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90 seconds a'pd to the larger ones, about 280
seconds.

Raspiratory offects -were more drmnatic
following exposure to the smaller o-chlora-
benzylidene malononitrile particles. None of
the six men were able to tolerate the small
particles for longer than 30 seconds. During
the large particle exposures, four of six men
tolerated the cloud for at least 60 seconds.

The results recorded in Table 1I show
that exposure to larger particles definitely
prolonged the eye effect. While all six
subjects were able to tolerate the exposure,
the post-exposure effects on the eyes were
quite pronounced in that recovery alter ex-
posure to the small particles averaged about
90 seconds and the large, 2680 scconds.

The inability of subjects to tolerate the in-
halation of small (one micron) particles of
o-chlorobenzylidene malononitrile or recover
rapidly following inhalation of them is a
function of the depth of penetration and de-
position in the respiratory tree. Of particles
inhaled*"* those having the size of about one
micron have the best chance of going beyond
the upper respiratory tract and of being re-
tained deep in the lung. Very few, if any,
larger particles (> 15 u) will penetratc be-
yond the upper respiratory tract.

The effect of particle size of o-chloroben-
zylidene malononitrile aerosol of eye irrita-
tion may be dependent on several factors.
The impaction efficiency of small particles
on surfaces is of a low order,® hence deposi-
tion on the eye surface would be rather lim-
ited. However, the onset of ocular responses

May-June, 1963

would be rapid due to ease of solubility of
small particles in the eye fluids, Larger par-
ticles would have a much higher impaction
efficiency but the onset of irritation would be
delayed somewhat due to the slowncss of
large particle solubility. Once begun, how-
ever, the irritation process would continue
for a longer period than that caused by the
small particles. The eyes would be cleared
in both instances through increased tearing.

When both the eyes and respiratory sys-
tems of the subjects were exposed to the ir-
ritant the responsc was predominately res-
piratory with the small particles and ocular
for the large particles. One of six men tol-
erated the sinall particles for longer than 60
seconds; five of six did so with the larger
particles.
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Medical X-Ray Exposures

Laboratory of Applied Biodynamics, Yale University and Departmant of Pathology, School of

Effects of Single and Repeated Exposures of
Humans and Rats to Vinyl Chloride
D. LESTER, Ph1).* L. A. GREENBERG, Ph.D.,* and W. ROBERT ADAMS, M.D.t .

Medicine, Yale University, New Haven, Connecticut

hlarid

@ Raus cxposcd cight hours daily to vinyl at i of 2% for

three months and 5% for 19 days exhibited changes in liver and spleen weight
and in red and white cell counts. Except in the case of liver, tissue alterations did
not pany these chang The al in liver morphology were within
the normal range and were not pathologic in ch B. other facets of
the animals’ response, such as rate of growth, serum transaminase and bemoglobin,
were unchanged, it ls suggested that the present threshold limit value of 0.05%

The U. S. Public Health Service through its National Health Survey has
published a survey report entitled “Volume of X-Ray Visits.” The data gath-
ered for this report are based on a continuing household interview survey which
shows that on the average there arc 48 visits cach year for medical x-rays
for cach 100 persons in the population, In gencral, persons between the ages
45-64 years reported the higﬁzu rate of use of x-ray. One-half of all medical
x-ray examinations were made in facilities other than hospitals and doctors’
offices. Most examinations were for diagnostic purposes and the chest was
the most frequently exposed area. Copies of the report are available from the
Superintendent of Documents, Government Printing Office, Washington 25,
D. C., at 40 cents per copy.

need not be Jowered.

Introduction

THE TOXICITY of vinyl chloride has
been reviewed recently.’®* Because the
threshold limit value of 500 ppm is based
on limited data* using vinyl chloride less pure
than that now obtainable* the effects of
acute exposure in man and rats and long
term exposure in rats was investigated by us
in 1959 and is dcscribed here. Our data
do not support the conclusion of Torkelson,
et al® that the threshold limit value should
be reduced ten-fold; indeed their data indi-
cate a need for further studies prior to any
revision of the threshold limit value.

Material

The vinyl chloride monomer was supplied
by the Perkins Plant of Solway Process Di-
vision, Allied Chemical Gorporation, in four
100 Ib. cylinders with the characteristics
shown in Table I, presumably differing ma-
terially from the vinyl chloride used by
Torkelson, et al® only in the presence of
60 ppm of the inhibitor, phenol. Gas chro-
matography of the liquid phase indicated the
presence of more than 999% vinyl chloride,
“Praented at the Twenty-third Anousl Mesting of the
A ( Indu ial "Y.i‘l. A iath Washi D.
it ok d in part by rch grant 6
Alled Chemical, Corporation. and. ia. part by U."3. Public
Heulth: Service Graat C-2738.

*Present addrems: Biochemistry and Physiology, Nelson
Biology Laboratory, State Univensity, New
Brusmswick, New Jersey.

fReciplent of U. S, Public Health Service Senior Resoarch
Fellowship No. SP-37.
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together with a trace of air and carbon
dioxide. )

Tasee 1
Analysis of Vinyl Chloride Monomer

Acid
Acctylene
Aldehyda
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Moethods
Experimental

Desired concentrations were obtained by
metering air and vinyl chloride through flow-
meters calibrated for these gases and pass-
ing the appropriate flows through a 2-liter
mixing chamber. The concentration was
also continuously monitored by a thermal
conductivity meter calibrated for vinyl chlo-
ride versus air. The desired concentration
of vinyl chloride was maintained with less
than 5% deviation. The total gas flow
was about 50 liters per minute (lpm) in all
but one of the experiments.

Five experiments were conducted: (1) a
five-minute exposure of human beings to
concentrations of vinyl chloride ranging from
0.0 t0 2.0%; (2) an exposure of rats (Sher-
man strain rats from Rockland Farm, New
City, N. Y.) for as long as two hours with
concentrations up to 15%; and (3, 4, and 3)
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exposures of rats to concentrations of 8 to
10% for 15 days, 5% for 19 consecutive
days and 2% for 92 days.

Pathologl'ul

The experimental and control animals
were killed by ether inhalation after expos-
ures to 2, 5 and 8 to 10% vinyl chloride
were completed; Each animal was autopsied
according to standard practice. In addition
to the gross examination of all animals, all
the livers, kidneys and spleens were examined
microscopically and some animals received
a complete microscopic examination. Heart,
lung, liver, spleen, urinary bladder, testes,
prostate, ovary, brain, spinal cord, pituitary,
tibia, pancreas, stomach, small nnd large
intestine, adrenals, ludncyl, uterus, fallopian
tubes, thymus, thyroid, parathyroid, eye, knee
joint, bone marrow, skeletal muscle, salivary
glands and skin werc removed from each
animal and preserved in 10% buffered for-
malin, All tissues were examined grossly
both at autopsy and after formalin fixation.
Following fixation, representative samples of
all tissues were processed according to stand-
ard histological procedure and stained with
hematoxylin and eosin; separate specimens
of liver were ltamed for fat with the Flam-
ing Red techniq The ls recelvmg
such a complete examination of the tissues
listed included two males and one female rat
that had been, exposed 15 times and one
female rat exposed ten times to the 8 to
10% level; cight experimental and nine
control animals surviving the 5% exposure;
and 20 randomly sclected rats, cqually di-
vided as to experimental and control groups
and to sex, exposed to 2% vinyl chloride.

The marked .increases in liver weight ac-
companying the exposures to 2% and 5%
of the gas, the decrease in spleen weight in
the 2% expsoure and the reported kidney
changes in exposure to 500 ppm? led us to
examine these particular tissues with a blind
technique, thus excluding the operation of
any bias or prejudice from the judgments.
All ilides, including duplicates, were ran-
domly numbered so that it was impossible
to distinguish, without the code, which had
been experimental and which control. The

£OU2T6DZ
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slides of the liver, spleen, and kidney were
exammed and classified, then recoded and
r ined; in this a e of
the cc e and reliability of the pathol-
ogist's technique was obtained. This con-
sistency was nearly perfect in the case of
liver slides, and only slightly less so for spleen
and kidney. The results of these examina-
tions are reported in the appropriate follow-
ing sections.

Results
Experiment 1

Because the main objective was the deter-
mination of the effect of long term exposure
to vinyl chloride, the maximum concentra-
tion. of the gas to which humans might
conceivably be exposed without any unme-
diate acute effects was determined; this con-
centration then became the basis for deter-

the tion used during the
92~day exposure of rats.

Three men (26, 35, 50 years; 86, 78, 73
Kg.) and three women (25, 40, 55 years;
64, 52, 61 Kg.) were exposed twice each
day, scparaled by a 6-hour interval, for
three successive days to six different con-
centrations of vinyl chloride: 0.0, 0.4, 0.8,
1.2, 1.6 and 2.0%. The concentrations were
prescnted in a different order to eachw sub-
ject to make it possible to factor out any
possible adaptauon to either the gas or the
axpenmenul situation; the 0.0% concentra-
tion was included so that some asscssment
of suggembllny could be made.

Until its conclusion, the subjects were told
ncither the effects o expect from the expos-
ure nor the purpose of the experiment; nor
was information vouchsafed as to the con-
centrations that were used at any time. The
subjects each sat in a chair separated from
the gas mixing equipment by a screen, a
simple plastic breathing mask affixed over
the face, covenng the mouth and nose. The
rate of air or air-gas mixture passed through
the mask was sufficient (50 lpm) to prevent
any dilution eflects from the atmosphere.
After five minutes of breathing the mixture,
the exposure was terminated and the sub-
jects were asked to compare their feelings
at this time to the time immediately

Industrial Hygiene Journal

prior to putting on the mask; no suggestions
of any kind were made. The responses of
the subjects are summarized in Table II.
It is apparent that the maximum concentra-
tion causing no effect in any subject lies be-
tween 0.8 and 1.2%. From the responses it
is evident that vinyl chloride causes clear-
cut intoxicating symptoms which can serve
as adequate warning signs of its presence.

Tasir 11

Relponlel of Human Subjects to Varym
ions of Vinyl Chlorid ‘

Per Cent
Concentration Resposse

0.0 o diflerences reporied by Subjecta 3, 2, 4, § and
Subfect §; "A“-lnly d‘uv" leca 3,

0.4 Nu differsuces reporied by all i L

[X4 llluﬂ"lcdl nrmul by Sl lu:u 1, 2 4,3
uul Rubject “atightly  houdy

1.2 No dilferences repurted by Subjects l 'S, 4 and 5
lulakcl 2 unmn, snnewhat  diszy n "middle

6, recling, swimuming besd, "lu

uhl
1.6 o elfect upuncd by Subject 3, All others report
rees of lnt»lln(um with dluhml. lmm-
ednen, svuia nauses, ol visua! and
cucs; these sympioms d-
20 Ann“:;:?.d “"f'?“ ing 1
£ reporte t«ualuq effects, ject
reporting a headachs that penisied for 50 ni‘nulu
These sym appeared &: in the exposure
:h‘:: at l& nd atu IYMPLOEM weres mors intenss
"t

Experiment 2

To gain further insight into the intoxicat-
ing effects of vinyl chloride rats were ex-
posed to varying concentrations of vinyl
chloride for periods up to two hours. The
cfffuent gas from the mixing chamber, at
the desired concentration, was passed through
a 10-liter all-glass exposure chamber con-
taining two rats. At a 5% concentration in-
toxication is inoderate but the righting re-
flex is lost; intoxication is more intense at
6% but the righting reflex is still present.
This reflex is lost at a concentration of 7%;
the corneal reflex disappears at a concentra-
tion of 10%. On removal from the chamber,
the animals return to the pre-exposure state
rapidly. One animal was sacrificed after ex-
posure to the 10% concentration and showed
no visible gross pathology. Exposure to a
concentration of 15% resulted in deep anes-
thesia within five minutes. Effusion of fluid
from the mouth preceded respiratory failure
in one rat after 42 minutes; autopsy revealed
edema and congestion of the lungs, The sec-
ond rat was maintained under this deep anes-
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thesia for two hours; on removal to air,
there ‘was an uneventful and prompt recov-

ery.
Experiment 3

Some notion of the distinctive and specific
pathology that might be caused by vinyl
chloride was our object in exposing rats to
a concentration of 10%.

Thirty-six rats, equally divided as to sex,
were divided randomly into an experimental

\and a control group; the 18 experimental
rats were exposed to the gas in a 1100-liter
steel chamber. The concentration was initial.
ly raised rapidly to the desired level by ad.
mitting vinyl chloride without admixture
with air until the offluent from the chamber
attained the desired level as noted on the
thermal conductivity meter. A fan within
the chamber, connected by a flexible cable
to ap electric motor ide of the chamb
(thus avoiding the hazard of an explosion),
mixed the vinyl chloride with the air with-
in the chamber, Thereafter, the cffluent
from the 2-liter mixing vessel was admitted
to the chamber; to conserve gas, the through-
put of this highest concentration was 20
Ipm.
pTl\e experimental rats were exposed daily
from 0830 to 1630 hours while the control
animals were exposed from 0000 to 0800
hours. At this concentration, as already
noted, rats lose consciousness, regaining it
five to ten minutes after removal to air.
After two consecutive 8-hour exposures, how-
ever, the appearance of the animals sug-
gested that there would be no survivors if this
concentration were maintained for the con-
templated 15-day period; consequently, be-
ginning with the third exposure, the con-
centration was reduced to 8%. The test
was interrupted for one day after the sev-
enth daily exposure because of a mechanical
breakdown. Of the group exposed in this
fashion, three female rats died, after the sec-
ond, fifth and fourteenth exposures; the two
animals that died earliest were replaced with
substitutes for the remaining exposure pe-
riod; eight female rats were thus alive at
the end of the fifteenth exposure. Female
rats exposed 10 and 15 times were autopsied
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Classification of Morphologic Changes in Livers Classification of Morphologic Changes in Kidneys

Class Description Clas Description
; frde. ) el well 1, r——" M '
T e i T o PR o Y B e
S i ite ool et <ol withdefin 3 ke e extamsive _vacuolization snd

ektonsive
. m hl:' ' "E‘- v-nok-.“ “’: .5‘:::' 3 ?o-l:r:;"dv-'cw:““ Y pyknosis’ J rn'dudiu proximal collecting ubules in
swelling 3 e iegu es"’ cortex. 3
ipaces, pression Y 4 As S but with vacuolization and “pyknosis extend-
Tacal in’ distributy of vituoids. Changes ine 1o conveluted tubules. »
3 Salar to 4 bt chisgm mare widespesad ond
0. °

at the termination of the exposure; the re-
maining six rats were autopsied 15 days
later, five of these rats having beon expomd
15 times and the sixth rat 13 times. The
mortality was greater among the male rats:
only two males survived 15 exposures, the
remaining males, and their replacements,
surviving only an average of eight exposures.
The two male rats exposed 15 times were
autopsied at the termination of the exposure.

There was no weight gain in the initial
days of the exposure to this concentration, al-
though after the ninth day some resuinption
of growth seemed to occur, posuibly an in-
dication of the development of tolerance to
the effects of the gas as the exposure con-
tinued. Upon termination of the exposure,
growth resumed promptly at the same rate
as the control animals. Both at the 16th
and at the 30th days, there appeared to be
no differences in liver: body weight ratios
between experimental and control rats, al-
though too few livers were weighed at the
termination of the experiment to make mean-
ingful comparisons of this ratio.

The external appearance, coat and tail,
of all the animals was within normal limits,
About a third of the animals had parasitic
liver cysts. No differences in appearance,
color, consistency or degree of congestion
were observed between the livers of experi-
mental and control animals. The lungs of
three experimental animals sacrificed im-
mediately upon cessation of the exposure
had numerous focal fibrinous pleural exu.
dates overlaying nodular yeilow-brown pa-
renchymal lesions which had the appearance
of regions of acute necrotizing focal pneu-
monia. Of the six experimental animals
sacrificed two weeks after the exposure, the
lungs of two revealed a few adherent fibrous
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pieural adhesions which were interpreted as
representing  regions of healed pneumonia.
All other organs and tissues were within
norual limits, with no differcnces between
experimental and control animals.

The experimental animals sacrificed at the
termination of the exposure reccived a com-
plete histologic examination. The lesions in
the lungs of the three animals in this group
showing gross pleural pathology were seen
to be due to acute focal necrotizing pneu-
monia in varying stages of organization.
Some pulmonary edema was present as well
as diffuse infiltrates of mononuclear cells
in the alveolar septac. Some areas of meta-
plasia were present in and near the regions
of pneumonia and were interpreted as secon-
dary to the pneumonia.

The parasitic liver cysts seen grossly were
confirmed microscopically. The liver sections
stained for fat revealed individual vatiation
of some degree but no significant deviation
from normal, The coded slides of the livers
were classed according to the descriptions
in Table I1T while kidney and spleen were
judged according to the criteria in Tables
IV and V; Figures §, 2, 3, 4, and 5 are

TasLz V
Clauification of Morphologic Changes in Spleen

Description
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. Foumas 1.5, Rat livers,
ill g the phologi
cal classes described in Table
HE (1) Cleen 1: (2) Class
2; (3) Class 3; (4) Class 4;
(5) Class 5. "H & E stain,
x 200.

illustrative of the class descriptions in Table
II1. There were no significant differences
in the scoring of the groups, although there
was a class “3” and no class *“3” in the rats
killed at the termination of the exposure,
whereas there were no livers in class “5"
among the control animals. There were no
class “5” livers among the experimental rats
killed two weeks after the exposure; the
slides were cvenly divided between scores

_of 3 and 4.

Kidney slides from the experimental ani-'
mals were not graded differently than from
the controls but all spleen slides from ex-
perimental animals received the highest
score, differing significantly from the con-
trol spleens, although some controls also
‘received such high scores.

Experiment ¢

These preliminary tests seemed to indicate
that vinyl chloride was an anesthetic gas
which might also act as a lung irritant. In
order to assess this feature of its action, to
highlight significant pathological features and
to avoid the potentiality of damage arising
from anesthesia alone, five female and five
male rats, matched with controls, were ex-
posed for eight hours daily to five per cent
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vinyl chloride in air for 19 consecutive days.
The experimental animals were placed with-
in the chamber at 0830 and removed at 1630
and the control animals from 0000 to 0800
hours. To prevent contamination of food
or water, both groups of animals were placed
within the chamber in empty cages; hence
experimental and control animals were de-
prived of food and water for eight hours
daily. The requisite concentration of the
vinyl chloride was attained initially as in Ex-
periment 3, but the chamber was ventilated
at 50 Jpm. !

Although the body weight of the experi-
mental rats decreased initially, this trend was
reversed by the fourth exposure, the rate of
growth thereafter being no different than the
controls. The drop in weight at the start
and the subsequent resumption of growth
was paralleled by an apparent increasing tol-
erance to the gas as the exposures continued.
At the start, the intoxication of the rats was
marked, instability of the hind legs being a
prominent feature of the exposure. With
each exposure, however, there was an pbvious
diminution of these symptoms, so that by the
fifth or sixth exposure, it was not possible
to distinguish any evident symptoms of neu-
rological deficit.

Hemoglobin determinations during the ex-
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' TaBLE VI . .
Formed Elementa of the Blood at Termination of Exposure to 6 and 2% Vinyl Chloride
WBC o Neutrophils
xll‘g?nm' X10*/mm* mpﬁ yie %
Mesn 8.D. Mesns 8.D. Moan 8.D. Mean 8.D.
co-c‘-.n)l—sx 6.3 0.49 12.61 2.75 0.4 3.1 0.4 5.2
Expt.—&% ..87 0.78 1.96 1.86 2.3 .6 (R} 3.1
®
“p” laas thaa 0.08 0.01 N8 N8
c-ml)—cs 6.60 0.8 n.s 3.6 “a 4.5 12.62 “n
(28] 1
lma;):x ¢.us (X"} [ Bt 2.08 ».1 (X7 .08 .
“p" lass than ' N8 0.01 0.01 0.01

posure period revealed no difference between
experimental control groups.

On the twentieth day experimental and
control animals were anesthetized with di-
cthyl ether, blood was drawn by cardiac
puncture and 1/9 volume of 0.1M sodium
oxalate was added to the blood. The ani-
mals were then killed with an overdose of
the anesthetic and autopsied. Measurements
of hemoglobin, prothrombin time, hemato-
crit, red cells, iwhite cells, differential white
cells and serum transaminase were performed
on the blood drawn. Serum transaminase,
hematocrit values and prothrombin times
were normal for both groups. Table VI
lists the values for some of the formed ele-
ments of the blood. Monocytes and cosino-

phils formed only a small proportion of the
white cells; no differences between control
and experimenta! animals occurred. The red
cells were somewhat clevated and the white
cells lower in the experimental group. Table
VII shows that the liver: body weight ratio
of the experimental animals was significantly
elevated.

All five male experimental animals ex-
posed to 5% vinyl chloride had coats which
‘were somewhat thinner than normal; the tails
of these animals were scaly. The three fe-
male experimental animals and all the con-
trol animals had normal coats and tails.
One male experimental animal had fbrous
pleural adhesions on the lelt side; the fibrous
nature of these adhesions suggested that the

TasLe VII .
Liver and Bploun Welghts of Ilats Exposed o Vinyl Chloride
ﬁ. ol Body Weight
N of
Group w D:-’. uA::h Bex Liver Spleen
% Mesn 8.D. Mean 8.D.
n.65 .0 0.49 0.100
i : " i 4 «ne %3 14 o088
: [ %] 0.19 0.88 0.088
o : 1 i H RS HH o ]
. 0,
e ¢ H H 4 R
M [B1) 0.4
ool : h H M| e b3
4 r " 0.20
w. l—’lo Bee Text [ ] r §.18 0.8
. ° 1 M 5.48 0.57
Cc;:'..l 10 Bes Tant 4 M 4.00° 1.8
for two wesks “prc0.08
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process was several weeks old and probably
not related to the exposure. Both experi-
mental and control animals had parasitic
liver cysts. No differences in appearance,
color, consistency or degree of congestion
were noted between the livers of the two
groups. The other organs and tissues were
within normal limits in their gros appear-
ance, with no differences between experi-
mental and control groups.

With the exception of the pleural adhe-
sions in one animal, the microscopic appear-
ance of all the organs and tissues was nor-
mal. The gross obscrvation of parasitic liver
cystes in all animals was confirmed micro-
swopically. Liver sections from all animal

-
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chamber to 2.09% vinyl chloride for eight
hours per day (0830 to 1630) on Monday
through Friday for a period of three months.
The control animals were exposed to 0.0%
of the test gas, that is, to a flow of 50 lpm
of air, in the same chamber as the experi-
mental group for eight hours per day on
the same days of the week, No food or water
was present in the cages during either ex-
posure. All rats were weighed at approxi-
mately weekly intervals; hemoglobin deter-
minations, from tail blood, were made at
monthly intervals. In' neither body weight
nor in henoglobin values were there any sig-
nificant differences between the control and
experi al groups.

were stained for fat, but none revealed evi-
dence of increased fat nor were there any
differences in intracellular fat between the
two groups.

Classification of the liver slides for the
morphological designations of Table III
showed differences between the control and
experimental groups. The mean score of the
control group was 2.93 and that of the
experimental group was 4.56, with only one
control animal being graded “4” and no
experimental animal being graded less than
“4". The differences between the means
was thus highly significant, yielding a “p”
of less than 0.001. -

No differences in kidney or spleen slides
between experimental and control animals
were noted.

Experiment 5

Because human exposure to vinyl chloride
scems unlikely at concentrations of the gas
much greater than the concentration causing
signs of intoxication, that is, at 1.2 to 1.6%,
the long term exposure of rats was conducted
At a concentration of 2.0%.

Sixty rats, cach weighing about 75 grams,
were separated randomly into two groups of
15 males and 15 females and placed in eight
separate cages. In the week before the ex-
posure was started, the rats were observed,
weighed twice and blood withdrawn for
hemoglobin determination. The experimen-
tl animals were exposed in the 1100-liter

During the course’of the exposure, there
were five deaths; of these, four occurred in
the control group. No data from these ani.
mals are included in any of the tables.

On the 89th day blood was withdrawn
from the control animals under anesthesia
as previously described (Experiment 4) ; these
animals were then killed with ether and
autopsied. A similar procedure was followed
on the 92nd day for the experimental ani.
mals. The livers and spleens of all animals
were weighed prior to' fixation in formalin,
The mean values of the tissue: body weight
ratios are shown in Table VII. The dif-
ferences in the means were in all instances
significant, the livers larger and the spleens
smaller in the experimental as compared with
the control animals. No significant differ-
ences between the groups appeared in the
values for hematocrit and prothrombin, The
serum transaminase was not determined.
Monocytes and eosinophils showed no dif-
ferences between the groups; values for the
othicr blood clements are shown in Table VI.

The external appearance of all animal
was normal. Parasitic liver cysts were pres
ent in all animals. There were no differ-
ences in appearance, color, consistency or
degree of congestion between the livers of
the two groups. All other organs and tis-
sues were similarly normal, no differences
between the groups being apparent.

All the organs and tissues examined histo-
logically were within normal limits, no path-
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ology being evident in either experimental
or control animals.

The parasitic liver cysts seen grossly were
confirmed microscopically, Liver sections
stained for fat revealed normal variation, but
no animals had increased intracellular fat nor
were there differences between the experi-
mental and control animals. Graded in
accord with the morphology in Table 111,
the liver slides revealed differences between
the groups. The mean score of the control
group was 1.58, that of the experimental
group 3.63. No liver in the control group
scored more than 2 and none in the ex-
perimental group scored less than 3; one liv-
er scored 5. Because there was no overlap
the differences between the means are high-
ly significant.

There were no differences in scorc for the
spleens in the two groups, but the kidney
slides. of the experimental animals scored
significantly less than their controls.

Discussion
The data from the present investigation
confirm the acute effects to be expected from
various concentrations of vinyl -chloride:
concentrations below 19, when exposure
is limited to five minutes, cause no ob-
servable intoxicating effects; five minutes,
however, is shorter than the time necessary
to reach an equilibrium level in the circula-
tion; from behavioral observations m the
rat, it may be estimated that in five minutes
some two-thirds of the equilibrium level is
reached; consequently a concentration of 0.6
to 0.7%, if long continued would not pro-
duce intoxication. As the concentration rises
above this level the intensity of the intoxicat-
signs increases until at a concentration of
7% the righting reflex is lost; at 10% the
corneal reflex disappears and at concentra-
tions of 1596 and above respiratory failure
takes place. Vinyl chloride thus acts as an
ancthetic gas, its depressant action increasing
with increasing concentration of the gas in
the air breathed, the corresponding increas-
ing neurological deficits ending in death at
concentrations greater than 15%. The pur-
pose in exposing rats to concentrations caus.
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to produce some singular or chuac}eristic
pathology. It cannot be said that this goal
was achieved, the results being questionable
and uncertain. Lung lesions were certainly
present but these could not be ascribed witlr
certainty to any irritant properties of the gas
since they might well have arisen from the
long-continued anesthesia; there was an ap-
parent regression of these lesions in rats al-
lowed a 14-day recovery period, The pres-
ence of pneumonia certainly raises the pos-
sibility of an acute toxic effect on lung tis-
suc at thess concentrations; however, the
pneumonia could just as well be caused by
secondary infection during the severe cen-
tral nervous system and respiratory depres-
sion, an interpretation favol hat by
the diffuse lesions and by the irregular oc-
currence of the pneumonia.

The kidney and liver changes described
by Mastromatteo, et al.® in rats exposed for
30 minutes to 20, 30 and 40% of vinyl
chloride, were not observed here, although
15 repeated 8-hour exposures to an anesthe-
tic concentration is also a relatively severe
stimulus. The findings in the lungs agree
"with the relative lack of effect found by
Mastromatteo et al, in rats exposed for 30
minutes to 10% vinyl chloride, except that
continued exposure, for days, does result in
mortality. The relative lack of pathalogy as
the result of 30 minute exposure at 10%
found by Mastromatteo ¢t al. would seem
to support the view that lung lesions found
after repeated exposures could well arise
from the anesthesia and not from some ac-
tion peculiar to vinyl chloride. There was
no indication at either the 2% or 5% level
of any untoward or other effects upon the
lung tisue.

As an overall measure of general health,
body weight and rate of growth are sensitive
indicants, Even in the exposurc to & con-
centration of 5%, which at first produces a
marked and severe intoxication, the sharp
drop in the weight of male experimental
animals seen at the start of the exposure was
won reversed so that by the end of the 19-
day exposure there was no difference be-
tween experimental and control rau of
cither sex. Body weight and rate of growth
similarly showed no differences between the
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groups in thé 2% exposure. It must be em-
phasized again that the growth of the rats
during the 5% exposure support the observa-
tion of -the rat’s behavior which indicated
that there was a rapid development of toler-
ance to the intoxicating effects of this con-
centration. -

Neither the 2% nor the 5% concentrations
caused changes in the prothrombin time,
hematacrit or hemoglobin values. At both
the 29 and the 5% concentrations, * the
white cell count was lowered significantly,
although sill ‘well 'within the normal range.
The igcrcase in red cclls, although signifi-
daritly elevated in’ the 5% exposure, was hot
correlated with’ changes “in the hemoglobin

content. The increase in concentration -of *

the vinyl chlaride is associated with a greater
fall in the white cells and a greater (and
significant) increase in the red cells at the
5% level. Although lymphocytes and neu-
trophils are increased, only the change at
the 2% concentration unlike the previous
cell changes, reaches the statistically signifi-
cant level, It is difficult to know if these
changes have any toxic significance, since no
tissue changes were seen upon microscopic
examination that would account or be as-
sociated with a drop in the white cells or an
increase in red cells, The decrease in spleen:
body weight ratio is in a direction opposite to
that usually associated with a severe drop
in white cells; although the white cell count
did not suffer a severe drop, the decrease was
substantial at the termination of the ex-
posure.

The only finding suggesting a specific
toxic action of vinyl chloride is the increase
in liver weight on exposure to 5% for 19
days and to 2% over 92 days. The increase
in liver weight is not only highly significant
statistically but is also substantial, amounting
to a 30% increase over the controls. It is
unfortunate that no information is available
as to whether this increate is reversed on dis-
continuing the exposure. The increase in
liver weight may be interpreted as indicating
alterations in water, clectrolytes and protein
content of the liver parenchyma, but that
such changes presage the development of
actual histologic lesions is not certain in

Lk U R
woet 278
- ,’-f.\f.l.
view of the wide range that (e diver: body
weight ratio may encompasa (Table VII),
Rather this increase may signify a non-spe-
cific respense to metabolic derangements oc-
casioned by mild and moderate intoxication
for daily 8-hour periods. From the data ob-
tained here, it is not certain that histopatho-
logical change would have occurted had ex-
posures been carried out for longer: times,
In the paper'by,'TQrigellbn'?iffj'al., histo-
pathalogical _é{rngm in the, liver and ine
crenséd liver: body * weight ‘ratios. are %
ported in male rats exposed to 500 ‘ppm
vinyl chloride for 4.5 months. That there,
no causal relation’ between thie, reporiéel hig:
topathology, and the ihbrqgt:%ig_g?vér??'bg
weight ratio i “evident from. the extepsive
data gathered by these investigators. Female
rats exposed to 500 ppm vinyb'chloride' for
4.5 months showed no statistically significant
increase in liver weight but are yeported tg
have histopathological changes iyl the liver.
‘Female rats exposed to lower concentrations
(100 and 200 ppm) for six months had sig-
nificantly increased liver:body weight ratios
but no pathology. On the other hand, rab-
bits of both sexes exhibited liver:: pathology
without showing any increase in liver weight
alter expasure for six months to a concen-
tration of 200 ppm, The authors correctly
point out that organ:body weight ratios may
well be artefactual, illustrating the point by
the significant decrease in kidney weight
found in fcmale rats exposed to 50 ppm for
six months; such rats exhibited no changes
when exposed to higher concentrations. By
the same token, but overlooked by the
authors, the increased liver:body weight
ratio in female rats at 100 and 200 ppm is
with equal reason artefact because no sta~
t'stically significant increase occurred at 500
ppm. Apparently, also, species differences are
of importance in the reactivity to vinyl
chloride, male guinea pigs suffering a signi-
ficant decrease in their liver:body weight

ratio when exposed to 100 ppm for six
months. :

There are six possible combinations of the
presence or absence of pathology and in-
creases, decreases and no change in liver
weight. The one combination not observed

ing anesthesia (8 to 10%) was an attempt
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by Torkellon, o al is Immmlhcloglcul
change amocidted with a decrease in liver
weight. Obviously, if five of the six possible
combinations have been observed in a rela-

tion
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40 times thoss used by Torkolson, e al. 1f
any rcliance is to be placed in a dosc-cifect
relationship, pathology of some considerable
degree should have been found m'pur ex-

tively small sample, no causal
can be said to exist between these two
measures,

i .

Changes in the liver:body weight ratio
may well have some toxic significance, but
if they are unaccompanied by histopatho-
logical alterations, increased fat content or
strum ‘transaminase changes it is impossible
to" conclude that takeq alone they signify

per Yet ouly morphological: altera-
tions of the character already described and
pictured were seen, which, in our knowlcdge
and experience, are of no pathological signi-
ficance. Whether the explanation resides in
a difference ‘between the rat strains used by
us and by Torkelson et al. or elsewhere is
not known, but without additional data it
is unpomble to resolve the contradiction.

On !he bam of the present ‘data, and the v -
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the chunges fin the formed elements of the
blood. The increases in liver:body weight
ratios were associated with morphological
alterations in the liver which appeared to
have no pathological significance, while no
meaningful morphological alterations were
evident in either kidneys or spleens.
Because, in the long term exposures, it was
impossible to ‘attach any toxic significance
to the changes noted or to observe any his-
topathology, and because other aspects of the
animals’ reactions, such as growth rate, were
unimpaired, the presently accepted threshold
limit value of 500 ppm for vinyl chloride,
one-forticth of the concentration tested here,
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decreased and at 5% there was an increase
in red cells.

No gros or microscopic changes were
found in any tissue that was correlated with




.

130 | Annals New York Academy of Sciences

48. Dugots, P., P. AmoLarp, B. De Bianicourt & J, LEoRaND. 1972. Acropathic
: polyvinylique professionnelle, Bull. Soc. Franc, Dermatol, Syphiligr. 791 197,

49. Ecxarot, R, E. & R. Hinoin, 1973, The health hazards of plasifcs. J. Occupa-
tional Med. 15: 808

0. Eomonoson, H. A., R. L. Pevers, H. H. FRANKEL & S. Borowskl, 1967. The

. carly stage of liver injury in the alcoholics, Medicine 46: 119.

31, EumopaciteMig. 1972, Handelsblaw GmbH. Disseldorl, West Germany.

?;)uo \4-"5b&uu“mnmmmwlow—lnd—odllpno—“ﬁllium:—&-—}h‘ilkﬁnr‘
-GompanyrBallimorer-Md— :

53. Fuatova, V, S. & ‘E, SH. Gronssera. 1957. Sanilarno-iisicniteskie usloviya
truda v proizvodstve polikhlorvinilovdl smolyi i meryl ikh ozdorovleniya.,
Gigiena Sanit. No. 1: 38

$4. Fitatova, V. S, L. L BatakuoNova & E. Sit. GRONSBERQG. 1958. Gigieniteskaya
Xharakicrisiika proizvodsiva khloristovo vinila, Gigiena Truda Prof, Zuboie-
vaniya 2(1): 6.

55. Fuatova, V. S, E. Si. Gronsserg, N. A. Saumnova, E. A. Stutova & 1" V.
OneschEviC. 1965, Voprosyl giglenyl truda | sostoyanie zdorov'ya rabolikh,
zanyatyikh na proizvodstve lateksnove polivinilkhlorida. Gigicna Truda Praf.
Zabolevaniya 9: 9.

56. FiLatova, V. S. & V. A, AnTonvuzsienko. 1971, Gigleniteskiye usioviya truda |
professivual’naya zabolevaemost' rabolikh proizvodstva suspenzionnovo poli-
\]riznukhlorida v dinamike za ryad let. Gigiena Truda Prof, Zabolcvaniya 15(d):

57. Fuscn'uan, J., H. Muw~oscHenk & R. WoLP. 1965, Milzszintigraphie mit 1-Bromo-
mercuri (""11g)-2-hydroxypropan (BMHP). Foruschr. Gebicte Rocentgenstrahlen
Nuklearmed. 103; 349,

58. Fischer, l.,IR. WoLr & H. Gamm. 1973. Die Milzszintigraphic, Disch. Arziebl.

iﬁ"m[‘;j&,&m_w i er—E—ST BT
-_ Ird-sdited—BrEippheotr Company—Phitedel phisr-Pa
§5. Ul'}riu&i: :3 T. 1971, scro-osieolysis in PVC workers. Med. Bull. Stand. Oil Co.

61. GUnmiex, O. 1956. Die Kunststoffe und ihre arbeitsmedizinische Bedeutung.

o H Zcmr.grb}:iun;;g. 6};!5(65‘ b
.- Harris, D, K. 1953, Heslth problems In the manufacture anc .
Brit. J. Ind. Mecd. 10t 255, P re and vse of plasiles

6. Harnis, D. K. & W. G. F. Apans. 1967, Acro-osteolysis occurring in men engaged
in the polymerization of vinyl chloride. Brit. Med. . 3t 712.

64. Hensciwer, D., Ed. 1972/1973. Gesundheitsschiidliche Arbeitsstoffe. Toxikolo-
gisch-arbeitsmedizinische Begrindungen von MAK-Werten (Maximale Arbeits-
platz-Konzentrationen). Verlag Chemie. Weinheim, West Germany.

? 65. lennie, K. 1963, Polyvinylchlorid. /n Ulimanns Encyklopidic der technischen
glh:s'(“g W. Foerst, Ed. 3rd edit, Vol. 14, Urban & Schwarzenberg. Milnchen,
ermany,

66. Hervieux & Tessier. 1959. Quelques observatfons d'exposition et d'intolérance
:\lnx dérivés vinyliques et sux résines &thoxyliques. Arcg. Maladies Profess. 20:

67, lnEa.'F. L. 1970, Porial hyperiension in the presence of Pl

6. oo, N.Y“. Acfd. Scl. g&‘l); ng. P ¢ of hormal liver morphology.
- INTERNATIONAL Lagour OFFICE. 1971, Encyclopaedia of O i

Safety. Geneva, Switzerland. Vol. I: 387.y P ccupational Health and

69. INTERNATIONAL Lasoun OFFice. 1972, Encyclopaedia of i
Safety. Gﬂi‘?' Switzerland. Vol. 11: lféxl. P Occupationsl Health and

N g[. Taxical ."‘ B "l“ $ "u L DD ldu“;:: E:;: is:::.
bt

TR T A "Ci d exp
- Javity, N. B. 1970, Ciinical and experimental aspects of sulphobroniophihalein
and related compounds. In Progress in Liver Disease., H.
n Jusd" }/05 N/i'\. %mn’e &le-nuoi. gew York, N.Y. Popper & F. Schatfner,
- JubaN, J. U., A E. M. McCLEAN & B, K. McLeawn, 1970, B i
(of liver Injury, Amf 1. Med. 49: 609, a1 Hochemical mechantsms
1. Jiue, S. & C. E. Lance, 1972, Sklerodermleartige Hautverlinderuagen, Raynaud-

Syndron: und Akreasteolysen bel Arb itcrn der PV i
Deut. tiee yerbrenstealysen b tbeitern der PYC herstelicnden Industric,

TOCT6Ye

60£9¢Ddd

4.
5.
16.
1.
8.

19.

.il" -~

Marsteller et al.: Splenomegalic Livcr;Diseasc

KeLLy, R. E, 1973, Vinyl chloride and acroosteolysis. J. Occupational Med. 15:

o i i itis. In Discases of the Liver. L,
; . 1969. Toxic and dJrug induced hepalitis. in Dis
KnglfiﬁNég 3='d ¢dit. J. D. Lippincott Company. Philadelphia, Pa. Miinch
Kunce, O. & H. W. ALTManN. 1971, Morphologie toxischer Hepatosen. Minch.
‘W . 113; 1529, ‘ o
Klﬂgg' TYoi?.sgrAit:th‘scmm & A. FLATMARK, 1970. Sinusoidal portal hyperten-
sion. Su}gery 68: 294. ._ ) { clinical and caviron-
’ " G. & J. E. MuTtcuLer, 1972, The correlation of clin ‘
knrtxtl::‘a\cmgsuumcms {or workers cxposed 10 vinyl chloride. Am. Ind. Hysg.

L&é?cb{:éfxsl.gllmle, G. Stein & G. VELTMAN. 1974, Dic sogcnannle Vinyl-

chlorid-Krankheit—eine berulsbedingte Systemskicrose? Intern. Arch, Arbeits-
med. 3 1,

80. Leake, C. D. 1934, The role of pharmacology in the development of ideal anes-

M&Mfoc. I‘og:f-f.:;'-w!v.;v der-teunstatoffes K'uuniupﬁﬁiﬁ'ﬂ? 800/&
s —

82. Lértvae, M. J. 1972. laternationales Symposion der Werksirzte der Chemischen

83. Lenumann, K,

24 .
85. Linoner, H

i - il 1972, Ludwigshafen. As cited in Stein ef al,, 1973,
s 273.29&Aig.nmlunv. Eds. 1938. Toxikologie und Hygiene der techni
1. Julius Sprinscr. Berlin, Germany. )

ERG & W. 9

Ssungsmitie
schen Losng R. ADAM 6

. LesTER R

en . l;';‘l\.'l.aparoscopy in alcohol-induced liver discase Gastrocnieroiogy

64; 842,

M. Creses & P. J. R. Bunci, Eds. 1973, 11 !n(crnauoml Symposium

8. le;\nJCN::;\g; Nl;cﬁ::lis::: and Prevention, Bologna, April 9-12, 1973, Excerpta
Mecdica Int. Congr. Ser. No. 275,

89. Mufu.c;:.. J. Sm‘uss, R. MicieLs, J. P. BenoiT, R. BaLmie & C. PIERRE, 1967.
Acro-ostéolyse d'origine professionnelle (Travail présenté & la Ligue Francaise
contre le Rhumatisme, séance du 18 Janvier 1967). Rev. Rhumat. 34: 340.

90. MarxowiTz, 8. 5., C. J. McDonaLD, W, FETHIERE & M. S. Kerzner, 1972, Oc-

-

cupalionnl acroosicolysis. Arch. Dermat-’ w

91. MansTeLLen, H. J., W, K. Letsacy, R,
Rouner & G. VELTMaN. 1973, Chronis ,.4
in der PVC-Produktion. Deut. Med. Wc¢

92, MastroMaTTEO, E., A. M. Fisuer, H. Cu
halation toxicity of vinyl chioride (o ia!
J. 51 394; Bull. {ln. 361 244

W C.E. Lunee, H. G.
m chiden bei Arbeitern

0 1GER, 1960. Acute in-
Am. Ind. Hyg. Assoc.

Wit ki€ v— AUO c
e ——,
1. Occupational Mcd..

93.

94, McCoap, C. P. 1970, A new occupalion:
12: 234. i

95. MIXKeLsEN, W. P., H. A. Eomornoson, .
ReynotDs. 1965, Exira- and intrahepas
(hepatoporial sclerosis). Ann. Surg. 162

96. Misgeto, V., H. J. StoLeMann & S. S
Vinylchlorid-Polymerisate und/oder de
48; 425,

97, Mornis, J. S., T. HTUT & A, E. Reap. 19:
Ann. Rheumatic Discases 31: 316,

98, NeTTLESUIP, A. & W, ], Fink. 1961. Neo
thorotrast. Am. I. Clin, Pathol, 35: 422 ‘

99, Oevrer, . 1963, Gewerbetoxikologic u.._ ..., ....... .inzelner Polymerisate

Polymerisate chlorierter Athylenc. In Ullmanns Encyklopidie der technischen

G. Revexen & T. B.
sion without cirrhosis

ir Intoxikation durch
.. Haut Geschlechiskr.

O &«

L\ d portal hypertension.

N

O O

following inicclion of

S|SL9TET

[ ——




! ’ A-156/842 o ABSTRACTS OF PAPERS Vol. 64, No. 4

i‘ FIBEEROPTIC S'rICKSCO?I. C. J. lightdale, G. Fosner, P, Sherlock and 8, J, Winsver,
Gastroenterology Service, Department of Nedicine, Nemorial Sloan-Kettering Cancer

| Center, Nev York, N.Y.

; The situstion which allowed Beaumont to lock into the stomach of ft. Mariin was

': unique at the time dut has becoms commonplace with the crestion of operative gestro-
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POSITIVE ESOPHAG
POSITI SOPHAGEAL CYTOLOGY WITHOUT DETECTABLE NEOPLASM, N.N. Maimon and A.E.

epartment of Medicine, Div§
Schoo! of omterre B.uim’:toa.tg]g"a;tmentemlogy. The Johns Hopkins University
The early diagnosfs of esophageal] cu'ncer 1s the

TN s —— v -
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oy e rd trotnt 1
3 .} m“:ﬁo ome ‘“t:rl’ " (n.ow_;z;:::::Lﬁt.m;::::ltrrmizfr;:::“:w :pt::m:: 8:?: gbr:g?ms&mue hav-lsecn four pltien:: ‘{,."3{:,0,:0;}5::'22216‘;)'
£ . has & such smeller diameter (ADMI 0.56 cm) than the standard duodenoscope (AOMI 1.25 ng evaluation for dysphagt
1 om), we dscided to use the forser as & stomoscope. The first 5 patients ezamined in ;x:";ggmg":{;‘ﬁrﬁcow and multipie Mop"ﬂ g“ J'toc&mﬂﬁ gerfo?ncd
g this seaner are presented. AlL had feediug gastrostouies. Their stomachs could not Tesion was defineq C qed with diagnostic procedures for 6 to 30 sorch beo o
be eranined by the usual endoscopic means b of 1 cbstruction, In the foadte ned. One patient was explored and had hiatas neporo nens,before a
£irst pstient s permanent esophagesl narrowing was ruled out when the cardicesophagesl abd er lesion visualized. AIl patients eventual | atus hernfa repair with
Junction was entered from the stomech and the esophagus exasined. The functional oinal approach with endoscopy from above "1'“ Y had exploration from an
3 o Dature of the patient's disorder was suspected but could mot be confirmed by standard kit el tach case, The question of whropriate sonet? ol afary ssophagea
: "n endoscopic or X-ray techniques. In the second patient the response to rediotherapy studfes is rf?sc;i" cytology of the esophagus. and Mg."m:’. [} ‘Pltients who
; Q and chemctherapy of an ad tnoms of the cardls was documented and gastric biopsy, sed. comitant diagnostic
. . brushings and washings for cytology vere ottained. The third patient had a pharyngo-
4 P~ i laryngectomy for carcinoma and wes svaluated for the possibility of s gastric tumor.
O\ Stomoscopy and cytology studies were negative. The fourth patient hed s stricture of
[FS) . the distal esophagus and wus being evaluated for further dilation or surgery. The
p— ' £ifth patient was one year postresection for carcinoms of the cardia who developed &
p— \ smooth stricture tn the snastomotic ares, The dromch Pe Vas Passed to the ares
’ under fluoroscopic control and 0o evidence of recurrent tumor was found. Brush cyto- '

logy vas negative. The advantage of using the fiberoptic bromchoscope is that it is
availsble on many thoracic services and could be shared by gestroenterclogists. Its
flaxibility makes it safer than the more rigid instruments that are generslly used

for this purpose. Aress can be visualized that are blind or csanoct bde reached by the

more rigld instruments. :
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' v LAPAROSCOPY IN ALCOHOL=INDUCED LIVER DISEASE HEREDITARY HEMO,
1 | ; RRHAGIC TELANGIECTAS]
| i, Lindner DGP) : A (HAT) AND DIFFy
! } Medical Department, German Red Croas Hoapital, Hamburg, Goermany. AN "? "c‘v:?:;‘z‘gz gﬂﬂgﬁg:;‘m GIAGNOS[S AND TREATMENTSE GASTRIC PoLYPosIS
] Percutaneous liver biopsy with the Menghini needle will confirm Oepartment of Hedlc':iné and :s.
T, g the diagnosis of fatty liver, but ocannot bhe relied on to reveal [he Memphis, Ternessee, urgery, Baptist Memorial Hospital,
J g _)‘ ;;t-nt of Jiver -ll:--;. witan l(l; fiam vasatisd an aldvancel singe, A u
! A o investigation is based on 6LB lapuroscuples and LOHU Llopeios Y patloat with il was found to p
' M. performed in the last two years. Laparoscopy was purformed on 22 bleeding due to DGP, a c ave recurrent upper gastrointestf
&' F} Q patients qut of 281 with fstty liver, and on 49 patients out of 146 Sertal endoscopic exmin::?;::tlno: :: :'m"n“ rapreviausty reported."n
' puae N O} with fatty liver and mesenchymal activity. Therse was alcohol abuse in dccurate diagnosis as to the source o; ::Ph:‘tognphy fernitted not only an
] o 78 % of 83 patients with finely nodular cirrhosis {laparoscopy per- Y,%ented recurrence after tnitial gastryc e bleeding (DGP), but also docu-~
! i b, formed in 52 patients) and in %3 % of 83 putients with pontnscrotio sresston in the size and nunber of pol ";Section and then e marked pro-
1! (‘.'{ °<J - cirrhosis (laparoscopy in 46 pntients). It is wuch easier to classily :‘_" wucosa of the lower eso agus Iﬁd z'i::'""““:.'mlch ultimately involved
! i~ ths disesse by inepeoting the liver through the laparoscope than by “';:ws of the colon and small bowe) and chrg:::l; :.Nmant, $1gmo1doscopy,
e IR sorutinising & small biopsy specimen, In 38 % of cases the presunce i A and masenteric arteriography revealed no |" normal, Selective
Ly of finely nodular cirrhosis was not appreciated on bicpsy, Blind "‘:Fl:tl‘ic aspirate was negative for malignant vascular abnormality. A fast-
N R £ percutanecus biopsy with ths Menghini needle gave sven worse results. ) q/1iter of acid (volume 14 al.). Sen.g cells, and had a PH of 6.7 with
(TS Q- B Cut of 83 cases of postnecrotic cirrhosis the proportion incorrectly r"“’ﬂ"bll"ns IGA and 166 were low (83 d’“"'n was norma) (142 PG per ml.).
bonbgy 2 classified was much the same (130 %). % the high incidence of walignancy "”c:ﬂugﬁo ms. %, respectively), Because
1 ?[f 2:‘ § The laparoscopic appearance of acute alcoholic hepatitis, fatty liver m’o"‘d? pathologic sections showed dif:usc :n? 0GP, fotal gastrectomy was
Dol (alone and with periportal fibrosis), fatty cirrhosis (alone and with The :‘"'"t recovered and has had no evidence ofm 9n polyposis without neoplasm.
Cogt ; T< cholestasia), toxic-degenerative cirrhosis and postnecrotic cirrhosis wr I‘:quent association of atrophic gastritis m;““l'rent lesions or anemia.
P& (as an advanced form of alcohol-induced liver damags) are illustrated .. 40 OGP 15 an interesting observation, but an nebosajorhydria with both
oo . by characteristic examples. Zieve's syndrome is characterized by the da genesis of tha lesions found fn our slti. t hrdesein factor in the
- prssence of cholestasis, while the most striking feature of sloohol- nrf“’s“c procedure {n patients with pastri . 1 Endoscopy 1s the most valuable
o : induced siderosis is the chocolate-brown colour of the liver, nt"““”! after sw-tota) gastric mncﬁ: Palyposis and should be performed
Lo i The main advantage of laparoscopy combined with needle biopsy of the > o crectomy is a procedure of choice n;  {f recurrences deyelop tota)
. h i liver under direct vision is that it enables the physician to estab- ‘ )
} i i lish the dimgnosis with certainty.
| l
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HAEMANGIO-ENDOTHELIAL SARCOMA OF THE LIVER

R. N. M, MACSWEEN, J. M. VETTERs, SHEILA K. Ross,
J, FERGUSON, J, M., JOHNSTONE AND A. T. SANDISON
University Departments of Pathology and Medicine, Western Infirmary, Glasgow, Department

of Pathology, Grimsby General Hospital, Lincolnshire, and Depariment of Fibre Science,
Strathelyde University, Glasgow

Prates X-XIV

HAEMANGIO-ENDOTHELIAL sarcoma of the liver, also known as haemangio-
sarcoma and Kupfer-cell sarcoma, is an cxtremely rare tumour. Vidcbask
(1946) reported two peaks in the age distribution of this tumour, one at 8 mth
and the other at 49 yr. Blumenficld, Fleming and Johnson (1969) reviewed
the literature on juvenile haemangio-endothelioma of the liver and found
37 cases, only five of which were solitary tumours, Ninard (1950, cited by
Edmondson, 1958) accepted 44 published cases in adults.

In the present communication we report the three adult cases of hacmangio-
endothelial sarcoma of the liver that have been scen in this department since
1900. In particular we wish to draw attention to the difficultics that were
presented by two needle biopsies in one of these patients, and to an attempt
that was made to exclude a possible occupational factor in one case.

MATERIALS AND METHODS

The three cases occurred in two males aged 55 and 51 yr, and in an 81-yr-old female.
Tissues oollectedutnecropcywmﬂxedin4permt. formakiehydeinadmlndembedded
in paraffin wax. Secti as a with h lin and cosin (HE),
and by Masson’s trichrome mcthod. Selected sections were stained fot reticulin (Gordon
and Sweets’ method) and by the periodic acid-Schiff (PAS) method.

CAsE REPORTS
Case !

A male fibre-glass worker aged 55 presented in Feb. 1970 with a 3-mth history of general-
ised pruritis and increasing meatal apathy. He admitted to moderate alcoholic excess, but
gave no previous history of jaundice. Clinical examination revealed mild icterus marked
facial telangiectasis with a few spider naevi, and early bilateral Dupuytren’s contracture.
The liver was enlarged and was palpable three finger-breadths below the right costal margin.
Liver scan showed a diffuse uptake abnormality compatible with cirrhosis. Liver biopsy
was performed. He was treated tuboequently wnh prednisolone, phenergan amitriptyline
and cholestyramine with some transient , there was con-
tinued objective evidence of progressive hepltic dylfuncuon, and, when he was readmitted
in hepatic precoma in Aug. 1970, a liver scan a more severe diffuse reduction in

" isotope uptake. A further liver biopsy was obtained. There was slow deterioration and

death in hepatic failure occurred in Dec. 1970,
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Necropsy. The body was jaundiced, and there were numerous spider naevi. The peri-
toneal cavity contained 500 ml of free fluid. The liver weighed 2 kg, and showed evident
macronodular cirrhosis.  On section several cystic areas were present, and in addition there
was diffuse, mottled, pale yellow and haemorrhagic tumour. No metastases were found.
There was bilateral pulmonary ocdema and congestion.

Case 2
A male shipyard worker aged 51 was first admitted in June 1963 with a 3-4-wk history
of Ilslleunen, progressive abdominal swelling, ankic ocdema and occasional diarrhoea.
clinical diagnosis was made of hepatic cirrhosis with portal hypertension, oesophageal
vu'kel and hepatocellular failure. Diuretic therapy effected some improvement in his
ascites and oedema, but his general condition deteriorated and he died in Aug. 1963,
Necropsy. The body was jaundiced, and there was gross bilateral ankle ocdema, and
1 litre of froe fluid in the abdomen. The liver weighed 2-6 kg. The right lobe was largely
replaced by an irregular tumour 10 cm in diameter, hacmorrhagic and partly necrotic. The
left lobe showed a macronodular cirrhosis, Oecsophageal varices were present and the spleen
was ealarged to 310 g. The Jungs showed bilateral Jower-lobs oedema. No metastatic
tumour was found,
Case 3 (Grimsby General Hospital)
Ahouemfemdwwuﬂrunfamdtoho‘uulin May 1967 because of recent rapid
and severe increase in abdominal girth, accompanied by increasingly severe central abdominal
pain of approximately 12 months® duration, She was grossly obese, with some peri-umbilica}
bruising, and an ill-defined abdominal mass was palpable. She was not considered suitable
for laparotomy, and died 2 wk after admission.
Necropsy. There was an excess of fluid in the peritoneal cavity, The liver weighed
2'8 kg, and was largely replaced by hacmorrhagic, partly necrotic tumour, with some
related areas of fibrosis. The lungs showed mild chronic bronchitic changes and bilaterad
basal broachopneumonia.

MICROSCOPIC FINDINGS
Case 1

The two biopsies submitted showed similar features, but posed considerable
diagnostic difficulty. Macronodular cirrhosis was present and, in addition, a
continuing active hepatitic process, characterised by a moderately intensg
lymphocytic and plasma-cell infiltration of the portal areas and fibrous septa;
with erosion of the limiting plates (fig. 1). The most striking feature, however,
was a fairly generalised hyperplasia of what appeared to be Kupffer cells,
These cells were larger than normal Kupffer cells, and in some arcas lined
dilated sinusoidal spaces. In other arcas small groups of individual hepatocytes
were surrounded by the proliferating cells resembling littoral cells (fig. 2).
Mitoses were not noted. Although a differential diagnosis of haemangio-
endothelioma was considercd at this time, the possibility of the changes being
reactive, possibly to fibre-glass or some other exogenous agent, was also
entertained, particularly since no solid tumorous aggregates were seen. Post-
mortem histological examination of the liver clearly established a diagnosis of
haemangio-endothelioma. Arcas similar in appearance to those shown in
figs. 1 and 2 were readily found (fig. 3), but, in addition, there were areas of
clearly neoplastic tissue composed of clongated spindle-shaped cells. Mitotic
activity was low. Large blood-containing spaces lined by tumour cells were
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ith incident light. Trial experiments had shown that in these
?:C\:::til:o;ﬁ)r::ﬁ:;‘gavgeha characteristic pattern, and a glass fragment was
m‘g{xﬁmﬁm glass is highly unreactive, further samples of the liver were
digested in concentrated hydrochloric acid and the residue was examu;gd. (Z(tih:-.;
samples were gently pyrolysed to ash and gfter the ash hx;\d been digest:
hydrochloric acid, both the ash and the residue were examined. ha d be
None of these experiments showed the presence of artefacts that cou

attributed to fibre-glass or glass fragments.

Ash content

. liver and samples of normal livgr were dried to constant
wei:t:ei:b;?::z?land their ash content was determined after pyrolysis. The
abnormal liver had a dry-weight ash content of 315 per cent. The correspond-
i the normal liver was 378 per cent.

IHB%S‘::: ::;crimcnu provided negutive results, but they do not totally excludo
the presence of fibre-glass particles, although this scems highly unlikely.

DiISCUSSION

ars 1900-1969 inclusive, 120 cases of primary malignant tumours
of t]hl: tl?:ez clu\v¢= been studied post mortem at the Western Infirmary, Glasgov:
(MacSween, unpublished observations). Of these, cases 1and 2in th‘e p:::::e
report are the only instances of haemanglo-epdothchal sarcomao,da{na:ncl denc
of 1-6 per cent. Hepatic cirrhosis, cryptogenic, and ot: macronoduls esa. ,
was present in cases | and 2. As 501 cases of cirrhosis were examined in ; c
70 years of review, this represents an incidence of 9-4 per cent. It xls thus
evident that haemangio-endothelial sarcoma of the liver is an e.xtrc:'mlel y _:ue
tumour in this area, and a very infrequent corpplxcatlon of hepatic lc_:u-r 0si .B .
The pathogenesis of haemangio-endothelial sarcoma of theli iver is Itlhe
clear. In approximately 40 per cent. of those reported in the temurlel !
liver was also the site of cirrhosis, but why such a tumour (oreven _hep_atoc§ ul ant-
carcinoma or cholangiocarcinoma) should arise in the cmholt}c lul/ler is b::
understood. Cases of hacmangio-cndothf:lul sarcoma of the IV:r nJeBa tc:
reported after thorium dioxide administration (MacMahon. Murphy an . 3
1947; Horta, 1953, 1956; Ludin, 1953; ?mhlmg, Gros and I.!atunsc :ger,
1955: Tesluk and Nordin, 1955; Wuketich and Mark, 1957,. Edmo'll:a son,
1958; Looney, 1959, cited by Suckow, Henegar and Baserga, }96[ + Rosen ullln,
1959), gnd in Lidin’s case thorotrast was demo_nstrated within the tumour cel ft:
Hepatocellular carcinoma and cholangiocarcinoma, alsq, may develol? af te;
thorotrast administration, as well as other tumours in various extrahepatic ;lec
(Suckow et al.; Grampa, 1971). Chronic arsenic intoxication also has b n
implicated in the development of haemangio-endothelial sarcoma of t!xc iver
(Roth, 1957, cited by Regelson et al., 1968; chel§on et a{.).. In Bot!t s s;nes
of 82 cases of German vintners exposed to chronic arsenic intoxication ron}
insecticide sprays and dusts, there were 28 cases of hepatic cirrhosis, cight of

60011602
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which were complicated by haemangio-sarcomas—a considerably higher incid-
ence in cirrhosis than has been reported in any other review. Ross (1932)
described a malignant angioformative tumour of the liver and attributed its
development to prolonged gamma-ray exposure from a lost radium needle,
No particular actiological factor could be cited in any of the present three cases.
In particular the presence of fibre-glass particles could not be demonstrated in
the liver in case 1, '

The features seen in the two needle biopsies obtained in case 1 presented
considerable diagnostic difficulty in interpretation, and in the absence of frankly
malignant tumour aggregates, the appearances were described as those of a
diffuse Kupffer-cell hyperplasia. Baker, Paget and Davson (1956) drew atten-
tion to the presence of hyperplastic Kupfer cells in areas remote from the
primary haemangio-endothelioma, and advanced this as evidence in favour of
the Kupfler-cell derivation of the tumour type. These field changes wers seen
in all of the present cases, and it was relatively casy to sce a gradual transition
from an apparent in-situ Kupffer-cell hyperplasia to frankly malignant tumour-
ccll aggregates. Hastings-James (1949) considered that the appearances remote
from the tumour were caused by intrahepatlc infiltrative spread of malignant
cells. 1t scems unlikely, however, that the degree of invasion .could be as
extensive as we have seen in the present material, as Baker ef a/. also point out,
Furthermore, careful examination, particularly in cases 1 and 3 (figs. 2 and 13),
showed apparently malignant cells lining hepatic sinusoids and there were no
areas in which a double layer of * intact * Kupffer cells and tumour cells could
be defined. ;

Examination of our three tumours leads us to agree with the suggestion
that haemangio-cndotheliomas may be derived from Kupffer cells, and the
angioformative properties of the malignant cells in our cases are therefore not
surprising. ’

Foci of hacmopoiesis, present in two of our cases, are quite a common
finding (Edmondson), During foetal life, and in conditions of infiltrative
marrow replacement, Kupffer-cell differentiation into haemopoietic stem cells
is well recognised. The occurrence of extramedullary haemopoiesis in these
tumours could thus be interpreted as a further point in favour of their Kupffer-
cell histogenesis. :

A fairly rapid downhill course was followed in all three patieats, and such
a clinical pattern of behaviour is well documented (Buntine, Lyall and
Renowden, 1971). Metastatic tumour spread did not occur, but in previous
reports approximately 50 per cent. have shown metastases, involving lung,
portal lymph-nodes, and other abdominal viscera, including occasionally the
spleen (Edmondson), .

.

SUMMARY

Three cases of hacmangio-endothelial sarcoma of the liver are described.
The histological features in these cases are outlined in detail and in particular
attention is drawn to the appearances seen in one of these cascs on liver
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biopsy, appearances that are considered as suggestive evidence of the Kupfer-
cell origin of these tumours. The previous literature on this type of tumour
is briefly reviewed.,

We are mtgful to Dr G. Watkinson for permission to publish case 1.
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THE DISTRIBUTION OF RADIOACTIVE LEAD (3oPb) IN
THE CER‘EBELLUM OF DEVELOPING RATS

JouN A. THOMAS®, FREDERICK D. DALLENBACH AND
THOMAS

Institut fir Neuropathologle and Institut fir Experi lie Pathologie,
Universily of Heidelberg, Heidelbery, 'I;m Germany loale

PLATES XV-XV)

ALTHOUGH toxic effects of lead have been known from i i

L G ! early times, it was not
until the enghtecngh century that its effects on the nervous system were studied,
Since then many investigations have been made on human material,

Pentschew and Garro (1966), who Introduced the first experimental
encephalopathy by using newborn rats and poisoning them thrzrmhcir :xnmoghc:n?rnu‘?lk‘f
prqdueed severe ocdema and hacmorrhage of the brain, mainly in the cerebellum. From
their experiments, Pentschew and Garro postulated that lead halopathy, like Wernicke's
encephalopathy, was due to a chronic metabolic dysoxidosis of the ca;)an:'ilu

Ule, Kolkrmnglgnd Brambring (1967) luded that the oedemaof Wemick‘e'a encephalo-
pathy owed its origin to a l_:yd.gopic swelling of the neuropil, that developed independeat of
mﬂmmnt. ‘This view was further substantisted by the work of Wegener, Kolk-
i Rl (1968) by means of an autoradiographic study using radioactive-labelied

‘Thomas, Dallenbach and Thomas (1971)
palhl:!c :a‘:uckli‘ng rats d "( ) n‘ft:ntlernud‘:::: exger!msn_l:lal'rg‘eneephllo-
cere cupillurics. “Thiv finding was assocluied with manlve ocdems, plaiciol
:‘;‘i :c'urtmizzagm d.Whetheir the dar‘nage to the capillary endotbclla'l ;l;mpmm

or an in jury due t itami i i
et tonke Of kead or u d(nect_ njury 0 & vitamin deficiency or a deficiency

In an effort to localise lead in the developin
. fort | i g rat cerebellum, we ha
injected m.lloactl.ve lead intraperitoncally and studied the cerebeliar tiss‘;les l‘:’;
means of bsht-nucroscqpe and electron-microscope autoradiography.

MATERIALS AND METHODS
Four Wistar female rats, each with a 1-day-old litter, were used perimen
) » for t
Two litters served as controls and two liticrs a8 the experimental mm“oﬁﬁ' e;gedmt:l
Froup was given an inlr'nqentomlinjealon of 10 uCi and the other one of 5 uCi of radio-
active leul (ﬂ‘lfb). Individual rats from cach group were killed at 1, 3,6,24,72 and 168 hr
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