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\X/ ABSTRACT

Thioacetamids and yelllow phosphor us were wespectively administered into
the stemach of Wister rats and periodical chenges (15 min, - 48 days) occurr-
ing in liver cells ware obscrved with light and electron microscopes..

:’?.’In the initial stage of acute thioacstamide poisoning, liver eell injury
appearﬂﬂ‘jn the central gone and then s‘preadﬁ"‘l2 to the periphery, Hlectron
microscopy revealg [a) transitional figures from REr to SEr, (b) single
limiting membrane of mitochondria and increased electron density, (c)
decreased glycogen content, (d) enlargement of nucleoli, and (e) decrease
or complete disappearance of Falade's granules, ebe,, 7These findings
appear‘l&from about 30 mirmutes and becdme prominent with the lapse of time.

E:In tho indtial stage of amtbe yelliow phosphor us poisoning, liver injury
a‘ppealfif in the peripheral zme, Electran microscopricalliy the main changes
consisﬁl’(of (a) transitional figures between REr to 8Er, (b) swelling of
mbtochonidria, (4) decrease of glycogen, (d) appearance of lipid droplets,
(0) enlargement of nuelecli, (2) decresse and disappearance of Palade's
gremules, ete, 'These flguraes lz;;af Mreat engontored at 15 minutes, and
thay bsodme promluent with the lapse of time.

5,The dlacktyon mievoscoyd ¢ results observed in the sresent experiments were
sompared with those previously reported by others and thoee of the former
final fehort, Mnoticiglly, these findlngs su;ggalﬂb the disturbanee of the
engynable gystem and riclear hiochemical activity, but further histo-

chemlcal and Wochenlcsl studles are necessary inorder to prove this

as sunpltidon,
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1, Introduction:

Although there are various noxas (chemical, physical or deficiency state)
wiich cause so-called regressive changes of the cell, it camnob be denied
that there is a lack of pathochemicgl studies on the noxic process and
intracellular damage., The mode and process of injury caused by them still
ramgin an unexplored field to the scientists of today., The studies on cell
injury in thisg sense are one of the most important basic problems in thae
field of pathology. The object of the pres§nt series of study which have
been done in the first year of our projectl , and yet unfinished is to
gxamine the degenerative changes of cellls morphologicallly at the level of
subeellular morphology, to detect the characteristic pathological processes
in cells induced by various foxic agents, and to find gome clues which will
conbribube to clarify the basic biolegical processes underlying such cell
injuries, ;

From our experience with several series of experiments, it could ble
assumed that among various noxas, the pathological processes cammencing in
celly are different from ohe chemical to another, In this report, results
cbhained in thicacetamide;, and yellow phosphorus poisoning will bo des-
crived,

Hewever, since we still feel it necefsary to try other chemicals or nox.c
substances which are sald to have different offectis on the biochemical
rrocesses of cells inorder to obtaiu u more firm basis for biological

lyzis, Beperiments using several other agents are now in prograss.

P
¢.’




€. Material and Method:

The experimental animals used in the present study censisted of 54
Wister albino rats (male, 100—R10gm) bred for more than 10 days with
standard diet”®,

a, Eight groups of animals each casisting of 3 rats were given
B0mg/kg of thiocacetamide (CHZ~CEH2) through the stomach and sacrificed
by decapitation 15min,, %Omin,,1,3,6,12,24 and 48hrs, later. Mnother
group cnsisting of 3 rabts w.s need as coabrol,

b, Seven groups of animals cadh swisisting of 3 rats were given
ROmg/ke of yullou vhosphorus &a 0,24 olive oil sdlution through the
ot on L8rin,, Z0min,,1,3,6,1R and R4

stomach and sacrificed by dac:
wiwals cach consisting of 3 rats

hrs, later., Two other groowvs

were eiven O,lcc/kg of olive ol onga the stomach and sacrificed
15min, and R4 hre, later, imeodiwtely afber the animals were sacrific-
ed, small pieces of {the liver wer: flxod in 19 0s04 in acetate veronal
boffer(ph7.4) with sucrose adled to moks wn lsotonic solution for 2 hrs,
ab 0+4°C, Epca 812 and glyreca n-buthyinethacrylate(mixed ratio 3:7)
were nsed for embadding, Whewaver Lwmcessary, electron staining was
carried ouh with saturated womluwwe unitrato for 30~120min,, or lead
hydroxide foe 5-RCinin, On the other hand, paraffin sections were pre-
pared from the fomalin fixed tisasues and stained with H,E. and P4S,

*Standard ciet
Wheat flone 78m, mlllk weccla icgn, “eas 3gn, cud<liver oil lgm, McCollum
salt 5gn, yeast 3gm: Total LOQgn{B50 175 alpha Cal,)




3, Dbservatims:

a. Thiocacebamide poisoning,

(1) Light Microscopy, The decrease in cytoplasmic basophilia in
the centrolotular region starts to appear after 3 hours, Six
hours after diug administration, decrease in PAS positive sub#
stance could be observad in the same area mentioned above,

The nud.eolus becones consplaious and increases in number

(R +to several); After 12 hours, the changes described above
becoms more severe snd extensive, The cytoplasm catains fine
vamolar struchures, Mitotic figures of liver cells are also
obsurved in the psripheral zone, After 24 hours, the dhanges
encountered are necrobiosis of liver cells in centrolobular
regicn, decrease in PAS positive substance, decresased cyto-
plasmic basophilia throughout the lobules, pyknosis, thicken-
ing or hyperdhromatosis of nuclear membrane, and praminent
nuclecli sbained red with eosin,

(R) Flectron Micros apy,

(a) Nucleus, Within one hour, the nucleoli became slightly en-
larged, followed by prominent nucleolonema fommation after
3 hours (Fig, 1 and R), However, after 24 to 48 hours, most
of the nucleoll become a homogenous, highly electron dense
mass, At the same time, the matrix of nucleus shows a
mottled appearance and occasionally contains irregularly
shaped, moderately electron dense, fine structures of un-
identified nature, ‘the nudlear membrane is intact in all
ceses r_-)zxamined showing a triple layered structure (Fig, 9
and 10),

(b) Mitochondria, After 30 minutes, some of the mitochondrias
show slight swelling together with increase in number of
microbody (Rouiller) (Fig. 1). Irregularity in shape and
size of mitochondria and increase in mitochondrial granules
ars observed after 3 hours, After 48 hours, these changes
become more severe and extensive, and there is an increase
in number of microbody and dense body having similar strue-
ture as the granulo assumed to be biliruhin granule, A4t
this stage, all of the mitochondria losg their triple
membrane, Cristae mitochondriales show irregular arrange-~
x?ent, cgristolysis and ceristorrhexis in many mitochondria

Fig, 9),

(¢) Pndoplasmic Reticilum, After 30 minutes, the endoplasmic
reticulum (REr) begins to lose its grouped parallel arrange-
ment and decreases in number. After one hour, there are dis-
arrangement, shortening, decrease in number, dispersion,
partial dilatation of lumina and partial lose of RNA granules
of rough surfaced endoplasmic retialum (REr), On the catra-
ry, the smooth surfaced endoplasmic reticulum (SEr) appears
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as if slightly increased after 30 minutes, In cases exa~
mined after 1 hour, there is grouped SEr forming a net-

work (Fig, R), Transitional figures of REr to SEr are
ancounitered in many places (Fig, 3 and 4), These changes
progress with the lapse of time and after 48 hours, the

REr shows markzd decrease in number, They are found sur-
rounding the mitochondria in single or double layers.

The WNA granules attached to the manbrans and in cytoplasmic
matrix decrease wemarkably, The latter is often entirely
absent in the cytoplasan, The SEr on the other haud, appears
diffusoly in the cyboolasmic stroma as o crowded small vesi-
cwlar neb-work (Fig, 2,8 and 9). Occasionally, myelin figures
of SEr origin are encounterad, After 6 hours or more, therc
are vacuclair structures containing amorphous or thread-like
mabterial ol low clactror density in the cytoplasm, They ars
limited by a single membrane and originate from SEr by mark-
ed distension of Iumina [Fig, 3, 7 and 9).

(d) Golgi Cemplux, After 6 hours, the Golel complex is hardly

ever found in the peribviliary and perinnciear areas.

(e) Lysosome, It dlsappears almost caplately after 24 to 48

hours,

(£f) Blle Capillary, Narrowirg ¢l lumina snd dacrease in number

(h) Lipid, Although lipi ds increase after one hour, there is

(i) Disse's Space; Ditse's space is intact up till 12 hours,

of surface microvilli are the only fAndings,

(g)_Ulycogen, Glrcogun is woll preserved up t1ll 15 minutss,

t starts to decreace after one hour and disappears cannletle-
ly after 24 hours,

no marked incrsase throughout the whole seiies,

b, Yelllow phosphorus poisoning.

Narrowing of lumina, decrease in number of microvilli, and
Proliferation of connective tissue fibrils are observed aftey
48 hours,

(1) Light Microscopy, A4t 30 minutes, there is enlargement of nuclei

and nuclecli of thne liver cells in both intemadiate and peri-
pheral zones, Basophilic body also beccmos samewhab obscure,
Lipid droplets appear after 6 hours or more from the peri-
pheral zme and become prominent with the lapse of time, These
consist of mainly small droplets., DAS reaction becomes weak
after the 3rd hour and shows a negative reaction at R4 hours ,.
Eo remarkable necrotic figures are encountored even after 24
ours, .




() Electron Microscopy,

(a) Nucleus, No dlear—cut changes can be observed between 15
and 30 minutes, Within one hour, the nucleoli became an-—
larged accompapied with prominent nucleolonema formation
(Fig. 1R and 19). The nucleus is sametiines indented, and
its membrane structure is well preserved. The nuclear sub-
stance is irregularly distributed, and small aggregates of
fine granules similar to ribosomes are confimmed (Fig, 1R).
At 3 to 6 hours, these changes become more clear-cut with
incroased aggregates and appearance of large nucleoli
(Fig, 16), The intemediate clear layer of the nuclear
membrane (composed of 3 layers) frequently shows figures of
mild dilatation and transitional figures to Er (Fig, 14).
At 12 hours, most of the cells have large nucleoli, and
at times 3 or more are found in one nucleus, The matrix
of nucleus is-irregwWlarly distributed and consists of a
cdlear and dark portion (Fig, 17, 19 and 20), Caramatin
margination is also observed, At R4 hours, the above
changee become more prominent, but the nucleolonema becomes
obscure (Fig, 19),

(b) Mitochondrion, Although same c¢slis tend to become scmewhat
swolller. ab 15 minutes, the majority is apparently nommal
appearing, Ab 20 minutes, however, swelling becames more
prominent, and figures of cristolysis and dilatation of
intemmediate clear layer are sometimes observed, The stroma
of mitochondria is pale, The limiting membrane shows no
changes and its triple layered structure is well preserved
(Fig, 1R, 15 and 14), After an hour up +ill 12 hours, the
swelling becomes more prominent with the lspse of time, ’
With the appeerance of irregular shaped and atypical mito-
chondria; they tend to show small and large figures on one
plane, At R4 hours, the swelling becomes extremely promi-
nent with the stromg showing marked low density, The
mitochondria is in most instances ovoid, but some are
irrepular shaped and elongated, The triple layered struc-
ture is still well preserved at this stage. Although not
prominent, there are flgures of cristolysis, cristorrhexis
and dlatation of the intemmediate dlear layer, Mitochondri~
al granules are obscure in those showing remarkable swelling,
but can be found in most of the cells (Fig, 19 and 20),

(¢) Bndoplasmie Retdowlum, Transitional figures between rough
surfaced endeplagmle reticulum (REr) and smooth surfaced
endoplasmic reticulum (SEr) are- looksd upon as a noteworthy
feature, This process consists of the following chain of
events: Nommal REr becanes dispersed, shortened, and the
surfaced Palade's granules drop off, The lumina shows a
localized, irregular dllatation, vesiculation and then
transfoms into SHr, Ab 15 minutes, these changes are seen
in only a few of the calls (Fig, 11) with the majority
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remaining apparently nommal, They then bocome rather prami-~
nent in 30 minutes to an hour (Fig, 13, 14 and 15), Dense
gramles measuring 70 - 100 mu presumably originating from
olive oll are fireguently fomd in the lumina of SEr in all
cases (Fig, 17, 18 ana 20), The scounwlation of these
granules leud to the formation of large lipld droplets, At
3 — 6 hours, there is a prominent decrease of REr, while
SEr indicates a remarkable increase (TFig, 16), However,
there are a few cells remaining with typically arranged REr,
At 12 ~ %4 hours, these cells with bLypically arranged Rir
become remarkatly few in number, and in sane instances only
SEr can be noted (Fig, 18), SEr shows isclated, irregular
shaped vesicular sacs or a net-work, Free Palads's granules
tsappear and the cell matrix bécanes clear, Occasionally,
myelin—like structures of SEr origin are observed, and

they are sometimes found from the 1sv hour, At 24 hours,
one may frequently encounter disfigires REr,

(d) Golgi Complex, Developed profiles of Golgi complex are no
longer seen with the lapse of time and progress: of cell
injury, A% 12 - 24 hours, poorly developed Golgi complex
is sometimes obscrved in the surrounding area of bile
capillaries (lig, 20),

(o) Microhodies, Secretion Granules, Lysosmes and Riliraibin

Grenules, Microbodies (Reuiller) are found not cnly in Lhe
surrounding of bile capillaries bub also irn other areas of
the cyteplasm, With the lapse of time, there is en increass
in number of microbodies, while Lysosomes (Novikoff) or
secretion granwles (lakeki, Haciwara) decrease in rumber.
At 12 - R4 hours, numermus microbodies are observed, whilc
thers are hardly any lysosomes (Fig, 19). Large, dense,
irregvlar shaped bodies considered e be pile pignents, are
found between the nucleus and surromnding of bile capilla-~
ries (Fig, 20),

(£) Bile Capillary, With the atrophy cf Golgi canplex and decrease
in nurber of secretion granules op lyzosomes, thore is also
a decrease in numbter of riecrovilli protruding into a rather
narrowed lumina (¥ig, R0), Bizzozero nodules show no marked
changss

(g ) Glycogen, There is a rapid decrcase scon after bhe adninist-
ration of yellow phosphorus ; and a remavkable decrease can
already be noted at 15 minutes (Pig. 11), Glycogen can
hardly be detected in any of the liver cells at 24 houvrs
(Fig, 1S and R0),

| (h) Iipid. Tipid droplets neasuring 70 - 100 mu appear in Disse's
| , Space from 15 minutes after administration of yellow phesphorus,
They enter the endoplasnic reticulum (especially SEr) of liver
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(1)

cells through pinocytosis (Fig, 18), They then accumulate,
fuse and increase in sigze, and appear as large lipid drop-
lets measuring 2 — 3 v, These figures are found in 21l
cases up to R4 hours,

Disse!s Space, Endothelia or Kupffer Cell, Microvilli, In

all cases after 30 minutes or longer, there are sometimes
desquamation of endothelial cells, swelling of microvilli,
and flow—in of destructed liver cell caitents into the sipu-
soid,




4, Discussions:

a, Thiocacetamide poisoning, There are many literatures on experi-
mental injuries of the rat liver cells in thioacetamide intoxication,
Most of them have described the development of liver cirrhosis or hepat-
ic carcinoma, especially emphasizing nuclear changes after prolonged
thioacetamide administration of small or subtoxic doses, On the other
hand, there are only a relatively few reports on acute intoxicat%m or
early p{)fs-)a of poisoning of thiocacetamide (Gallaghert 5), Gupta,(6 s
Salamon**v{), In the present experiment, the primary or the most im~
portant finding is the changes of Eer, From about 30 minutes after the
adninistration of thicacetamide, the REr bagins to decrease in number,
while the SEr increases in number and forms an irregularly comnected
vesicular structure, COonnecting figures between these structures and
REr with £3l1-off of surfaced Palade granules (Fig. 3) ?‘imilar changes
are observed in rat Jliver during fasting (Takaki et aJ)(.ls s ﬂ(uoroacetate
poisoning (Hongo) 7), carbon tetrachloride poisoning (Aizawa)(%) and
yellow phosphorvs poisoning, Surfaced or free Palade granules consist
of large moleculas of ribonucleoprotein and are mainly responsible for
the cytoplasmic basophilis seen under the light microscope., Decreased
basophilia in centrolobular region observed under the light microscope
in tre present study coincides with the change of the aforementioned
extreme decrease of REr :nd free Palade pranules, On the othar hand,
the fzet that glucose—6-phosphatase is locatad on the smooth surfaced
endoplasmic reticwlum (Chauveau)(4) also coincides with the decrease of
glyem gen which might be specifically interfering with carbonydrate
metabolism of tha cells, According to the recent study of Gupta(s) and
Gallagher( s rat liver cclls in thiocacetamide poiscning underso a per-
meability change whereby calcium and sodium ions stream into the cells
and "fur' the mitochondria, while magnesium and potassium ions are lost,
Furthemore, they have shown by means of histecdierical tests, that
accumulation of calcium ions occurs at the surlace of mitochondria, In
his experiment, abnomal mitochondiia having single layered limiting
membrane with high elactron density might indicabe accumulstion of
calcium ions on the membrane (Canercn)'®), To say the least of it,
the above menticned figures point to a permeability chanpe and folliow—
ing dysfunction of enzymatic systems of mitochondria. In 48 hours, a
homogenous, non-structur:l substance with low electron density appears
after the disappearance of glycogen and free Palade granules (Fig, 9).
This finding together with chromatin situated close to the border of
the nud.eus s similar to those pointed out by Takaki(14) in autolysis.
Further studies are needed inorder to clarify the exact nature of the
above substance. Cells having pyknotic nuclei, degenerated intranuclear
organellae, and increased density of cell matrix appear in great numbers
after 24 hours or more (fig, 6), It is not clear whebther these cells
represent necroblosis or not, Similar figures are also found at 24
hours in carbon tetrachloride poisoning (‘/x:iLzavcra)%2 . At 30 minutes
after adninistration of thiocacetamide, there are some cells showing
gradual cnlargsment ol nucleoll and marked formation of nucleolonema,
but at 48 hours, the nudleoli bocome homoganous having a high electron
dangity (Fig, 8). 7This is compatible to the 2osin stained snbstance
whar. otgerved undor the light microscopa, Histochericallly and cyto-
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chemicallly, the nucleus oohtains desoxyribemucleic acid, while the nucieoli
are éomposed of ribonuclele acid, The aforementioned figures are presum=
ably thosa of degenerated or vanished WA particles,

b, fellow phosphoms poisoning, FElectron microscopic studies on the
Mne strictures o. the Jiver cells in acute yelllow phosphom® poisoning
have been carrdied ovt by Moel0) and Jézéquel®), Onoe using mite, inject=
ed 0,05m1 of 0.R5% phosphorvs intraperitoneally. He observed Swelling and
drop in densi bty of mitodiondria, disappearance and vactolization 6f crista,
didappearance of endoplasric reticulum, 1ipid granules, decrease and dls-
appearance of Palade's granules, etc, On the other hand, Jéuéquel des=-
eribed almost complete dsapoearance of grgastoplasma and swelling of wito-
chondria with only mild slteration of ite internal structure, He emphasiz=
9d that there ars no ddrect morphologic eonnection between mitochondria
and the formavion of 1ipid droplets, In the present experiment, some of
the mitochondria already show swelling at 15 minutes, and thls change he-
comes p rominen® in 24 hours, This finding coincides with that reported by
Onoe, i the alberation of internal structure of mitochondmia with some
showing cristolvsis and cristorrhexis i1s much more remarkable than those
described by Jézéguel, The friple layered structure of the Jimiting
membrane remained well preserved in all ‘caSes, As has been previously men—
tioned, we are of the opinion that transitiong from REr 8Er play an im-
portant role in thjo_ doappearance of REr, An inorease in number of micro=
bodles (Houiller)l ) is found in paralliel with the swelldng of mitochundria
md transitions between HEr and SEr, and their distritution is not limited
to the surrounding area of Wle caplllaries, On the other hand, the number
of lysosomes (Novikoff)®) or secretions granules (Takaki)15-17) and the
dovolopment of Goulpgl complex and bdle ocaplllaries decrease or become poor
in contrary to the increass of miovobodies, Thess findings indicate that
it 48 inadequate to include microbody (Rouiller) in lysosomes from just the

adstence of acid phosphatase containing granules in the surrounding of Wle

capillaries and from Hochamical and O&Mfgsm nicrosecopdc findings of granul-
on isolated by fraction centxdfugation®s , 'The appearance of lipld drop
lots 18 one of the characteristic findlngs enocvuntered in phosphomia '
peisoning, Since olive oll was used as a solvent In the present experdment,
its intake fram the sinusodd inte the liver cells and formation of lipid
droplets by its accm?ulatim in endoplasmic rotdoulum was found in all of
the cagos (Suzuki)Ll3), Tor this reason the morphologic Mgures indlcating
the mechanism of endogencus lipid fomation in the 1liver cells could not be
obgerved in this experiment, However, from the points that there are no
Ligures suggosting 1ipld formation without the particlpation of Shir ard
that there gre ro transitional flgures betwesn mlitochondria and Lipld, it
may be asstmed that lipid formation in phosphorous polsoning takes place
with the participation of SBEr, A?Ltlg}smgh the morphologle chanpes of liver
cells in vhesphurmg  poisoningshs®) 5 the followlng changes are cmsidered

29 ond remarkably iu phosphorus poisoning: (1)
9. Ty Str, (2) swelling of mitochondria and
boten. {3) decrwnsed glyoogen, (4) appearance
vgeent of nueleodi, (3) decrsase and dsuppear—
ate, The chenpges of endoplasmic redli cullum and
" oo chaila o Wioss observed in fluorcacebuts
Aone pimbey oo lapd ¢ weoplots s mrol mere aumerong in

b oar early stha,
L Biruren taly
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phogphomy  polsoning. Although all these changes are found also in carbon
Letrgchloride poisming, the vesicles formed by distersion of Er lumina are
gmaller arid much more numerous in phosphorus poisoning, In thioacetamide
polscning, there are characteristlc figures of mitochondrial limiting
membrane, lesser swollen mitochondria, and net-work arwangsment of SEr,
while in phosphorous poisoning the limiting membrane is well preserved and
SEr shows a vesicular dilatation, The existbence of a difference in mods

of action in the various peisonings can be assumed from the difference in
electron microscopic changes of the injured cells, The acaumulation and
compara”tive studies of various experimental poisonings should prova valu—
able in obbaining further informaticn soncerning the pathogenesis of cell
injury,




5, Summary

a. Thiocacetamide poisoning,

(1)

(2)

(3)

(4)

Wister rats were orally administered with 60mg/kg of thioacetamide,
and the changes in liver cells were observed under the light and
electron microscopes at intervals of 15 min,, 30 min., 1, 3, 6,
12, %4 and 48 hours, respectively,

The changes in acute thioacetamide poisoning consisted of (a)
transitional figures from REr to SEr, (b) single limiting mem-
brane of mitochondria and increased electron density, (c) de-
creased glycegen, (d) enlargement of nuclecli, and (e) decrsased
or complebe disappearance of Palade granules, These findings
appear from abcut 30 minutes and becane prominent with the lapse
of time,

The electron microscoplc figures observed in the present experiment
were compared with the hitherto reports and those of fluoroacetate,
carbon tetrachloride and yellow phosphorus poisoning,

The single limiting membrane of mitochondria and its increased
electron density are characteristic figures found in acute thio-
acetamide poiscming, These findings suggest a change in permeabili-
ty of mitochondrial membrane,

b. Yellow phosphorus poisoning,

(1)

()

(8)

(4)

Wister rats were ordily administer~d with 20mg/kg of yellew phos-
phorues  dissclved in olive oil, and elecbron microscopic changes of
liver cells were observed at intervals of 15 minutes, 30 minutes,
1, 3. 6, 1R and R4 hours, rospectively,

The main liver coll changes consisted of (a) transitional figures
between Rir SEr, (b) swelling of mitochondria, (c¢) decrease of
glycogen, (d) apcoarance of lipid droplets, (e) enlargement of

nud eoll, (f) desrsase and disappearance of Palade's granules, etc,
Those figures were first encountered at 15 minutes, and they became
prominent with Tthe lapge of time,

The results obtained in the present experiment wére conmpared with
those previously reported by others and those of fluorcacetate, '
carbon tetrachlordde and thioacetamide poisoning,

The diff’erence in morphologic chariges in acute yellow phosphorus
poisoning and other amute poisonings has been confirmed and dis—
cussed,
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APPENDIX "pg"
EXPLANATION OF FIGURES

Abbreviations of specidl terms used are as shown in the following

paragraph,

B : Bile capillary

C ¢ Collapen fibril

Cs : Cytoplaswic stroma

D 1 Dense body

P @ Fat droplet

G ¢ Golgli complex

Ga @ CGlycogen area

L + Lyscsoma

M ¢ Mitochondria

Mb i Microondy {kowiller & Bernhard)

N ¢ Nucdleus

Nl : Nvdeolas

REr : Roueh swrfaced endoplasmic reti culum
8 + Silusoid

SEr : Smooth surfzced endoplasmic reticulum
V : Vacuole
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Fig, 1, Thirty min, after administration of thiocacetamide,. There is s
marksd development of nucleclonema in the upper left, The plycegem
ares is not too well preserved and although most of the REr show
typical parallel arrangement, some increase in number-of SEr is
observed in the right, Therse is slight increase of migrobodies,.

1, 700K

g, 2, One hr, after administratiocn of thicacetamide, Typicd arrangement
of ERr is no longer seen in this figure. Grouping of irregularly
connected mesh structure of SEr, Qlycogen storage is remarkably
decressed, Golgl complex is nommahly developed,s

8,100

Fig, 3., Six hrs, after adnministration of thiocacetamide, The glycogen area
is almost obseire, Slight increase of fat droplet#, Some of the
mitochondria already demonstrate swelling and mitochondrdal matxix
with low electron density, Typical arrangement of REr is no longer
seen and not a few of the REr show shortening, dispersion and en-
largement of internal space with fall-off of surfaced granules.
Tneresdy of SEr with grouping of irregularly connected mesh struc-
ture of SEr, Transitisnal figured betwwen REr and SEr (arrow)..

18,400X

Flg, 4, Twelve hrs, after adninistration of thioacetamide, Simllar figures
to thodg observed in the above, Double membrane structure of the
mitochondria is well preserved,

18, 400X

Mg, 5, Twanty-foupr hrs, after adninistration of thioacetamide, Moderate
swelling of mitochondria, Initial figures of faintdng or disappear-
ante of the outer limiting membrane of mitoohandria,

k8, 00X

iz, 6, FPovty-eight hrs, afber adninistration of thioacetamide, There are
several abypleal shaped or lrresularly borderd mitochondriae and
extienely decreased Rilr, C(losly packed SEr is filling the cyte=
plasmic stvroma and thore is complete disappearance of glycogen area.
There ere soine Vesicles containing amorphous thread-like materdale
wlth low electron density, Moderate increase of ocoddngen f'ihers
in Disse's spave, In thg uUpper right of this fipure, a dark appear-—
ing cull 18 obeemwed,

3, 700K

Fig. 7., Yame casa as tho above, $imilar figure#d to those observed in the
above, Some nuclel wlth mottled sppearanta of chromatin and homo=
genous alection daebe nucleoli,

3, 700X
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Fig, 8.

Fig, 9

Fig, 10.

Fig, 11.

Fig, 12,

Fig, 13,

Fig. 14,

Forty-eight hrs, aftsr administration of thioacetamide, Two large
large nucleoll with homogenous electroh dense appsarance are cb~
served in the nuclzue with mottled chromatin, Irregularly comnect-
ed SEr in the eytoplasmic strana. Numerous irregularly shaped
mitochondriae with single layered limiting membrane, Moderate
increase of micronodies ars observed,

15, 000X

Same case as the abovz, A vesicular structure with single limiting
membrane containing of amorvhous or thread-like material is ob-
served at ths centzr, Mitochondriae show a single layered limit-
ing membrane with rather high electron density, Cristolysis or
cristorrhexis of cristae mitochondriales (arrow) is demonstrated,
Completely homogenous, non-structural substance with low electron
density filling the cytoplasmic strama instead of disappearance of
glycogen and free Palads granvies., There are also marked inerease
of Shr in wvesicular nat-work,

R4, 300K

Same case as the above, S8wolllen mitochondrdae show a single layor-—
ed limiting membrane with rather hlgh electron density., Cristae
mitochondriales are shortened and increased in number and reves),
cristolysis or eristorrhekis in some portions, Markedly decreased
REr with scarce number of surfaced Palade granules are surrounding
the swollen mitocawmdiia, '

25, 300K

Fiteen min, after administration of yellow phosphoru#ly  Harly
vranziormation from the rough surfaced endoplasmic reticulum (REr)
tc the smooth snirfaced variety (SEr) is seen on the right lower
fleld, Mitochondria appear almost normal,

3, 300K

Thirty min, after adninistration of yellow phosphoru#s  gn en~
larged nucleoli with nucleolonema formation, swollen mitochondris
and increase of microbodiss { Rowiller) can bw noted,

4, 600X

Mother tiver cell of the same rat as showm ih Mg, 12, The
initial change of trausformgtion from REr to SEr as seen in & pather
typlcally arranged Rpr,

8, TO0K

A liver cell from tho same case with that of Fig, 18, md 13,
The transformation 1s a little more advanced, Mitochondria are
slightly swollen and show mild cristolyelas (arrow a), Three
miecrobodies showing & fizure suggesting the poas ble relationship
to SEr in one of bham, and extrision of miter nudlear membrane
(agrow b) are ohsarvad,

30, 400K
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Fig,

Fig,

Fig,

Fig.

Fig;

Fig,

15,

16,

17,

18,

19,

R0,

One hr, after administration of yellow phosphorus, Swollen mito—
chondiia with disarrangemeat of thelr cristae and decreased pro-
files of REr are seen, Nucleus is found on the left and a fat
dron on the right lower corner,

29, 700X

three hrs, after administration of yellow phosphoruse Peri-
bilecanalicular region between two liver cells, A liver cell '
occupying the right upper two third has an irregular shaped

nucleus with small aggregates (arrow) of rather dense granular
material as well as moderately denS¢ fine granular nucleic substancs
In these two cells incregse of SEr is praminent,

26 ; 400X

Six hrsg, after administration of yelllow phosphorus: A ring-
shaped transformation of REr (arrow a), small fat granules in SEr
(arrow b), rather dense granular aggregates in the nucleus (arrow
¢) and two microbodies ( Rouiller) showing connéction to SEr
(arrow d) are demonstrated, _

2 5, 900X

Twelve hrs, after administration of yellow pnoSphoriids In this

cell, most of the REr have disappeared and transformed into SEr,

Fine fat granules (arrow) measuring about 70-100mu aré being ab-

sorbed by pinocytotic mechanism from the cell surface fadng the

space of Disse (Ds) and accumulating within the internal space of
8Er, 'Three large fat droplets are also seen,

17,400%

Twenty four hrs, after adninistration of yellow phosphorus.
Marked swelling of mitochondria, remarkable increase of microbodies,
enlarged nudleoli and mottled appearance of the nucleus are seen,

R0, 80CX

Same case a8 of Fig, 19, Marked swelling with highly decreased
stromal density in mitochondria, an atrophie bile canalicule, many
small cystic structures originated from en:lgplasmic reticulum(arrow)
and a large dense body are obsemed, '

20, BOOX
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