ¥ 0t°L 120 VIE 30 {4 10°0 ¥ 66°9 60°0 ¥ 207/ (%b6) uiajouy
SU°0 ¥ £2°9 SU°0 ¥ 16°S 0£°C ¥ 19°9 E1°0 ¥ 96°G 01°0 * 20°9 GZ2'0 ¥ 66°G (1/b3w) wnyssejogd
1 ¥ 101 1 ¥ 001 1 ¥ 001 «1 ¥ £01 S°0 ¥ 001 1 ¥ 201 (71/b3w) apyaoiy)
$°0 ¥ €61 I ¥ €61 T % ¢St T ¥ #51 ¢ ¥ 561 1% ¢es1 (1/b3uw) wnypos
0¥ el 10 ¥ p°21 1°0 ¥ G°€1 «1°0F£°Cl 1'0 ¥ 6°11 FALRIR 404 (x5w) umyoqe)
(v1) {+1) (v1) (ev) (v1) (v1) (921W 0 Jaquny)
’ 0°s 52 o1 10 EXEIOEYY It Jaj3ueaey
((w/6w) 3ua|Ay3a0a0iyd}ay
SYjIuoK Ano4 Jojy a3jem Bupyupag syy =_
o:w_azuuogo—:u¢g~ 03 pasodx3 30|W 3|euR4 JO sInjep Aa3simay) [edluly)
%G TV
A ¥ E|E T RS NYa AN A BN . BEENCUVEEEY  SCEENCII DR P AP AR

“ e v g~

TR ALY




144

t-3°¢ ¥ UP3W Y] Juasaadaa saniep
= J09S $OSTUURSURA] D}ANAAG-DJWRINED WNAIS = 1495 faseudboapAyag oi3oel =

Ty

*jspaa)se ue xa pajou g¢o°

*asejeydsoyd augenly =

> d ' 3L21Yyan wo.ly Bugaajyip asoylr LM
4V taseupwesSues] 3139200[€X() JlWeIn| UMAIG

HO7 tuaboualiN eaun noo_a NNQ

¥y 6E ' ¥ 8°4¢ 8'¢ ¥ £°¢¢ 0°Z ¥0°0¢ By F UM L'E ¥ 0V (/n1) 4V
€8 ¥9°16 1°6 ¥0°06 2°01 F 4001 [°VI ¥6°16 6’V T 2°9L B'b FEHY (1/n1) 109S
0°S ¥ 0°0¢ Ue ¥ L2 0P ¥Z0E UL FTISY 2’8 ¥ 0°2% L'E % £°2C (1/n1) 1495
6€ ¥ 299 6€ ¥ 10/ o€ ¥ €99 9 ¥ 1L ve ¥ €64 25 ¥ 9¢¢ (1/n1) HOT
UL ¥ L€ €1 ¥9°22 100 SR8 O -4 ST ¥6°22 1300 O 2 o 7 2L ¥ 692 (x6w) wuneg
PU°0 ¥ £2°T BL'OF6S'T S2°0F¥25'T  62°0F¥0L°U  E2O0FBS'T  [1°07F91°1 (xbw) upqnaprg
8 ¥ 911 S ¥ 96 $S ¥ (81 6 F V6 LS * 951 8 ¥ S0t (xbw) fos93sajoy)
§F (21 € ¥ 601 91 ¥ (6 9 ¥ 121 L ¥ 8l G ¥ 601 (xbuw) asoonyy
1€°0 ¥ (6°L 9e°0 ¥62'8 (V0¥ 208 6£0F19'8 ¥2°0% (€8 90 7F9b'g (%6) upai0u4
SZ'0FVE'9 SEC0OFI98'9 OO FO08'9 2100 F LS9  HITOFL9°S 650 F 5L (1/b3m) wnyssejog
1 ¥ sol «1 ¥ 011 »1 ¥ 801 xZ ¥ 801 1 %101 Z ¥ 501 (1/b3u) apyaotyl
1 ¥ 251 1 ¥ 2st Z ¥ 2t 2 ¥ 641 AR 2 7051 (1/b3w) wnypos
2°0 ¥ 6°01 1'0 ¥ 6°01 ST¥16 2°0 ¥ 9°01 b0 ¥ L01 2°0 ¥ 807 (¥bw) umioye)
(s1) Amﬁv (v1) (v1) (02) (s1) (921K J0 saqumy)
5 52 01 10 3LILUdA aALeN A370WPA0g
(1w/6w) duaiAyraoaoiyajag
SYIUON X}S 404 a3jeN bupyupag ayy uy
ocu—»zamoso_zu—sh 0} ammonxu 9I1W 9{Pw34 JO SIN|PA AXlsS{uou) [PIjUL])
¢S ITAVL
A W vem WS vem BNA S KO N WA BB M BA NN1OSR N v

t
)

A )
NN

T R S T
IO 2O

-

CON NI

LR R
'.I\ -.‘..\ RN

-
-

e emn
\..sl ¥ )

LA
l\l

cmepat Ay
JEN O

AN

S

”-
il




‘1% °@1qeL 5 usALb ade Suojjeajuaduod PaIst| S
3yl WoJdJ pIUMSUOD JUI(AYIAOLO(YO|aT JO SISOP Y] °AS|AIISP UP Aq pajou ade g0° >4 e (4oydnua g1) '
9[O1YaA 3Y) wouy AJUed|JLublS 43451P YILYM 3SOYT pue " 3°S 1 UEDW IYJ se uaalb aue sanpep

(urw/6w/ | owu) ..

L ) 9se] AX04pAH

SO" ¥ w1 0" ¥ 251 S0 ¥ 2S°1 60" ¥ S5°1 €0° ¥ £9°1 0" ¥6v°1 aup{yuy SN
(upwm/6w/owu)

) aseAy3swap-N o

(2" ¥ L0°6 8E' ¥ 6L°6 GZ° ¥6L°6 1" F 01701 GE” ¥ 16°89 E¥" F0€°6 aupaAdouguy m.“

‘ (49A11 B/ ourl) “

02" ¥ ¥0°¢L €2’ ¥ 1e°¢L 81" ¥ ¥6°9 ¥e' ¥ 68°G 12" ¥ 85°G 6E° ¥ L2'S auopyjeangy .“.,

vy . s
& (uga304d Bu/ owu) >
- 610" ¥ €SP0 910" ¥ LLb-0 €10° ¥ 6EV'0 EI0° F OEV'0 OI0° ¥ G2v'0 010" ¥ OIv 0 $q 8u0aY2034) .\H

, - : : (upazoad 6u/oum) A

PL° 7 9¢°1 61" ¥ 25°1 80" ¥ G2'1 I ¥92°'t 40" ¥ 22'1 90" ¥ 80°1 0Sy-d awoays034) m..,

3

(4oL 6/bw) o

0't ¥ v°L2 B ¥0°L2 »§° ¥ 0°G2 L ¥6°S¢ UL ¥ 2°82 x8° F 9°p¢ Ui310J44 |ewWOSOUD Y w“

o

() (0) (8) (8) (8) (8) (321W 40 aaquny) 2

. Al

(Lw/bw) auajAy3acaoyopay w..

. SYJUOW 4N04 40y 433eM Bupyupag ayy uyg , s

3ua[Ay3aou0| Yoy 01 p3sodx3 D)W I[UW U} S3}IIALIOV {BUOSOUDW I}2eda) s

: A

9¢ F1AVL -

| ¥

AR o AW S W R G N WS B En BS B KD @R W% PR W TR
S aats l"ﬁé** J(-.U-J\dm —A,nln. U...J.N..\.




‘ . ‘1% 9jge] u} =m>_m 3Je suo|3eJajuaduod umumw—
-3y blosj paunsuod aud|Ay3aodo(yd}dy jo sasop ayl _*Ysidolse uve £q pajou ade go° > d e (Joyd|nwd 21)
3101YyaA 313 wouy ALJurdpJiubis J2441p YILYM 3SOY] pue °J°S 7 ueay Y} SP U3ALEG aae sanjep

, (uiw/buw/ou)
' : ase | AXodpAY
[0°0 ¥ 2e°1 ¥1°0 F 81°1 pr'o ¥ 9e't1 VO'0 ¥ $#1'T . 20°0 ¥ 6I'T «~£0°0 ¥ 20°'T ul {iuy

. . 4 . : . (upu/but/ Lowu)
: : ) asv{Ayyawap-N
om.c«¢m.c~¢m.cﬁwN.m ou..ﬁcm,——om.o«NN.m em.c«cm.m ;me.oaem‘m mc_gxgo=_=e

_ (aALy 6/(our)
1€'0 # 2L°'S €EVv'0 ¥02°9 £2°0 F 0b°S 12'0 ¥ €2°S {(1'0 F 66'F 92°'0 ¥ 19°¢g auoiyjeingty

. . : (urejoud 6Gu/owu)
«qmc.«mom.c omc. «wme.comc.ﬂome.cms.ﬁm;.osoo.ﬁeme.cSo.«cmm.o na,m___oEUSS

126

] (upor0ud bu/|owu)
150" # 286°0 910" ¥ I¥6°0 V0" ¥ SYO'T x220° ¥ 198°0 wmo. ¥696°0 1€0° ¥ GE6°0  0Sb-d SM0AYyo203A)

_ ) (4aALy 6/6w)
0°'t ¥ 1°ee 0°'t ¥+ 1°06e  9'T ¥¢gee £'2 ¥6°1¢ S'T ¥ c'ee 0°¢ ¥ 2°2t uld30J4d [PWOSO4DiN

(8) (8) () (8) (8) (L) (391N 40 aaquny)
: 0% O 01 T0 31o1YaA - SALeN To1ouviey

(tw/6w) auajAyiaoao(yopay

SYIUOH XIS J0J J3eM Bupyupag ay3 uj
3U3LAYIB0AV Y2}l 03 pasodx] BDLW B|eW U} SIIIFALIOY (PWOSOUDLK D1jeday

LS T19VL

U 'y . e ) [ - ¢ - v, : oy :
dA O O RR R A B\ T AR Yy, Y N5 RS YW S I LA L 2 ¢ INCC SR el
A e ™o S R TV % 75 s MR W P o B % oS 25" TR AN P T WP 4 AN 5Pt a T TR e e P T PRV ST S Y EIT ¢ -

. \. . -

[ \

4
-

LR I Vi

Ay

'

LIS AU

LR

EAERECSC AN

n"'

-

LA A AT

SN ¢

S R

SUOANY

DA SARLERN

SRS

A hg

ST

DA

-

vy
1.‘:"

3

.
-

-

-
»

>

LR SARE S

-
-

EVA SRR A A




‘1v wpnah Ul usALh ade suo|jeajuaIu0d patsyy

| 9Y) Wo4y paunsuod 3U31AY13040|Yd}43 JO SASOP Byl ys}dajse ue Aq pajou ade go* > ¢ je (Joyd|nwe g7)

127

9°'L ¥ 9°'g2

I1ILYaA 3yl woay AL3uedpjrubys J4a451p yorym IS0yl pue “°3°g 3 ueay syl se usarbh aue San{ep

{upu/Sw/ fowu)

: ase | AXOUPAH

x90° ¥ 8Y°1 x90° ¥ 29'1 £0° w Le°1 0" ¥ se°1 E0" ¥ o2t utiuy
’ (uyw/bur/ poun)

. , ase|Ayqauap-N

1€’ ¥ 18°6 E* 7 11 0" ¥ 0£°6 2" 886 (2" F s auydhdouyuy

‘ ‘ (48ApL 6/10ur)
¢’ ¥ 89y 91" ¥ 1Ly | 8 SUNE I CAN 80° F GGV . x£2° ¥ 2B°C auojyjeiniy

‘ (utajoud b/ 1 owu)
€20" ¥ L6V'0 «~BEQ' ¥ ¥55°0 SI0° ¥ 6bb°0 010" ¥ [S¥'0 ¢I0" ¥ 2940 q amoaydu14)

(v19304d Hur/powu)
»€0" ¥ €0°Y »0° F 60°T  »21°0 T GOV 0" ¥ £8°0 x2'0 ¥96°0 0Gb-d 8020347

(49A1 6/6w)
8'0 ¥ 962 V't #4v'2 2’1 %992 L£°0 %972 ~x0'T ¥F0°GZ U2104d [PWOSOUD ||

0 @ ) 0 (O (o1 30 seqmn)
5z T T B TEICET Y T SEI:A|

(Lw/6w) suajhyyaouoiyoya)

SYJUOW Jnoj u0y J3jep Bupyupag sy3 up
auatAyzaodoyosia) 03 pasodxy SJ1H 9leuay U} S3131ALI0Y |PWOSOUAD || D3eday;,

86 ITHVI

R B 555 RWy SN Y MM Y R YENDOLWY WL sar sl A

I RAL YR AR LA ST Lo ST ATNNLSN,

'

LN AT

-

Sl

»
-

AN

-

SOSTGLATALATNS

Ve
.

-
-

AR AL ALALALY AN

-

RS A A A NS

)

\

PN

Y




ay) WO} patnsuod aua|fy3aod0iys}dy jo sasop ayj

‘1y 3alqe] ul =m>wm aJe suo}ledjuadouod paisi|

*ysidarse ue Ag psiou ade G0° > 4 e (Jdoydnwa %1)
3121YaA 3yy wouy AQ3ued|fubys 49 )1p YOEYM S0y} pue *-3°S T ULIW 3Y] Se UaALG ade sanjep

(upw/Bu/ o)

9se | AX0JpAY
£0'0 ¥ 2¢'1 0’0 % 11 80°0 ¥ 8€°1 80'0 ¥ 9¢°'1 00 ¥ 3b'1 {00 F 951 sultiuy
(uyw/bw/ {owu)
- ) aselAyyawsp-N
92°0 ¥ 82°6 85°0 ¥ 99°6 bb°0 ¥ 2v°0L  VEO F 29°0L  ¥SG°0 F 9F°OL  09°0'7T 9O°LL aujaAdoujuy
: i (Haapy 6/ourl)
vt'o ¥ 19°g o= Nm.m. 01'0 ¥ 88'S 02'0 ¥ ¢2'S €2°0 ¥ 16°S (2°0 ¥ 26°% auolyyeangy
© _ (urajoad 6uw/)owu)
o 110" ¥ €16°0 GEO0' ¥ G¥S'0 610" ¥ 825°0 0€0" + 895°0 6E0° ¥ 0ES'0 920" ¥ 925°0 q awo4y2034)
. , ; (uaroad 6w/ oum)
» (20" ¥ 22L°0 80" ¥ emm.o ¢t0” ¥ 69L°0 ¥90° ¥ 916°0 950" ¥ S/B°0 090" T 66L°0 0S¥-d awoays’034)
- : (19Ay| 6/6w)
GL°0 ¥ 6V’0E 2E'T FBL°0E €00 FI5'8C V0 FL'BZ 621 F¥9°82 E£V'1 F $I°[Z UIII04J |EHIOICADIY
(8) (8) (8) (8) (8) (8) (921W Jo s2quny)
. [ 57 [ 10 ETEIUEY e Jejeueaeg
( ru/6w) auaAy3aoa0(ydtay
SYIUOW XIS 40J 431eM Bupyupag ayy uy
3ud | AY313040(Yyd}4ua] 03 pasodx] adiW d|PWI4 U} SIJLALIOY [PGIOSOUD LW D1yeday
6S TgvL .
AR X7 MR BN W) MY PNy DM wWes W & ARSI i BN

<AR

vex, e e

L o
ey

VL P

AP AFRF RTINS AF LA PR A

L Py

B SO N0 R e S e

A I L G e e e A SR LA

ST WL AE LR

CA



129

DISCUSSION

- ECCa BB

Py v,

Recent iﬁvestfgatiohs in our jaboratory have been aimed at incor-
~poration of immune function assays into more standard toxicological
evaluations. From the 1nmgnological vjewpoint, the inbred or F] hybrid
3 mouse 1s the animal of choice, whereas the random-bred rat would bé more
. appropriate for a general toxicological study. As a compromise, we have
g chosen to use an outbred mouse, the CD-1, for our studies. Although a
N large number of animals per group is needed due to the variability of
M the immune resﬁonse, standard toxicological parameters are relatively
a unifOrm.\ Qur subchronic studies have utilized both sexes, as should be
- done in a comprehensive evaluation of any chemical.
i It was the intent of this work to establish a data base of refer-
; ence toxicology on TCE via gastrointestinal exposure. The acute toxi-
2 ¢ity of TCE appea}s to invoive CNS deprassion. Sinca the LDéO was
! similar in both sexes, a subchronic 14-day ﬁtudy was performed in males
] to look for cumulative types of toxicity and provide data for the design
;Z of éhe drinking water studies. Two effects were observed in the l4-day
x study that are attributable to TCE. First, a 33% 1ncr§ase in liver
S weight was noted in the high dosa group; secondly, a decrease in the
E ‘ hematocrit value was observed. The lowering of the hematocrit is con-
. gruent with a decrease (although not significant at P < .05) in the
§ hemoglobin level.
]
Y
:
;

.,-“.‘-,.-.--'.,‘Q.‘,‘--‘.ht.-.-,“'-_-_.,-.-,.h.'._-....,-,._.‘.J._.‘._-‘.J.)-,.J._. e N TRA AT AR AR AT AT AT AT AR PP




Since TCE is considered as a model hepatotoxin in the rat (Pessayre
1

et al., 1979), we considered eya1uation of hepatic microsomal enzymes to
be an area of importance. In ;n attempt to determine if alterations of
1iver microsomal activities coq1d be produced, a dose of TCE equivalent
to the LD50 was administered b; daily gavage for five days. The observed
| alterations, consisting of increases in microsomal péotefn and aniline
Hydroxylase, and a decrease in!aminopyrine N-demethy1ase could be
attributed to starvation (Katol 1977). Furthermore, the requirement of
such a high dose is consistent with the observation by Gehring (1968)
that in the female Swiss- Nebster mouse, the EDso of TCE to produce
increased SGPT levels was 2358‘mg/kg, which is near the LD50

In light of the low toxfcity observed in the 14-day study with
doses of 24 and 240 mg/kg, the'dr1nk1ng water study was set up with
concentrations of TCE that would deliver comparable doses, plus two
additional highar concentratioés. The use of emu1ph6r as a vehicle for
TCE proved effective, Althoug& very 1ittle effect in terms of reference
toxicology was produced by the;e doses of TCE after either four or six
month's exposure, the liver enfargement observed previously was ob-
served., Males had increases uﬁ to 20% at four and six months; females
had increages of 23% at four m?nths but had no significant increase at
© six months. This apparent lack of effect.at six months could be due to
a high value in the vehicle graup, since liver weights in the‘naive

group were significantly Tower than vehicle weights aonly in this set of

data. Hepatic microsomal enzyme activities were largely unaltered.
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Kidney weight appeared to be increased also, as a result of TCE expo-
'sure, particularly in the females. The increased liver and kidney
weights‘observed could be expected, since the liver and kidney represent
the sites of metabolism and wetabolite excretion of TCZ, respectively
(Defalque, 1961). The fact‘tﬁat the high dose animalﬁvdid not gain as
much weight as did the other group could well be explained by the
decreased fluid consumption observed in animals'mafntained on TCE at §
mg/ml in the drinking water.

The changes in fibrinogen levels occurred at both the four and six
month periods and may reflect an effect on the liver. The naive male
group at four months shows levels that are higher than vehicle and are
above the historical control. There are a few significantly Jow leu-
kocyte counts, particularly in females after four months of exposure,
and a few microsomal enzyme alterations (increased cytochrome P-450 and
an111ne.hydroxyTase activity) occurred in this grodp of animals as well.

- As will be seen in the following paper, the immunotoxicity of TCE was

especially prominent in the females exposed for four months.




C. .Effects of Trichloroethylene on the Immune System

ABSTRACT

A fourteen day range-finding study using male CD1 mice eprsed‘to
trichlorcethylene (TCE) by daily oral gavage revealed inhibition of both
humoral and cell-mediated immunity. Therefore, a detailed evaluation of
immune status wa§ underiaken after either four or six months' exposure of
male and female mice to TCE in the drinking water. The assays used for
immdnological assessment were interfaced with a general toxicological
evaluation previously reported (Tucker et al., 1980).

The immunologicé] parameters assessed were humoral immunity, measured
by plasma hemagglutination titers and antibody producing cells in spleens
of animals sensitized to sheep erythrocytes; cell-mediated immunity, mea-=
sured by delayed hypersensitivity to sheep erythrocytes; lymphocyte respon;
siveness, measured by the response of spleen lymphocytes to B and T cell
mitogens; bone marrow function, measured by ONA synthesis and colonization
of stem calls; and macrophage function, which was assessed by quantifying
recruitability, adherence, chemotaxis, ahd phagocytosis of .peritoneal '
exudate'ce11s.

Females were most affected by the TCE, particularly after four months'
exposure. ‘In this group, humoral immudity was inhibited only at the high-
est concentrations of TCE (Z.S‘and 5 mg/ ml), whereas cell-mediated immunity
and bone marrow stem colonization were inhibited at all four concentrations
of TCE (0.1, 1.0, 2.5 énd 5 mg/m1). The males were relatively unaffacted
after both four and six months‘af compared to effects observed in the

fourteen-day range finding study.

Running Head: Immunotoxicolegy of Trichlorcethylene




133

INTRCDUCTION

This paper is the second in'a series which assesses the i.iticology of
an environmental chemical, trichlorcethylene (TCE). The first report was
concerned with general toxico}ogic:! affects of oral, subchronic TCE expo-
sure in the cutbred CD-1 méuse (Tucker et él., 1980). Ffollowing expasure
of both sexes to four different concentrations of TCE (0.1; ;.0,'2.5,'and
5.0 mg/ml1) in the drinking water for four tc six months, complete patholo-
gical and Heméto]ogica] assessment was made. The most natable effect
attributed to TCE exposure was an increase in liver weight of about 20% in
both sexes. However, evaluation of hepatic microsomal enzyme activities
revealed no effects of exposure. | |

Presanted against this background of relatively negative general
toxicological data, the present paﬁer reports on the effects of subchronic
TCE exposure on the immune system of the mouse. The parametars assessed
wera humoral immunity, measurec by plasma hemagglutination titers and
antibody producing cells in spleens of animals sensitized tc sheep erythro-
cvtes; call-mediated immunity, measureq as delayed type hypersensitivity to.
sheep erythrocytass; lymphocyte responsiveneﬁs, measured by the response §f
spleen 1ymphocytes‘to 8 and T cell mitogens; bone marrow funétion, estima-
ted by DNA synthesis and co]onizati&n of stem cells; and macrophage func-
tion, which was assessed by quantifying recruitability, adherence, chemo-

taxis, and phagocytosis of peritoneal exudate cells.
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Matarials and Methods

RS

Exposure of Animals

Complete details concerning housing of the CD-1 mice and their expo-

N SR

sure tg TCE are given in the preceding paper (Tucker et al., 1980). The
“actual doses of TCE consumed as time weightad averages frcm the four concanm
trations in the drinkinglwater are also gfven in the preceding paper. In
thé fourteen-day gavage study, animals were sacrificed thevday after the

final dose. For the drinking water study, aniﬁals were maintained on the

A 2R A

TCE until sacrificed.

A

Humoral Immunity

DAL

The primary IgM response to sheep erythrocytes was measured by the

hemolytic plaque assay of Jerne, as modified by Cunningham and Szenberg'

Bl

(1968). Mica were immunized with 4 x 108 sheep erythrocytes by i.p. injec-

. tion four or five devs prior to sacrifice. Spleen cell suspensions were
prepared in RPMI 1640 culture medium using stainless stee! mesh screens and
EE adjusted to a cell concentration of § x 105/n1 for assay of antibody formin
N cells (AFC). |

As a compliment to the plague assay, the plasma antibody titer was

§§  measured by the hemagglutination technique. Seven days aftar {.p. {njec-
@ . tion of 109 sheep‘erythrocytes, blood was‘col1ected by cardiac puncture
& from chloroform-anesthetized animals into 3.2% sodium citrate; After

SE centrifrmation, the pla;ma was heat inactivated, and serial (1:1) dilutions
- were made fn phosphate-buffered saline. An equal volume of a 0.5% suspen-
fé sfon of sRBC was added to each of the dilutions in a microtiter dish. The
:; antibody titers were expressed as log:2 of the reciprocal of the first

~ dilution where there was no visible agglutination.

i |
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Delayed=Type Hypersensitivity

M B

Cell-mediated immunity was evaluated by measuring the delayed-type
hypersensitivity response to sheep erythrocytas. Sensitization was done by
injecting 108 erythrocytes in a volume of 20 ul into the left footpad

(LFP). Four days following sensitization, the mice were challenged in the

Yr IR

£

same footpad with 4.“ 108 sheep erythrocytes in a valume of 40 pl. Seven-

Y

teen hours fo]]awihg the challenge, mice were injected intravenously with

0

E: 0.3 a1 of lzsl-hudan serum albumin (80,000 cpm/0.1 m1). Two hours later,

;i the mica‘were sacrificgd by cervical dislocation; and poth hind feet were
removed and placed in tubes for gamma counting. Paranjpe and Boone (1972)

E& have shown that 1251-albunin extravasates into the exiracellular space

. during the delayed hypersersitivity response. The right footpad (RFP)

g; served as an unsensitized and‘unchal1gnged contrel  for background infil-~

ii | tration of lzsl-a]bumin. A group of mice challenged with sheep erythro-
cytas to determine nonspecific swelling served as unsensitized controls.

Ef | Results are expressed as a stimulation fndex (5.1.) which 1s calculated
below: |

> S.I. = cpm, LFP sansitized - x “cpm, LFP unsansitized

% ‘ cpm, RFP sensitized cpm, RFP unsensitized

RO '

;5 Lymphocyte Resoonsiveness‘to Mitogens

. Lymphocyte responsiveneés was asse§sed using the 8-cell mitogen, LPS,

;3 which is lipopolysaccharide from Salmonella typhosa 0901 (Difco): and the

7 T-cell mitogen, Con A, which is the plant lectin Concanavalin A (Sigma).

- For mitogenicity assays, spleen§ were removed aseptically and pushed through

EE a stafnless steal mesh screen to provide a single-cel]l suspension. Cells

., were diluted to 5 x 105/ml in RPMI 1640 medium supplemented with 2 mM

% |

[g
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[ 1

L-glutamine and 10% heat-iractivated fetal calf serum. Microtiter plates

SRR

were prepared with 50 pl of the mitogen per well, and stored at -70°C. At

the time of the assay, the plates were thawed, and 100 upl of the cell

suspension was added to each of six replicate wells. LPS was used in

:Il

| amounts of S5, 20 and 40 ug/well; Con A was used at 1, 5 and 10 ug/well.

- Plates were incubated at 37°C in 10% C0,, 95% humidity for 48 hours.
o The cells were then pulsed with a uSI-'iododeoxyuridine/ﬂuorodeoxyuridi ne .
N solution (0.2 puCi IUdR in 1 uM FUdR). After an 18-hour incubation, the
E‘ cells were collected on filter discs using a Titertek cell harvester and
- counted in a Beckman Gamma Counter.

3

'j "Bone Marrow Assay

4 To assess bone marrow ONA synthesis, bone marrow ceils were collected
i from one femur in a-MEM medium, counted, and cells per femur determined
. (Tucker et al., 1980). The cell count was adjusted to 3 x 10% cells/ml and
s 200 y1 of cells and 20 ul of 12°I-IUAR/FUR solution were added to each

microtiter well. At 60, 120 and 180 minutes, 6 replicate weils were har-

A

vestad per animal, and the cpm IUdR incorporated determined as described

’

; above.

- To enumerate the bone marrow stem cells, bone marrow cells collected
:':7 from the femur were adjusted to a cell concentration of 0.5 to 1 x 105/m1

:: in 1.8% methyl cellulose in a-MEM. Suspensiohs were plated out in volume
= of 2 mi/well in 6-well Linbro plates. At the end of a seven day incubation
S period (37°C, 95% relative humidity, 10% COZ), colonies wer;e counted macro-
. scopically and colom‘es/m5 bone marrow cells plated were calculated and

~used as the criterion for comparison between groups.

"
—e
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Macrophage Function

Recruitability of macrophages was assayed following an i.p. injection

of 1 ml of 10% Brewer's thioglycollate five days prior to collection of

TR - MR -y~ B

peritoneal cells using Dulbecco's Minimal Essential Media culture medium.

P

After washing, the cells collected from the peritoneum were resuspended and

.counted on a Coulter counter.

S

Adberence of the peritoneal exudate cells was also measured. Two X

5

107 cells were placed in 24-well plastic Costar dishes and allowed %o

incubate for 18-24 hours at 37°C in 10% CO,, 95% humidity. The cells were

29
washed extensively and adherent cells were scraped from the plate and

L AMS MA3

counted on a Coulter counter.
The ability of the peritoneal exudate cells to phagocytize 51Cr—

3 cells in

labelled sheep erythrocytes was measured by placing 2 x 10
24-well plastic Costar dishes. To each well was added 10 ul of opsonized

51Cr erythrocytes and the dishes were allowed to incubate for designated

times of 10 to 45 minutes, after which each well was washed and scraped.

Prior to scraping, each well was exposed to a 15 sec. distilled water

\T hypotonic shock to remove adhered erythrocytes. The ce11s'wére then
f; counted in a Beckman counter.
_; Chemotaxis of peritoneal exudate cells was measured in modified blind
:ﬁ well Boyden chambers using 13-mm Sartorius membrane filters. Varying
;% numbers of cells (1 to 2 x 106 cells/ml) were placed in the upper portion
:; of the chamber, with vehicle or cnemoattractant (CS5a) in the lower portion.
iE After incubation at’37°C for 4 hours, the filters were removed, rinsed in
'i methanol, and fixed in formalin until stained. They were tnen placed on
"‘ glass slides, stained with hematoxylin, rinsed, dipped in 0.1% NH, QH for 1
Et minute, and rinsed in distilled water. After processing through 95% etha-
i
“
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nol, absolute ethanol, and isopropanol, the filters were cleared in xylene,
mounted on glass slides, and dried. Using a Nikon microscope interfaced

with an Artec Model 980 Image Analyzer, 20 microgrid fields were counted.

Statistical Evaluation

If a one-way analysis of variance of the means shawed treatment ef-
fects, a Dunﬁett‘s T-test was performed (Dunnett, 1964). - Values which
differ from vehicle control at P < .05 are noted in the tables with an
asterisk. Each of the values in the tables is given as the mean + standard

Error (S.E.) of the mean.

RESULTS
Rangefinding Study

TCE was administered to males daily for fourteen days by gavage at
doses of 24 or 240 mg/kg,vwhich are 1/100 and 1/10 of the LDy As showﬁ
in Table 60, the humoral immune fesponse to sheep erythrocytes was inhibited
in a dose-dependent fashion, although the diffgrences are not statistically
significant at the P < .05 level. At the higg dose, AFC/10% cells were 65%
of control, and AFC/spleen were 68% of control. The cell-mediated immune
response to sheep erythrocytes was significantly inhibited in a dose-depen-
dent manner (Table 61). At the high dose, the stimulation index was 39% of

control.

Humoral Immune Responsa in Mice Exposed to TCE In the Orinking Water.

The humoral immune response to sheep erythrocytes was measured in male

and female mice following exposure to four different levels of TCE in the

AN
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@ TABLE 60

g . Humorai Immune Response to Sheep Erythrocytes
in Mice Exposad to Trichloroethyiene (TCE) for

Fourteen Days

[

N

o

» TCE N Body Spleen Weight .10° arcy/ Arc/10°

@ Weight (g) mg AB.W. Spleen Cells

3 Vehicle 10 30.8t0.6 183*s o0.59%0.02 3.ssf0.57 2613%419

> 24 mg/kg 11 29.6%0.5 172%¥9 o0.58%0.04 2.92%0.44 c140%f27s

:;d 240 mg/kg 9 29.4%1.6 187%15 0.63%0.03 2.63%0.58 1707%301

B Trichloroethylene was administered to male CD-1 mice by daily
gavage for 14 days. The vaehicle was 108 emulphor in deionized water.

> The mice were immunized with sheeap erythrocytes on day 11l and sacri-

P ficed on day 15 as dascriped in Methods. The values represent the

* mean + S.E. Antibody forming cells (AFC) per 10* nucleated cells and

. AFC per spleen are given. Values which differ from control at P < .05

i are notad with an asterisk in all tables.
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TABLE 61

Cell-mediated Immune Response to Sheep Erythrocytes
in Mice Exposed to Trichlorocethylene (TCE)
For Pourteen Days

T 2

TCE N Stimulation Index
Vehicle 12 ; 4.1820.30
"~ 24 mg/kg , 12 3.13;0.41"
& 240 mg/kg - : 12 1.63-0.25*
3 .
R CD~1 male mice, exposed to TCE as described in Table 1, were gensi-

tized to sheaep erythrocytes on day 10 and challenged on day 14.
Extravasation of -human sarum albumin was measured on day 15
and the stimulation index calculated as described in Methods. The
values represant the mean =~ S.2. and those which differ from contzol
- at P<.C5 are notad with an asterisk. The value for unsansitized

“ controls (ratio of left/right footpad) was 2.44-0.286.
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53 The hemagglutination titers to sheep érythrocytes are shown in Table
;f 64. The inhibition observed in females after four months' exposure was
:; apparent at the two highest doses. No inhibition was observed in males af
&2 either time or in females after six months' exposure.
W%
ii Cell Mediated Immune Response in MiceExposed to TCE in the Drinking Water
. The cell-mediated immune response to sheep erythrocytes was evaluated
:3 by the delayed hypersensitivity assay. As shown inTable 65, females exposed
to TCE for four months had a depressed stimulation index at all four‘doses,
- whereas only at the high dose after six months was the stimulation index
Eg depressed. There was no effect in males at either exposure time.
v Mitogenicity
ﬁj The response of spleen lymphocytes to the T-cell mitogen, Con A, and
i the B-cell mitogen, LPS, was determined in the animals expesed to TCE in
z ;é the drinking water for six months. The background respénse in medium
5 5 without mitogen is shown in Tabie 66 and appears to increase as a result of
g & TCE exposure, although only one value is significantly different from
3 éf control. This background is not subtracted from the mitogen-treated cul-
f
1d
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drinking water for four (Table 62) or six (Table 63) months. The response
was inhibited after four months' exposure only in females. On the peak day
of response, inhibition was n ted at the two highest doses; whether,ex-
pressed as AFC/spleen or AFC/lO6 cells. The inhibition does not appear to
be dose related and was no longer evident after six months' exposure ta the
two highest doses of TCE. There was also a significant inhibition in the
males at the lowest dose after both exﬁosure times, when enumerated on Day

4 after immunization and expressed as AFC/lOs cells.
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TABLE 62

Humoral Immune Response to Sheep Erythrocytes
in Mice Exposed to Trichlozoethylerne (TCE)
for Four Months

Day 4 Day 5
TCE 10° AFC/splaen APC/10° 10  'AFC/spleen AFC/10° cells
I. Males
Naive 2.6620.27 1534%159 1.11%0.11 577%99
Vehicle 2.53%0.24 18323306 1.16%0.11 773%161
0.1 mg/ml 1.74%0.28 7913183 1.3930.31 508%93
1.0 mg/ml 2.30%0.23 2063%224 1.16%0.15 637796
2.5 mg/ml 2.37%0.22 16223274 0.92%0.18 6715143
5.0 mg/ml 2.56%0.32 1921%312 - 0.96%0.07 s99¥es
II. Females
Naive 2.27%0.35 14262173 0.46%0.99 20654
Vehicle 1.93%0.08 20383154 0.55%0.08 272%67
0.1 mg/ml 1.36%0.07% 1718%231 0.50%0.04 313%36
1.0 mg/ml 1.97%0.18 1289335 0.57%0.05 323%56
2.5 mg/ml 1.23%0.15# 639100+ 0.51%0.05 257%4c
5.0 mg/ml 1.36%0.21% 7323129+ 0.41%0.04 24617

Trichlorocethylene was administered in the drinking water to male and

female CD~1 mice as described in Methods.

The naive group received

daionized water and the vehicle control group received 1% emulphor.
Immunization and enumeration of antibody forming cells

as in

N is 12 for vehicle,

(AFC) was done
7 for all other groups. Values
which differ from vehicle control at P<.0S5 are noted with an asterisk.
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TABLE 63

Humeral Immune Response to Sheep Erythrocytes
in Mice Exposed to Trichloroethylene (TCE)
for Six Months '

MR NS

LA

Day 4 . Day 5
AFC/10° cells

5\} .)\

S prd

v e e w e e @ W werwr e e

g  ICE 10® AFC/spleen AFC/10* cells 10° AFC/splaen
f .
» I. Malas
‘ ' +
3 Naive 1.39%0.21 17442116 3.26%0.63 2643%362
_A .
+ + + +
Vehicle 2.08=0.26 1813178 3.49-0.52 2936-235
“" i
\-“ . +
< 0.1 mg/ml 1.32%0.37 8907132+ 2.58%0.56 25722443
% 1.0 mg/ml 1.51%0.26 1498283 3.17%0.52 29973512
2.5 mg/ml 2.09%0.32 16123203 1.79%0. 44+ 1913%412
£ + + + +
LS 5.0 mg/ml 1.4230.27 1186-213* 1.84-0.32* 1772<293
ﬁ I1I. Females
Naive 1.99%0. 45 210375086 1.99%0.16 19583160
\1
L"
v}  vehicle 2.28%0.33 1952%274 1.64%0.34 1515% 248
g 0.1 mg/ul 1.53%0. 46 1209%353 1.44%0.20 14333174
A
L :
1.0 mg/ml 2.29%0.59 1680%347 1.14%0.28 1128%223
-, + + + - +
;;-‘ 2.5 mg/ml 1.52%0.29 130435209 1.0250.13 9787150
. 5.0 mg/ml 2.17%0.53 16617380 1.12%0.18 11583206
o’ |
Trichlorocethylene was admip .st2red in the drinking water to male and fe-
Q male CD-1 mice as describr-i in Methods. The naive group received deio-
tx nized water and the vehi.le control group received 1% emulphor. Immuni-
zation and enumeration. of antibody forming c¢ells (AFC) was done as in
¥, N is 12 for vehicle, 7 for all other groups. Valuaes which
g differ from vehicle control at P<.05 are noted with an asterisk.



144
TABLE 64
Hemagglutination Titers in Mice

Exposed to Trichlorocethylene (TCE) for
Four or Six Months

e )

it ol o)

} AN ¥

Males Females
I. TCE N  Log 2 Titer N Log 2 Titer
Four Months Naive 14 9.18%.29 14 10.61%.29
Vehicle 25 .8.842.13 25 9.96%.25
0.1mg/ml 15 8.59%.12 15 10.26%.30
l1.0mg/ml 15 - 8.72%.19 15 9.46%.24
2.5mg/ml 15 8.68%.13 14 9.11%.21#
5.0mg/ml 15 9.12%.11 15 g.59%. 18+
II.
Six Months Naive 14 8.75%.17 14 8.25%.16
Vehicle 23  8.59%.22 23 s8.ssl.i3
0.lmg/ml 15 g.92%.25 15 8.72%.16
1.0mg/ml 15 9.59%. 36 15 8.06%.13
2.5mg/ml 15 9.19%. 29 15 8.25%.24
5.0mg/ml 18 8.27%.19 15 8.46%.19

Hemagglutination titers to
scribed in Methods and are expressed as 1032
the dilution shown not to agglutinate.

sheep erythrocytes were determined as de-

>f the reciprocal of
Values are mean +S.E. and

those which differ from vehicle control at P<.0S are noted with an

asterisk.
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TABLE 65

Call-mediated Immune Response to Sheep Erythrocytes
in Mice Exposed to Trichlorocethylene (TCE)}
for Pour or Six Months

Males Females
I. TcE X st ¥ sz
Fou: Months Naive 15 2.85%.36 15 4.s54%.s9
+ ' " +
Vehicle 19 4.04~-.40 20 5.41-.43
0.1 mg/ml 15 2.99% 34 15  3.00%.s50+
1.0 mg/ml 15 3.16%.30 15 3.82%.60+
2.5 mg/ml 14 4.83%.70 15  2.60%.32+
' 5.0 mg/ml 15 4.13% .58 15 2.36%.20%
. II.
Six Months Naiva 12 3.423.61 13 3.71%.4s
Vehicle 19 4.32%.28 18 4.497%.33
0.1 mg/ml 12 3.92% .33 15 3.76%.35
1.0 mg/ml 14 3.17%.33 14 3.68%.27
]
Y, + .
‘ 2.5 mg/ml 14 3.90%. 35 13 3.30% 41
- , 5.0 mg/ml 20 4.43% 42 17 1.38%.53%

Trichloroethylene was administered in the drinking water as described
in Methods. . The naive group received deionized water and the vehicle
grouw 1% emulphor. The Stimulation Index (SI) was calculatad as in
Values for unsensitized controls were 2.10 for 4 month males,

-

1.61 for 6 month malas, 2.50 for 4 month females, and 1.67 for & month
females.




TAEBLE 66

Lynphocyte Responsiveness in the Absence of
Mitogen Using Spleens from Mice Exposed to
Trichloroethylene (TCE) for Six Months

‘ Males ‘Females

TCE N IUDR (cpm) 1 IUDR_(cpm)

Naive . ' 15 744031173 15 s571s¥ss2

Vehicle 23 48561147 23 go4s¥s12

0.1 mg/ml 15 . 3662%496 15 g025%641

1.0 mg/ml 15 6137%808 15 52272360

2.5 mg/ml 1s 61203716 15 11820%2403

5.0 mg/ml 20 1051631084+ 15 ' 1072221692

Spleen lymphocytevresponsiveness was estimataed from uptake of lzsi-IUDR

as described in Methods. The values represent the mean cpm +S.E. for
the number of mice indicated, aach mouse having six replicate measure-
ments. Values which diffa2r from vehicle contzrol at P<.05 are notad by
an asterisk.
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tures. Data on the mitogen response for maies is given in Table 67 that
for females inTable 68. In neither sex was there an effect on splenic

lymphocyte responsiveness to these two mitogens.

Assessment of Bone Marrow Function

The ab111ty of bone marrow stem cells to form colonies in sem1-so]id
medium was used as one parameter fur assessment of bone marrow function in
mice receiving TCE in the drinking water (‘Iable 69).

In females, the'abi1ity of stem cells to'colonizé was significantly
inhibiteq at all doses at both thg four;and six-month exposure times. In
males, aithough the values at four months are significantly decreased in‘
the treated groups, this may be due to a high vehicle value,\since the
naive value is also significantly lower than the vehicle. After six
months' exposure, the values from the three highest treatment gréups are in
fact higher than vehicle control.

ONA synthesis, estimated by uptake of lzsl-ir‘tdeoxyuridine, was used
as another assessment of bone marrow function. This déta is shown in Tahle
70. The only effect which appears to be related to treatment is a slight

‘stimulaticn of uptake observed in females after four mon*hs' exposure.

Macrophage Function

Specific macrophage functions were assessed in mice exposed to TCE in
the drinking water. Data on recruitability of peritoneal exu&ate cells is
shown in Table 71 The number of cells recruited by thioglycollate was
reduced in males exposed for four months but not six aonths. Recruftment
was generally unaffected in females, although two vaiues are higher than
the control in the & menth animals. Adherenca of recruited cells ( Taple

72) was markedly depressed in males after four months' exposure, although
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TABLE 67

Lymphocyte Responsiveness to Concanavalin A

(Con A) and Bacterial Lipopolysaccharide (LPS)

‘ Using Spleens from Male Mice Exposed to Tri-
chlorcethylene (TCE) for Six Months

3

ICE N Con A (lug) | R LPS (Sug)
g Naive 15 - 10s0s59%4006 15 77284%4885
:; Vehicle | 23 842787559 23 71081%6031
2 0.1 mg/ml 1s . 77008%13028 18 64363710304
,3:Q 1.0 mg/ml 18 9091728158 15 8654235344
& 2.3 mg/al 18 8007037217 15 7535935106
' s 5.0 mg/ml 20 107903%5279 20 8050034473
o TCE ). ] Con A (Sug) N LPS (20uq)
¥ Naive | 18 12035974701 15 6724074945
-i' Vehicle 23 11706137506 23 6676376302
0.1 mg/ml 1s 97073%16103 18 5880729563
w : + +
2 1.0 mg/ml 15 132190%6050 18 8106534219
2.5 mg/ml 15 10714935189 13 7442325631
E 5.0 mg/ml 20 12679624125 20 77584%4474
g TCE ] | Con A_(20uq) N LPS (40ug)
Naivae 15 110116%6390 15 6224224534
E Vehicle 23 '87742%8748 23 e1680%6249
o 0.1 mg/ml 15 3150315667 1S 5785439472
ot 1.0 mg/ml 15 12677539673 15 78808%5066
% 2.5 mg/al 15 91616%10708 15 6532235899
5.0 mg/ml 20 115077%7934 20 7397135657

B2

The values represent the mean + S.E. calculated as follows:

? total cpm % cpm on day 0 . Calculation enclosed in
s 6 cpm on day of assay

parzpthesis corracts for decay over counting period.
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TABLE 68

Lymphocyte Responsiveness to Concanavalin A (Con A) and Bacterial
Lipopolysaccharide (LPS) Using Spleens from Female Mice Exposed to

o p—
Naive
Vehicle
0.1 mg/ml
1.0 mg/m]
2.5 mg/ml
5.0 mg/ml

ICE
Naive
Vehicle
0.1 mg/ml
1.0 mg/ml
2.5 mg/ml
5.0 mg/ml

The values represent the Mean

Trichloroethylene (TCE) for Six Months

N
15
23
15
15
15
15
.
15
23
15
15
15
15
N
15
23
15
15
15
15

Con A (1 uq)

611398484
69459 27586
75171 29084
68148 H4972
611367710
8031517439

. Con A (5 uq)

106262 29291

99649 =6921
80760 %8851

110674 25951

6555028487
95520327461

Con A (10 uq)

7461129967
8326223382
8125229577

830606727

6155423550
90586 3657

z S.E., calculated as described in Table 67.

=

23

15

15
15
15

15
23
15

15

15

- 15

15
23
15
15
15
15

LPS (5 u

42476 5734
447113696
48566:4690
40882 13327

3550724677

4767224416
LPS (20 uq)

42673+5631
468012980
46491x4340

3778023545

3933225294
489754471

LPS (40 uq)

44750=5911
4795322929
49043=4731
38722+3567
37268=5296
4972724581

---------
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) TABLE 69
P
,l
P : ‘
Bone Marrow Stem Cells in Mice Exposed to
g Trichlorcethylane [TCE) for Four or Six Months
v Males Females
E I. TCE X Colonies N Colonies
¥  Four Months  Naive 12 159%ae . '14 18937
¢ » '
Vehicle 25 21523 26 213%s
- | '
‘.a 0.1 mg/ml 14 1837 13 17633+
% 1.0 mg/ml 15 189%6» 12 15934
b o
2 2.5 mg/ml 14 17825e . 14 15475
a | 5.0 mg/ml 15 18434+ | 15 140369
) II.
W Six Months Naive 13 16532 15 222:3
~ Vehicla 23 170%2 23 229%2
| . _+
0.1 mg/ml 14 177-2 14 205=-2"
11 ’ .
R 1.0 mg/ml 15 19622+ 14 19431
. 2.5 mg/mal 14 19732 11 17823 ‘
. 5.0 mg/ml1 20 20431+ | 13 1692
. .
o The formation of colonies was used to enumerate hone marrow stem calls
as described in Maethods. Valuaes aras colonies/lo5 cells and are ex-
| pressad as the mean - S.B., thosa differing 3t P<.05 being anoted by an
ﬂ: asterisk.
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TABLE 71

Recruitment of Peritoneal Exudate Cells in Mice Exposed to
Trichlorcethylene (TCE) for Four or Six Months

Sl S5 MR OfC B

TCE - 4 Months . 6 Months . 4 Months 6 Months
. Naive 827 W3 26 + 3 1522
& vemcre | s0:tg  18:4 18 £ 4 w02
g Olmml 294 19t 224 18 = 1
Y 1.0mgm 264+ 1922 17 £2 213
f 2.5 mg/m 18 * 3 214 23t 4 25 = g%

5.0 mg/m1 22 £ % 21 £ 4 26:7. 26z

L 4

a3
A

f

Cells were recruited by injection of thgoglycol1ate seven days prior to sacrifice
as described in Methods. Values are 10° cells/mouse and are expressed as

Mean t S.E., (N=10), and those which differ from control at P < .05 are noted
with an asterisk.
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TABLE 72

Adherence of Peritoneal Exudate Cells
in Mice Exposed to Trichloroethylene (TCE)

for Four or Six Months

Males Females
TCE 4 Months 6 Months 4 Months 6 Months
Naive ' 18.6+5.6 5.2+0.9 14.0+2.8 4.5+0.3
Vehicle 19.5+7.0 7.6+1.8 9.6+2.5 4.8+0.8
0.1 mg/ml . 11.0+3.9 not done 14.8+1.8 7.9+0.7%
1.0 mg/mi 6.1+0.5* not done 14.0+2.5 6.5+1.0
2.5 mg/mi 3.8+0.3* 3.6+0.5 8.6+0.9 9.6+1.2*
5.0 mg/ml 4.3+0,5* 5.0+1.4 6.4+1.0  9.9+1.3*

Adherence of thioglycollate recruited cells was measured as described
s .
in Mathods. The values are 10 cells and are‘expressed as the mean + S.E.
(N=5), and those which differ from vehicle at P<.05 are noted with an

asterisk.
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Lf gg the degree-of depression after six months was not evident. Again, a slight
increase was seen in the females after six months' exposure. There were no
il ' consisteﬁt dose-dependent changes in chemotaxis (Table 73). The data on
;Sz phagocytosis of sheep erythrocytes by macrophﬁges recruited from mice
¢ exposed to TCE for 4 months is shown in Figure 32(males) and Figure 33 '
fj | (females). There was a stimulation at one dose in males and at two doses in

females. There were no differences observed after six months' exposure

e ;j (data not shown).
o -
. Discussion
: Eg The toxicological effects (other than immune) of subchronic 1l4-day

exposure to TCE by the oral rcute were generally negative, slight hepato-
hegaly being the primary effect (Tucker et al., 1980). However, in the
14-day range finding study using male mice, -both humoral and cell mediated

immunity were inhibited in a dosedependent fasﬁion (Tables 60 =61 ). A

ES more detailed evaluation of the’immune stafus was therefore conducted on
i mice exposed to TCE in the drinking water for four and six months. In
o -+ these studies, it is important to note that sensitization to tﬁe antigen,
53 ' ‘ sheep erythrocytes, took pléce during the TCE exposure period.
The humoral immune response, as measured by enumeration of spleen
;E antibody forming cells and hemagglutination titers, was inhibited in female
‘s mice; however, this suppression was no longer evident aftér ;ix months'
2 exposure. Possible peak suppression occurred earlier in the expcsure
;§ period with some form of tolerance occurring by the‘éixth month. The males
” showed a slight inhibition of antibody forming cells/spleen after 6 months
o 28 exposure. However, this suppression was not demonstfated with the hemagglu-
3 x ‘ tination titers. It should be noted that the baseline hemagglutination

P T E R R R Y “ v e e wieswmoe wrw N W w A mL e, M S mtA R % ACTS wTEcta tmtateTaece
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I. Males

TcE

Naive
Vehicle
0.1 mg/ml
1.0 mg/ml

2.5 mg/m]}

5.0 mg/ml

I1. Females

TcE

Naive
Vehicle
0.1 mg/ml
1.0 mg/ml

2.5 mg/mi

5.0 mg/ml

Chemotaxis of Recruited Peritoneal

Exudate Cells in Mice Exposed
to Trichloroethylene (TCE) for

4 Months

Control

8.4+2.9
9.5%2.3
7.5¢3.0
7.7%3.9

13.0%4.3

not done

4 Months

Control

5.0+0.8
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TABLE 73

Four or Six Months

.2
15.0+1.8
24.1+5.3
29.2+2.2
58.3+7.8*
not done

+(5a

12.8+1.7
19.0%2.3
12.4%1.9
10.5%1.5
21
8

23.3%3.
11.3%2.

6 Months

Control

&

00 WM
00 b B 0 L
W~
ryggg
NLWWOOND

+

6 Months

Control

8.2+1.0

11.3%1.6
7.5%1.3

10.2%0.9
5.5%1.0%
7.9%2.6

+(%a

29.7+3.
42.0%5.
20.0%4.
41.0%0.
20.3%2.
27.4%4.

+CS5a

38.8+8.
42.3%5,
30.0%2.
42.3%5.
39.2%4,
55.6%9.

WLWOWLOo

00N~ W

Chemotaxis was performed on thioglycollate--recruited cells as described
in Methods, using Boyden chambers with and without the chemoattractant C5a.
The values are .number of cells per field and are expressed as the mean +
S.E. (N=10), and those which differ from vehicle at P<.05 are noted by an

asterisk.
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FIGURE 32
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Phagocytosis by recruited peritoneal exudate cells from male mice.
exposed to_trichloroethylene (TCE) for four months. Phagocytosis:,af
opsonized 31Cr-lahelled sheep erythrocytes was measured as described
in Methods. The bars in the figure represent cpm/105 cells after incubation
for 10, 20, 30 or 45 minutes. The concentration of TCE is indicated as
D1 for 0.1 mg/ml, 02 for 1.0 mg/ml, D3 for 2.5 mg/ml and D4 for 5.0
mg/ml. Only the vehicle control was assayed.
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FIGURE 33
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Phagocytosis by peritoneal exudate cells from female mice exposed to
§§ichloroethylene (TCE) for four months. Phagocytosis of opsonized
Cr-labelled sheep erythrocytes was measured as described in Methods.
The bars in the figure represent cpm/10° cells after incubation for
10, 20, 30 or 45 minutes. The concentration of TCE is indicated as
D1 for 0.1 mg/ml, D2 for 1.0 mg/ml, D3 for 2.5 mg/ml and D4 for 5.0
mg/ml. Only the vehicle control was assayed.
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titers were decreased 30% and 80% for males and females respectively be-
tween the fourth and sixth month. Lymphocyte response to the 8 cell mito-
gen, LPS, was not altered after four or six months' exposure. Thus, the

humoral immune suppression to TCE was most markedly manifested in female

mice after four months' exposure using spleen antibecdy forming cell res-

ponse as the indicator.

Ce11.mediated immunity, measured by delayed hypersensitivity response
to sheep erythrocytes, was markedly suppressed in the females after four
mdnth;‘ exposure, but not after six months; whereas the males were unaf-
feéted at both exposure times. This :1bsence of an effect in males is in
contrast to the 67% inhibition seen in the subchronic 1l4-day gévage study
(rahle: 61). 'Two factors must be considered in this data. First, exposure
in the 1l4-day study was by daily gaQage. Here, the bolus of TCE is adminis-
tered and the kinetics of absorption, metabolism and excretion are, without
a doubt, quite different from semi-continuous self administratien. Se-.
condly, the exposure time is an important variable. Tﬁe subchronic four
and si* montfi exposure allows time for the induction of TCE metabolism,
excretion of the chemical, and a recovery of the biological (immune) ef-

fects. There was no marked effect on the hepatic microsomal parameters

(Tucker et al., 1980), but the metabolism of TCE was not studied. Lympho-

cyte rasponse to the T cell mitogen, Concanavalin A, was not affected in
either sex at either exposure time perjed. This suggests that the proli-
feration capacity of the T lymphocyte is intact and the possibility that
the TCE induced suppression of c211 mediated immunity is on the effector
arm of the response. In ongoing studies, we are measuring the popliteal
lymph node proliferative capacity during the delayed hypersensitivity

responsea which should provide additional information relating to the site

of action.
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The bone marrow was another target for toxicity in female mice. TCE's
effect on the monocyte-granulocyte progenitor cells was present after four
and six months' exposure. The effect was dose dependent and, although not
a remarkable effect, may have caused 3 reduction in the number of functions
of the monccytes needed for the integrity of the immune responses. The
status of the progenitor cells in males, though showiqg some statistical
changes, are not considered of biological consequence because the vehicle
vglue is significantly different from naive mice, the lack of dose depen-
dence, and the smgl] diffrerences seen.

Specific macrophage functions were generally unaffected by subchronic
TCE exposure. Although the number of recruitablie peritoneal exudate cells
was reduced in the males after exposure for four months, the vehicle
exposed group is out of line with our histarical controls. Fiedler et al
showed that increased chlorination of the water decreased the number and
tumoricidal activity of recruitable peritoneal exudate cells. This does
not appear to be the situation with this ch]oriqated &hemicaT. Of the
recruited cells from male mice exposed for four moaths, thgré was a reduc-
tion in the number of cells that could adhere to plastic. There were no
consistent changes in the recruited cells' ability to move either'randcmly
or directed towards a chemotactic factcr. Similarly, there were no consis-
tent changes in the phagocytic activity of the adhered peritoneal exudate
cells. The data from the peritoneal cells generally appears normal and
does notf support the decrease in bone marrow progenitor cells. It may be
that the sensitivity of the recruitment and adherence data is not suffi-
cient to support thevmodest changes seen in bone marrow progenitor cell

number.
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Although the effects of subchronic oral exposure to TCZ on the immune

system are not remarkable, even at the highest doses employed in this

study, this system represents a iarget for this chemical. The effect of
TCE on the immune system is consistent with effects of other chlorinated

hydrocarbons which have been shown to affect the immune system (Loose et

PO AR

ey
iy B

al., 1979). The females are especially sensitive to TCE, and suppression
of certain immune parameters, particularly spleen antibody forming cells to
sheep erythrocytes, is time related in that the effects are more pronounced
aﬁ four rather than at six months. The males wefe relatively unaffectad by
four or six months' exposure as compared to the 1l4-day range finding study.
This immunosuppression demonstrated by the females is interesting in light
of the recent work done by Henschler et al. (1980). In these experﬁments
the aminebase stabf]ized trichlorgethylene promoted the development of
lymphomas in random—bredvfemale mice exposed via longterm inhalation.
The data presented in this and previous reports demonstrate the feasi-
bility of a broad based immunotoxicological assessment of effects of oral
administration of a relatively water insoluble and valatile environmental
chemical using a random~bred mouse. Although this experimental animal
presents variability problems in the immune assay, it provides a bridge to
the random-bred rat used in most toxicclogical studies. Future reports

will describe the effects of other environmental chemicals.
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D. GENERAL TOXICOLOGY OF DEXAMETHASONE

Introduction
Dexamethasone, a gift from Merck, Sharpe and Dohme, was selected as the
known immunosuppressant agent for these studies. It has been used as an anti-
inflammatory agent in man for over a decade, and its immunosuppressant effects
in rodents are well established. .
The stability of the disodium phosphate of dexamethasone (Sa- Tuoro-16a-
methylprednisolone) was assessed using high pressure 1iquid chromatography.
The stability tests were performed because the subchronic 30-day exposures were .
in the drinking water and the solutions were changed twice weekly. The maximum
loss of dexamethasone over the four-day period was 34% at the lowest ccncentra-
tion tested, and 8% at the highest concentration tested. The results of one
of these studies are shown in Table 74.

Acute Toxicity \
 Acute toxicity studies were performed on CD-1 male and female mice using a
singlé gavage. These mice survived 1 g/kg dexamethasone. We have chosen not
to give higher doses because the information gained would not relate appreci-
ably to the exposure by drinking water. Information provided by Mercke, Sharpe
and Dohme indicated the LD50 to be about 600 mg/kg. We do not know how to re-
concile this difference except to suggest that the mice were from different
sources. ‘

Subchronfc 14-Day Exposure ‘ ‘

Two subchronic experiments were set up whereby mice‘were exposed to dexa--
methasone in the drinking wacer . In the first experiment, five concentrations
from 0.3 pg/ml to 10.0 ug/ml were used. Bcdy weights were measured five times
over the 2 week period and at the end of the exposure period organ weights and
leukocyte counts were determined. Table 75 shuws body weight aata from mice
weighed on days 0, 4, 8, 11 and 15. Mice dosed at 2.5 and 1.0 ug/ml showed
significant weight loss toward the end of the exposure period.

Table 76 represents data collecied on the organ weights from these mice.
The data are expressed as percent body weight. Spleen and thymus weights were
significantly decreased as compared to contrnls in a dose response marner; the
higher the dose of dexamethasone, the smaller the spleen and thymus. Surpri-




i ‘ TABLE 74
Stability of Dexamethasone Phosphate in Deionized Water

. DAY 0 DAY 1 (24 hr) DAY 2 (48 hr) DAY 3 (72 hr) DAY 4 (96 hr)
g& Peak Peak Peak Peak Peak
- Sample Conc Height Conc Height Conc Height Conc Height Conc Height
Number (ug) (cm) (ug) (cm) (ug)  (cm) (ug@) (cm) (pvg)  {cm)

0.29 4,25 0.25 3.70 0.23 3.39 0.22 3.15 0.19 2.92
0.52 7.30 0.47 6.70 v.44 6.38 0.44 6,37 0.42 6.09
0.71 10.00 0.69 9.45 0.64 9.04 0.63 8.97 0.60 8.58
0.91 12.80 0.84 11.80 0.32 11.64 0.82 11.54 0.79 11.15
1.23 16.90 1.14 16.00 1.10 15.60 1.10 15.60 1.06 14.90
1.29 18.10 1.24 17.40 1.24 17.40 1.23 17.30 1.20 16.90
1.50 20.00 1.42 19.90 1.43 20.00 1.40 19.70 1.38 19.40
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o g TABLE 75

Body Weight (in grams) of Female CD-1 Mice Exposed to "examethasone

m in the Drinking Water for Fourteen Days

% DAYS

v Group /] 7 8 11 15

” -

™ Vehicle 26.4 2+ 0.7 28.2%0.6 27.9*0.6 28.8+%0.6 28.7%0.5

- 0.3 ug/ml  27.4 204 27.9#0.6 28.7#0.6 28.7+05 27.9+0.5

<« 0.6 ug/m!  27.8 % 0.5 28.9%0.,6 28.9%0.6 29.1*0.4 28.7%0.4

. 1.25 yg/m!  28.0 + 0.5 28.2 +#0.5 27.8+0.4 27.8%0.4 27.2+0.4

5; 2.50 ug/ml 274 ¢1.1 27.2+0.9 25.9+1.0 26.0%0.9 24.91.0*
10.00 ug/ml 27.9 # 0.5 27.3 #0.6 25,5+ 0.6 25.4 + 0.6 23.0 # 0.8*

Values (in grams) represent the mean * SE derived from 5 mice per group. Those
) values which differ significantly from the vehicle control at p < 0.05 are
i noted by an asterisk.
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€§ TABLE 76
-~ ‘ : '
Organ Weights as Percent of Body Weight and Leukocyte Counts of Female

ii CD-1 Mice Exposed to Dexamethasone in the Drinking Water for Fourteen Days
3{ Group Spleen Thymus Leukocytes
- (% body weight) (% body weight) (x 103/mm3)
gs Vehicle 0.54 + 0.02 : 0.26 £ 0,02 - 10.8 £ 1.3

] 1.3 ug/m 0.56 + 0.04 0.25 + 0.02 12.7 + 1.0
o 0.6 ug/ml 0.48 + 0.02 0.22+0.02 13.0 £ 0.8

' 1.25 ug/ml 0.39 # 0.02* 0.19 + 0.01* 9.8 + 0.8

$ 2.50 ug/ml 0.30 = 0.02* 0.10 = 0.01* 8.3+1.0

) 10.00 ug/ml 0.19 # 0.02* 0.10 * 0.01* 7.7+ 1.3

Values represent the mean * SE derived from 5 mice per. group, TﬁOSe valias
. which differ significantly from vehicle control at p < 0.05 are noted ny an
. asterisk.
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- singly, no significant changes were observed in leukocyte counts.

»
- A second study was performed using concentrations between 1.25 ug/ml and
i! 0.1 ug/ml. Table 77 summarizes the data. The mice receiving 1.25 ug/ml in the
drinking water did not gain weight at the same rate as the cuntrols (Table 75).
N The only dexamethasone-induced organ weight change was a reduction in spleen
53_ weight. Thymic involution did not occur in this experiment at the 1.25 ug/ml
level. In the first experiment, the thymic weight was decreased 26%. Pased on
5! the hody and organ weight data, the concentration in the drinking water between
) 1725 ug/ml and 2.5 pg/ml shculd produce effects. Table 78 shows the hemato-
: §£ logic data on mice exposed to dexamethasone. There were no effects that were

statistically different from controls. If the number of mice per group had

;; been larger, a statistically significant decrease in leukocytes might have

v occurred. Mice exposed to dexamethasone had a higher microsomal protein con-
! :} tent per gram of liver (Tables 79 and 80). Mice exposed to 0.6 ug/ml and 1.25

d ug/ml had a 34% and 49% increase in micrcsomal protein. No other parameters

oy . were altered.

g: Based on these two range-finding studies, the concentrations of dexametha-

. sone in the drinking water for the 90-day study were set at 0.2 ug/ml, 1.0

ii ug/ml and 2.0 ug/ml. This study provides a poéitive control for all the in

vitro studies and provides a ro observable effect level and a pronounced effect
S level. ' '

Subchronic 90-Day Exposure

The data on consumptic., of dexamethasone by the mice are shown in Table 81,
Only the male mice showed a decrease in fluid consump*ion. ’lice with 2.0 ug/ml
dexamethasone in the drinking water consumed 45% and 36% less fluid when calcu-
lated as ml/mouse/day and ml/kg/day. The calculated time-averageu doses deli-
vered based on fluid consumption and body weights over the 90-day exposure
period were .04, .22 and .39 mg/kg for males and .04, .22 and .44 mg/kg for
the females,

Dexamethasone produced a dose-dependent retardation of growth for both
males and females. The effect on growth rate is more difficult to assess, but
it appears that the plateau phase of growth occurred earlier in the dexametha-

[N

RS

-

.

‘\"l
I‘l-

|7 3Ty

W'

sone-exposed groups. The changes in body weights over the 90-day period are
shown in Table 82. The females appeared to be slightly more sensitive to the
body weight changas than the males.

[

.............



100

Number
Mice
5
5
5
5
5

ment

e (PR TR E ] ™77 OV Oy ) W T NNM o =t < D WS v .
m NODOOO HOOOQOO Hoooo MOoOOOoOO OOOOO Mk
......................... v
numo OO0 O0D OO0 OO0 O0OO0OO0OoOO OO0 O w..m.. :
-—
M."m t HHHHH t HHHHH t HHHHH 1 HHHHH T HH %.mm.
. o oz NN M NIN <} €D oy~ OVI~NMMOYM N 00 r4w < Mot > wv
. m. O <t ot wm —~ oM< 100 DO NM N WO NG — .
......................... 1w :
.ﬂw o NOCQOQQ NO QOO MOOOO NOO OO NOOOO V.m ’
L] a ‘.
1) = v Dy R
(%) % o .0
= o + NSO NW T M~ MmO MAND g MU OMSNMNOASG N ™~ <t W)W N o
x | = .m- ONOOOO OMOOOO ONOOOOCO rMTNOODOO ODOriOO0O0C0O Tl.Mw
e R e e e e e e T s s e % 8 & . & » s+ s o & e s e e e o s a2 s a4 e e
ﬂ.. bnn .ﬂ OOOODOQ QOO OO0OO COOOO0OO ODOO0OOOO OOO0OOCOO ..m
m ﬂ N=xE HHHHHH HHHHHH HHHHHH HHHHHH HHH A MM m_vn
[ ] > <t W o) Qi W0~ O NMMMry {8 TN MMAO, o
Q - .W NSNS N™Mm O OWw ™ < NSNS Mt QO NG WOoMuUn N 00 N <t W.‘M
~— =y Q1 s e e e e e % 2 e e & & 4 e & & & 4 e e e & e &« 4 2w e e e
m or- o . HNOOO™ HINoOOOr+ HUNOO O Hnooom™ HNOOO~ ¢
(7] ] v O
(79 [ = [= SN
Q .
o (7] x x w v
[ =4 .“ud m OCWVNMNNO NN WD O NMMO QNN MO ~NWOtONO 1&0.
o= . ¢ & « * 2 &« s s e & e v e w2 e e 4 e e a4 e e ..
— + . B NN ~HWwWINn QOO M~ WO~ WO MRNRNOO NNO N < <+ E .
.nauu QU N’ 4 QO rf i s ~ W rfr 4 4O~ - r <t —~ m.f_m
--H W m m HHHHHH HHHHHH HHHHHH HAHHHHH HoH M 4]
. ™
™ ] e s & e« & "¢ e 2 e € 5 s 4 ® ¥ e e & @ a4 e s 2 e e e e o e o«
& o Q Mt N WMo W rd N~ o~ <Nt DO M MM NONrd E
<C o x NN~ ~WN WO oYW ™M <t W0 O (] M W0 oYY < ™~ 4 OY O <t O W
- (7] 2 <t ) rd ™ < NN ™ <t ) (2] < N rd [12) o 4 o [ 5 3
4+ 4 i : 4 L) . — Y
£ v j«
on > (%) v w n n T m
o [ =4 v > [ " D> [ = > [ X [ c (LI Q +2
Q (=] c cC%.Qwm3w CcCtOwnIY [~38 S TR =) CE PV IOQ® CL-owIIe >
x4 [ 1eean -~ QU U OE C - 0 O ODE C -~ @O @ OE C - QU O NE C o
| o o o > C © o >— C 20U W >r— C 220 m > C NUO w>— C XU - @
c Y | S o QT3 LD [ RSN » W= B =g e QT L e v O T Lo e Q3O L Q —
ﬁ .w.. o m - V) - 00 J V)t =N mdWw - [+ QRN RV, IR S v mdwn T v
[ | w o
(=] 3 v
o >
© . + x +
c £ wy (=] ™~ n ~ 41}
) | [S)] ~ ™ [Ts] wn o c c
(=] ~— . . . o +
>y Y= @ ~~ @
o O + +H H + hal E E
Q ) S~ o
o o] [T} Py aQ [ w (3] [ea] Q
w Re) . . . L2
' Q T2} wn un ™ o~ re]
Q. o o~ o~ o o~ N ty
aof =
[T =
w
[
tn o
o
[Tl
- =
o™
v)
[T
=
— %
o @
> 4~
GYou
o
o

0.1 pg/ml
0.3 pg/ml
0.6 pg/ml
1.25 pg/ml

Treat~
Vehicle




167

TABLE 78 ~

Effects of Fourteen Day Exposure to Dexamethasone in Drinking Water

on Hematological Parameters in Weanling Female Mice

. Hematocrit Hemoglobin Erythrocytes Leukocytes Platelets

Treatment ) (g%) (x 108/mm3) (x 103/mm3) (x 105/mm3)

Vehicle 40.6 + 0.5 12.6 £ 0.2 12.20 t 0.68 9.59 + 1.60 1.55 ¢ 0.13
(s) (5) (4) (4) (5)

0.1 ug/ml 41.0 + 0.6 15.0 £ 2.0 13.43 £ 1.2 11.63 £ 1.60  1.66 * 0.11
(3) (3) (s) (3) (3)

0.3 pg/ml 38.0 £ 1.4 11.0 = 1.0 12.67 £ 1.2 7.50 + 1.34 1.48'1 0.22
(5) (5) (5) (5) (5)

0.6 ug/ml 41.4 + 0.9 13.6 £ 0.3 13.68 + 0.76 8.10 + 0.49  1.92 + 0.13
(5) (5) (5) (5) (5)

1.25 yg/m1  41.8 £ 0.6 1.7 £ 1.0 13.56 £ 1.1 6.15 + 0.77 2.10 : .29
(5) (5) (5) (5) (5)

Values represent the mean + SE derived from the number of animals per group indi-

cated in parentheses.

The vehicle was tap water.
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TABLE 79

Effects of Fourteen Day Exposure to Dexamethasone in Drinking Water

3 B

on Hepatic Microsomal Hemoprotein Content in Weanling Female CD-1 Mice?@

=
.
i Microsomal Cytochrome - Cytochrome Cytochrome Cytochrome
N Treat- Protein P450 be . P450 , be o
ment (mg/g liver) (nmo]/mg) (nmol?mg) ‘ (nmol/g) (nmo1§g)
: a: . |
‘{, bt Vehicle 20.6 + 0.8 0.629 + 0.071 0.516 + 0.038 12.9 ¢ 1.1 10.6 £ 0.5
b i& 0.1 pg/ml  26.2 £ 2.0 0.598 + 0.040 0.483 + 0.015 15.6 + 1.5 12.6 £ 0.7
‘ 0.3 yg/ml1 26.6 £ 1.2 0.755 ¢+ 0.029  0.464 + 0.037 20.1 £+ 1.3 12.3 £ 0.8
- . - o .
DY C.6 ug/mt  27.9 + 1.9% 0.741 £ 0.071 0.412 + 0.038 ° 20.6 £ 2.2 11.5 = 1.4
™ 1.25 pg/ml 30.7 £ 1.2* 0.662 + 0.090 0.417 + 0.032 20.7 £ 3.6 12.9+ 1.4
. @ Values represent the mean t SE derived from 5 animals per group. Those values
oY which differ significantly from the vehicle control (tap water) at p < .05 are noted
o by an aster1sk
'i bnmo1 cytochrome P450/mg microsoma] protain
- .

nmol cytochrome bs/mg microsomal protein
If drmo1 cytochrome P450/g liver wet weight

®mo1 cytochrome bs/g Tiver wet weight

Lo
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TABLE 80

Effects of Fourteen Day Exposure to Dexamethasone in Drinking Water

on Hepatic Microsomal Enzyme Activity and Glutathione Content

in Wean1ihg Female CD-1 Mice?

Aniline Aminopyrine Aniline Aminopyrine

Hydroxylase N-Demethy]asec Hydroxy]ased N-Demethy]asg Glutathioge
Treatment (nmol/mg/min)” (nmol/mg/min)~ (nmol/g/min)~ (nmol/g/min)~  (3mol/g)
Vehicled 1.60 £ 0.16 11.30 £ 1.17 32.9 + 2.1 231 £ 16 5.35 + 0.31
0.1 yg/m1  1.57 £ 0.11 9.98 + 0.66° 41.2 + 4.0 259 + 15 5.63 + 0.25
0.3 pg/m1 1.50 £ 0.14 9.02 + 0.69 39.8 £ 3.5 239 + 19 6.09 + 0.32
0.6 yg/ml  1.64 £ 0.03 8.74 + 0.48 45.0 + 3.1 242 + 12 4.52 £ 0.12
1.25 pg/ml  1.56 % 0.09 8.69 ¢ 1.06 48.0 + 3.8 269 + 39 5.28 £ 0.22

dvalues represent the mean * SE derived from 5 animals per group.

b

nmol p-aminophenol formed/mg microsomal protein

amol formaldehyde formed/mg microsomal protein

dnmo] p-aminophenol formed/g liver wet weight

€omol formaldehyde formed/g liver wet weight

fpmo] reduced glutathione/g 1iver wet weight

YThe vehicle was tap water.
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TABLE 82

Body Weight Changes of CD-1 Mice Receiving Dexamethasone Phosphate
in the Drinking Water for SC Days

— -

Concentration . Initial Weight+ Final Weight*+ . Delta Weight+++

Co - (g) (g) : (g)

MALES

0 . 26.1 £ 0.3 38.4 + 0.5 12.2 £ 0.5
0.2 ug/ml 26.9 + 0.4 38.8 + 0.6 11.8 # 0.5
1.0 ug/ml | 25.2 ¢ 0.3 36.4 + 0.8 11.2 + 0.6
2.0 pg/ml 25.4 + 0.4 34.8 £ 0.9 7.9 £ 1.1%

o FEMALES .

0 19.3 £ 0.2 28.0 + 0.3 8.4+ 0.4
0.2 ug/ml 17.9 £ 0.4 27.0 t 0.6 9.1 + 0.6
1.0 ug/ml 19.2 + 0.4 25.2 + 0.4 1.2 + 0.7*
2.0 ug/ml 18.7 * 0.3 23.1 # 0.3 3.8 + 0.6%

Values represent the mean * SE derived from 48 mice in the control (deionized
water) group and 32 mice in the other groups. Values which differ signifi-
cantly from the control group at p < 0.05 are noted with an asterisk.

‘4Body weight on day exposure started.

++Body weight on last day of exposure.

+++Change in body weight over the 90 day exposure period.
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The results of the gross pathology were largely unremarkable. The predomi-

nant feature was the reduced size of the spleen, and to a lesser extent, the
thymus. Tissues were fixed in 10% formalin, but have not been prepared for
histopathological analysis.

Body and organ weights of the mice are shown in Tables 83 and 84. Both
sexes had decreased body weight at the two highest dose levels (1.6 and 2.0
ug/ml) up to almost 20% below vehicle controls. Liver weight was decreased in
both sexes at all three dose levels when expressed in milligrams; however,
when expressed as percent of body weight, no significant changes from control
were seen. Spleen weights in both sexes were dramatically decreased after
exposure to 1.0 or 2.0 ug/ml. This drop in spleen weight was seen when
expressed in milligrams or as percent of body weight, and appears to be dose
related. At the highest dose level of 2.0 ug/ml, spleen size was almost half
the size of vehicle controls. Thymus weights were also decreased in a similar
fashion in both sexes exposed to 1.0 or 2.0 ug/ml. Kidney weights increased
in both sexes when expressed on a percent of body weight basis.

Hematological changes were surprisingly minimal (Tables 85 and 86). The
hemoglobin values were below those for the historical controls and the male
mice exposed to 1 ug/ml dexamethasone showed a 22% decrease. This is most

. likely not drug related. There was a dose-dependent reduction in leukocytes

in male mice. The leukopenia was accompanied by a decrease in the percent of
lymphocytes and an increase in the percent of polymorphonuclear leukocytes
(Table 87). There was an 18% decrease in platelets of female mice exposed to .
the highest concentration of dexamethasone. The only coagulation factor that
was altered by dexamethasone was fibrinogen; the‘males showed a 12% elevation
in fibrinogen at the nighest dose of dexamethasone.

The data summarizing the serum chemistry values are shown in Tables 88 and
89. The serum jons sodium, potassium, chloride, phosphorus and calcium showed
no exposure-related effects. Serum protein was increased in female mice at the
highest dose only. Blood gluébse was decreased by 20% in both sexes at the
highest dose of dexamethasone. There were 20 bio]bgfca]ly relevant exposure-
related effects on blood urea nitrogen. The serum enzymes were slightly ele-
vated, particular]y LDH and SAP. SGOT was elevated 39% in males, and SGPT was
elevated 58% in females. |

The liver appears to be one target for dexamethasone when administered in
the drinking water. With respect to hepatic microsomal activities, the females

-
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TABLE 83

Body and Organ Weights of Male CD-1 Mic: Exposed to Dexamethasone

in the Dri.«ing Water for Three Months

DEXAMETHASONE
Parameter Vehicle 0.2 pg/mil 1.0 pg/mi 2.0 pg/mi
Body Weight (g) 40.7 + 0.5 40.9 £+ 0.9  34.4 + 1.0 32.2 + 0.9*
Brain (mg) 496 + 6 483 + 5 500 + 10 1502 t 8
(% body weight) (1.22) (1,19) (1.46)* (1.57)*
- Liver {mg) 2259 % 57 1987 + 54* 1782 + 91*  1Ff80 t 62*
(% body weight) (5.55) (4.86)* (5.19)" (5.21)
Spleen (mg) 191 + 14 161 + 0 116 + 8* 88 + 6%
(% body weight) (0.47) (0. 40)* (0.33)* (0.27)*
Lungs (mg) 236 = C 226 £ 5 214 + 7% 215 + 6%
(% body weight) (0.58) (0.56) (0.82) (0.67)*
Thymus (mg) 52 + 4 52 + 3 36 + 3% 33 % 2%
(% body weight) (0.13) (0.13) (0.10) (0.10)
Kidneys (mg) 699 + 20 656 + 25 682 + 25 654 + 16
(% body weight) (1.72) (1.60) (1.99)* (2.08)*
Testes (mg) 270 £ 9 272 + 12 252 + 12 276 £ 16
(% body weight) {0.56) (0.67) (0.73) (0.86)*

group.

The numbers represent the mean %

Y&:\

R’y

16 in the 0.2 ug/ml group, 12 in the 1. _
Those values which differ significantly from the vehicle (deionized
water) group at p < .05 are noted by an asterisk.

SE of 20 mice in the vehicle group,
0 pg/ml group, and 9 in the 2.0 pg/ml




L o ¥ ) p Y L L= - -]

[ ¥ N . ]

[ o &

ATetet

a SR 3

s

L I

Low ™ w™

a2

[T

TABLE 84

Body and Organ Weights of Female CD-1 Mice Exposed to Dexamethascne

in the Drinkiﬁg Water for Three Months

| DEXAMETHASONE

Parameter Vehicle 0.2 pg/mi 1.0 pg/mi 2.0 pg/mi
Body Weight (g)  28.6 + 0.4 28.3+ 1.0  26.4 + 0.5% 24.0 %+ 0.8*
Brain (mg) 522 £ 6 504 £ 7 521+ 6 541 + 8%
(% body weight) (1.84) (1.80) (1.98)% (2.28)%
Liver (mg) 1399 t 48 1233 + 53*% 1180 + 36* 1240 + 42%
(¥ body weight) (4.92) (4. 36) (4.45) (5.24)
Spleen (mg) 126 £ 7 125 ¢ 8 91 + 6* 71 + 5%
(% body weight) (0.44) (0.18) (0.38)* (0.30)*
Lungs (mg) 206 + 4 192 £ 6 185 £ 5 202 £ 7

(% body weight) (0.72) (0.88) (0.74) (0.85)*
Thymus {(mg) 48 + 2 46 + 2 37 £ 2% 32 + 2%
(% body weight) (0.17) (0.16) (0.14)* (0.13)*
Kidneys (mg) 392 £ 9 372 £ 15 401 £ 12 397 £ 10
(% body weight) (1.38) (1.32) (1.51)* (1.67)*

The numbers represent the mean %
16 in the 0.2 ug/mi group, 16 in the 1.
group.

SE of 23 mice in the vehicle group,
0 ug/ml group, and 15 in the 2.0 pg/ml

Those values which differ significantly from the vehicle (deionized
water) group at p < .05 are noted by an asterisk.
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TABLE B5

Hematology and Rlood Coagulation Param.ters of Male CD-1 Mice

Exposed to Dexamethasone in the Drinking Water for Three Months

DEXAMETHASONE
Parameter Vehicle 0.2 pg/ml 1.0 pg/ml 2.0 pg/mi

Hematocrit (%) 42.0 £ 0.7 42.8+0.7 43.0:+0.6 43.8%0.7

Hemoglobin (g¥) 11.1 £ 0.3 10.7 £ 0.3 8.7 +£0.3* 10.9 £ 0.4

Erythrocytes 8.09+0.19 7.8 +0.19 7.99+0.16 8.20= 0.24
(108/mm3) o : ‘ -
Leukocytes 7.00 £ 0.49 5.54 £ 0.35% 5.26 % 0.55* 5.11 £ 0.49*

(103/mm3) | ,
Platelets 3.88 + 0.12 3.8 +0.34 3.48 +0.11 3.46 +0.17
(105/mm?) i >
7 308 + 12 342 £ 12*

Fibrinogen (mg%) 304 + 10 286

Prothrombin Time 9.8 # 0.1 9.8 + 0.2 10.3 £ 0.3 9.7 £ 0.2
(seconds) '

APTT (seconds) 30,7 £+ 0.9 + 30.4 +1.2 28.9 £ 1.5 31.8 £ 2.0

The numbers represent the mean + SE of 20 mice in the vehicle group,
14 in the 0.2 pg/ml group, 12 in the 1.0 ug/ml group, and 9 in the 2.0 pg/ml
group. Those values which differ significantly from the vehicle (deionized
water) group at p < .05 are noted by an .sterisk.
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5‘5? TABLE 86
B Hematology and Blood Coagulation Parameters
; ' of Female CD-1 Mice Exposed to Dexamethasone
ﬁ in the Drinking Water for Three Months
5
ﬁ DEXAMETHASONE
: Parameter Vehicle 0.2 pg/ml 1.0 ug/ml 2.0 pg/ml
> ’
A .
7 - Hematocrit (X) . 40.9 2 0.5 42.4 £ 0.6 41.7 £ 0.4 41.6 £ 0.9
”
Hemoglodin (g¥) 10.4 £ 0.3 9.6 + 0.4 9.2+ 0.4 10.0 £ 0.4
> ' ' :
2 Erythrocytes 7.41 £ 0.14 7.77 £+ 0.14 7.56 20,16 7.24 %2 0.13
(10%/mm3) - '
i Leukocytes 4,73 £0.31 4,74 £0.28 4,09 £0.28 3.73 % 0.29%
(103/mm3) ,
3: Platelets 4,04 £ 0.13 3.85+0.19 3.88£0.15 3.30 % 0.19*
v (10%/ma?)
| Fibrinogen (mg¥) 212 25 213 £ 7 212 £ 5 .26
A Prothrombin Time 9.8 20.1 9.3 %0.2 9.8 £ 0.2 9.8 ¢ 0.1
;,". r.: (seconds) ‘
é .. APTT (seccnds) 35.2 ¢ 1.2 33.8 ¢ 1.7 32.2¢ 1.2 32.0 ¢+ 1.4
DL )
A ' -
3 fhe numbers represent the mean % SE of 23 mice in the vehicle group,
R 16 in the 0.2 ug/ml group, 16 in the 1.0 pg/m} group, and 15 in the 2.0 pg/ml
M group. Those values which differ significantly from the vehicle (deionized
g water) group at p < .05 are noted by an asterisk.
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TABLE 87

Differential Leukocyte Analysis of CD-1 Mice Expsoed to Dexamethasone

in the Drinking Water for 90 Days

Polymorphonuclear
Concentration Lymphocytes Leukoc; tes Monocytes Eosinophils
- (%) %) (%) (%)
MALES
Distilled Water . 72 23 24 2 3 C 481 120.5
0.2 ug/ml 70 + 3 22 +3 421 120.3
1.0 ug/ml . 57 2 3* 37 & 3* 521 1204
2.0 ug/ml 37 2 3% 58 2 3* 4 41 120.5
N FEMALES
Distilled water 79 * 16 » 2 421 11203
0.2 ug/ml 83 # 1221 Jz21 2 % 0.5
1.0 ug/ml 75 a2 21 2 2 2+ 2+1.0
2.0 pg/ml 56 2 4» 40 » 4> 3+ 2 %205

Yalues represent the mean 2 SE derived from 20 mice in the dfstilled water
control group and 15 mice in each of the dexamethasone.exposed groups., The

asterisk,

~ values which differ significantly from control at p < 0.05 are noted by an



X Ex

S e

‘W'

NI o 70

Lde

178

TASLE 88

Serum Chemistry Values of Female CD-1 Mice Exposed to Dexamethasone

in the Drinking Water for Three Months?

Parameter

DEXAMETHASONE

~Vehicle 0.2 pg/mi 1.0 pg/ml 2.0 pg/ml
Calcium (mg%¥)  14.0 £ 0.3 13.9%0.5 13.6+0.6 13.4%0.5
Sodium (mEq/L) 148 # 1 15422¢  1s4:1* 1524
Chloride (mEq/L) 104 £ 1 1001 99 + 2* 9758
Potassium (mEq/L) 6.69 +0.16 6.84 +0.21 6.89 2 0.16 7.09 £ 0.35
Protein (g% .  8.78:0.17 9.13£0.17 9.17£0.19 9.66 £ 0.32*
Glucose (mgX) 144 ¢ 3 154 t 4 133 £ 5 118 + 8*
Cholesterol (mg%) 175 + 23 - 204 & 33 191 £ 29 290 + 21
Phosphorus (mg¥) 10.8 £ 0.3 9.9 £ 0.3 10.4 £ 0.3 8.7 £ 0.4*
BUN® (mg%) 22.7£¢1.0 23.1+1.7 23120 23.0%1.38
LOHS (IU/L) 694 £ 47 762 + 98 697 £ 41 1076  144%
sapTd (1u/L) 29.5% 1.2 30.7:1.2 324217 46.5 ¢ 6.0%
SGOT® (1U/L) 95.9£51 98.9:6.4 112.3%4.6 116.6+8.8
sap’ (1u/L) 814 £ 4.6 77.1+4.8 103.2£8.0% 90.0%8.4

3The numbers represent the mean : SE of 24 mice in the vehicle group,
16 in the 0.2 pg/ml group, 16 in the 1.0 pg/ml group, and 12 in the 2.0 pg/ml

group.

Those values which differ significantly from the vehicle (deionized

water) group at p < .05 are noted by an asterisk.

bBUN = blood urea nitrogen

CLDH = lactic dehydrogenase

deger

it

€sG0T
f

H

SAP = serum alkaline phosphatase

serum glutamic pyruvic transamipase

serum glutamic oxaloacetic transaminase
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TABLE 89
Serum Chemistry Values of Male CO-1 Mice Exposed to Dexamethasone
in the Drinking Vafer for Three Months?

P
hd —
5 ‘ ' DEXAMETHASONE
= Parameter Vehicle - 0.2 ug/mi 1.0 pg/ml 2.0 pg/ml
% Calcium (mg%) ~ 15.3£0.4 15.2%0.5 14.9%0.6 14.6%0.9
Sodium (mEq/L) 15321 150 + 2 153 ¢ 2 156 ¢ 2.
s : . '
2 Chloride (mEq/L) 100 ¢ 1 1021 100 £ 2 105 ¢ 3
. Potassit 20+ 031
o
= - Protein (g%X) 2.36 £ 0.17 8.81+0.23 8.29+0.21 8.12 +0.14
= Glucose (mg%) 145 ¢ 4 151 ¢ 4 134 + 4 112 + 9%
N . . '
: Cholesterol (mg¥%) 227 = 25 246 * 37 243 + 34 290 t 64
- .
] Phosphorus (mg%) 10.9 % 0.1 11.220.2 10.2£0.2% 10.3 £ 0.4
> BUNb (mg%) 22.4 £ 0.7 19.3 £ 1.0* 18.9+0.7* 20.0 ¢ 1.4
- .
7 LDHS (Iu/L) 737 t 68 571 = 80 719 ¢ 83 1049 + 150*
¥ SGPTd (1U/L) 32.5 ¢ 1.9 30.8 + 2.9 28.3 £ 1.2 6.1t 2.1
.A' ' '
‘ SGOT® (IU/L) 75.9 ¢ 3.1 75.3 ¢ 3.0 78.1+4.1 ' 106.3 £ 9.6*
5 SAPf (/L 32.6 £ 3.2 .1 2.6 56.8 £ 7.0* . 81.0 ¢ 19.1*
35 3The numbers represent the mean t SE of 24 mice in the vehicle group,
> 15 in the 0.2 pg/ml group, 16 in the 1.0 pg/ml group, and 9 in the 2.0 ug/ml
. group. Those values which differ significantly from the vemcle (deiomzed
ga water) group at p < .05 are noted by an asterisk.
| BUN = blood urea n1trogen
]
i CLDH = lactic dehydrogenase
” dSGF’T = serum glutamic pyruvic transaminase
b 60T = serum glutamic oxaloacetic transaminase
a fsap = serum alkaline phosphatase
fj
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were the most sensitive (Tables 90 and 91). Microsomal protein, based on mg/g
liver, was increased, as was cytochrome P450. There was a significant decrease
in aniline hydroxylase in females at the middle dose. In the males, there was
an induction of aminopyrine demethylase.

The change most suggestive of liver damage was the dose-dependent reduc-
tion in liver glutathione (non-protein sulhydryl containing compound). This
was manifested in a 33% and 24% decrease in males and females receiving the
highest concentration of dexametnasone, respectively.

Based on the more routine toxicological parameters, the most sensitive
indicators of toxcicity were changes in body, spleen and thymus weights, and
depression of peripharal leukocyte count. : '
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* TABLE 90
Hepatic Microsomal Activities in.Female’CD-l Mice Exposed to Dexamethasone

in the Drinking Water for Three Months

. DEXAMETHASONE
Parameter ' Vehicle 0.2 pg/mil 1.0 pg/mi 2.0 pg/ml

Microsomal Protein  21.4 + 1.0 24.0 £ 0.5 25.6 + 1.0%. 27.1 % 0.8*
(mg/g‘1iver) ‘ . :

Cytochrome P-450 .941 + .038 .919 + .033 .935 % .018 1.100 % .067*
(nmol/mg protein) : .

.561 ¢+ .023 .523 £ .020 .577 + .032 ===

Cytochrome b
(nmo1/mg proéein) , »
Glutathione 5.80 + .45 5.23% .18  4.68 £ .27% 3.91 t .16*

(nmol/g liver)

Aminopyrine N-deme- 15.10 ¢ .50 13.64 t .46 14.99 £ .59 15.51 # .80
thylase (nmol/mg/min) ,

Aniline Hydroxylase 2.30 t .08 2.12 £ .08 1.95 + .08* 2.07 % .05
{rmo1/mg/min) : '

The numbers repfesent the mean + SE of 8 mice per group. Those values
which differ significantly from the vehicle (deionized water) group at p < .05
are noted by an asterisk. : ’
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TABLE 91

Hepatic Microsomal Activities in Male CD-1 Mice Exposed to Dexamethasone

in the Drinking Water for Three Months

DEXAM
1.

. : THASONE
Parameter Vehicle 0.2 pg/=l H

£
0 pg/mi 2.0 pg/mi

Microsoma?l drotein 22.9 1.6 24.9 % 0.6 23.6 £ 0.8 25.0 ¢ 0.6
(mg/g liver) . - ‘ ‘

Cytochrore P-450 1.53 £ .11 1.59 £ .02 1.36 £ .07 1.50 £ .07
{nmol1/mg protein) ' :

Cytochfome c

.450 £ 016 .485 t .015 .421 # .025 .447 + .016
(nmo1/mg pro?ein) ' , . .

Glutathiona 6.89 t .24 6.07 + .18% 5.90 £ .12* 5.25 % .18”
(nmol/g liver) ‘ , '

Aminopyrine N-deme- 9.20 + .77 9.99 + .31 12.36 + .35% 12.84 % .57*
thylase (nmol/mg/min) S o

Aniline Hydroxylase 2.22 ¢+ .08 2.30 + .08 2.08+ .11 2.06 + .07
(nmo1/mg/min)

The numbers represent the mean % SEyof 8 mice per group. Those values
which differ significantly from the vehicle (deionized water) group at p < .05
are noted by an asterisk. ' '
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E. IMMUNOTOXICOLOGY OF DEXAMETHASONE

Introduction
The previous section was concerned with general toxicological effects of
|

subchronic dexamethasone exposure in the CD-1 mouse. The most pronounced
effects attributed to dexamethasone exposure were a decrease in body weight
gain, decreases in spleen and thymus weight, a decrease in peripheral leuko-
cyte count and a depletion of liver glutathiohe.

Presented against this background of data’ this section reports the effects
of subchronic dexamethasone exposure on the 1mmune system of the mouse. The
parameters assessed were humoral immunity, ceH-med'lated immunity, lymphocyte
responsiveness to mitogens and the functions of bone marrow cells and the
reticuloendothelial system.

Materials and Methcds
Details of the methods of prcteduré for the immunological assays and his-
torical controls have been fully described in|the saction entitled "General
Abproach and Methods". The exposure procedure and methodology for dexametha-
sone was described in the previous section. |

Humoral Immune Response of Mice Exposed to Dexamethasone in the Drinking Water
The humoral immune response to sRBC was measured in male and female mice
following exposure to three levels of dexamethasone in the drinking water
(Tables 92 and 93). The number of IgM spleen|antibody-forming cells (AFC)
proeduced against sheep erythrocytes was measu?ed on Day 4 (which was the peak
day of response) and on Day 5 after immunization. The fmmunization was carried
out on Days 85 and 86 of dexamethasone exposure. On peak day of response, the
AFC per spleen response was strikingly decreaéed in both male and female mice
exposed to 1.0 and 2.0 ug/ml dexamethasone. In males, the decrease was 34%
and 55%, and in frmales the suppression was 5% and 67%. The response on Day
5 showed a similar pattern, except that a 32% suppression was also manifested
at the lowest concentration in the female micé. Also, on this day the specific
activity (i.e., AFC/IO6 spleen cells) of male mice was also reduced in a
dose-dependent manner. Therefore, on the peak day ¥ response, the reduction
~in AFC was a function of loss of spleen ce11si This s corroborated by the
decrease in spleen weight (Tables 83 and 84) and 5p1éen cell number (Table 92°,
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TABLE 93

Hemagglutination Titers in CD-1 Mice Eprsed tc Dexamethasane

in the Drinking Water for Three Months

: MALES FEMALES
Concentration No. Mice ‘ Log2 Titer No. Mice Log2 Titer
Vehicle 20 9.622 + 0.105 21 9.512 + 0.112
0.2 pg/ml 12 ©9.739 ¢ 0.149 15 9.722 + 0.131
1.0 pg/m1 11 9.322 + 0.135 16 9.135 + 0.188
2.0 pg/ml 8 8.697 + 0.183* 13 '8.707 + 0.213*

Hemagglutination titers are expressed as log, of the reciprocal of
the dilution shown not to aggiutinate. The numberg represent the mean £ SE
of the number of animals shown. Values which differ significantly from the
vehicle control (deionized water) group at p < .05 are noted with an asterisk.
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Serum hemagglutinating antibody levels were also reduced. This assay measures
both serum IgM and IgG. Decreased titers were saen in both sexes at the 2.0
ug/ml dexamethasone exposure level. The data are presented as LOG2 of the
reciprocal of the titer. When reconverted to titer, the suppression was 47%
for the males and 43% for the females (Table 23).

Cell-Mediated Immune Response of Mice Exposed to Dexamethasone in the Drinking
Water

Three assays used to evaluate the overall status of cellular immunity were
the DTH response to sRBC, popliteal lymph node proliferation in response to
footpad sensitization to sRBC, and spleen cell response to the T-lymphocyte
mitogen, concanavaiin A (Tables 94 and 95). There was a dose-dependent sup-
pression in the DTH response in both males and females, with the mice exposed
to the highest concentration (i.e., 2.0 ug/ml1) showing a suppression of 64%
and 74%. With respect to popliteal lymph node proliferation, no dose depen-
dency was seen, but mice exposed to the highest concentration of dexamethasone
showed a 23% and 28% suppression. These data indicate that dexamethasone-
exposed mice have a marked reduction in their ability to elicit an jmmune-
~mediated inflammatory response, and to a lesser extent, a reduced ability to
mount a response on the afferent arm of the immune system.

Lymphocyte Pesponse to Mitogens

Although there was a decrease in the number of spleen cells and overall
suppression of humoral and cell-mediated immunity, the cells remaining in the
spleen responded‘to the B8 cell mitogen similarly to controls (Table 95). The
concanavalin A response was increased 2%, %% and 273% above control values
for the three concentrations of the mitogen. The most magnified effect was
observed at the highest concentration of Con A, which is on the descending
portion of the mitogen dose—resﬁonse curve,

Functional Activity of the Reticuloendothelial System

- The functional activity of the fixed macrophages, particularly the liver,
spleen and Tungs was assessed by measuring the vascular clearance rate and
tissue uptake of 51Cr-1abe11ed SRBC (Tables 96 and 97). There was a dose-

51.

dependent suppression in hapatic uptake of “"Cr sRBC in female mice, measured

as uptake per organ and per mg of organ. There was a dose-dependent increase
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TABLE 95

Lymphocyte Responsiveness to Concanavalin A and Bacterial Lipopolysaccharide

Using Spleen Cells from Female CD-1 Mice Exposed to Daxamethasone

in the Drinking Water for Three Months

cpm/5 x 10% cells

Exposure Group Concanavalin A

‘Lipopolysaccharide

1 pg/S x 10% cells

Defonized Water 126485 + 1992
9.2 pg/ml 125666 + 1399
1.0 pg/ml 138826 + 3730
2.0 pg/m) 163377 2 6465*

5 pg/5 x 105 cells
271655 % 4365

Deinnized Water

0.2 ug/ml 290948 ¢ 7555
1.0 pg/ml 284€67 t 5001
2.0 ug/ml 297623 t 6447*

10 ug/5 x 10% cells

Deionized Water 24762 t 6488
0.2 pg/ml 19661 ¢ 2509
1.0 pg/m! 32576 & 4488
2.0 pg/m 67786 * 15795*

1 ug/5 x 105 cells
104684 2 6783
- 77423 £ 4288
85519 + 6599
36819 ¢ 11859

5 ug/S x 105 cells
120114 + 8021
89250 % 5961
37818 ¢ 7263
102512 ¢ 11568

20 pg/S x 103 cells

100549 ¢ 8877
75858 * 7349
94676 t 9683

102779 = 13612

values represent the mean cpm t SE derived from 12-15 mice per group.

Those values which differ significantly from deinnized water control at
p < .05 are noted by an asterisk. CPM/S x 105 cells in the absence of
mitogen ranged from 2930 - 5650.

L DACINL I R 7 AU I R R R R
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Exposure Body Weight Phagocytic Weight
E! Group (g) Index Organ (mg) X Uptake cpm/mg
E; Vehicle 31.9£ 0.9 .10% .01 Liver 1494 £50 62.0 £ 2.7 333 £ 14
: Spleen 151 % 5 9.8 2.3 527 ¢ 123
] Lungs 255 £ 18 1.120.3 326
. Thymus 5424  .007%.001 521
.) Kidneys 418 ¢ 16 1.820.2 3523
N1
) 0.2 yg/ml 30.6 £ 1.2 .11 £ .01 Liver 1377 £99 62.5% 2.0 353 ¢ 16
g | Spleen 140 £13 9.7 %17 579 ¢ 128
~Llungs 307 % 36 0.7 £ 0.1 18 ¢ 3
i Thymss 66 :8  .008.001 421
Kidneys 416 % 22 1.9 £ 0.3 425
3
e 1.0 yg/m1 26.7 £ 0.9% .10 £ .01 Liver 1268 &+ 96* 49.7 2 4.8% 262 & 20*
! Spleen 1¢7 ¢ 22 13.5 £ 1.2 623 ¢ 115
¥ Lungs 3:8 ¢+ 25*% 1.1 2 0.2 21 £ 3
“ Thymus - - -
3 Kidneys 447 $+28 2.4 £0.5 393211
? 2.0 yg/ml 23.7 £ 0.7* .08 ¢ .01 Liver 990 + 39% 43.3 % 3.4* 258 t )8*
' Splaen 65 7% 10.3 £ 1.1 930 * 66*
'Es lungs 223 ¢ 11 1.5 £ 0.1 Al : 4
Thymus 4+ 4 .006 ¢ .001 oo
Kidneys 362 ¢ 11* 3.3 ¢+ 0.4 54 t 8
-~ values represent the mean t SE derived from 7-11 mice per group. Values
l":' which differ s1gnif!cant1y from the vehicle (deionized water) control group at
- p < .05 are noted with an asterisk.
7
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TABLE 96

Functional Activity of the Reticuloendothelial System in Female CD-1 Mice

Exposed to Dexamethasone in the Drinking Water for Three Months
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TABLE 97

Functional Activity of the Reticuldendpthelia] System in Male CD-1 Mice

Exposed to Dexamethasone in the Drinking Water for Three Months

‘Body Weight Phagocytic

Exposure Weight
Group (g) Index Organ (mg) X 'ptake . cpm/mg
Vehicle 36.6 £+ 1.0 .12 ¢+ .01 Liver 1798 % 80 60.6 £ 1.5 313 £ 13
Spleen 134 ¢ 9 8.6 £ 1.0 609 £ 72
lungs 33627 1.2%0.3 37¢10
Thymus 535 .006 £ .001 61
Kidneys 558 ¢ 15 2.20.3 3524
0.2 uyg/ml 36.0 $£0.3 .11%.01  Liver 1827 %37 57.4 £ 3.3 285 ¢ 20
Spleen 157 % 18 11.2 ¢ 1.0 889 t 84
Lungs 379 £ 29 1.8 £ 1.2 48 ¢+ 22
Thymus 66 £20 .007 £ .002 S%1
Kidneys 604 + 32 2.0 £ 0.5 33+ 11
1.0 yg/m1 29.9 2 0.7* .10 2 .01 Liver 1436 % 26* 57.4 % 2.2 299 ¢ 12
Spleen 102 2 10 6.8 £ 1.5 501 + 100
Lungs 271 £ 15 0.8 0.1 22 1
Thymus 60 ¢ 10 .008 ¢ .G01 522
Kidneys 595 18 1.6 £ 0.3 21+ 3
2.0 yg/m1 22,5+ 0.6 .08+ .01 Liver 1288 & 35*% 48.2 £ 4.5% 265 t 21
Spleen 100 £ 20  10.4 + 1.6 938 : 188
Lungs 273 t 14 1.6 £ 0.2 43 + 6
Thymus 42 £ 7 .006 + .001 1325
Kidneys 545 & 17 3.0 £ 0.5 8+6
Values reoresent the mean t SE derived from 7-12 mice per group. Values

which differ significantly from the vehicle (deionized water) control group at

p < .05 are noted with an asterisk.

..............................
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in uptake of sSRBC in the spleen in females only when exoressed as cpm/mg.
Although the same trends occurred in males, the only significant change was a
suppression of hepatic phagocytosis.

Bone Marrow

The foundation of the {mmune system is the bone marrow, which gives rise
to the immunocompetent cells., Three indicators of toxicity to the bone marrow
were used. They included cellularity, DNA synthesis and bone marrow stem cells
(CFU-GM). There was a slight reduction in the number of cells per femur, which
was significant in the female mice, and was related to an increase in the num-
ber of stem cells (granulccyte/monocyte) (Table 98). These data indicate that
the cells lost from the bone marrow were CFU-GM stem cells. There was no dose-
dependent or biological effect on bone marrow DNA synthesis (Table 99).

Based on the immunological assays, mice exposed to dexamethasone were defi-
cient in humoral and cell-mediated 1mmun1ty, with u1n1mal effects on the nacro-
phage and bone marrow parameters.
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Bone Marrow Cellularity and Stem Cells in CD-1 Mice Exposed to Dexamethasone

in the Drinking Water for 90 Days

rEMALES

Exposure Number
Group Mice

Ce11§/TEmur - LrU-GM
x 10 105 cells

Dist. Water 2C

0.2 yg/ml 11
1.0 ug/ml 10
‘2.0 yg/ml 7

1.8 0.1
2.0 + 0.1
1.720.1
1.5 +0.1

1.120,1 23221
1.2 #0.1 234 +2.
1.0 0.1 228 ¢ 2
0.9 # 0.1 254 &2

The formation of colonies in soft agar was used to enumerate the bone marrow

- CFU-GM stem cells,

Values are expressed as mean * SE and those which differ

significantly from the control (distilied water) group at p < 0.05 are noted

with an asterisk.
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