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Light and Electron Microscope Study
of Chlorobiphenyl Poisoning

In Mouse and Monkey Liver
Maaakiro Ninhimmi. MD, Fulmoka. Japan

The effects on mouse and monkey liver M
[ oret of

(CBP), 1.5 mg/day or mors, have been investh
geled at seiected intervais by ligt and electron

plasm, and Incresse of microbodies and lyso-
somes. A marked increase in lipid dropiets was
observed Inter. Resuils of efectron microscopy in
monkey liver showed an incresse of smooih en-
and swell-

P yles of mice large in the
ot in the ing of Kupflers cells, with an Increased number
and folty vacuoies were observed isier. Fine of lysosomes and vacuoles, Judging from the
. in the findings by

of a marked Increase of smooth endopiasmic
reliculum, a reducilion of rough endoplasmic
reticulum, “mysiin figure” formation In the cylo-

INGESTION of rice bran il contaminated

lesions of iiver cells were Mn by adwinis.
tration of CBP.

by the oral route®.” and have revealed lesions
of skin and liver by light microscopy. How-
mr the limited resolving power of light

with chlorobi d (Kanech
400) pnd\n.vd pononing umong the general
populstion in western Japan from to

fall of 1968,' with a total of 600 patients to
date. This avent seems to be unique in the
field of food poisoning.

It wes found that contamination of the oil
occurred by leaking of chlorobiphenyls com-

py left ived probk of inter-
pretation. Moreover, these oarlier reports
were concerned primarily with the effects of
high levels of exposure for a short period.
This paper extends these obuw.thm to the
levels of luti d by el mi-

pound into the rice bran oil through pinhol
in a pipe used for heat exchange in the
ll\muhd.urin(pme-n Now, one yc-rlfhr
the i many jent

and more the
effects of relatively low levels of oral expo-
sure for a long period.

Materials and Methods

Japon,

about the possible presence of lahnt lesions

in internal organs, as well as i der-  Experi With Mice—The ddN stroin

matological signs. mice und wére originally obtained from the
Various reporta of poisoning by chlorobi- Nati of Genetics, Mishi

phenyls (CBP) %+ since the first outbreak of
acne-like lesions, due to high-boiling chlori-
nated compound in industry, was noted by
Schwartz in 19363 But all these cases were
due to exposure to the fumes or dust of this
com|

pound.
Several animal experiments have been car
ried out to examine the toxic effects of CBP

thmlu-d for publication Jan 27, 1970; accepted
Mamh

he Depariment of Public Health, letv
of M-dhlm. Kyushu Unlv-nity' Fukuoks, J
Resd in pert befors the 42nd annual mnuu el
the Jnun sockty of Industrisl Medicine, Fukuoks,
Japan, March 29, 1869.
t requests to Department of Public Health,
Focully of Medicine, Kyushu University, Katakess
1776, ¥ukuoks. Japas (Dr. Nishisumi).

and raised in the mouse colony of this universi-
ty for 12 years. Sixty ddN (emale mice ten
weeks old were separated into three groups:
(1) mica receiving olive ol or nontoxic rice
bran oil as a control group, (2) mice receiving
05% v/v CBP in olive oil, and (3) mice
receiving toxic rice bran oil containing CBP at
a concentration ol 1000 ppm Tha CBP und
wee a mi of

ing 48% chiorine (equivalent Oo three to four
atoms of chlorine per molecule), with a troce
(0.01%) of naphthalenes. Each mouse was giv-
en 0.2 ml of its respective oil by stomach tube
evary day. All animals were kept in metal cages,
in groups of two to three per cage, and were
given the commercial standard diet and water
ad libitum, They were obeerved for toxic signs
and weighed twice a week.
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g lwdmmmumlmm
olive ol for 26 wesks, Small vecucies sre seen in
10% solution  fixstion
(hematoxylineosin, slightly reduced from x 860).

Scven or eight mice in sach group were
killed after four weeks, and two mice in each

S

o

te.

B
9,
AR

',
N

.—Hopstocytes from control mouse that re-
Colved nontoxic fice bran oll for 26 wesks. No re-
farkabie abnormaelities are present. Densely stained
masses in calls
and ER; 4% 9qunlmm fixstion (toluidine biue,
slightly reduced from x 800)

uranyl acetate!? and lead nitrate or Millonig's
ud" n.lm Specimens were examined with an

group at a time were killed at 13, 17, 22, and 26 ing at 50 kv.
woeke. Allofdnmnn' ighted micro. Experi With Monk Five ¢ )|
pically for the of toxic gus weighing about 1 kg (2.2 1b)
'l'hoy \vm Idllod hy & sharp blow on the hewd, each, and three squitrel monkeys, weighing
b 9 AM and 10 about 500 gm (11.0 Ib) each, were used for this
AN in nonfasted condition. Subx to ex- The CBP was administered with

nnmluebn. !Iw linn were lnmndhhly .-
ciesd and from a

lulh natural diet (potatoes, cabbages, carrots,
, and a little quantity of

site on the right lateral lobe were processed for
light and electron microscopy. Tissues for con-
ventional microscopy were fixed in neutral

lght

10% formaldehyds solution, and parafia-
embedded tissue m nhlmd with hematoxy-
i in. Tissues fo! ‘were
immediately pl.eld ln & drop of 4% glutaralde-
hyde in s-collidine buffer (pH 7.4) and cut into
cubss of spproximately 1 mm with a razor
bisde. Small blocks of tissue were fixed for two
hours at room tsmperature in buffered 4% glut-
araidshyde and postfixed for one hour at 0 C in
collidine-buffered 3% osmi ide. Some of
these tissues were also cut and fixed in 2%
osmium tatroxide in s-collidine’ or phosph

Apples,
of smali, dried flshes). ’I‘htmnl-mnmd
CBP to a
ranged from 641 mg in 40 days (16 mg/day) to
348 my in 339 days (1.4 mg/day). That admin-
istered to a squirrel monkey ranged from 320
mg in 46 days (7 mg/day) to 67 mg in 48 days

" (1.4 mg/day). They wers observed for general
akin al and bebavior and weighed

‘weekly. Histological and

examination were carried out in the same way
as in mice.

Results
G I Observations.—Mice.—The three

buffer® at pH 74 for 144 ito 3 hours. The
fixed and washed tissue slices were then
dehydratad in a graded seriss of ethanol
and in propylene oxide prior to embedding in
epoxy resin (Epon).io Thin and thick sections
of the epoxy-smbedded tissues were cut with
glmes knives on an ultramicrotome. Thick (0.5
to 1.04) sections were prepared and stained
with toluidine bluei? for orientation. Thin sec-
tions of approximsately 60 ms were stained with

groups of mice were normal in appesrance
and behavior for the first three months ex-
cept for slight weight ioss in two experimen-
tal groups. After thres or four months, the
group of mice receiving CBP in olive oil and
mtmvmawncmnbnnodmvnled
slight d in activity, and gross ch

olﬁnllmb-nntnnppur The macroscopi-
cal changes seen of the skin during the
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forelege, and sides of the chest, 29+ 04 and 21 + 0.3 gm, respectively,

At the end of the experiment, the changes while the control mios had a value of
similar to those in experimental mice were 1.7 x 0.2 gm. Mean relative liver weights
seen in some control mice. In the former were 115+ 10 gm, 83208 gn, and
group, however, the changes were much more 6.8 = 0.9 gm/100 gm of body weight, respec-
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624 CHLOROBIPHENYL POISONING—NISHIZUM!

sbundant. Lipid dropiets (L), glycogen arse (B, nucieus bile canelicul } COmiNm
tion (aed. reduced from X 37,600). - L > e

phnnkvmnl.mnilqdﬁn rilobul ined small acidophilic granular materi-

regions after 22 weeks or more (Fig 1 and als in the cytopiasm without changes of lobu-
2). lar structure (Fig 3). This suggested that
The | tes of mios receiving CBP in the liver enlargement dus 1o cytoplesmic

was
olive oil for four wesks increased in sise and hypertrophy since mitotic figwres were not
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Fig 16.—Ares of an hepatocrte
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areas
inthocytopllmntlawub(l'llﬁ) At 22
weoks, there was & matked incresse in the
numbwolmllvcc\uﬂu,udmdth
nuclei i d in size iformly. After

mlvdneontlhndhlwnpwmthur

Hy and Kup-
ﬂa'-ulum-um-umuum
lated architecture in their cytopk (Fig 7

o

cavased in size (Fig 5).
‘The livers of mice receiving toxic rice bran
oddwvdﬁntyphlhhdnwuctmmth
d in cords radisting from
the cum-l vein. However, bepatocytes in

presence of enlarged Kupffer's cslls, with
les in the cytopl d
In a squirrel i ived a total
ol!ilm.o(CBl’wkﬂunmuddhdmwt
daye from of the sxp
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CHLOROBIPHENYL POISONING—NISHIZUMI 627

Fig u—hnofaninpnmlmmu mmwm.mmmmmmmm
bodies (Mb) are fairly abundant, but decresse in RER Is not avident. Nucleus (N): glutarsidehyde Oso,
fixetion (uramy! scutete and leed, reduced from x 30,400).

Fig xo—mmummmwummum;‘onmnmu:)ﬂlmumummw
3 (9); cemium
(tead, reduced from X 28,400).

the Ii;m showsd slight enlargement o( In two cynonmlmnmﬂlyothntmted
Kupffer’s calls. The liver of a squirrel mon- about a total of 500 to 600 mg of CBP por
key that received a.total of 134 mg of CBP kllolnmlnlmuwl!xmm

per kilogram in six weeks also showed en- the of
largement of Kupfler's ocells inj les in the b tes at the periph
erythrocytes and dilatation of sinusoidal oft.holubuluandeKW-
spaces. cells. Two other cynomoigus monieys were
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Fig 20.—Ares of an from mouse
Microbote

#s in Fig 19, (M) vory in sise.

s (M) are dispersed. Osmium fixation (leed, vodue-o from x 29,600).

given a total of about 300 mg of CBP per
kxlogmmmmtouvnb.lnﬂ-um
many vacuoles were seen in enlarged Kup-
(fer'’s cells, and some h

Golgi’s complexes and SEB (lmnth-w-
faced b of the retico-
lum) were more nbtmdm and contnined

mnular m-urhll md vncuol- (Fig 9).
The h key who died
alter 32 weeks m.lod slight fatty degener-
ation in peripheral lobular areas. These mi-
croscopic alterations in the monkey livers
vesembled thosa in mice.

Electron Microscopy.—Mice Given CBP-
Free Oil—In electron microscopy, no ob-
vious differences were seon between the liv-

ors of mios given olive oil and those given-

nontoxic rice bran oil. After four weeks,
slight increass in cytoplasmic lipid dropl

most part, were armanged in parsilel (Fig
12). No novel obssrvations were made with
regard to lysosomes, peribiliary spuces, and
nuclear structure.

Mice' Given CBP in Olive Oil.—Adminis-
tration of CBP led to widespread alterations
of the ER (endoplasmic reticulum), which

- p-nuudfordudunthndthnmmt.

were noted, and the abund itochondril

of cytoplesmic inclusions and

varied in size and were spherical to ellipsoi-
dal in form. The nuclei were round in out-
line, and many contained nucleoli. Other cell
orgunelles such as endoplasmic reticulum,
Golgi’s compiexes, and microbodies were nor-
mally distributed. Stores of denwely stained
glycogen varied in amount and localization
from cell to cell (Fig 10 and 11). After 13

in microbodies, lysosomes, and lipid
dnplehmubmwm
tions were as follows:
1. Four weeks after commancement of the
experiment, proliferation of the SER was
and individual ci oni

ing
llld vdculltcd (Fig 13) Thl RER were
jon into rough-

weeks, the livers sh d lli'ht i in

taced ai n

One to four myelin

microbodies, as well as lipid droplets. Some
Mtholipiddnpl-hmwthllyormm-
pletely ded by hoodria. In 22 to
26 weeks, moderately incressed lipid drop-
lets were noted in most of .the hepatocytes.

figures were pressnt in about 10% of the
hepatocytes (Fig 14 and 15). Slight incresse
in microbodies was obssrved at this period,
but lipid dropleta were not yet incressed.
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tion in size and form, and li
were observed in peribiliary aress. Fine gly-
cogen granules were dispersed among vesicu- Mice Given Toxic Rice Bran Oil.—After
lar SER. four weeks, aiterations of RER were not as
3. After 17 to 22 weeks, lipid droplets remarkable as in mice given CBP in olive
were increased considerably with groups of oil, but an increase in SER was clearly noted
micmbodl- (Fig 17). Mitochondria showed (Fig 18). The mitochondria varied in size.
npo-ibhmdvnﬁnﬁmmllnm The hepatocytes ined abundant glyco-
shape, and, L gen stores, and lipid droplets weee slightly
inclusions were found. Gdd% region was increased.
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Alter 13 10 17 weeks, increase in SER and
decmn in RER were nmnrhbh Most mi-
drin were ded by el
- “ranged RER but were almost normal in sive
and shape. Glycogen deposits were preserved
fairly well. At 26 weeks, incresanes in mlero-
bodies and ay of a wall-devel
Golgi's complex were revealed in uddmon to
thd altcrations of ER (Fig 19 and zo) Gly-
cogen les were di g
Iex Jusion. the b ie call alterats
induced by administration of toxic rice bran
oil were cssentially very similar to those
caused by administration of CBP in olive oil,
It was considered that the slight difference
in severity of alterations was bssed upon the
difference in the concentrations of CBP:

CHLOROBIPHENYL POISONING—NISHIZUMI

in hepatocytes by administration of CBP ar
mﬂlylliahtvhm}nd-dbym
mummmy.mmm
were found

by-lectmnmhmwy

An outstanding abnormality of liver cells
caused by administration of CBP to mice
and monkeys is an increase in the SER and
a reduction in the RER throughout the ex-
periment, It is considered that proliferstion
of the SER in the hepatocytes corresponds

hvait (hyali

about 1,600 ppm in the toxic rice bran ofl dimethyl b » Ani

and about 5,000 ppm in olive oil. ine,!¢ thi ide,17 ethi 19 ona-
Monkeys Fed CBP.—The h o( phthyl isothi 19 ph I sodium,

monkeys fed CBP led the i h henoth (DDT). M Clearly,

SER, wlth dillhd vesicles (Fl( 21). 'I‘ho

dndc-ltyolﬂulnhmlmlﬂxmdvnrhd
in size. Some i in-

tramitochondrial myelin figures Lipid drop-
lets and microbodies were of normal appesr-
ance, but i in ly was slight)

Kupffer's oslls showed mod

cyto-
pimnhnﬂﬂn(.wnhdﬂ-hdmmﬁn

there were an i

others,b.7.1¢ Bamottctal“ pol.nhd out that
loriratad  hi i in liver
changes markedly different {rom those
audhyoﬂunﬂhwwnhﬂumbm:h
as oarbon hik

min;mdﬂmchﬂhttllhwdinjnry
was persistent with slow recovery. In owr
study, the hological alterations induced

have been generally referred to as “finger
prints,”16.1* “nebenkem,”® or “figures myeli-
niques”?¢ and have bean obeerved after treat-
ment with various toxic chemicale.16-83.37.2¢
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ly increased membrane surface area to en-
sure maximal contact of the toxic agent with
" the detoxilying enzymes. Various suggests

have been mada as to the origins and func-
ﬁmlolth.n'hlglummﬁnhlhold-

w tonahipe of the f "
to other organelles and the overall effects of
the inducing sagent on the cell. However,
many details still remain for later work.
Diminution of glycogen stores is anoth

- interesting festuve in the present experiment.
This is partly due to the fact that the mice
receiving toxic oil consumed approximately
80% of the amount of the diet consumed by
the control mics. However, a hypothesis has
been i to explain the reci) 1 be-
havior of the SER and glycogen stores.i®
Bruni suggested that when diminution or
loss of glycogen and permeation of glycogen

simultaneous-

early and of l

an i bodies might be recog.
nized as the morphological of
metabolic changes induced by CBP.

In control mios, fat was sbundantly ob-

g
g
i
§

or hyaline cytoplasmic inclusions later might
be the results of hypertrophy of SER and
diminution of glycogen stores. Four months
after the administration of CBP in olive oil
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ULTRASONIC CO"UNICATION

“uupmlwllnitdhmhnﬂuhnmﬂynbutﬂﬁhﬂ:lnm
reasons is seldom

L]
{requencies but doss not normally experience them and is unable to perform frequency

analysis upon them.

These limitations of the human ear are not shared by many smaller mamenais, for
wubmwm':oﬂmwy-mmmym-ndndmwm‘m
thess {!

show posterior collicular responses to at least 100 kHs, with

Ralls (1967) has shown that mice and Peromyscus

in the

grentest samsitivity
range 10-30 kHs, Noirot (1966) found that baby mice communicate with theiv mother et
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