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STIMULATION OF LYMPHOCYTE TRANSFORMATION IN
SPLENIC CULTURES OF ANIMALS EXPOSED TO VINYL CHLORIDE

'Q |
ik ABSTRACT X
. Immunologic responses in mice and rabbits exposed by inhalation to 10, i
'? 100 or 1000 ppm vinyl chloride (VC), 6 hr/day, 5 days/week for up to 8 3

weeks were investigated. Other than alterced immunological responses,

the only cffects attributable to VC exposure occurred in mice and rabbits
exposed to 1000 ppm; a slight increasc in the spleen weight of mice and 7
thvmus weight of rabbits was noticed at this highest exposurce level,
Increased DNA synthesis was evident in cultured lymphocytes from splecns
of mice after 2, 4 and 8 weeks of VC exposure. The response of these
lymphocytes to phytomitogens, i.e., phytohemagglutinin

and pokewced mitogen, as measured by 3H-thymidinc incorporation into
cells in culturé, were several-fold increased. 1n mice and rabbits, VO

exposure was not assoclated with any consistent change in serum immuno-

6.r2cc0 S24H

globulins. Mice and rabbits immunized with tetanus toxoid and Freund's

complete adjuvant revealed no cffect of VC exposure cit skin reactivity

to tuberculin, or the number of antibody producing cells in lymph nodes.

The results indicated that VC exposure caused stimulation of splenic

lymphocyte transformation, indicative of an enhancement of immune reac-

tivity. Enhanced immunological reactivity may be related to the presence

of immune complexes observed previously in certain VC-exposed workers.
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STIMULATION OF LYMPHOCYTE TRANSFORMATION IN
SPLENIC CULTURES OF ANIMALS EXPOSED TO VINYL CHLORIDE

Exposure to vinyl chloride (VC) has been associated with various health
problems in man and animals. In workers exposed to high levels of VC,
hepatic fibrosis associated with or leading to portal hypertension and
angiosarcoma of the liver has been described (Berk et al., 1976).

Dermal induration, acro-ostcolysis, splenomegaly and thrombocytopenia
have also been observed (Harris and Adams 1967; Lange ct al., 1974). 1In
animals, VC exposure has been reported to rause several types of tumors

(Maltoni and LeFemine, 1974).

i, In a recent report Ward et al,, (1976) suggested the presence of aberrant

. immune complexes in workers exposed to vinyl chloride. The incidence

T

and the level of these complexes were corrclated with the level of vinyl

e

chloride exposure as well as other manifestations c¢f toxiecity. An

increase in immunoglobulins and a corresponding reduction in peripheral

T L

T-lymphocytes was suggested. In addition, the presence of circulating

Yt

immune complexes (inferred by the presence of mixed eryoglobulins and
decreased values of complement) and autoantibodies against various

- tissue components were demonstrated in exposed workers. On the basis of

08Y220 S®YH

Y their findings, Ward et al, (1976) suggested that the "vinyl chloride
v disease" may be an immune complex disorder and the immune response may
be initiated by the adsorption of vinyl chloride or its metabolite on

the tissue or plasma proteins. 3
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In another related report, Page et al. (1976) demonstrated clevated
levels of carcinoembryonic antigen (CEA) in the plasma of workers ox-
posed to vinyl chloride. Lange ct al. (1974) have reported both in-
creases and decreases of different fractions of immunoglobulins in 10
patients suffering from VC-dJdisorders and on the basis of thelr findings

excluded the possibility of an autoimmunce phuncmenon,

Based on these contradictory reports, we investigated the effects of
vinyl chloride exposure on the fmmunc system of mice and rabbits, For
the evaluation of jmmune reactivity in individuals and animals, the
response of lymphocytes in culture, particularly blast formation In the
presence of antigenic substances, has been suggested as a usceful index
{Dutton and Euady, 1964). Sensitized lymphocytes have been shown to play

a very significant role in the production of autolmmune discases (Orgad

and Cohen, 1974). The [indings that T- and B-lymphocytes can be su-

lectively transformed in vitro by different lectins (Janossy and Creaves,
1977; Stockman et al., 1971; Andersson ct al., 1972) have provided a
working model to evaluate the responsiveness of these lymphecytes in
cell cultures. Qur results described in this report suggust that VC
exposure caused stimulation of lymphocyte transformation in cultures,

but had no appreciable ¢ffect on the immune responses induced by a

simultaqeovs challenge to other antigens.

L8v2e0 SB¥H
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METHODS

L T T s

Vinyl chloride monomer (obtained from Matheson Gas Products, Joliet,

I11.) of 99.9% minimum purity was used for exposure of mice and rabbits,

.
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The exposures were conducted ir. inhalation chambers (6'x6'x8'). The
concentration of VC was controlled to provide atmospheric concentrations
. of 0 (control), 10, 100 and 1000 ppm, 6 hr/day, 5 days/week, for dura-

tions of up to 8 weeks. The time-weighted averages of vinyl chloride

N concentration in the chamber, as determined by a gas chromatograph are

R

1.

4 : described in Table 1.

Male, CD-1 mice (approximately 7 weeks old and weighing 35 g each at the
beginning of exposure) were obtained from Charles River (Wilmington, 3
Mass.) and acclimated for 2 weeks with the surroundings. The animals

were housed 4 to a cage, identified by ear punch, and were allowed free

access to food and water except during the exposure period. No food or

water was allowed during the exposure. After 2 weeks of acclimation,

male White New Zealand rabbits, weighing approximately 3 kg each, were

bk s

H

also exposed to vinyl chloride in groups of 5 each. The rabbits were

%;».
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housed individually. The rabbits were removed from the chambers to

1
3
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different cages when not being exposed. Food and water was allowed ad

1ibitum except during exposure., All animals were weighed once a week.

A selected group of mice (4 per exposure level) and all rabbits were ,%

injected with an antigen after 4 wecks of exposure. The antigen was a

‘I A
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1:1 mixture of tetanus toxold (Jen-$al, Kansas Clty, MO) and Freund's
complete adjuvant (GIBCO, Grand Islands, New York) injected at a volume
of 0.4 ml per rabbit and 0.02 ml per mousc in their foot-pad. [Injection
of the antigen was repeated 2 weeks later. Blood was collected from the
car vein of rabbits at the beginning of the cxposure, just prior te the

»

antigen injectlons, and at the end of the cxposure perlod (vxcept at the
time of sacrifice, when blood could be collected Lmmediately after

decapitation). Groups of mice (4 animals/group/VC level) were sacri-

€8v220 S®Y

ficed at 2, 4 and 8 weeks of cxposure and blood samples obtalned.

Hematology and Serum Immunoclectrophoresis. Total erythrocyte and

leckocyte counts and differential leukocyte counts were performed on all
blood samples using routine methods. The concentration of immunoplobu-
lins, IgG in rabbits and total Iy in mice, was determined by immuno-
electrophoretic techniques modificd from Bjerrum et al. (1973). The

details of the technique arce described clsewhere (Sharma et al, 1977).

Immunologic and Serolopic Evaluations. In rabbits, the skin sensitivity

to tuberculin was detcermined 10 days aftuf the first and second antigen
challenge. Tuberculin {Jen-Sal, Kansas City, MO), in doses of 0.1 ml,
was injected intradermally in a shaven area of the flank and the diameter
of reaction measured 24 and 48 hours after this injection. The tetanus
anti-toxin titers in the serum of antigen-challenged animals were esti-
mated by an indirect hemagglutination procedure. Sheep cerythrocytes

(SRBC) were incubated for 1 hour with 1:200 of tetanus toxold solution,
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wvashed, and added as indicator to serially diluted serum in microtiter
plates. The highest serum dilution in which complete hemagglutination

occurred after 2 hours of incubation was used as an cndpoint.

Necropsy and Organ Collection. All rabbits were thoroughly evaluated

for any lesions at necropsy. ‘Selccted organs, i.c., liver, kidney,
spleen, thymus, brain, heart, adrenals and poplitcal lymph nodes werc
welghed and organ/body weight ratios determined. All these organs, and
also lungs, were saved in 10% buffered formalin for histopathologic
evaluation. The tissues were processed, stained with hematoxylin-cosin,
and examined microscopically, In mice, liver, kidney, spleen and thymus

were weighed and these organs, except spleen, were fixed for histological

¥8v2z0 SmYy

examination. The spleen was saved in sterilized saline solution for

lymphocyte cultures.

From rabbits, one poplitcal lymph node was frozen for cvaluation of
plasma cells (se¢e below) and part of the spleen was saved in saline for

cultures.

Splenic Lymphocyte Cultures. The cultures were performed as described

elsewhere in detail (Sharma et al. 1977). The spleens were washed with
sterilized saline and mashed in salinc with a forceps. Subsequently,
the agglutinated cells and large particles were removed by passing the

cells through a series of hypodermic ncedles with the resulting cell

suspension transferred to a glass tube. After svparating the cells by
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centrifugaticn, the cells were suspended in culture medium (RPM1-1640

e aily Ll

supplemented with glutamine, penizillin aad streptomycin), an allouot

s
Pt

L

counted electronically and the concentration of cells adjusted to ap-

ELe
[

proximately 8x106 cells/ml,  Allquots of this suspension were transferred

Y

%
¥

? to microculture plates, more media with or without mivtogenic lectins was

i added, and the system incubated at 37°C in humidificd air centaining 5%
carbon dioxide. Optimal concentrations of phytohemapglutinin (PHA) and
pokewced mitogen (PWM) werc used. After 50-52 hours of incubation, 0.5
uCl of 3H-chymidinu (New Eapland Nuclear, Boston, Hass.) was added to
each culture and incubation continued for an additional 16 hours. The
cells were then harvested and the radiocactivity counted using a liquid
scintillation spectrometer. Each culture was performed in triplicate
and their values were averaged aiter corrections for quenching.,  Stimu-
lation indices for PHA and PWM were determined for cach spleen by

. dividing the disintegrations/min. in the presence of the mitogen by

those in the system containing no mitowen.

S8v220 S®Yy

Fluorescent Evaluation of Rabbit Popliteal Lvmph Nodes. The plasma

cells in frozen lymph nodes were observed after the sections were incu-
bated with a fluorescein conjugated swine anti-rabbit TxG.  The ceils
were examined in ultraviolet light using a tluorescent nicroscope (Leitz,
1nc. Rockleigh, N. J.) and scored as described previously (Street and

’ Sharma, 1975).

Statistical Evaluation. The values are represented as teans together

with the respective standard deviations or standard errors.  The animal
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and organ weights were compared by using a Dunnctt's test (Steel and

S zawTTH

k Torrie, 19€0). Other parameters were compared by using a "e" test or

analysis of variance. For all tests, a pred¢termined value of p<0.05

was used to determine statistical significance.
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;f In .ice, vinyl chloride exposure for 8 wecks produced no observable
:é cffects on growtl, or weights of liver, kidney or thymus (Table 2).
% Spleen weights wer: i.acrcased at the highest level of exposure, 1000
i
§ ppm. This effect was noticed aftcr 2 weeks of exposure and persisted
3 throughout the exposure. A slight roeduction in liver/body weight ratios
? after 8 wecks of cxposure té 1000 ppm VC may be nttribu£ablc Lo greater
body weights in thosc mice as compared to controls. The body weights of
é? mice exposed to 1000 ppm VC wure consistently higher than controls nfgcr
‘?& 4 weeks of exposure when the body weighes of all animals in that group

were considered (data not shown in the table). No differences were scen

in the hematological parameter of any group cxposed to VC (data not
At the time of sacrifice, there were no gross lesions observed

shown) .

in any of the orgins that could be related to the exposure. Subsequent

histological examination of selected tissucs revealed no differences.

In rabbits, a significant increase in the thymus weight was observed in

the group exposed to 1000 ppm VC (Table 3). This was the only organ

that showed any weight change in this species. Ne hematologic altera-

tions or microscopic lesions in any orguns werc detected.

Vinyl chloride exposure caused stimulation of spontancous lymphocyte

transformation in mouse splenic cultures. This cifect was observed at

the highest exposurc level, 1700 ppm of VC, after 2 weeks of exposure.
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After 4 and 8 weeks of exposure, an increased transformation of lympho-

cytes prepared from the exposed animals was observed at all levels of VC _%

. BT

P SN ot e

(Figures 1-3). The stimulation indices for PHA were significantly

increased in mice exposed to 1000 ppm VC for 2 weeks (Figure 4). At

. subsequent time intervals, however, there was no definite dose response,
since in the mice exposed to 1000 ppm VC the indices were lower than for
those exposed to the two lower levels. The stimulation indices at these
points were, however, consistently greater than those observed for

controls (Figures 5 and 6).

For all groups of mice, the DNA synthesis by lymphocytes in culture -
decreased with time. Such findings were consistent with those generally

obgerved in growing animals. This was consistent in all exposure groups

including control, the latter showing a considerable drop in the stimu-

lating indices by PHA and PWM.

In groups of control mice that were challenged with the antigen mixture

(tetanus toxoid and adjuvant), the spontaneous lymphocyte transformation X

R ot
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was enhanced as compared to the groups not challenged with antigen and

oy

sacrificed simultaneously. However, the effect of VC on lymphocyte

3,008
A

transformation was not evident in these animals (Table 4). Only a

PR

W X
L slight and nonsignificant difference was observed at low levels of VC g%
a2 exposure. The values decreased at the highest exposure level of vinyl Eg
3 N

'E; chloride. A similar trend was also seen in the stimulatory effect of £
3 b=
8 PHA and PWM.
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The trena in splenic lymphocyte cultures from ﬁnLigun-uhullungud rabblits

was similar to that observed for mice (Table 4). The synthusis of DNA

E © in unstimulated lymphocyte cultures was hipher in thosce prepared from b

f rabbits exposed to 10 and 100 ppm of VC than for control. Thue cultures ;

E prepared from rabbits exposed to 1000 ppm VC did not incorporate as much ?

é; thymidine as those¢ prepared from rabblts cxposed Lo lower levels.  The i

S

f@ stimulation indices were not influvnced in o consistent manner, the PHA

if induced stimulation showing a decreasce at the highest level of VO ex- 78
posure whuréus an increase at low concentrations followed with a pradual -:,g
decline at high concentrations of vinyl chloride was cbserved for PWM ;
stimulation index. These rusults for rabbits were consistent with those ;

;' obtained for mice injected with the antigen mixture (Table 4). ?

. Skin reactivity to tuberculin in sensitized rabbits (injected with

Freund's complete adjuvant) did not reveal any conclusive trend. The _ E

§ results are shown ;n Table 5. Ten days after tie [irst antigen Injection

: a significant deercase in the response of rabbits cxposed to 10 ppm VC

i; occurred while a significant inercase occurred in those exposed to 1000

%‘ ppm. No differences in the skin test were obsuerved when the skin test

%, was repeated 10 days after the second antigen challenge.

i\ Tetanus anti-toxin titers in the serum of un;igun injugtud rabbits and

&n mice are shown in Table 6. Vinyl chloride did noLIproducc any effect on

%{ these parameters. Table 6 also includes data on the fluorescence eval-

éé uvation of plasma cells Iin rabbit popliteal lymph nodes.  Again, no

i

%f influence of vinyl chloride expusure was cvident,
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Table 7 shows the relative amounts of immunoglobulins in mouse serum at
different intervals of VC exposure. After 2 and 4 weeks of exposure, an
increase was noticed in VC-exposed animals as compared to control values.
A significant increase was noted at the 10 ppm VC level at 4 weeks of
exposure., After 8 weeks of exposure, the control ‘animals showed hiph
values of immunoglobulins in their serum and this was the reason that
the values in other treatment groups were significantly decreased.
Similar data for immunoglobulin (IgG fraction) in rabbits are shown in
Table 8. Again, the results are inconsistent and inconclusiye. The
group of rabbits exposed to the highest level of Vq had somewhat lower
preexposure serum 1gG values. At the end of 8 weeks of VC exposure,

however, the same group showed a significant rise in this immunoglobulin

level as compared to the control group.
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DISCUSSION

The results reported here suggest that vinyl chloride stimulated the
immune responsiveness of rabbits and mice. The enhanced responsiveness
developed rapidly upon exposurc to high levels while 4 weeks of repeated
exposure to lower levels (10 ppm) were nceded to elicit a discernible
response, Blast formation of lymphocytes in splenic cell cultures, as
evidenced by an increased incorporation of tritiated thymidine into
cellular materials, was the most sensitive indication of increased
immune responsiveness. Vinyl chloride exposure at all levels incrcased
the spontaneous lymphocyte transformation in splenic cell cultures, the
cffect being similar to that produced by injection of antigenlic sub-
stances., The stimulating effect of two plant lectins, phytohemagglu-
tinin and pokeweed mitogen, was also increascd, further indicating an

enhanced immune reactivity in thesc VC exposed animals.

The stimulating effect of vinyl chloride exposure on immune responsive-
ness does not appear to be a nonspecific phenomenon. It is unlikely
that this phenoménon is stress induced since stress is generally known

to cause immunosuppression. The decrease in lymphocyte transformation

in splenic cultures observed in the control group of mice with increasing

time lnterval appears to be consistent with stress induced immune sup-

pression, since the exposure environment may provide some sSLress.

The immunologic responsiveness of the animals to other antigens was not

In fact, antigenic stimulation of immune

influenced by exposure to VC.

L6V220 SBY
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regponses in our studies masked the stimulatory effect of vinyl chloride
exposure. However, there was no suppression or interference of antigen

induced immune effects observed when the animals were exposed to vinyl

chloride, and there was an additive effect, if any.

The immunostimulatory effect of VC was not always dose-rclated. After a
2-week exposure period only mice exposed to 1000 ppm VC showed such an
effect. After 4 and 8 weeks of exposure, the effect was seen at all
levels of VC exposure. However, the cffect in mice exposed to 1000 ppm
VC for 8 weeks was less pronounced than obscrved in wmice exposed for
shorter durations. This suggests that with continued exposure to high
levels of VC, the initial increase of immune responsiveness may reverse

either as a result of adaption or a direct depressive effect of high

levels of VC exposure.

The metabolism of vinyl chloride has been shown to be a saturable
process (Watanabe et al., 1976). A dose-related saturable binding of
vinyl chloride hus 1lso been shown in rat liver (Watanabe et al., 1977).
Also, protein alkylating metabolites of vinyl chloride in an in vitro
liver microsomal system have been demonstrated (Kappus et al., 1976).

In view of these, it is not surprising that the immunostimulating effect
of vinyl chloride is saturable since it too may possibly be mediated
subsequent to biotransformation of VC imn the body. It nas been specu-

lated that chloroethylene oxide is the reactive intermediate in the bio-

transformation of vinyl chloride. Formation of this alkylating intermediate,

.
B T B i R e ol s
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although not conclusively shown, has been hypothesized as a possible proxi-

mate carcinogen. Alkylation of a normal body protcin by such a chemical

may produce an antigenlic determinant and the resultant immunostimulation. &5

Whether such possibility exists needs to be investipated fursher, : i

The immunostimulatory effects of vinyl chloride agree with the recent

et

reports of Ward et al. (1976) that the vinyl chloride syndrome may involve

L s

an autoimmune phenomenon. The studies reported by these workers included i

o
e
4? patients with clinical effects of VC exposurc. 1In our animal studies, the

5 effects are shown after a relatively short duration of cxposure. In these

,% animal studies, an increased reactivity of lymphocytes, including those g
E% of "1" cells occurred since PHA is somewhat sclective to mouse¢ T-cells. n
f A stimulation of T-cells has bcén reported to be an indication ¢f an E;
iﬁ, autoimmune phenomenon (Orgad and Cohen, 1974}, a finding also consistent é%
~. with the hypothesis prbposcd by wa:Jd - 2l (1976).

v The immune stimulation caused by vinyl chloride exposure may be considered

it similar to the immune modulation caused by levamisole (Renoux et al., 1976).

This chemical, which was first introduced as an animal anthelmintic, has

been attempted as a therapeutic adjunct In cancer patients and has been

shown to prolong the disease-free interval in patients with lung and

breast cancer and malignant melanoma (Rojas ¢t al., 1976; Wilkins and

Olkowski, 1977). At the same timec, this chemical enhances survival of

allogeneic tumors in animal models and also in some patients. In the

be diatlnét from

case of vinyl chloride, its carcinogecnic property may
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its immune effects, but the latter may enhance the carcinogenic pro-

cess once initiated even Iif not actually caused by it.

Other reports involving the immunostimulating properties of different
chemicals have recently appeared. Renoux et al. (1976) reported an
immunostimulating property of propylenc glycol, a common solvent and

vehicle for medicinal preparations. Goodman and Weigle (1977) have

-

o ._.“1\. gy , ‘.-:,_"” AT ' fante “‘1_

reported a dose-related lymphocyte stimulation by 2-mercaptocethanol and

3%

a-thioglycerol. These chemicals have a thiol moiety in common in their

chemical structure, a property also shared by the molecule of levamisol

R R

(Renoux and Renoux, 1977). Two major metabolites of vinyl chloride,

i
T

i.e., thiodiglycolic acid and N-acetyl-§-(2-hydroxyethyl)=-cysteine, have

been described (Watanabe et al., 1976), and are 5 result of glutathione

conjugation by thils chemical, It is possible that these metabolites may
somehow be involved in the immunostimulatory property of vinyl chloride.
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TABLE 1

EXPOSURE CHAMBER ANALYSES FOR VINYL CHLORIDE®

Ve (:onuvntrhtlon, pbm

Desired Concentration 10 100 1000 Q:;
7] 5

Concentration determined
(meantS.D.) . 9.9:0.64 101.3%4.8 982.8+34.9 Eg E
Percent of exposurc days g' 1
Q "

within 10% of mean -
analytical concentration ' .

Number of analyses (days x
8 analytical determinations
AN per day) 45x4 45x4 45%4

ey
UL ot
i

4y¢ concentrations were determined on a Varian 2400 gas chromatograph
equipped with a flame ionization detector. The column used was
. 3' x 1/8" stainless steel, Porpak QS, 80/100 mesh, maintained at a e

e
o afieg

g
it

temperature of 120°C (injector and detector at 260°C and 225°C, A
respectively). Carrier gas was He, 30 ml/min. Samples of 1 ml were ;
analyzed and compared with an appropriate standard curve prepared E:
simultaneously.
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TABLE

ORGAX AND BODY WEIGHTS 0OF MICE ENFOSED TO VINYL CHLORIDE YOR DIFFLRENT DURATIONS

e TR

iirgan Weights and Thelr Rulation to Body wWeipht

g

Level of Body

iy

Puraticn cf Exposure  Weight Thvous Spleen : Liver e __Vidney __ 5

[rposure (ppm) (g} {g) {g/100:) (2} (i/ 100g) {2) (8100  _ _ {g} (g/1:hnig) E

Preexposure 0 352 0.05:0.02 0.1%:0.01 0.10:0.0f 0©.27:0.Ct 1.9::=0.07 5.52:0.2R M 53420.0% 1.53:5.20 g

2 weuss 0 3623 N.0sx0.02 0.12:0.03  0.09%:0.01 0.2426.00 ). 3.46:0, %0 0.59:0.09 T.Raz, 13 %

10 3545 0.05:0,01 0.1420.03  6.03:0.02 0.24:0.0) i. 3.38:0.4F .54:0.09 1.67:20.20 §

100 3622 0.03:0.01 $.12:0,02  0.09:0.02 n.73:0.04 1. 3.4920,33 0.57+0.06 1.58:0.1¢ I

1000 354 0.0420.01 0.10:=2.02 0.13:0.01% 0,380,067« 2, 5.92:0.29 (0.0320.08 1.51:0.95 . ?

~ 3

L wauels ] Ja22 0.0%+0.01 0.15:0.04 D.07:0.02  0.21+0.05 i. 3.15:0.23 0.55%:0.07 1.F3=20. 2] by {
10 38l 0.065:0.02 0.1.:20.03 06.10:0.03 0.25:0.0% 2. 5.9620.45% Q,~A20.08 1.7220.2 F .

106 3521 0.05:0.6] 0.13:0.05 0.08:0.01 0,22:0.02 2. 5.92+0.45% 0.53:0.06 1.65:0 &

1000 kRN 0.063+0.51 0.0%=0.03 L1001k 0,300,040 2, 3.69:1.29  0,84:0.05 1.73:0,12 ¥

8 wieks Q 383 {.G.tn. 01 0.11:0.03 L9003 0,23:0.04 AL P ST T S P O
10 PREN L0300 0.07:0.:2 U R | 0,23:0.03 2oakeft, 2 3.490:0.40 O 7620, 04

154 4223 0.05:0.01 L 3 33 I A L0001 0,23:0.03 230008 5.310,30 0, 700,06

Qo0 L3l f.05:0,02 L 3 BA U LS P B R} [ Ipeid, 0 .2, 13 L.R2:0 2% 0 hie(.0N6A

Mean : SU of L animals per group.

*
Indicafe significant deviation from ceneral (p<.05, Dunnett's test).
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3 BODY AND ORGAN WEIGHTS OF RABBITS EXPOSED TO VINYL CHLORIDE FOR 8 WEEKS i
: -
% ;
2 B
g 3
:_ b
:g Exposure to Vinyl Chloride, ppm k
# _
1§ 0 Control 10 100 1000

Body Weight (kg) 3.4:0.3 3.120.2 3,3:£0.3 3.5:0.4

Organ weight, g,
(organ/body wt.
g/100g) for

Liver 63.0729.05 54.6917.55 61.4425.05 64.61+8.87 ﬂ;'
(1.88+0.16) (1.7920.22) (1.88+0.20) (1.86x0.15) i

Kidneys 15.5121.61 13.02+1.20 14.66#1.96 15.56%1.45
(0.46+0.03) (0.4320.03) (0.4420.03) (0.4520.03)

Brain 9.2620.67 9.3320.55

9.190.60 9,82:0.79 b
(0.28+0.02) (0.31+0.03) (0.28 =

6
.01) (0.28+0.03)

Heart .35 5.810.42 6.1820.18 6.4340.95 g

0.3
0.01) (0.19:0.01) (0.1920.02) (0.19+0.02)

Thymus 3.63:0.89 2.41+0.77 4.59+0.78 5.1520.96%
(0.1120.02) (0.0820.02) (0.14%0.01) (0.15+0.02)* !

55 1.5121.00 1.4420.37 1.1 2
02) (0.0520.03) (0.0420.02) (0.03+0.0

Spleen

Adrenals 0.3820.9 0.46£0.15 0.50£0.11 0.41+0.08
(0.0120.00) (0.01+0.00) (0.02+0.00) (0.01+0,00)

Popliteal Lymph 0.40£0.08 0.37:0.05 0.40+0.05 0.40+0.14
Nodes (0.01+0.00) (0.01%0.00) (Q.Ol:0.00) (0.01+0.00)

05220 SBY

Mean * SD of 5 animals per group.

*
Indicate significant deviation from control (p<.05, Dunnett's test).
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TABLE 4
INCORPORATION OF TRITIATED THYMIDINE IN SPLENIC LYMPHOCYTES OF MICE AND RABBITS
EXPOSED TO VINYL CHLORIDE AND CHALLANGED WITH A MIXTURE OF TETANUS TOXOIPb
AND FREUND'S ADJUVANT
Mice Rabbits
" -
Vinyl Chloride DPM1106 Cells Stimulation Index DPM/106 Cells Stimulation Index?P

. Exposure Without any Without any

& B ppm Mitogen PHA PWM Mitogen PHA PWM

Al
~;;f ’ 0 11,736+3,584 B.1:4.8 6.5:£2.9 36,926+5,489 15.9x1.3 3.3:0.4
;?i B 10 17,629+2,353 6.8:0.9 11.4:2.0 59,8097 ,444% 14.2+2.8 8.0x]1.5*
; 100 12,406+3,195 11.0#3.1 11.922.2 67,286+13,991%  13.5:1.5 5.2+1.4
'f - ) 1000 5,774%1,645 5.5:0.9 4.1:0.5 46,026+9,248 12.021.2% 4.1:0.5

.a
Animals were injected with a mixture of tetanus toxoid and Freund's complete adjuvant,
2 and 4 weeks prior to thelr sacrifice. The values are Mean ¢ SE. Four animals per
group of mice, whereas 5 rabbits per group were averaged.

bStimulation index = dpw in the presence of a mitogen divided by the dpm without any mitogen.
*Indicate significant di‘ferences from respective control group.
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TABLE 5

SKIN REACTIVITY TO TUBERCULIN IN RABBLTS EXPOSED TO- VINYL CHLORIDE
AND SENSITIZED WLTH FREUND'S ADJUVANT

Conc. of
Vinyl Chloride,

ppm 24 hrs. 48 hrs. 24 hrs. 48 hrs.

Primary Skin RQSponsea Sccondary Skin Responsc

0 20.8+3.3  15.8%1.4 20.0+2.6 15.6%3.9

10 7.8+1.7% 11,0+1.5% 17.621.6 18.2+2.0

14.222.1 16,621.2 21.620.5 16.821.6

26.2x1.9 25.6%]1.0% 21.410,8 15.8+1.4

aPrimary and sccondary response is 10 days afrer the first and
second challange of adjuvant, respectively.
millimeters of diameter of skin reaction,
per group.

The values are
Mean + SE of 5 animals
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TABLE 6

SERUM ANTITETANUS HEMAGGLUTINATION TITERS IN RABBIT AND MOUSE
AND THE EVALUATION OF PLASMA CELLS IN RABBITS EXPOSED TO VINYL CHLORIDE

Exposure Conc. Serum A“ti“""“““s Titers Rabbit Popliteal
of Vinyl Chloride Rabhit Mousce ™ - " Lymph Node
pPpm Primary Sccondary Secondary fluorescence Score
0 10,4224 17.6£3.9 5.021.0 11.0:0.6
10 6.4$x1.,0 11.2:2.0 4.0+0.0 10.8+1.1
100 12.8+4.8 8.6x2.1 6.021.2 10.620.5
1000 6.0£1.3 13.625.0 4.0x0.0 . 11.421.7

aPrimary and secondary titers are 2 weeks after the first and second
antigen challange, respectively.

All values are means * SE of mean for 5 camples per group.

bMean + SE of 4 samples per group, 2 weeks after the second antigen

challange.

Ckvaluation of popliteal lymph node by observing 10 random fields in
2 blind random fashion under a mi. -oscope. Sce Methods for details.
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TABLE 7

SERUM TMMUNOGLOBULIN IN MICE EXPOSED TO VINYL CHLORIDE

. a
Vinyl Chloride Serum lg at
conc., ppm Precsposure 2 wouks 4 weeks 8 woevks

0 0.810.1 240}, 0.920.1 2.1+0.,2
10 . 1.6:0. 1.2:0.2%
100 . 1.2:20. 1.7:0.3

1000 L8120, 1.430.72 1.7:0.1%

905220 SBH

a . . . :
Values indicated are the ratios of total serum Iy to that in
normal pooled mouse serum, Mean ¢ $E of 4 animals per group.

*Indicate significant deviation from controil at p<.05.
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TALLL 8

SERUM Il IN RABHITS EXPOSED TO VIKRYL CHLORIDE

Viany! Chloride Iy, mp/ml, at
_Lonc., ppm Preexposury 4 _wruks 6 weeks 8 weeks

0 17.4£2.1 18,342.2 7 22,2+1.0
10 13.5:1.9 14,622, : * 0.6:3.6
0 20.342.8 15.1:1.

1000 12.351.4% 19.9¢1.8

Mean * SE of 95 obscervations per group.

*x1ndicates statistically significant difference from respective
control group at p<.09%,.
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FIGURE 1

FIGURE 2

FIGURE 3

FIGURE 4
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LEGENDS TO FIGURES

Thymidine uptake by lymphocyte cultures prepared from mice

exposed for 2 weeks to vinyl chloride. Average of 4
animals, the cells cultured in triplicate. Values sig-
nificantly different [rom controls are marked with an

asterisk (p<0.9%).

Thymidine uptake by lymphocyte cultures prepared {from mice
exposed for 4 weeks to vinyl chloride. Average of 4
animals, the cells cultured in triplicate. *Indicates
values significantly diftevent from respective control

(p<0.05).

Thymidine uptake by lymphLocyte cultures prepared from mice
vxposed fur 8 weeks te vinyl chloride. Average of 4
animals, the cultures performed in triplicate. *Indicates

values significantly different from controls at p<0.05.

Response of mouse splenic 1ymphoéytes to-PHA and PWM

after 2-week exposure to vinyl chloride. All values

are average of 4 animals, the cells cultured in triplicate.
Vertical bars represent standard error of mean and * indicate
values significantly different from controls (p<0.05j.
Stimulation ‘ndcx = dpm in the presence of a mitogen

divided by the dpm without any mitogen.
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FIGURE 5

FIGURE 6

Rusponse of mouse splenic lymphocytes to PHA and PWM
after 4=-week exposurc to vinyl chloride. All values
arc average of 4 animals, the cells cultured in triplicate.
Vertical bars represcent standard error of mean and *

indicate values significantly different from controls at

p<0.05. Stimulation index * dpm in the presence of a

mitogen divided by the dpm without any mitogen.

Response of mouse splenic lymphocytes to PHA and PWM

after 8-week exposure to vinyl chloride. All values

are average of &4 animals, the cells cultured in triplicate.
Vertical bars represcent standard error of mean and *
indicate values significantly different from controls at
p<0.05. Stimulation index = dpm in the prescnce of a

mitogen divided by dpm without any mitogen.
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