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Introduction 

Against the old general concept that halothane has minimum specific toxicity 

upon the liver, several hepato-toxicological studies have been carried out in ord巴r
to clarify the potential hazard not only of commercial halothane itself but also of 
its impurities.1－同，13)

There are two types of reaction for synthesis of halothane, i.e., high thermal 

reaction and low thermal reaction. During the past years a number of gas chroma-
tographic analysis of anesthetic halothane revealed the presence of several different 

impurities in two different ‘halothanes＇.川町 However,the major impurity in the 
halothane produced by high thermal synthesis is dichlorohexafluorobutene (DCHFB), 
and the one manufactured by low thermal reaction is dichlorohexafluorocyclobutane 

(DCHFCB) which toxicity was considered to be unimportant by SCHERER and 
0EHMIG.6•8) 

In 1963 CoHEN suggested the possible role of DCHFB in anesthetic halothane as 
a toxic factor,1> and reported that the concentration of this impurity tended to in-

crease in the residue under the presence of copper and oxygen. In the same year 
SEXTON and HENDRICKSON,2l later in 1965 PHILLIPS and his co-workers,5> indicated 

that the copper was of lesser importance for increasing the concentration of the 

impurity than the concentration effect produced by evaporation. 

Several observers have suggested that commercial halothane produces a lesion 
in human liver similar to that associated with fulminating viral hepatits, and it has 

also been pointed out that typically the hepatic necrosis which has been attributed 

to anesthetic halothane has not occurred after a single exposure, but after a second 
or subsequent exposures to the agent following a rest period.10-12l This fact suggests 

that the injury may be the result of sensitization of the liver cell to commerci~l 
halo thane or to halothane-im purities in it. 
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The following study represents morphological investigation of the hepatotoxicity 

of halothane, DCHFB and DCHFCB, testing the effect of impurity-enriched halothane 
on the liver of mice in repeated administration. 

Material and methods 

One hundred sixty D. D. strain mice of both sexes weighing 17 to 22 gm were 
subjected to the study devided into seven groups according to the kind of impurity 
and its concentration. 

Table 1 
Group A. 1 % halothane itself without added impurity. 20 mic巴．
Group B. 1 % halothnae enriched with 50 p. p. m. DCHFCB. 20 mice. 
Group C. 1 % halothane enriched with 100 p. p. m. DCHFCB. 20 mice. 
Group D. 1 % halothane enriched with 250 p. p. m. DCHFCB. 30 mice. 
Group E. 1 % halothane enriched with 50 p. p. m. DCHFB. 20 mice. 
Group F. 1 % halothane enriched with 100 p. p. m. DCHFB. 30 mice. 
Control. 20 mice. 

Cylindrical glass chamber, 8-liters in capacity, was prepared for each group to 

anesthetize them with 1 o/o halothane vapor enriched with 50, 100, 250 p. p. m. 
(v/v.) DCHFCB or 50, 100 p. p. m. DCHFB respectively. Control animals were 

simultaneously maintained in an identical cage in room air. The total number of 
animals in each group is listed in table 1. 

Vaporization of the agent was done with 5 liters per minute pure oxygen of 

flow through Fluotec vaporizers. Cups of water were placed in the chambers to 

keep moderate humidity, and attention was also paid to keep surrounding tern-
perature around 24 degree C. constantly. All animals were, of course, allowed stan-

dard meal and water ad Jibitum. 

One hour exposures to the agents were repeatedly giv巴nto each experimental 
group daily for ten consecutive days. At the termination of‘anesthesia’on the tenth 
day the half of the subjects were sacrificed by means of decapitation and the liver 
specimens were immediately taken out from the central portion of the larger right 
lobe. Animals of the other half were maintained without any anesthesia for the 

following ten days as‘Recovery Period', and then sacrificed. 
For electron microscopy small pieces of liver tissue were fixed for 90 minites 
in a cold 1 per cent solution of phosphate-buffered osmium tetroxide (pH 7.4), 

dehydrated with alcohol in ascending concentrations, infiltrated and embedded in 
Epon 812.16' They were sectioned on a Nippon-Denshi JUM-5 A microtome with glass 

knives, stained with lead citrate or lead hydroxide，川 andexamin巴dwith a Hitachi 

HU-11 A model electron microscope. 
For light microscopic observation, routine sections of formalin-fixed tissue which 

were embedded in paraffin and stained with hematoxylin-eosin and Sudan III were 

also studied. 
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Normal mouse liver 

The parenchymal cell appeared polygonal or flat rhombic in shape. 

The plasma membrane or cell membrane took the form of so-called “unit 

membrane”，isi which consisted of three layers, outer two layers being of relatively 

high density and inner one of lower density. Two adjacent cell membranes were in 

close contact with each other, and the interspace between them was about 150 A in 

width, but in some places they formed sinusoids and spaces of DrssE, where microvilli 

protruded from the membranes. 

Each cell contained one or two nuclei which were usually elliptic in shape, and one 

to three dense glomerular nucleoli existed in a nucleus without any membranous 

structures. The nuclear membrane or nuclear envelope19> consisted of two layers. 

Mitochondria were generally round or elliptic. However, they occasionally app巴ared

multiple in shape, e. g. butterfly-or kidney-shaped. Cristae mitochondriales and 

mitochondrial membranes20・21> also consisted of three unit membranes and intramito-

chondrial granules are found in mitochondrial matrices which were slightly darker 

than surrounding cytoplasmic matrices. 

Endoplasmic reticulum was found most abundantly around mitochondria, and 

liposomes were usually located within granular or grranular reticulum. G巴ometrical

arrangement of ribosomes and their association with cisternae of endoplasmic reticu-

lum was fr巴quentlyobserved.22i 

GoLGI apparatus was seen in the vicinity of nucleus or in peripheral cytoplasm 

near capillary bile duct, and it consisted of GoLGI cisternae and GoLGI vesicles.23> 

Aggregation of dark-staining glycogen granules was easily found when stained 

lead citrate or lead hydroxide. 

Fat droplets were occasionally observed by electron microscopy even if they were 

negative by Sudan III stain. However, the identification or differentiation from other 

osmiophilic round figures was sometimes very difficult. 

Lysosomes,2•> approximately 0.4-1.0 micron in diameter, appeared round or elliptic 
in shape, and so did microbody. 

Changes in the livers of mice 

A.) Mice anesthetized with 1 % halothane itself without added impurities. 

Under light microscopic observation, marked fatty infiltration was seen in the 

centrilobular areas by SUDAN III stain, as throughout found in every experimental 

group in the series of this study. Any other changes such as cellular degeneration 

and necrosis could not be found out. 

Electron microscopically a decrease in the amount of glycogen was observed, and 

small electron opaque bodies or liposomes were found in the most of the parenchymal 

cell cytoplasm, particularly within the endoplasmic reticulum, although they were 

present even in the control animals in a small number. Giant liposomes which could 

be seen to derive from coalescence of the smaller ones were also found occasionally. 

The cavities of the endoplasmic reticulum were slightly dilated, and the ribosomes 
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were somewhat dispersed, subsequently minimal increase in the number of smooth 
vesicles was observed. Microbodies were increased in number. The mitochondria 
were sometimes bizarre in shape, but in general they appeared almost normal. In 
some areas very light and very dence cells were seen adjacent to one another. The 
bile canaliculi, the sinusoidal lining cells and the KuPFFER cells were normal. 

B.) Mice administered with 50 p. p. m. DCHFCB in 1 % halothane. 
Changes not grates than in the group A. (anesthetized without the impurities) 
were demonstrated in the hepatocytes. 

C.) Mice administered with 100 p. p. m. DCHFCB in 1 % halothane. 
Beside the central fatty infiltration by SUDAN III stain, mild focal necroses were 
occasionally seen in the specimens stained with hematoxylin and eosin. The extent 
of the necrosis was limited, but the lesions were somewhat numerous when compa-
red with those of the mice anesthetized with 100 p. p. m. DCHFB in 1 % halothane 
vapor (Group F.), which will be stated later in this paper. However, electron 
microscopic observation revealed that only a few minimal pathologic changes were 
found in the overall cell structure. Unfortunately th巴 deterioratedhepatocytes sug-
gesting the lesions of light-microscopical necroses could not be observed under 
electron microscopy in spite of repeated trial to find out from each specimen in this 
group. This fact means that each, lesion of the focal necrosis was small. The 
decrease in glycogen areas and the appearance of numerous small electron opaque 
bodies, probably fat droplets, were found in the cytoplasm. Some mitochondria were 
slightly swollen and of odd shape, but scarcely showed the crenation of mitochondrial 
membrane. The density of mitochondrial matrix app巴aredto be the same as in control 
animals. Lysosomes showed a small increase in number; and so did the smooth 
surfaced endoplasmic reticulum, thereby slight dispersion of ribosomes was observed. 

D.) Mice administered repeatedly with 250 p. p. m. DCHFCB in 1 % halothane vapor. 
The severity of miliary necrosis was not so masked as those administered 100 
p. p. m. DCHFCB in 1 % haloth,ane. Fatty infiltration in the centrilobular area 
was, demonstrated under light microscopy, as was in all of the other experimental 
groups of mice in this work. 
Electron microscopically, several finer structural alterations were found in the 
hepatocytes. Mitochondria was not uniform in size and shape, videlicet, many of 
mitochondria were elongated or enlargd, having bizarre shape with increased number 
of cristae of increased length. In the same hepatocytes there coexisted numerous 
degenerating mitochondria. Some of them showed decrease in the numbers of cristae 
and their own sizes. Some others, of which individual mitochondrial membrane 
was partly or completely unrecognizable, preserv巴dtheir cristae well. Crenation 
of mitochondrial membrane was occasionally seen. The density of mitochondrial 
matrix appeared almost normal, and the dense intramitochondrial granules were not 
increased in number despite the larger size of the organelles. 
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Autophagic vacuoles were often found in cytoplasm, and most of them contained 

either single mitochondrion or endoplasmic reticulum. 

The profiles of endoplasmic reticulum showed slight dilatation and a small 

increase in the number of smooth surfaced reticulum. In some area the ribosomes 

were dispersed and clustered mostly near the membrane of the endoplasmic reticulum. 

However, the majority of the ribosomes remained attached to the endoplasmic 

reticulum. 

A large number of liposomes appeared near or within the endoplasmic reticulum, 

and fusion of liposomes and giant liposomes were also indicated. 

GoLGI complex appeared somewhat enlarged and usually contained osmiophi!ic 

bodies whose relationship to the other dense bodies such as liposomes was obscure. 

The remainder of the cell structure, such as nuclei, bile canaliculi and sinusoidal 

spaces of DrssE, appeared almost normal. 

E.) Mice administered repeatedly with 50 p. p. m. DCHFB in 1 o/o halothane vapor. 

Spotty lesions of focal necrosis were occasionally seen by light microscopy. They 

were observed typically in one fourth of the subjects and, when present, they were 

mainly located in the peripheral region of the lobules. The necrotic lesions in this 

experimental group were much less numerous than those in DCHFCB group although 

they were much more sequestered. The liver cell nuclei in the vicinity of the 

necrotic area tended to be swollen or pyknotic. Fatty infiltration was also 

observed in all specimen. 

In electron micrograph mitochondrial shrinkage was frequently seen. Such 

mitochondria was usually round or oval in shape, while others were shaped 

irregularly. The cristae of them appeared a little shortened and somewhat decreased 

in number, while the crenation of mitochondrial membranes was frequently observed 

here and there. However, the mitochondrial matrices kept their density to be within 

the normal limits and the intramitochondrial granules, although present in the control 

animals, appeared less numerous. The rest of the mitochondria remained normal in 

appearance with normal cristae. 

Small myelin figures, 0.2 to 0.3 micron in diameter, were occasionally to be 

attached to or within the mitochondria. The mitochondria with such figures were 

rather normal in size than those without. 

The endoplasmic r巴ticulumshowed an increase in the number of smooth vesicles, 

and aggregation of many polyribosomes were clustered usually in the perinuclear 

zone, on or very near the profiles of endoplasmic reticulum. Liposomes, especially 

giant liposomes were much increased in size and number. These Jiposomes were 

observed in association with the dilated endoplasmic reticulum or within vacuoles 

of the GoLGI complex. 

The bile canaliculi and pericanalicular ectoplasm were normal, as were the 

sinusoidal microvilli. 

F.) Mice administered repeatedly with 100 p. p. m. DCHFB in 1 o/o halothane vapor. 

No remarkable difference between the hepatic changes of the group E. and F. 



MICE ADMINISTERED REPEATEDLY WITH IMPURITIES ENRICHED i-IALOTHANE 105 

was found under light microscopical observation. 

Ultrastructurally, the following changes could be found in this group. The 

crenation of mitochondrial membranes was more frequently seen, and the number and 

length of the cristae mitochondriales were reduced in some areas. Furthermore, the 

myelin figures were predominantly found in the hepatocytes, most of which were 

located characteristically either on the edge of the mitochondrion or in between 

adjacent mitochondria. However, these myelin figures were observed in the half of 

the animals examined and, when present, were in each block studied but not always 

in each cell. 

The endoplasmic reticulum was dilated, shattered in some ar巴as,and was 

transformed into smooth vesicles in other areas. They became much extensive and 

usually did not form whorls. The ribosomes were dispersed in the hyaloplasm and 

some single ribosomes or shorter coils remained attached to the endoplasmic reticulum. 

The dispersion of ribosomes did not seem to be associated with an appreciable 

alteration of the endoplasmic reticulum. 

The giant liposomes, spherical or elliptic in shape, were increased in size, often 

4.0-・4.5 microns in diameter, and still maintained moderate ellectron opacity in 

general. As these giant liposomes became strikingly bigger, they subsequently used 

to push some mitochondria and reticulum aside. 

Autophagic vacuoles, or lysosomes, were increased in numb巴rwhen compared to 

control mice or to the other experimental group in this work. 

Occasional light and dence cells were seen. The other structure, including the 

bile canaliculi and the sinusoidal spaces of DrssE, appeared almost normal. 

Recovery. (10 days after the last exposure.) 

In any group of the series of this experiment the focal necrosis was no more 

found under light microscopy, instead a few small areas presumably of connective 

tissue were scattered in some specimens, suggesting that these wounded areas were 

on the way of healing in this phase. Moreover, the fatty infiltration was almost 

faded away from the lobules. 
Ev巴nin the electron microscopic observation the size and number of the fatty 

droplets, liposomes and giant liposomes, were considerably reduced. So were the 

degenerating mitochondria. Although some of the mitochondria of the group D. and 

F. were still of odd shape, the hepatocytes in general seemed to have reeovered almost 

to normal. A few autophagic vacuoles, slight glycogen depletion and somewhat 

enlarged GoLGI apparatus were found in some cells, but this was not uniform and 

changes in any single cell were r.ot so severe as at the termination of the tenth 

exposure to each agent. The myelin figures were scarcely seen. In addition, the 

disaggregation and dispersal of surface ribosomes were corrected so that reconstitution 

of the ribosomal coils was observed in all specimen. 

The bile canaliculi and sinusoidal microvilli appeared quite normal. 
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Discussion 

The presence of DCHFB in commercial halothane has been considered to present 

a potential hazard, 1> and that of DCHFCB to have a minor toxicity.向的 In fact, in 

our laboratory, DCHFB of approximately 250 p. p. m. in oxygen for one hour exposure 

induced diarrhea and nervous system irritation, and at last. These mice in most 

cases died following spastic convulsions even by minimum stimulation such as 

touching their bodies softly. 

The initial change found in the livers of the mice in “halothane alone" group was, 

as previously described, the central fatty infiltration which, however, was also seen 

when 0.5% metoxyflurane was administered repeatedly in the same fashion as this 

experiment.25> 

The fatty infiltration, that is, the engorgement of the endoplasmic reticulum by 

the electron opaque bodies or liposomes under ultrastructural observation could be 

considered to be the earliest morphological expression of the interference in lipoprotein 

metabolism,28•35> since the basis for the lipid accumulation is presumably a block in 

the synthesis of lipoprotein by the liver or in the transfer of this plasma protein to 

the blood.29> 

As COHEN reported,7> major halothane impurity does undergo metabolism within 

the liver. The role of the liver in detoxification of the impurities has been demons・ 

trated through studies of hepatic clearance and by activation analysis techniques.1> 

In view of this fact the administration of DCHFB-or DCHFCB-enriched halothane 

may contribute some potencial hazards to hepatocytes. The changes such as focal 

necrosis, mitochondrial transformation and appearance of mitochondrial myelin 

figures do give a considerable suggestion to this problem. Focal necrosis in the liver 

of DCHFB group res~mbles that in the liver of a mouse suffering from typhus, tho・ 

ugh none of the experimental animal seemed to have an attack of the disease of 

such kind. In DCHFCB group, the grade of millary necrosisis is slighter and the extent 

of necrosis is limited, but the lesions are more numerous when compared with the 

livers of DCHFB group. The differences between the natures of two types of focal 

necroses and the presence of mitochondrial myelin figures in one of the groups might 

be considered to have derived from the pharmachological differences of these two 

impurities. Even the mitochondrial alterations in each group, as stated above, take 

the different types respectively. 

The observation that the mitochondria appear to undergo a turnover after ten 

day’s repeated administration of the impurities in higher concentration, as evidenced 

by the formation of many lysosomes or autophagic vacuoles, could be led to the idea 

that the impurities make the lysosomal membrane more permeable and lead to 

leakage of hydrolytic enzymes from the lysosomes, which might result in cell damage.30> 

The damaged organelles, e. g. mitochondria and endoplasmic reticulum, are, however, 

suquestered in the lysosomes, and the most of remaining cell structures are almost 

normal in appearance rather than deteriorated. Therefore, it is plausible that the 

impurities exert direct effects upon mitochondria and endoplasmic reticulum. 

Nevertheless, the question whether these effects should be classified as toxic or non-
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Table 2. Weights of Mice of Group D.キ

* Mice were administered with 250 p. p. m. DCHFCB in 1 % halothane 
vapor for one hour daily on ten consecutive days. 

(15 mice were selected at random.) 

Before ' A加 I A加 ｜ After 
Weight !st exposure : 5th exposure 10th exposure 1 rest period 

Mouse 1 19 17 18 sacrificed after ~xposure 

2 20 19 18 sacrificed after exposure 

3 20 16 17 sacrificed after exposure 

4 18 17 16.5 saコrificedafter exposure 
5 18 15 16.5 sacrificed after exposure 

6 20 18 16 sacrificed after exposure 

7 19 14 13 18 

8 22 20 16.5 22 

9 19 16 16 18 
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11 18 15 14 20 

12 19 16 15 dead 
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toxic remains unanswered. For reference, the animal continued to lose weight 

during the period of administration. (Table 2. 3.) 

One per cent halothane vapor in pure oxygen means hyperoxic condition, under 

which the blood oxygen is elevated and, as KATCHMAN reported,31> the hepatic oxygen 

c、onsumptionin vitro is increased above normal. This suggests a change in the 

NADH/NAD ratio with formation of excess NAD, a situation which is the rev巴rse

<1f that found in hypoxia.32> Now the liver seems sensitive to metabolic changes, 

since the animals breathing pure oxygen for prolonged p己riodoften show some 

ultrastructural cellular changes in hepatocytes such as glycogen depletion, mitochon-

drial transformation with bizarre shapes and appearance of small myelin figures,30' 

which were also observed in this study. These myelin figure3, as TRUMP stated,33' 

can be produced even by freezing and thawing of the liver after it has been excised. 

None of these changes, therefore, can be regarded as specific for halothane impurities. 

Recently the content of the both impurities in currently available halothane has 

been tremendously reduced as well as several other minor impurities.34' Yet the 

complete removal of such contaminants from anesthetic halothane is nowadays almost 

impossible. And so, for the sake of convenience in this study, the halothane prepared 

by low thermal synthesis has been used as“halothane alone”． 

On gas chromatogram only a small notch of less than 20 p. p. m. of the major 

impurity is detecable in today’s commercial halothane,15•3'> which is amazingly 

compared with high peaks of such contaminants in old brand halothane. 

Therefore, haloth,ane in our laboratories could be considered less hepatotoxic or 

conveniently no more problem in liver toxication in ordinary U3e. However, the 

extension of these observations in mice to primates, paticularly human being, must 

yet be studied before these impurities even in lower concentration can be considered 

innocuous for men, and for more and more safety the complet色 removalof the im-

purities from currently available halothane should be carefully thought out. 

Summary 

The livers of mice expo3ed to impurity-enriched 1 % halothane for 1 hour daily 

on ten consecutive days were examined light and electron-microscopically in order 

to study hepatotoxic effects of both DCHFB and DCHFCB. 

Halothane, even if it contains DCHFCB in lower concentration of 50 p. p. m., 

cause glycogen depletion and centrilobular fatty infiltration, sci that the appearance 

of many liposomes and giant liposomes near slightly dilated endoplasmic reticulum 

is observed in most of hepatocytes. In addition to these alterations, numerous 

lysosomes and mitochondria of odd shapes appear when the conc士ntrationof DEHFCB 

is elevated to 250 p. p. m.. These changes persist also in th~ cas巴 of50 p. p. m. 

DCHFB, and occasional mitochondrial myelin figures are found in some specimens. 

Mitochondrial alterations with the crenation of mitochondrial membranes are also 

seen. All of the changes are emphasized as the concentration of DCHFB is doubled 

up to 100 p. p. m., but at 250 p. p. m. the mice scarcely survive the experiment. 

Each impurity may cause the focal necroses of different typ巴srespectively. 
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After ten days of rest period, the liver cells are found on the way of restoration 

in any case. The changes may or may not be specific for the impurities, but at least 

can be considered as the result of toxicities of these impurities. Therefore, the 

complete removal of the impurities from halothane should not be forgotten, though 

their concentrations nowdays are tremendously reduced. 
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MICE ADMINISTERED REPEATEDLY WITH IMPURITIES ENRICHED HALOTHANE l1l 

Key to figures A, autophagic vacuoles 
ar, agranular reticulum 
C, bile canaliculus 
ER. endoplasmic reticulum 
GL. giant liposomes 
G, Golgi apparatus 

Lp, liposomes 
Ly, lysosomes 
M, mitochondria 
Mc, microbodies 
N, nuclei 
S, sinusoids 

Fig.同 Electronmicrograph of hepatocyte of control mouse. X 8.!iOO 

Fig. 2 Necrotic lesion is located in the 
peripheral region of the lobule, 
and more sequestered than Fig. 
3. Hematoxylin and εosin. 100 
p. p. m. DCHFB. 
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Slight focal necrosis is seen. The 
extent of the necrosis is limited. 
Stained with hematoxylin and 
eosin. 100 p. p. m DCHFCB. 
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Fig. 5 Portion of hepatocyte administered with 50 p. p. m. DCHFCB in 1 °o halothane 

for 1 hour daily on 10 consecutive days. Fusion of two adjacent giant liposomes 

is seen. X 16,000 



MICE ADMINISTERED REPEATEDLY WITH IMPURITIES ENRICHED HALOTHANE 113 

・ ＇／ ＼『、
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Fig. 6 100 p. p. m. DCHFCB is added to 1 % halothane vapor. The endoplasmic 

!um shows a slight increase in the number of smooth vesicles. X 16,000 



Fig. 8 A large, elongated mitochondrion with 
the crenation of mitochondrial membr-
ane and an autophョgicvacuole are seen. 
DCHFCB of 250 p. p. m. is enriched in 
1 % h:11Jthョne.Immediately after 10th 
expつsure.X 27,000 
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Fig. 9 Portion of liver cell administered with 

250 p. p. m. DCHFCB－~nriched haloth-

ane for 1 hour a day on ten consecutive 

days. Note liposomes and many giant 

liposomes within or near the endoplas 

mic r巴ticulum.X 16,000 
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Fig. 13 Note the crenation of mitochondrial membranes and the dispersal of ribo-

somes in hyaloplasm. 1 hour daily exposure to 100 p. p. m. DCHFB-

containing halothane is repeated for 10 days. X 16,000 



MICE ADMINISTERED REPEATEDLY WITH IMPURITIES-ENRICHED HALOTl-iAN~ 117 

Fig. 15 



118 日・外・宝第41巻第2号（昭和47年10月）

和文抄録

不純物混入ハロセンによる反復麻酔のマウス肝

に及ぼす形態学的変化に関する研究

京都大学医学部麻酔学教室 （指碍・稲本晃教皮）

松 尾康生

ハロセンの発明は麻俳学に画期的な進歩をもたらし

た．ハロセンは多くの長所を持つものであるが，なか

でも肝障害を誘発しないのがその特色のーっとせられ

てきた．しかしながら，臨床面において極く稀にでは

あるが，ハロセン麻酔後に猛烈な肝炎を誘発し，肝え

死より短期間に患者を死に至らしめることがある．し

かもこれらの症例は，市販ハロセンにて何回か繰返し

麻酔せられたものに多くみられるもので，ハロセン或

はその不純物の影響によるものと考えられる．ハロセ

ン不純物にも種々あるが，主なものは DCHFCBヒ

DCHFBのこつである． この研究は， ハロセンにこ

れらの不純物を少量加えてマウスを反復麻酔し，肝障

害について形態学的に追求したものである．

体重 17～22gr.のDD系マウスを円筒形の力、ラス
容訴に入れ， 1o/oハロセンに 50,100, 250p.p.m.の

不純物を加えた GASにて， 夫々 1日l時闘の麻酔を

かけることを10日間繰返した気化には純酸素を用い

ている．マウスは随時に水・標司（＼食を摂れる様にし，

環境問度は 24cどした 10日目の麻酔終了後に半数
のマウスより肝を採り，残りの、｜’数はなお10日間（回

復期）麻酔なしで放霞してから同織に標本とした．光

顕用標本1l:ヘマトキシリン・エオツンとズダン目染色

により， ’近願期には固定をオス：ウム，包用をエホン

812でおこなった．

市販ハロセン，及びこれに 50p.p.m.のDCHFBな

どを加えたものでは，グリコーゲンの減少t小葉中心

部の著明な脂肪沈着を認めるがこれらは全ての実験群

にみられるもので，他の所見と同様回復期を経たもの

では殆んど消退する，またEndoplasmicReticulum 

は程度膨脹して，その近辺に Liposome及び Giant

Liposomeの出現をしはしば認める. Microbodyは

幾分数を増し， Mitochondria は概ね正常に近いが

時として奇異な形態を呈することがある． DCHFCB 

の濃度をあげて 250p.p.m.にすると，Endoplasmic

Reticulum の膨脹は増大し， Liposome・Giant

liposome・Lysosomeも増加して Mitochondria

の形態も段々となる．なかには Crenationを呈する

ものさえある．

DCHFBの場合には，50p.p.m.の濃度にても即にこ

の程度の変化がみられることが多く，その上Myelin

figureの出現をみる標本もある．100 p.p.m.では．

変化は一層強調せられており， 250p.p.m.ではマウス

は実験に耐えきれない．また， これら不純物は，光顕

下の観察にてllFの粟約え死をおこしていることもある

が DCHFCBと DCHFBどでは准った形をとる．

全実験討を通じて10日間の圃復期を経たものでは肝

細胞は所見に之しくなり，これらの諸変化は可逆的な

ものであることを意味する．そして，これらの変化が

ハロセン不純物に特有なものであるか否かは別とし

て，少なくとも不純物の帯性の結果によるものである

ことに疑いはない ハロセン中の不純物は，昨今極め

て少なくなったとは言え，市販ハロセンからこれらの

不純物を完全に除去することこそ代々にとって重要で

ある．


