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CHLORINATED HYDROCARBONS*

GranviLie A. Bennerr, Cecrn K. DRINKER, AND
MapzLEing IieLp WARREN

Department of Pathology, Harvard Medical School, and the Departinent of Physiclogy,
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HLORINATED hydrocarhons,
@ particularly chlorinated naph-

thalenes and chlorinated di-
phenyl, have been used extensively
in cerbam industries.  Their use in the
manufacture and preparation of many
types of electricsl cquipment is con-
stantly increasing. Although it is
known that some of these compounds
couse acne, only recently has the
possibility of more serious systemic
offeets been recognized.

During the spring of 1936 we were
inforracd ol the occurrence of three
futal enses of jaundice in workmen
using  chlorinated naphthalencs and
chlorinafed diphenyl. At the request
of the manufacturers of these com-
pounds, we undertook an investigation
93‘7 Received for publication Seplember 5,

This is the second of three papers read
ftonosympoesium on chlorinated hydroear-
Lons griven nt the Harvard School of Public

Yealth, Boston, June 30, 1037, The third
Paper will nppear shortly.
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to determine what sysfunic effects,
if any, would result fromn the adminis-
tration of o number of these com-
pounds to experimental animals,

The known findings in the three
fatnl cases of jaundice, together with
a review of {the pertinent literature
have already heen reported (1).

The present paper deseribes the
pathological changes observed in rats
that had been exposed to various
chlorinated naphthalene compounds
and to chlorinated diphenyl,

MATERIALS AND MuTions

A detailed deseription of the ap-
paratus and teclinic employed by the
authors in this investigation has heen
published (1), White rals, main-
tained on a dict of Purina Dog Chow,
supplemented by lettuee, egas, milk,
and cod liver oil, were used throughout
the experiments,
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The eblorinated hydrocarbons tested
were the following:

Compound A, A mixture of {ri-
and tetrachlornaphthalenes.*

“hlorine content 49.4 per cent.

Sompound B. A misture of
tetra- and pentachlornaphtha-
knes. Chlorine content 66.4
per cent,

Compound C. A mixture of
tetra- and pentachlornaphtha-
lenes plus chlorinated diphenyl.
Chlorine content 43.5 per cent.}

Compound D. A mixture of
penta- and bexachlornaphtha-
lenes. Chlorine content 62.6
per cent.

Compound IB. A mixture of
penta- and hexachlornaphiba-
Ienes. Chlorine content 62.6
per cent,

Compound F. A mixture of 80
per cent  penta- and  hexa-
chlornaphthalenes, plus 10 per
cent  chlorinated  diphenyl.
Chlorine conient 63 per cent.

Compound G. Chlorinated di-
phenyl.  Chlorine content 65.0
per cent.

These proparatmns were sclcc{cd
beenuse of their relative importance in
industry. It should De noted that
they also represent & wide range of
chlorination.

All of the above materials were
administered orally in varying doscs.
Compounds A, D, ¥, and G were
seleefed Tor the inbalation experiments.

* This compound contnined only small
amounts of tetrachlornaphthalencs, In
this paper it will therefore be referred Lo as
tnch)lnrlmphf,lmlenm

{ This compound consisted of a mixture
of compounds B and G but in addition con-
tained two plasticizers which have been
considered to be inert. Without these
materinds the chlorine content of this com-

ound would be between that of compounds

and D

B T T T I RVUC PP
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Inholution, Experiments

We were most interested in {he
results of the inhalation experiments
because they more nearly simulafe
the type of exposure to which the
workmen arc subjected (1). ‘The in-
halation experiments were earricd out
in air-tight wooden compariments
through which air, containing the
volatilized compound being tested,
was driven Dy electrical Dblowers.
With this apparatus we were able (o
test simultancously the effeet of four
compounds. Kighty rats were ex-
posed to each compound. The meth-
ods for determining the daily air
concentration (mgms: per cu. m.)
of the chlorinated hydrocarbon being
used, as well as the rale of airflow
have been described (1),

Compound A (trichlornaphihalenes)
was administered by inhalation {o two
groups of animals, In the first of
these experiments, the rats were ex-
posed to low air concentrations (aver-

age 1,31 mgms. per cu. m.) 16 hours

daily for 134 days. In the second
experiment  the concentration was
increased to an average of 106.97
mgms. per cu. m.  This 16 hour daily
exposure was continued for 102 days.
Compound P (hexa- and peutachlor-
naphthalenes) was adminictered to
threc groups of rats. In the first
experiment the exposure corsisted of
106 hours daily for 134 days, with an
average air concentration of .16
mgms, per eu. m.  In a second eeperi-
ment the average air concentration
was 1,44 mgms. per cu. m. This
was muainiained 8 hours daily for 143
days. In the final experiment, the
average air concentration was in-
creased to 8.88 mgms. per cu. m. and
exposure, 16 hours daily, was con-
ftinued over a period of 52 days.
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Carbon fetrachloride and aleohol

sr-veea in the Adomaphthalenes 90 per cent plus adnunistration lo experi-
JoE oents Mlorinated dipheny! 10 per cont) was mental animals

qlah ATzeTimehls oy . : . .

ye mealy simulate sdministered in low  concentrations Scemingly the incidence of acute

syt o weich the
pefal +10. The in-
e wes zmed out
e mopantments

(o two groups of rats. In the first
(xp(-rhm‘nL an average air concentra-
tion of 1.37 mgms. per cu. m. was
waintained 16 hours daily for 134

yellow atrophy in workers exposed to
chlorinated naphthalenes and chlo-
rinated diphenyl is very low. This
single fact is of some importance in

i, woisining the dnye. In .Lho second ‘cx'pcrm'lont, A that it suggests ihat certain indi-
e 3 tested, : avernge i concentration  of 160 yiauals may be more susceptible to
eles “Llowers. : mghs, per eu. M. Was inhaled 8 ), compounds or that in these -
ns TE ' hours daily for 143 du?'s. _ stauces the liver damage may have
e Jompound G (chlorinated diphenyl)

voTiW WETE  €X-
Tte meth-
ing tze celly air
s TET (UL ML)
hyi=warien being
he rste of airflow
16 .

cbl: merhitbulenes)
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was administered to two groups of
spimals in low concentrations. An
average conceniration of 0.57 mgms.
per cu. m. was employed 16 hours
daily for 134 days in the first experi-
ment.  In the second experiment (em-
ploying an average air concentration
of 0.93 mgms. per cu. m.) the animals

uoacin,

been intensified by some other agent,
With this in mind, groups of animals
that had been exposed for varying
periods of time to certain ehlorinated
naphthalene compounds and ehlorin-
ated diphenyl were  subsequently
given a sublethal dose® of carbon
tetrachloride and ethyl aleohol by
stomach tube (0.75 ¢c. of cach per

vishaation to two ! were exposed 8 hours daily for 143 kegm.). This dosage did not result
1~ thle first of ¢ days. in a single death among the 16 control
il riis were exe ! . . animals and the depree of Jiver damage
Jcemratiens {mver- ’ Feoding experiments produced was quite constant and never
ca. sn.) 16 bowrs Al compounds tested were employed  very great.  Administration of carbon
Ir the second , in the feeding experiments. A tetrachloride and alco‘hol to 1‘:'\ts
oneoniration  was ; weighed amount of finely ground exposed to the more highly chlorin-
wversge of 1097 ! maulerial was mixed with rat food, ated napbthalene compounds and
This 10 Leur daily ’ This mixture was placed daily in one  chlorinated diphenyl caused extensive
ued for 102°days, . food containcr to supply the rats in  liver damage and proved widely fatal,
4~ and pentachlor- n given cage, Thus ench animal had  Thercfore, the use of carbon tetra-
adminiztered to [ s equal opportunity to ingest the chloride and aleohol has heen employed
ie. In the first i compound supplied. As the number Tegularly on representative groups of
asure consisted of of rats per cage was reduced, the rafs from cach inhalation experiment.
“ loyve 1 ) Qe S 10 . {1 ¥ v . .
34 days, with an. ! dosnge supplied was proportionately Examination of tissucs
afration of 1.16 : deereased.  Most  compounds  were Animals were sacrificed for patho
. 3 H . . RN were sacrnne " Patho-
1 A second expert- ; rupplied in large and small amounts. lorical examination after \qnin) jeri
 eancetrall : . . ogical examins after vary ri-
air concentration ‘ Supplementary  experiments  werc o df; of exposure. Complote uuti l}‘“kg
11,3 ! SUre. ¢ SECE
oy C\?'.lm-f 111;‘; .; taducted on o smaller number of were peformed.  Liver weights woro
wrs daiy for ; tafe by feodi , o - o ) . . ’
swperiment, the ; by .fct,dmg reveral of these com= yoogiod, In represenfaiive animals
CxpenmET, pounds in small knewn amounts by . .
iration was 1n- s Momae) by injecls i1 * One cubic rentimeter of carbon tetra-
& e e, and i omach tube or by injecling them  ghjorige plus 1.0 ce. cthyl alenhol per kita-
5, TXT CU. I , " *ubeutancously as suspensions in gumn  &am when administered orally to normal
duily, was con- ;

white rats causes 2 14 per cont mortality
@.
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from cach experiment, all organs
excepling the central nervous system
were examined mieroscopically.  The
livers of all animals were studied
microscopically.  Tissues were fixed
in Zenker’s fluid, 10 per cent {formalde-
hyde solufion, and absolute alcohol.
The routine paraflin scctions wvere
stained with cosin methylene blue,
Other stains employed were hematoxy-
Iin and cosin, phosphotungstic acid
hematoxylin (Mallory), Foot's modifi-
cation of Bielschowsky's stain (reticu-
lum), Besl's carmine stain, and Iron
reaction with ferrocyanide of potas-
sium (Mallory). 1In addition, frozen
sections from cerlain liver specinmiens
were stained with searlet red, Lugol's
solution, and methyl violet.

Resvurrs

Compound A.

(a) Exposurc by inhalation to low
concentrations (average 1.81 mgms. per
e, m.) 16 hours daily-—The 80 rats

Lrichlornaphthalenes

Caalebras
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subjected o these conditions showeq
no ill cffects. Auvtopsics were per.
formed on groups of 3 to 8 animuly

after 37, 72, 105 and 134 day.’
exposure.  There were no significan

abnormalities in liver weights. ¥ Mae-
roscopically the majority of the Jivers
appearcd normal although an ocea-
sional one was paler than normul.
Rarely slight mottling was observed.
Migroscopically, the liver cells offen
appeared slightly enlarged, more gran-
ular than normal, and oceasionally
they were vacuolaled. These slight
sbunonnalities and the presence of o
rare mitotic figure sugpested that very
slight injury to the liver cells had
occcurred. There was no  demon-
strable increase in the above change:
after the first cxposure period (37
days). Occasional livers of rats ex-
posed for the total period showed

* Caleulations pertaining to the weights
of livers in these and subsequent animals
arc bused on data in H. 11, Donaldson'’s

book “fhe Rat,” 2nd cd. ‘Fhe Wistuy
Institute, I’hilndulphiu, 1924 /p. 211).

PLATE X

J1gs. 1 anp 2. Camers lucidn drawings
showing the poital aress of the livers of
two ratg ﬂxaL were fed large doses of a
mixture of telra- and ])('ntuchlmnnph—
thalenes and chlorinated diphenyl. The
changes illustrated in figure 1 oceurred
within 4§ days after exposure was hegun.
Onc should note ihe marked arcumulations
of bhyaline globuler in the cell eytaplasm,
and the mavked svelling of liver cells, In-
creased numbers of mitotic figures were
al:o presend.  Similar changes are apparcnt
in fipure 2 which wng made from the liver
of a tat expozed 125 days.  Degeneration in
the central portions of the liver labules is
also present.

IGs. 3 anp 4. These deawings ilbustrate
the marked swelling and fatty vacuobzation
of liver cells observed in all rats that were
fed smadl dozes of tetrn- and pentachlor-
naphthalenes. The changes shown in fig-
ure 3 were present nfter 26 davs’ exposure,
those in figure 4 after 48 days’ exposure.
Note the mitotic figures in fipure 3. The
compound respensible for the ehanges con-
tained no chlorinated dipbenyl.  Otherwise

it was similar to the compound responsibl
for the lesions illustrated in figures 1 and 2

1gs. 6 AnND 6. Camera hueida drawings
of the porial areas of the livers of {wo rat.
fed modernte sized daily dores of a mixtun
of penta- aund hexachior naphthalenes for 1i
and 29 days respectively. In the first of
these figures one notes swelling of liver cels
with narrowing and distortion of ihe sing
soids,  The liver cclls sbow an dnerensed
granularity of the eytoplasm with a massing
of busophilie granules near the nuele
There Is also an exces: of fat in small awi
medium sized vaeuoles, This was moe
woniinent in the central portions of th
tver lobules.  An inercased apacing e
tween liver cells and between Jiver edli-
and sinusoidal endothelivm s presem
After 29 dnys' exposure (fig. G) the abov
changes are preatly inereased. Numeron
large intereellular spaces containing sereu-
weeipitate, strands of fibrin and leucoeyt:
lmd developed between iver cells, J.lu
spaces were bounded by distorled Jive:
cells.  Sce also plate 111, fig, 1.

Cumera lucida drawings X 395.
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no definite microscopie change.  (See
fig. 3, plate 11.)  All ather organs were
normal.®

Further evidence that the liver
tissue injury had been very slight
was oblained from the ecarbon tetra-
chloride and aleohol test.  OF 10 rats
exposed for 144 days in the above
mamer and then fed 0.75 ce. per
kgm. cach of carbon tetrachloride
and othyl alcobol by stomach tube,
none died. At autopsy and on mi-
croscopic examination there was little
or no evidence of liver injury greater
than that produced by the same dose
of carbon tetrachloride and alcohol
in normal control rats.  (See plate IV,
figs. 1 and 2, and plate V, fig. 1.)

The livers of 8 animals exposed to
tricliornaphithalencs for 105 days and
autopsied after a 2 month recovery
period showed no definite pathologieal
change.  This is further evidence that
this compound is only slightly foxic,
These findings represent a marked

* In nono of the experiments to follow
were significant chunges found in any
organ othier than the liver,

JOURNAL OF INDUSTRIAL HYGIENE AND TONICOLOGY

ontrast to the  persistent  hepatie
lesions resulting from exposure to the
compounds of higher chlorination.

~ (b) Exposwre by inhalation to high
conecntralion (10.97 mgms. per cu. m.)
16 hours daily.——In this cxperiment,
the concentration of trichlornaphtha-
lenes was approximately eight times
that previously employed.  Exposure
was continued for 102 days. The 50
animals subjected to this concentra-
tion appeared normal, Groups of 3
to 17 rats were gacrificed after expo-
sure periods of 31, 48, 59, 72 and 102
days. Most of the livers were pale
yellow in color and slightly maottled.
There was, however, no significant
variation in liver weight. Micro-
scopic examination revealed swollen
liver cells with slightly increased
granularity and vacuolization of the
eytoplasm.  QOceasional degenerating
and regenerating colls were observed.
These changes, which were slightly
more marked in the central portion
of the liver lohules, were present after
the first month of exposure. They

PLATE 11

Figs. 1, 2, AN 3. Liver changes result-
ing from the administration of frichlor-
naphthulenes are illiustrated in these camera
lucida drawings. In figures 1 and 2 are
shown the miost marked changes observed
after prolonged (100 and 330 days respee-
t-iwl_\'; feeding in dnily doses of 3 gm. per
10 rats,  The changes observed consisted of
slight {0 woderate swelling of liver celly,
inereased granulnrity of the extoplasm and
finally, niter prolunged exposure, fotty
vaeuslization of the majority of eclls and
complete futdy degeneration of occasional
celle, Tigure 8 is a drawing from a gection
of the liver of a rat exposed hy inhalation to
Jow eotcenfrations of trichlornaphthalencs
for 16 days. No striking or constant
changes were observed in rals ko treated.
Ocensional cells are slightly ewollen and
show incrensed granularity of the cyto-
pluﬂm. A rare mitotie figure wag ohbserved
m oveasional sections,

Fios. 4, b, axp 6. Micrascopic changes

observed following the administration of a
mixture of penta- and hexachlornaphtha-
Ienes are illustrated in thege three draw-
inga. Figure 4 shows the changes observed
after feeding this preparation in 3 gm.
duily doses per 10 rats, for a perviod of 30
dnys. The liver cells are markedly swollen
and vacualated. There s also neerosis
and degeneration of seattered cells.  Large
inteveellular spaces are  ohgerved,  (See
plate VI, fige, 1 and 2}, Less mnrked bul
simitar chapges are observed in the livers
of rats fod smatler dores of this proparation
(vee fig. 5). (26 dayw’ oxpnaurv.s }"igur(‘ 1
illustvates the liver eell changes that oc-
curved after inbalation of low eoneentra-
tions, of penta- and hexnehlornaphthalenes
for 75 dave.  Note the rwelling of the liver
eells, the inerea zed vacuolization and pres-
ence of laree numbers of hyaline glohules
within cclls.  Mitotic figures were  fre-
quently observed.
Camern luevidn drawings X 3035,
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were somewhat inereased with longer
exposure, After 102 days the liver
cells were more markedly swollen and
contnined large and small fat vacuoles.
Small hyaline droplets in the cell
eytoplasm were oceasionally observed.
Mitotic figures, although nover numer-
ous, were increased in number. No
stractural changes had occurred in
the liver lobules,

Carbon tetrachloride and ethyl al-

cohel were administered by stomach

tube 1o 9 rats kept under these condi-
tions. At aufopsy their livers were
slightly 1o moderately enlarged. They
were yellow in color and the majority
of them were mottled. The micro-
scopic findings were variable. In one
animal the observed neerosis was no
greater than that seen after the
administration of a similar dose of
carbon tetrachloride and alcohol to
normal control rats. The livers of 4
animals showed increased fatty de-
generation in the central portions of
the lobules with small necrotic focl,
In the 4 remaining animals extensive
central neerosis had occurred.  In the

B DR ATAD i 8 oI B A3 N i S, Al A g 806 o e o

[rol. 80, no. ¢

most marked of these (fig. 2, plate V),
the central one-hall or two-thirds of
each liver Iobule was neerotic and in
occasional areas two or more adjacent
lobules had undergone degencration,
IHemorrhage and extensive leueocytic
infiltration had occurred in  these
necrotic areas. The less damaged
liver cells at the periphery of the
lobules showed large numbers of
mitlotic figures, indicnting aceelerated
regenerative activity,

(¢) Exposure by feeding.—Nine of
the 10 rats fed trichlornaphthalenes in
doses of 3 gm. per day per 10 rafs
were sacrificed at varying periods of
time from 9 to 136 days. The tenth
rat dicd of a respiratory infection after
182 days’ cxposure, There was no
significant abnormality in the weights
of the livers of these animals,  After
2 months’ exposure, microscopie exam-
ination of the. livers showed slight
swelling of liver cells.” This was
accompanied by increased vaeuoliza-
tion of the cytoplasms due to the
accumulation ol abnormally large

PLATE III

Fias. 1,2, Axp 3. Liver changes resulting
from (he administration, by {eeding and
inhalation, of a mixture of penta- and
hexachiornaphtholenes (0093 and chlor-
inated diphenyl (109%) arc¢ llustrated in
these drawings. Figuve 1 I8 a drawing
made from a geetion stained with PUT.AH.
In addition to other changes it demon-
strates the presence of large and small
intercellular spaces, interpreted as dilated
bile capillarics. These spaces contained
gerous preeipitnte, fibrin, and oecasional
loucoeyies, Note the gharply outlined
boundnries of the spaces und the manner
in which these apucer ramify hetween eclls.
This rat wus expused by the fecding of large
duily doses for 12 davs. Similar but less
marked changes vesulted from the feeding
of small doses over a period of 28 days
{see fix. 2). After 76 days’ exposure by

gixd hyalinization were apparent (fig.

Fies. 4, 8, anp 6. The microscaopie
changes resulting from exposure 1o chior-
innted diglncxxyl are itlustrated in these
figures. Figure 4 was made from the Jiver
of a rat fed large daily doses for only 6
daya, Marked swelling of eells and vapid
regenerative aetivity are apparent.  Figore
6 lustrntes the changes that were uni-
formly produced by the feeding of swall
doses of this prepnrntion. Note the ex-
tremely numerous hyaline inelusions in
liver cgllr. This rat was exposed for 2
days. Very rimilur ehiniiges were produced
by the administration of this compound by
inhalation methods (fig. 6). The rat from
which this drawing was made had heen
exposed to Jow concenteationg for n period
of 107 dnys.

! inlinintion to low concentrations of thir Fra, 1. Cameran lucide drawing X .
. preparation, marked liver chnnges, con- Fige. 2 1o 6. Camern Juelda drawings
. sisting of cellular swelling, vacuolization, X 395,
t
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amounts of fat. These changes in-
creased slightly with longer exposure.
(Sce plate II, figs. 1 and 2.) There
were no architectural changes in the
liver,

Becanse the effects resulting from
large doses of trichlornuphthalencs
were slight, this compound was not
fed in small amounts,

Compound B, Tetra- and penla-
chlornaphthalenes

Exposure by feeding.—This prepara-
tion was cmployed only in feeding
experiments,  The daily food ration
for 10 rats contained 0.5 gm. of this
compound. Al animals fell i1l and
cither died or were sacrificed by the
sixty-third day.

The livers were pale yellow in color,
friable, and occasionally showed mot-
tling. There were no significant varia-
tions in  weights. On microscopic
examination the sune changes were
observed in all rats. These consisted
of moderate to marked swelling and
rounding of the liver cells. The
sinusoids were markedly narrowed.
The majority of the liver cells con-
tained large numbers of small fat
vacuoles, This finding was most
marked and first observed in the
central portions of the lobules. In
the least altered cells there was promi-
nent massing of bhasophilic granules
near the nuclei.  Oceasional neerotic
cells wore observed.  Mitotic figures

ot At B e e e YW
X}

[rol. 20, no. 2

were present in increased pumbers,
indieating necelerated regenerative ac.
tivity, The miceroscopic changes re-
sulting from the feeding of tetra- and
pentachlornaphthalenes arve illustrated
in plate I, figures 3 and 4. They are
those of diffuse faity infiltration aod
fatty degencration.

Compound C, Tetra- and Pentachlur-
naphthalencs plus Chlorinaled

Diphenyl

Eaxposure by feeding.—Feeding (3
gm. doscs daily per 10 rats) was
continued with but one 4 day inter-
ruption for 130 days. Ten rats were
so treated.  Seven rats were sacrificed
at varying periods of 47 to 124 days.
Three rats died after exposure periods
of 122 to 130 days. In all animals the
livers were enlarged (33 to 90 per cent).
The average weight increase was 71
per eent.  They were also fiiable, pale
yellow in color, and somewhat mottled.
On microscopic examination, constant
changes were observed.  Practically
every liver cell was swollen and
rounded. Their eytoplasm contained
large nwmbers of hyaline bodics
These were civeular or oval in shape
and varied in size from about half the
size of a red blood corpusele to twice
the size of the nucleus of a liver cell.
(See figs. 1 and 2, plate L) In numer-
ous instances, many small hyabne
hodies had fused, forming large cirenlar
masses as Jarge or larger than a normal

PLATE IV

Fic. 1. Photomicrograph X 45 illustat-
ing the extent of the liver dunnyge produced
in 48 hours by 0.75 ce. per kg, each of
earbon  tetrachloride and ethyl aleohol
when administered by stomach tube to a
nortnal  conteol  rut. The degenerative
changes were limited to the central portion
of the lobules.

e, 2. Photomicrograph X 220 of a

bt Uit Miadited

section of liver tissue from a rat exposed by
inhalation methods to trichlornaphthalenes
in low coneentration for 13 days.  Follow-
ing this exposure 0.75 ce. per kgm. eacl of
earhon tetrachioride and ethyl nleohol war
administered by stomach  tube. The
anima} survived and wus snerificed 17 doye
Inter. Neo significant liver changes are
demonstrable.
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liver ccll.  These bodies stained bril-
hantly with cosin dye. They were
often luminated and oceasionally con-
tained smull clear fat vacuoles in
their central portions.  Mitotic figures
in liver cells were sufficiently numerous
to indicate an increased rate of re-
generation {fig. 1, plate I). In the
livers of 2 rats exposed for 124 and 125
days respectively, there were, in
addition to the above changes, large
areas of complete liver cell degenera-
tion (fig. 2, plate I). For the most
part this was limited to the central
balf or third of the liver lobules,
Qccasionally, however, there was com-
plete degeneration of all liver eells
except for & uarrow zone of cells around

the portal arcas. In such livers there

was & heavy polymorphonuctear and
mononuclear inflammatory cell infil-
tration in the necrolic aress where
liver eclls were being removed.

The most conspicuous feature of the
microscopic changes in the livers of
these rats was the presence of large
numbers of cireular hyaline droplets
in the cytoplasm of the liver cells.
This material did not. stain in a manner
characteristic of amyloid and its
staining properties were not like those
of the hyaline observed in aleoholic
cirrhosis. In frozen sections stained
with Scharlach R, the staining reac-

tion of these hodies was inconaty, -
The larger vacuolated hyaline iy, .
contained small droplets of ful wi,
the majority of the smaller droplia.
did not stain red. Although «imp,,
hyaline droplets were observed
livers of rats exposed to various chlyy,.
nated  naphthalenes, this {ype .
degeneration occurred much  enrdio
and to a much more marked degs.
in those rats that were exposed .
preparations containing  chlorinated
diplienyl (figs. 1 and 2, plate 1) ar 1.
ehlerinated diphenyl alone (figs, 1, 5,
and 6, plate I11).

Compound D. Penta- and hezachln
naphthalenes : :

(a) Exposwre by inhalation {0 |
concentraizons (everage 1.16 mgms. p.-
cu. m.) 16 howrs daily.—Tighty ra
living under these conditions appeare!
normal throughout the exposure peri.
(134 days). Representative aninu)
were sacrificed in groups of 3 fu 15
animals after varying exposure periud:
as described in the experiments o
ploying trichlornaphthalenes.  There
were no significant alterations in liva
weights,  Macroscopically the mnjor
ity of the livers were light yellow i
color and slightly mottled. Afte
the initial exposure period of 37 duy:
there was evidenee of slight injury v

PLATE YV

Fic. 1. A photomicrograph X 120 show-
ing small areas of neerosis M central nrens
of the Jiver lobuwles. This rat had been
expasced by inlalation to low coneentrations
of trichlornnphthalenes for 134 days follow-
ing which carbon teteachloride and ethyl
gleohio) were administered by stomach tube
in doses of 0,75 ce. cach per kpna,  The rat
wae sacrificed § days later, The extent of
neerosis is similar to that resulting from
carhon tetrachloride und abvolio] alone,

16, 2. In this photomicrograph X 45
are shown the most marked liver changes

that were observed following the sdmine:
tration of carbon tetraclloride and ale
(0.75 ce. of each perkgm,) to rats which .-
been expozed by inhindation methmlx to i
econcentrations  of  teichlornaplhishalete:
This rat had been exposed to trichde
naphithalenes for 1 munt.‘x. Yery extense
neerosiv wag prerent in the eentral areas
cach liver lohule,  In occasionul areas th
mnjor portion of several adjneent fobu®
were neerotie,  This rat was nutnpsivd ©
bours affer the administration of earh
tetrachloride.

DSW 025564

STLCOPCB4009519



(0LOGY  [vol. £0, no. 2

sodies wag fnconstant,
nolated hyaline bodies
1 droplets of fat while
d the smaller droplets
red.  Although similar
18 were observed in
'posed to various chlori-
alenes, thiz type of
wenrred much  earlior
4 more marked degree
that were cxposed 1o
ontaining  chiorinated
1 and 2, plate T) or to
shenyl alone (figs. 4, 5,
1);‘\.

Penta- and hexachlor-
iphthalencs

by inhalalion to low
average 1.16 mgms, per
Prs daily—Fighty rats
- ese conditions appeared
Aot the exposure period
2tepresentative animnls
I in groups of 3 to 15
‘arying expusure periods
n the experiments em-
vrnaphthaleues,  There
.cant alterations in liver
rroscopically the major-
arr were light yellow in
Aghtly  mottled.  After
orne period of 37 days
dence of slight injury to

ved following the adminis-
0 tetrachloride and aleoho)
perkgm,) to rats which had
tnhalation metlhods to high

of trichlornuphthalencs,
neen exposed to trichior-
T} mon(‘l. Vory extensive
-ent ta the contrenl arens of
o, In oceasional arcas the
f reveral adjacent lebules
This rat was autopriod 48

sdministeation of earbon

g en AR vegpeee T

VAL AL 0 i a7 & piich L 2 el ah s

“a‘ PRYIREY ,o‘.-.subnazmb.la' i dmab\ R A R
3

[P

Rl Londkat wiw wiy S e d B ikl ol . e e A KA . s st BB s ot G T8 1k

VORI e N

PLATE V

t':
b
- ; P N ;
TRy R . 7 \w":wflﬁi";;‘- adh '_é:-_' ) . '-.- _t
Felh o e e 8w A Ry
Tia. 1
L R
".-V ';ﬂ}:‘,.,,;
"'-‘!."'.‘f'_";. Ly
e PR S B : . et >
PRSI SO Y XL ..-':.‘ " " £, ,..w'?,.v BT ¢ XEE YR b h
LTSS SIS “1“"," . 'lud 2 Nk NN L k::#&m&?itz;
DSW 025565

...-u...‘,,;,‘m
3 " www-p«”www,‘mmﬂ, gty iR

T T R W W T S T T

STLCOPCB4009520



B S

R

L PN % Y

B S T P S

e CRABT T 4 e i e e St e

v -

et

TSN

P s

R TR

P O TV T

sohma e s

et » AR e S v i (AN RN e 21 00 T A e R IVLARBDT IS 05 Wl M ALV BOR 1L o 11l ARl R st Kb 1 I e S S

110 JOURNAL OF INDUSTRIAL HYGIENE AND TONICOLOGY {rol. 20, no, 2

liver cells which appeared swollen and
more granular than normal. The
cytoplasm  of oceasional cells eon-
tained small acidophilie hyaline drop-
lets and there was o moderale excess
of fat in the form of tiny vacuoles
(fig. 6, plate 1I). All microseopic
abnormalities increased slightly during
the second period (37 to 72 days) but
no significant advance was defected
between the 72nd and 134th day of
exposure. :

The livers of rats exposed for 105
days and then removed from exposure
for a period of 2 months still showed
cellular changes similar to those ob-
served at the beginning of the recov-
ery peried. T a few of the specimens
they appeared slightly less marked,
indicating that some repair had taken
place. In no instance was {here
evidence of increased damage.

Carbon tetrachloride and ethyl alco-
hol administered to rats exposed in
the above manner for 144 days proved
highly fatal, ¢ out of 10 rats dying
within the first 6 days—6 within 72
hours. At autopsy the livers of these
rats were yellow and mottled and
they were increased in weight (16 to
44 poer cent). Microscopie examina-
tion showed widespread central neero-
sis gimilar to that observed in early
acule yellow atrophy of man (see

figs. 3 and 2, plate VII).  The centrn)
one-hall or two-thirds of each liver
lobule showed complete Jiver ecll
neerosis and  degeneration,  Diffuse
exfravasation of crythroceytes had
oceurred and numerous polymorpho-
nuclear and mononuclear leucocytoes
had invaded the necrotie arens, In
the narrow periportal zones where the
liver cells were Jess markedly damaged,
there were large numbers of mitotic

figures (fig. 2, plate VII).

(b) FEaposure by inhalation to low
concenlrations (average 1.44 mgms. per
ci. m.) 8 hours daily.—Animals were
subjected to these conditions for 143
days. Groups of animals sacrificed
after 42, 77, 98, 119, and 143 day+'
exposure showed liver changes that
were essentially like those seen in

‘rals exposed 16 hours daily. The

carbon tetrachloride and aleohol test
was uniformly fatal and produced
liver changes that were identical fo
those already deseribed and illustrated
(figs, } and 2, plate VII).

(c) Ezxposure by inhalation to high
concentrations (average 8.88 mgms. por
cu, m.) 16 hours daily.-—Yenta- and
hexachlornaphthalenes when adminis-
tered in this conceniration proved
highly toxic. EKighty animals were

PLATE V1

Fia. 1. Photomicrograph X 220 of the
liver of a rat exposed to penta- amd hexa-
chlomaphthatencs by the feeding of large
duilv doses for W davs,  The Jiver cells are
gwollen and markedly vacualuted,  There
is distortion of the liver eell columns.  1n
frozen scetion preparations stained with
Sclarlach R, there war evidepes of marked
fatty degenerntion,  In addition Lo these
changes, numerons oval, round and irvegu-
Inv interceBulur spaces nre present through-
aut the iver lubules, Sm'll spaces contain
a granular keroux precipitate, strands of

fibrin and occasionnl leucoeytes, These
spaces, insofar as could he determined,
were due to dilatation of the bile eapiliaries
and canaliculi.

Fic. 2. This photomicrograph X 218
when compaved with the above figure denme
onsteates the similarity of the liver changes
produced by the rame compound admin-
istered in o different manney, In this
instanee the rnt inhaled high concontrations
of penta- and hexachlornaphthalenes for 8%
days,
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used, all of which lost weight and
appetite.  Your died by the end of the
firsl month, 55 within 32 days. Most
of these were markedly jaundiced.
The remainder were sacrificed for
pathological cxamination or  sue-
cumbed to the effcets of carbon
tetrachloride and alechol. Only 8
animals survived the 52 day exposure.
The majority of livers were moder-
stely or markedly enlarged. They
were all yellow and in addition the ma-
jority were markedly mottled. Qcea-
sionally they were granular and their
cut surfaces showed minute spaces
which became more promincnt after
fixation., After an 8 day cxposure,
the liver cells were markedly swollen
and moderate fatty degeneration was
present. This was most marked in
the central areas although all portions
of the liver lobules were affected,
The extent of liver injury rapidly
increased so that after 30 days’ expo-
sure, marked structural as well as
cellular changes were apparent. The
microscopic appearances were identi-
eal to those to be described in rats
fed large doses of penta- and hexa-
chlornaphthalencs (figs. 1 and 2, plate
V1) and in rats fed similar doses of 80
per cent penta- and hexachlornaphtha-
lenes plus 10 per eent chlorinated
diphenyl (sce fig. 1, plate II1 and
figs. 1 and 2, plate VI1II).

Rats removed from exposure .
tween the third and fifth week eoy.
tinued to die, the longest survival ting,.
being 35 days,  Microscopie examing.
tion of the livers of these animal
revealed ne evidence of recovery,

Administeation of earbon tetry.
chloride and alcobol again  proved
fatal to animals exposed in the above
manner. The livers of such animal
showed the characteristic massive
necrosis previously deseribed and illy..
trated.

(d) Ezposure by feeding.—When fed
in doses of 3 gm. daily to a group of 10
rats, penta- and hexachlormaphtha-
kenes produced marked cellular and
structural changes in the liver in a
short, period of time. All rats Jost
weight and appeared ill from the
beginning.  The longest survival time
was 33 days. Although the liver
cdges were blunt and rounded, there
were no  significant  weight  varia-
tions. The livers were frinble, yellow
and moitled, Microscopically they
showed marked swelling and vacuoliza-
tion of the cells. There was alko
complete degenerntion of seattered
cells. Oceasional mitotic figures were
observed (sce fig. 4, plate I1). Suit-
able stains revealed very marked fatty
degeneration,  Orccasional cells  eon-
tained oval shaped oy ecivcular acid-

PLATE Vil

Fra. 1. A low power phetomicrograph
X 48 illustrating the marked degree of
degenerntion of liver tissue resulting from
the administration of o small dose of curbon
tetrachlaride and ethyl aleohol (0.75 co. of
ench per kgm,) to an animal that had been
expased previously by inhalation methads
to low concentrations of penta- and hexa-
ehloruaplthalenes for 131 days. This
animal died within 24 hours after the admin-
istration of carbon tetrachlovide,

Similur degrees of neerosis resulted from
the ndministration of carbon tetynehloride
and alcohal to rats which had been exposed
te o mixture of 90¢5 penta- und hexnchlor
naphthalenes nnd 10% chlorinated dipheny!
or to refined chlorinated dipheny).

Itg. 2. A hipher power phut-umicrugrnvh
X 225 of the Jiver illustrated in ihe whove
figare.
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ophilic hyaline Inclusions,  In addition
to these eytological changes there were
numerous varying sized intercellular
spaces  throughout the livers (see
figs. 1 and 2, plate VI and fig. 1,
plate I). These spaces were usually
circular or oval in shape, although
many of them ramified between eells
in the liver columns or between liver
cells and the sinusoidul endothelium
in such a way as to suggest that they
represented greatly diluted bile capil-
laries or canaliculi (fig. 1, plate JII).
They contained serous precipitate, a
few strands of fibvin, and occasionally
a few Jeucocytes. Rarely one ob-
served one or two degenerating liver
cells within these spaces.  In some of
the more markedly damaged livers,
red blood corpuscles were also present,
The above microscopic changes ap-
peared identical to those observed in
the livers of rats subjected {o high
coneentrations of this compound by
inhalation methods (figs. 1 and 2,
plate VI). They were also similar to
the changes that resulted from the
feeding of another penta- and hexa-
chlomaphthalene compound (figs. 5
and 8, plate I) and from the fecding

.of a mixture of penta- and hexachlor-

naphthalene (90 per cent) and chlori-
nated dipheny! (10 per cent).

When this preparation of penta- and
hexachlornaphthalenes  was fed in
smaller amounts (0.5 gin. every second
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day to n group of 4 rals) the above
deseribed liver chianges oceurred losy
rapidly and to a lesser degree (see
fig. 5, plate I1).

Compound E. Penla- and Hexachlor-
naphthalencs

Exposure by feeding—Feeding iy
doses of 1 gm. duily for 10 rats wax
continued with but one 4 day infer-
ruption. All 10 rats had dicd or had
been sacrificed by the fifty-ffth day.
‘These Jivers were friable and yellowish,
and cexhibited moderate to marked
mottling. One animal was jaundiced,
Of the 5 animals that were sacrificed,
three showed onlamrgement of the
liver (30 to 40 por cent); the remaining
livers were normal in size, On micro-
seopic examination the livers of rats
exposed for 2 wecks showed marked
cellular changes that appeared to he
degenerative in nature.  Although the
liver cell injury was somewhat greater
in the central portions of the liver
lobules, no portion of the liver was
spared. The liver eclls showed vary-
ing degrees of swelling, increased
granularity and vacuolization of the
cytoplasm. Xarly injury was indi-
cated by a wassing of basophilic
granules and small rod-shaped strue-
tures near Lhe cell nuclei.  The pe-
ripheral portions of such colls were
acidophilic and vacuolated,  Small
irregalar gpaces were present between

PLATE VIII

Fic. 1. A photomicrogrnph X 0§ of the
Yiver of a b fod n mixfure of 80 penta-
and hexnehlernaphthalenes and 0% chlori-
nated skiphenyl, in 3 g, doses per 1 rats for
12dnve. This rat survived for 23 days after
feeding was stopped. A comparison of the
iver of this roy with those of rats gnerificed
carlier indirnted that the liver changes had
progreseed considerably after adminiatra-
tion of the compound had been terminated.
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QGne should note the marked ehange in the
liver architeeture. The spaces like those
previousty illustinted (figs. 1 and 2, plate
V1) ave very Inarge and the renmining liver
tisgue I8 eompressed.  The Hver eells shaw
marked fatty degenerntion,

Fra. 2. A higher power photomicrograph
% 235 from nnother area in the liver iflus
trated in the ahove figure.
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liver cells and between the columns of
liver cells and the sinusoidal endo-
thelium (sce fig. 8§, plate 1), Thesce
were inferpreted to be the carly stages
in the formation of large intereclhular
spaces (fig. 6, plate I) which subse-
quently developed and which were
identical to the spaces deseribed in
the foregoing scetion.  After longer
exposure the liver cells showed very
marked swelling and fatty infiltration.
Occasional degenerating und regener-
ating cells were ohserved.

Compound F. 90 per cent Penta- and
Hexachlornaphthalenes and 10 per
cent Chlorinated Diphenyl

(a) Exposure by inhalation.—~Inha-
lation experimerits were carried out on
two groups of rats.  The first of these
groups of 80 unimals were exposed
to low coneentrations {average 1.37
mgms. per cu. m.) 16 hours daily for
134 days. The second group, also
comprised of 80 rats, was exposed
to low concentrations (average 1.66
mgms. per cu, m.} 8 hours daily for
143 days. No evidence of illness was
noted in the hiving animals in either
group. In each experiment vepresent-
ative groups of animals were sacrificed
after exposure perieds corresponding
{o those used in low concentration
inhalation experiments with trichlor-
naphthalents and penta- and hexa-
chlorpaphthalenes.

Since there were no recognizable
differences in the amount or type of
liver change observed after similar
exposure periods in these two groups
of rats, the second group (exposed 8
hours daily) will not be diseussed,

Macroscopically  the livers were
usually light yellow. After pro-
Jonged exposure, this abnormality was

.

more marked and in many instanees
moftling was present.  There were ny
very significant altevations in {he
weights of livers although the wajor

ity were slightly swollen (average of

20 per cent increase in weight).
Microscopically  the livers  showed
constant changes after 37 days of
exposure.  These incrensed #omewhq|
during the second period of 35 dayx,
Longer exposure produced little if any
increase in liver damage. The ob-
served pathological changes consisted
of swelling and rounding of hver cells
accompanicd by a definite inerease in
the prominence of the cytoplasmic
granules, Hyaline droplets in the
altered eytoplasm were a conspicuous
feature (sce fig. 3, plate II1).  Mitotic
figures were present in abnormally
large numbers.  In an occagional Jiver,
as wag the case with similar exposure
to both penfa- and hexachlornaphtha-
lenes alone and refined chlorinated
diphenyl, there was a marked deposit
of finely divided granular and re-
fractile yclow or yellow brown pig-
ment. This was present within liver
and Kupffer cells. Larger amounts
were found in the central portions of
the liver lobules. It failed to stain
in o manner characteristic of either
hemosiderin or hemofuxein.

The livers of rats removed [rom
exposure for 2 months after an expo-
sure period of 105 days were similar
to thoze of animals sacrificed at the
end of 105 days’ exposure, 'There
was, however, no evidence of nuy
increase in the pathological ehanges.

The administration of carbon feira-
chloride and aleohol was ahmost uni-
formly fatal. Macroscopie examina-
tion of livers of these rats revealed
murked  enbirgement  (approximately
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g per cent). Such livers were yellow
poid mottled.  Again there was exten-
v and widespread liver necrosis on
i TORCOPIC cxamination (see figs. 1
v 2, plate VII).

) Exposure by feeding.—When fed
g Y doses (3 gm. daily for 10 rats)

“(hix compound proved to be very

tmie, All animals appearcd ill and
ferding of the compound was stopped
after 12 days, Despite this the rats
continued to die, the last dying on the
atth dry. Bubsequent microscopic
ewntnination revealed that the liver
(hanges had continued to progress
wfter fecding was stopped. Macro-
rapically, the majority of the livers
were enlarged, the largest showing an
inrrease in weight of 118 per cent;
the nvernge increase was approxi-
mately 40 per cent. All livers were
vellow, friable, and many of them were
mnskedly mottled. SBubsequent micro-
weopic examination indicated that
mutch of the mottling was due to
Lemorrhage into spaces within the
liver tissue.  In addition, the external
and cut surfaces of the livers appeared
vlightly pitted or granular, The micro-
reopic changes observed in the livers
of the animals autopsied sfter 10 to
14 days’ exposure consisted of moder-
ste to marked swelling of liver cells
sccotnpanied by marked fatty vacu-
olitation,  Qccasional liver cells
shawed additional signs of injury such
¢ nuclear degencration and poly-
marplionuclear  leucocytic  invasion.
Benttered circular or oval shaped inter-
cellular spaces (fig. 1, plate III) like
those previously deseribed in expert-
ments where penia- and hexachlor-
baphthalenes were cmployed (figs. 1
st 2, plate VI) were observed. In

CHLORINATED JIYDROCARBONS 117

the less markedly damaged livers,
such spaccs contained serous precipi-
tato, strands of fibrin, and small
numbers of leucocytes. In rats sur-
viving 18 to 35 days, these spaces were
much larger and often had nttained
the size of & normal liver lobule (see
figs. 1 and 2, plate VIII). In these
more severely damaged specimens,
extensive hemorrhage had occurred
(fig. 2, plate VIII), In sections
stained with P.T.AH. these spaces
were seen to be bounded by flattened
liver cells which showed sharp cell
borders. Liver cells between such
spaces were distorted, swollen, and
showed marked fatty degeneration.
In many of thesc livers there was a
slight increase in connective tissue
between the remaining cords of liver
cells and around recognizable portal
areas. Proliferative changes were
occasionally observed in the bile ducts.
This wag indicated by incressed num-
bers of ducts in certain areas and by
mitotic figures in the bile duct epi-
thelial cells, No recognizable dilata~
tion of medium sized or large bile
ducts was present, In many sections
the architecturc of the liver was so
completely altered that it was difficult
to recognize the portal areas. In all
scctions there was evidence of fatty
and hyaline degeneration of the re-
maining liver cells. Slight polymor-
phonuclear leucocytic infiltration was
present. This was somewhat more
marked in the periportal areas.
Feeding of this mixture of penta-
and hexachlornaphthalencs and ehlo-
rinated diphenyl in smaller doses (0.5
gm. every sccond day for 4 rats)
resulted in liver damage that devel-
oped less rapidly. Thoe rats were
sacrificed after exposure periods of
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21, 34, 58, and 81 days.
were yellow, increased in size and
showed glight mottling. Microscopi-
cally, the chief abnormality ohserved
was marked fatly vacuolization of liver
cells, No interccllular spaces like
those described above were present.

Compound G, Chlorinated Diphenyl

(a) Ezposure by inhalalion.—Iixpo-
sure by inhalation methods to low
concentrations of chlorinated diphenyl
was carried out on two groups of
animals, each comprised of 80 rats,
in a manner identical to that de-
scribed in the foregoing sections. In
the first group a 16 hour daily expo-
sure, with an average concentration of
0.57 mgms, per ci. m., was employed.
The second group of animals was
exposed 8 hours daily to an average
concentration of 0.93 mgms. per cu. m,
Neither group of rats appeared ill.
Representative animals were sacrificed
in groups of 3 o 21 rats, after varying
periods of exposure. In the first
experiment, the animals were sacri-
ficed efter 37, 72, 105, and 134 days of
exposure, in the second experiment
after 42, 77, 98, 119, and 143 days.
The livers were pale or slightly yellow
and somewhat mottled. There were
no constant variations in the weights
of the livers. The microscopic find-
ings in the two groups indicated that
the different exposures had resulted
in the same degree of liver injury.
The pigmentation of the liver and
Kupfler cells was somcewhat greater
in animals exposed 8 hours daily. In
both experimental groups the carbon
tetrachloride aund alcohol test was
highly fatel and led to the same cxten-
sive central necrosis of liver tissue

that was observed in rats exposed to

Their livers

[vol. £0, no. 8

the d{oxic' chlorinated naphthalene
compounds (figs. 1 and 2, plate VII),
The microscopic changes resulting
from exposure to low concentration of
chlorinated diphenyl alone were simi-
lar to those resulting from inhalation
of penta- and hexachlornaphthalenes,
plus 10 per cent chlorinated diphenyl.
The most conspicuous change was
hyaline degeneration (fig. 6, plate III)
although swelling of liver cells, in-
creased promincence of cytoplasmic
granules and increased vacuolization
were present. Milotic fipures were

present in incressed numbers. No

microscopic evidence of recovery was
found in the livers of rats exposed for
105 days and then removed from
exposure for & period of 2 months.

) Expusure by feeding.—~When fed
in large daily doses (3 gin. for groups
of 10 rats), chlorinated diphenyl
proved highly toxic. Teeding was
discontinued after 6 days. Seven rats
died within the first 8 days. The 3
remaining rats gained in weight after
the feeding was stopped and were
finglly sacrificed. The last animal was
sacrificed 03 days after feeding was
begun. The majority of livers showed
& moderate incresse in weight, Micro-
scopically there was evidence that liver
injury had occurred within the first
{few days. The cells were swollen, at
times sufliciently to obscure the sinu-
soids. The cytoplasm of the liver
cells was acidophilic in staining quality
and contained small vacuoles. Small
eosin-stained hyaline granules and
globules were present.  Mitotic figures
were numerous (see fig. 4, plate III).
There was little inflammatory cell
infiltration and no structural changes
were observed.
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When smaller doses (0.5 gm. every
second day) of this compound were
administered to 10 rats, the first death
occurred after 9 days. Two addi-
tional deaths occurred after 12 days
and two more by the end of the fifth
wrek., The remaining animals wore
serificed boetween the 40th and the
100th day. The livers were enlarged,
the average increase in liver weight
being 33 per cent. They were pale
and slightly mottled. The most out-
standing microscopic abnormality was
the presence of large numbers of
varying sized acidophilic hyaline glob-
ules in the cytoplasm (sce fig. 5, plate
111). These hyaline globules, although
larger and more numerous, appeared
identicnl to those encountered in the
livers of rats exposed to other chlori-
nated diphenyl preparations. The
liver cells were markedly swollen and
thowed fatty vacuolization. There
was also increased regenerative activ-
ily. No structural changes were ob-
rerved in any of the livers.

Discossron’

Published reports concerned with
the possible systemic effects of chlori-
nated naphthalenes have been few in
tumbers. Lehmann (3) in 1919 re-
ported that animals exposed to chlori-
nated naphthalenes by inhalation or
feeding refused to eat and at death
showed “peculiar’ lesions in the liver.
15 1936, ¥linn and Jarvik (4) reported
the results observed following the
duily subeutancous injections into 30
tabibits of enormous doses (30 mgm.)
of certain chlorinated naphthalene
compounds dissolved in paraflin oil.
The rabbits receiving a mixture of tri-
tnd (etyachlornapbilialenes Yived and
when sacrificed, after 8 2 months’
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exposure, no pathologica! changes
attributable to the compound injected
were demonstrable, The mixtures of
tetra- and pentachlornaphthalenes and
of penta- and hexachlornaphthalencs
proved highly fatal and degeneration
of liver tissue was observed. From
their findings Flinn and Jarvik con-
cluded that certain chlorinated naph-
thalenes or impurities contained in
them are capable of producing yellow
atrophy of the liver in the rabbit. It
is noteworthy, in the light of the
present experiments, that the com-
pound of lowest chlorination (a mix-
fure of tri- and tetrachlornaphtha-
lenes) had no apparent effect on the
well being of the animals and did not
produce demonstrable changes in the
liver although injected daily for a
period of 2 months.

The present experiments demon-
strate that chlorinated naphthalene
compounds and chlorinated diphenyl
arc capable of producing marked liver
damage in the white rat without
demonstrable microscopic changes ap-
pearing in the other organs. Further-
more, the characteristics of the liver
lesions resuliing from comparable
amounts of any given compound are
the same, regavdiess of the method of
administration (inhalation, feeding, or
subcutaneous injection).

An attempt has been made through-
out this study to grade the toxicity of
cach of the several compounds tested
in accordance with the severity of the
liver damage produced.  Although
some of these compounds appeared to
produce similar degrees of liver injury,
the toxicity of each compound scemed
direetly related to its degree of chlorin-
ation. Thus, a mixture of trichlor-
napbthalenes (chlorine content 48.4
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per cent) proved to be the least toxio
of any of fhe compounds tested,
whereas chlorinated diphenyl (chlorine
content 65.0 per cent) was highly toxic
even in very low concentrations.

Trichlornaphthalencs, when com-
pared to other naphthalene compounds
of higher degrees of chlorination, were
relatively iunocuous. Even after pro-
longed feeding of large amounts of
this material, the rats showed no
evidence of ill health. After 2 months’
exposure, microscopic examination of
the livers revealed only slight to
moderate degrees of fatty infiltration
end degeneration of liver cells (plate
11, figs. 1 and 2). These changes were
slight when compared to those result-
ing from short exposures to compounds
of higher chlorination. Iixposure by
inhalation to low concentrations of
trichlornaphthalenes produced liver
cell alterations that were never more
than minimal (sce fig. 3, plate II).
Such animals withstoed edditional
liver Injury from carbon tetrachloride
and alcohol in & manner indistinguish-
able from that of the normal animal.
Somewhat greater liver injury re-
sulted from inhalation when the air
concentration of this compound was
increased more than eight times that
used in the previous experiment but
again the liver changes were slight
compared to those produced by com-
parable exposure to the more highly
chlorinated compounds.

The mixture of tetra- and penta-
chlomaphthalenes employed in these
experiments appeared to be consider-
ably more toxic than was the mixture
of trichlornaphthalenes, Arimals fed
small doses of the former of these
prepavations fell ill and died or were
sacrificed by tho 03rd day. Their
livers showed extensive fafty infiltra~

tion and fatty degeneration (figs. 8
and 4, plate I).

Feeding of tetra- and pentachlor-
naphthalenes in combination with
chlorinated diphenyl resulted in pro-
nounced Hver changes. These livers
had increased in weight (average 71
per cent). Miecroscopic cxamination
revealed & peculiar type of hyaline
degeneration involving practically
every liver cell (see figs. 1 and 2, plate
I). This type of cell degeneration
was more marked and ocourred earlier
after exposure fo preparations con-
taining chlorinated diphenyl than to
sny other compounds tested. Fur-
thermore, it was most marked in the
livers of animals exposed to refined
chlorinated diphenyl (figs. 4, 5, and 6,
plate III).

Comparable exposure of rats to
penta- and hexachlornaphthalenes
{Compound D), penta- and hexachlor-
ngphthalenes (Compound I), and
penta- and hexachloraphthalenes (60
per cent) plus chlorinated diphenyl
(10 per cent) (Compound F), resulted
in liver changes having few detectable
differences. The morphological
changes were slightly greater in the
livers of rats exposed to the last
named compound. In these instances
the hyalin degeneration of the cell
cytoplasm was more marked. Al-
though rats inhaling low concentra-
tions of compounds D and ¥ showed
no demonstrable signs of ill health,
microscopic examination of thelr livers
revealed marked liver cell injury (fig.
6, plate II, and fig. 3, plate III).
Theso lesions were still demonstrable
sfter a 2 months’ recovery peried.
Further cvidence that liver damage
had resulied from inhalation in low
concentrations of these compounds
was obtained from the carbon tetra-
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chloride and alcobol test, Such tests
were alinost uniformly fatal and
resulted in widespread liver necrosis
(fgs. 1 and 2, plate VII). These
three compounds proved to be very
toxic and resulted in & most unusual
type of liver change when administered
in large amounts by feeding (see fig.
1, plate III, fig. 1, plate VI, and figs.
1 and 2, plate VIII). Identical
changes were observed following inha-~
lation in high concentrations of com-
puund D (see fig. 2, plate VI). In
such livers the most conspicuous
feature wes the presence of large
intercellular spaces. Examinption of
routine sections, supplemented by
specially stained preparations indi-
cated that these spaces had resulted
from dilatation of bile ecanaliculi,
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essentially unchanged after a 2 month
recovery period. In these animsals
small sublethal doses of carbon tetra-
chloride and alcohol uniformly pro-
duced extensive liver neerosis and was
highly fatal to them (figs. 1 and 2,
plate VII). Chlorinated diphenyl fed
in small doses produced similar but
more marked liver injury (see fig. 5,
plate XII). In large doses this com-
pound was highly fatal. The liver
chenges in animals dying after short
exposures were inconspicuous and
consisted mainly of swelling of cells
and active regencration (see fig.- 4,
plate III). However, animsls re-
moved from exposure before being
fatally poisoned, subsequently devel-
oped hyaline degencration of liver
cells similar to that produced by pro-

LI Sl a8 AL AL B s TR 1 RAHRMECLY S s MG e A P2 S 2 AN a5 Khmi Sl At 04, o Pt

Moz w7 The reason for such dilatation wasnot longed administration of small doses
philiecss . apparent. Thbere was no corrcspond- of this compound.
hexie- ; ing dilatation of the large and small Thus tho results of the present
L. o { bile ducts at the periphery of the liver study, as well as certain field studies
Laymes A : lobules and no inspissated bile was that have been made (1) suggest that
s AT A L cver observed. The organically com~ the solution of the industrial bazard
M, rensed % Lined chloride in the livers of these involved is dependent largely on a
decsmeiy 1 rats was no greater than that observed reduction of the air concentration of
TRt 1 ¢ in the normal animal.  Although seri- * these compounds to & level that will
iter e ; ous liver damage results from exposure not produce liver damage. The pres-
) T R : to high concentrations of these com- ent experiments indicate that lower
@ femioess i pounds, tho resulting changes are alr concentrations must be obtained
of 2w el most unusual and do not resemble in the case of the more highly ehlori-
whel, 2- {hoso of acute yellow atrophy on nated naphthalenc compounds and
(o : mieroscopic examination, chlorinated diphenyl than for trichlor-
F dowad o Of the various chlorinated hydro- naphthalenes if a safe environment for
i 32 : carbons tested, chlorinated diphenyl workmen is to be assured. Because
ther i-me \ eave evidence of being the most toxic. of the pronounced toxic effect of small
Injow Zr ¥ When administered by inhalation in - doses of carbon tetrachloride on the
plwa T § very low concentrations (average 0.57  livers of animals already injured by
My ! to 0.93 mgms. per cu. m.) liver cell exposure to chlorinated naphthalenes
TY 3L g changes were very pronounced after and chlorinated diphenyl, its use as a
er urmag ) tho first oxposure period. The most solvent for these compounds would
for = aw ! striking change was the hyalinization appear to be very hazardous.
LIRS t of the cell eytoplasm (sco fig. 6, plate Although this investigation was
be wor § H1). Such ccllular alterations were designed to determine what systemie
% DSW 025527
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ofiects, if any, would be produced in  being used (8). The fact that liver - ing i ind

experimental animals by a group of
chlorinated hydrocarbons, the patho-

ccll changes were still present after a
2 month peried during which the ani-

catpouind:
vorspound.

logical changes produced have been of mals were removed from exposure to represen i
such & nature as to justily further the more highly chlorinated com- chlorinatin
comment, Exposure of rals to highly pounds is further ovidence that this 1elative in
chlorinated naphtbalene compounds type of injury is persistent and only 2. Four

and chlorinated dipbenyl results in a
type of liver injury differing consider~
ably from the liver lesions resulting
from earbon tetrachloride (5, 6)
and chloroform poisoning (7). The
changes resulting from exposure to
the compounds employed in this study
involve all portions of the liver lobule,
This is true despite the fact that the
initial morphological changes are more
pronounced in the liver cells nearest
the hepatic veins. The changes ob-
gserved are degenerative in nature.
The successive degenerative changes
were cloudy swelling, {fatty infiltration
and fatty degeneration and finally,
the complete disintegration of the cell.
Degeneration characterized by the
accumulations of large amounts of
acidophilic hyaline material was also
observed. This feature was much

more marked in tlie livers of andmals’

exposed to the compounds containing
chlorinated diphenyl, It is of interest
that widespread degenerative changes
of all liver cclls can exist for several

glowly recovered from.

The administration in high concen-~
trations of two compounds of inter
mediate degrees of chlorination re-
sulted in marked structural changes
in addition to marked degenerative
changes in Jiver cclls. The most
conspicuous change was the occurrence
of progressively enlarging intercellular
spaces. These were interpreted as
markedly dilated bile canaliculi,. We
are unaware of such changes having
been previously described.

From the above it is apparent that
exposure to highly chlorinated naph-
thalencs and chlorinated diphenyl not
only results in liver changes having
marked differences {from those caused
by other well known foxic agents, but
also thal the characteristics of the
liver changes produced can be mark-
edly altered quantitatively and quali-
tatively by varying the degree of
exposuroe. For these reasons one
would seem justified in suggesting that
detailed studics on anbmals in which

were ridinit
N conceyt

were  veari

tested by
nmounts.
were testoe
mils by sul
effecis of
nob appear
methad of
nmarked qu
differences
several con
ing Lhe air
exprrimoent
in feeding e
3. Muaene
examinatio
exposed to
that the i
fested  role
exasiinafio
significant ¢

1. PNk nn,

[ IENN)
months without producing any evi- the types of liver injury observed in eible 1
dence of ill health in the animnals or these experiments had been produced chiorinn
without causing important structural might further our understanding of 19, 23

changes in their Hvers.,  Such findings
suggest that the alterations take place

liver cell function.

2. Laason, 1
4 Luumass,

Arbett 0
slowly and that the scattered necrotic : Sunmary red, Jaips
cells are efficiently removed and re- 1, Studies concorning the effect AL AR
placed by new cells which also become  upon white rats of a group of ehlorin- ;Tlf.:l'i;:j:v‘:‘
injured, There was no observable ated napbthalene compounds and Med., 85
morphological evidence to indicate chlovinated dipheny! are reported. 8. Gaupsri,

. that the regenerating liver cclls had  This investigation was undertaken pon, 1.
ncquired an increased resistance to  because of the recent occurrence of ;‘ i')\

the injurious effects of the compound

3 {atal cases of jaundice in men work-
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}
that liver ’ ing In industrial plants where these 4. The liver changes resulting from
mt after a { compounds were being used. The exposure to the chlorinated hydro- )
¢h the ani- , compounds tested were sclected as  carbons employed have been described ;
xposure (o i represeniative of a certain range of and illustrated. Asindieated by their ¢
ated com- i chlorination and because of their ability to injure liver tissue the toxicity }
s that this ¢ relative industria]l importance. of these compounds increases with ;
t and only 2. Four of the compounds tested inercasing degrees of chlorination. f
] were administered by inhalation. The Thus a mixture of trichlornaphtha- )
gh concen- : air concentration and exposure periods  lenes is relatively innocuous in low i
5 of infer- : were varied. All compounds wers concentrations and when compared
nation re- } tested by feeding in large and small  with compounds of higher chlorina-
al changes X amounts. In addition three of them {ion, its toxic properties even in higher .
\generative were tested on small numbers of ani-  concentrations are relatively slight. '
The most ‘ mals by subcutancous injections. The Chlorinated diphenyl appears to be
aseurrenco i cffects of any given compound did the most injurious compound of all
itercellular \ not appear to be influenced by the those tested.
preted &s i method of administration. However, 5. Administration of small sublcthal
culi, We i marked quantitative and qualitative doses of carbon tetrachloride and ethyl
res having ; difierences in the efiects of each of aleohol to rats whose livers have
several compounds resulted from vary- already been injured by the com-
arent that ing the air concentrations in inbalation pounds under consideration is highly
ited naph- experiments and the dosage employed fatal and produccs massive necrosis
shenyl not in feeding experiments, of the liver,
63 having ; 3. Macroscopic anc.i microscopic 0. The significance of this study in
80 caused t examination of the tissues of rats relation to the industrial problem
gents, but z exposed to these compounds indicated involved is discusscd.
o8 of the that the injurious effects are mani- 7. It is suggested that the types of
bo mark- 4 fested solely in the liver. Blood liver injury observed in this study
and quali- { cxamination during life rovealed no might be employed in experiments
dogree of ; significant abnormalitics. designed to study liver cell function. .
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