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Elektronenmikroslcopische Untersuchungen iiber die Wirkung yon Amanitin 
au/ die Maus: Veriinderungen in Leber und Herz 

Zusammen/as8ung. Die Leberzellen zeigen Ver/inderungen der sinusoidalen Mikrovilli, grofte 
Vacuolen, die yon einer mit der Plasmamembran kontinuierlich zusammenh/ingenden Membran 
begrenzt sind und Unterbrechungen der Plasmamembran. Im Skeletmuskel sind selten leichte 
Ver~nderungen zu sehen. Die FriihverSmderungen im Herzen scheinen in den Capillaren lokali- 
siert zu sein, welche Schwellung der Endothelzellen und Fehlen yon Pinocytosebl~ischen zei- 
gem Schritt ffir Schritt treten dann auch schwere Vergnderungen in den Myokardzellen auf, 
wie endocelluliires 0dem, Ruptur der Plasmamembran mit Austritt yon Zellorganellen. Man 
kann daraus schlieBen, daI~ das Amanitin wahrscheinlich seine Giftwirkung an der Plasma- 
membran entfaltet. 

Summary. In the liver, lesions of the hepatocytes, Kupffer and endothelial cells are present. 
The hepatocytes show alterations of sinusoidal mierovilli, large vacuoles delimited by a mem- 
brane continuous with the plasma membrane, and interruptions of the plasma membrane. 

In the skeletal muscle only rare and mild alterations are observed. In the heart the early 
lesions seem to be located in the capillaries, which present swelling of endothelial cells and 
absence of pinocytotie vesicles. Successively severe lesions (consisting of endocellular edema 
and rupture of the plasma membrane with extrusion of the cellular organelles) also appear 
in the myocardial cells. 

I t  may be deduced that amanitin probably exerts a noxious action at the level of the 
plasma membrane. 

The toxic  ac t ion  of the  mush room A m a n i t a  phal lo ides  is due to i ts six cyclo- 
pep t id ie  cy to tox ins ;  these m a y  be d iv ided  into two groups :  the  phal lo id in  group 
(including phal loidin ,  pha l lae id in  and  phal loin)  and  the  aman i t in  group (including 
a lpha,  be t a  and  g a m m a  amani t in )  (T. WIELA~D and  O. WIELA~D, 1959; O. WIE- 
L_a~D, 1965). The tox ins  of the  phal lo id in  group ac t  rap id ly ,  p roducing  degenera t ive  
lesions a lmos t  exclus ively  loca ted  in the  l iver  (T. WIELA~D and O. ~rlELA~D, 1959 ; 
F I ~ E  and  LASCnI, 1965). The  amani t ins ,  on the  o ther  hand,  have  a more  de layed  
act ion.  A mouse receiving an in jec t ion  of 1 MLD100 of a l p h a - a m a n i t i n  dies af ter  
4 - - 5  days  and  presents  degenera t ive  lesions of several  organs,  such as the  l iver,  
k idney ,  hear t ,  skele ta l  muscle,  adrena ls  and  pancreas  (T. WIELA~D and  O. WIE- 
LAND, 1959; FIUME and LASCIII, 1965). 

* The preliminary results of this study have been presented at the "Colloque annuel de 
la Soei6t6 Francaise de Mieroseopie Electronique", Bordeaux, May 23rd--25th, 1966 [MEI~- 
DOLESI, J., G. PELOSl et F. CLEMENTI: Aspects ultrastructuraux du foie et du occur de ]a 
souris apr6s intoxication exp6rimentale par l'amanitine. J. Mieroseopie (5, 65a 1966)]. 
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I n  the  presen t  inves t iga t ion ,  the  u l t r a s t rue tu re  of the  l iver,  hea r t  and  skeletal  
muscle  of mice t r e a t e d  wi th  a mix tu re  of pur i f ied a lpha  and  be t a - aman i t i n  
(k indly  p rov ided  b y  Prof.  T. WI~LA~D) was s tudied.  Animals  were sacrificed a t  
var ious  in te rva ls  af ter  admin i s t r a t i on  of the  poison. 

~/aterials and Methods 
To investigate the ultrastructure of the liver fifty-six Swiss female mice weighing 20 to 

25 g were used. They were divided into 4 groups. The first three groups, composed of 16 
animals each, were injected intraperitoneally with a mixture of alpha and beta-amanitin 
at doses of 100, 200 and 400 gamma/kg, respectively. The 8 animals of the fourth group 
were used as controls. Four animals of each of the first three groups and two controls were 
sacrificed by decapitation, on the first, third, sixth and tenth day of the experiment. 

For the study of the heart and skeletal muscle twelve additional animals were injected 
intraperitoneally with a single dose of 200 gamma/kg of a mixture of purified alpha and beta- 
amanitin. Six animals were taken as controls. Four treated animals and two controls were 
sacrificed by decapitation, on th e first, third and sixth day of the experiment. 

Immediately after sacrifice, several small samples of tissue were taken from different 
parts of the liver or from the heart and the quadriceps femoris muscle and fixed with the follow- 
ing methods: 1% OsOa in phosphate buffer for 3 hours, or 3 % glutaraldehyde for 4 hours, 
followed by 1% 0 s Q  for 3 hours, both in phosphate buffer, and embedded in Westopal W. 
The ultrathin sections, obtained with an LKB "Ultrotome" microtome, were stained with 
uranyl acetate and lead citrate and observed with a Hitachi H U l l  electron microscope. 

Results 

Liver. The lesions induced  in the  l iver  b y  aman i t i n  wi th  the  var ious  doses 
used are qua l i t a t i ve ly  analogous,  while the i r  extens ion increases wi th  the  dose of 
the  poison. 

Twen ty - four  hours  a f te r  admin i s t r a t i on  of aman i t i n  most  of the  l iver  cells 
a~e no rma l  or p resen t  only  min ima l  a l t e ra t ions  (mild s teatosis  and  sl ight  swelling 
of sinusoidM microvil l i) .  I n  these cells g lycogen seems well p reserved;  the  nucleus, 
mi tochondr ia ,  endoplasmie  re t i eu lum and  bile canal ieul i  have  a normal  aspect .  
B y  cont ras t ,  a few l iver  cells have  a c lear ly  pa tho log ica l  aspect .  Numerous  large 
vacuoles  are ve ry  of ten observed,  expee ia l ly  in the  s inusoidal  region of the  cell 
(Figs. 1, 2). They  are l imi ted  b y  a single m e m b r a n e  (which, a t  leas t  in some cases, 
is cont inuous  with  the  p l a sma  membrane)  and  conta in  a clear, f inely g ranu la r  
substance.  Af te r  double  f ixa t ion  with  g lu t a r a ldehyde  and osmium te t roxide ,  
dense l amel la r  figures appea r  wi th in  them.  The microvi l l i  of the  vascu la r  surface 
of the  l iver  cells often d i sappea red ;  in o ther  cells t h e y  are  swollen or fused into 
voluminous ,  roughly  rounded ,  pedunco la t ed  pro jec t ions  p ro t rud ing  into the  
space of Disse (Fig. 3, 4). These format ions  m a y  de tach  themselves  f rom thei r  
inser t ions  and  become free in the  space of Disse and  in the  lumen of the  sinusoids.  
Nuclei  are a lmos t  Mways normal ;  only  in a ve ry  few cells a pa r t i t i on  of the  
nueleolar  components  is observed (Fig. 1). 

Kupf fe r  and  endothe l ia l  cells also show serious a l tera t ions .  Endo the l i a  are 
swollen and  of ten sepa ra t ed  f rom the  hepa toey te s  b y  a g rea t ly  enlarged space 
of Disse conta in ing cellular  debris,  e ry th rocy te s  and  t h romboe y t e s  (Fig. 4). 
Mesenehymal  cells conta in ing  l ip id  drople t s  are ve ry  numerous  (Fig. 5). Many  
Kupf fe r  cells are swollen; somet imes  t h e y  show signs of necrosis. The sinusoids 
are  enlarged and  conta in  e ry th rocy tes ,  l eukocytes  and  th romboey tes .  B y  con t ras t  
bile canal ieul i  are  a lways  normal .  
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Fig. 1. Mouse liver 3 days after injection of amanitin (200 gamma/kg). Along the sinusoidal 
surface of an hepatocyte vr, euoles delimited by a single membrane are evident. The nucleus, 
mitochondria and endoplasmic reticulum have a normal aspect. The nucleolus exhibits a 

partition of its components 

On t h e  t h i r d  d a y  a f t e r  i n j e c t i o n  of t he  t o x i n  t h e  lesions desc r ibed  are  m u c h  

m o r e  ex tens ive .  



Fig. 2. Mouse liver 24 hours after the injection of amanitin (400 gamma/kg). In  one hepatic 
cell there is a large vacuole delimited by a single membrane continuous with the plasma 

membrane. Mitochondria and ergastoplasm have a normal aspect 

Fig. 3. Mouse liver 3 days after injection of amanitin (400 gamma/kg). The space of Disse is 
obviously dilated. Sinusoidal microvilli are swollen and fused to form large rounded 

cytoplasmic projections 
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Fig. 4. Mouse liver 24 hours after injection of amanitin (400 gamma/kg). Several irregular 
cytoplasmic projections probably of hepatoeytic origin and three thrombocytes (T) are 

present in a space of Disse 

Fig. 5. Mouse liver 24 hours after injection of amanitin (400 gamma/kg). A mesenehymal cell 
containing various large lipid drops is observed 
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Large vacuoles are almost always present (Fig. 1); the sinusoidal mierovilli 
are swollen or disappear (Fig. 1, 3). By contrast the cytoplasmic organelles have 
a normal aspect; only in a few cells the ergastoplasm is dilated and the ground 
substance has a very low density. At the vascular pole of a great number of 
hepatic cells the plasma membrane is obviously interrupted. In  this case cyto- 
plasmic organelles of normal aspect are released into the space of Disse and the 
sinusoids (Fig. 6). 

Fig. 6. Mouse liver 3 days after the injection of amanitin (400 gamma/kg). The plasma mem- 
brane of an hepatic cell is interrupted at the vascular pole (arrows). Numerous apparently 
unmodified cytoplasmic organdies lie in the space of Disse, which is greatly dilated. Mierovilli 

are completely absent from the sinusoidal surface of the hepatoeytes 

Six and ten days after administration of the toxin, the lesions already de- 
scribed are still present. Interrupt ion of the plasma membrane is very frequently 
seen; the sinusoidal lumen may  be completely filled by cytoplasmic organelles 
(Fig. 7). Sometimes endothelial cells lying on a basal membrane are observed 
(capillarization of sinusoids) (Fig. 7). 

Heart. 24 hours after the injection of amanitin, a considerable number of 
cardiac capillaries present significant, alterations: the endothelial cells appear 
swollen, at  times shghtly and at times to such an extent tha t  their lumen is almost 
completely occluded (Fig. 8). There are a few pinocytie vesicles or none at all, 
although they are normally very numerous at this site (Figs. 8, 9). In  some eases 
the plasma membrane of the endothelial cells is interrupted. 

In  the cardiac cells sometimes large rounded vacuoles, more often peripherally 
located, are found. They contain a finely granular materiM and are sometimes 
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delimited by a double membrane. At other times they appear as clear spaces, 
within other part of the cell, without a limiting membrane being apparent 
(Fig. 10). 

The sareoplasmie retieulum appears dilated. Mitoehondria are completely 
normal in some fields, while in others they show swelling or alterations of the 
eristae, which tend to become homogenized. 

The myofibrils are widely separated from each other, disordered and pushed 
away from the cellular surface. A clear space completely free of organelles is 

Fig. 7. Mouse liver 6 days after injection of amanitin (400 gamma/kg). A sinusoid is com- 
pletely occupied by free cytoplasmic organelles of normal aspect originating from hepatic 
cells. The hepatocyte on the left (H) is nearly normal. The endothelium (E) lies on a basal 

membrane (arrows) 

thus formed between the myofibrils and the plasma membrane (Fig. 11). These 
alterations seem to be due to endocellular edema. 

In  some cells small interruptions of the plasma membrane are present. 

The alterations of the cardiac capillaries are still present three days after 
the injection of the poison. Signs of small hemorrhagic extravasations, with pres- 
ence of erythrocytes in. the interstitial space, are often observed. In  the myo- 
cells dilatation of the sareoplasmie reticulum is evident, while endocellular edema 
and myofibrillar alterations seem to be less frequent. 

The above-described alterations are still evident after 6 days. In  several 
myoeells the myofibrfls are disarrayed, widely separated from each other, reduced 
in number and interrupted at several points (Fig. 12). Some superficial myoeells 



Fig. 8. :Mouse heart 24 hours after injection of 200 gamma/kg of amanitin. Two capillaries 
(top right and bottom left) are occluded as a result of endothelial edema (C). Pinocytic 

vesicles of endothelium are very rare 

only conta in  residues of the Z band  in the form of canaliculi  perpendicular  to the 
long axis of the myofibrils. The sarcoplasmic re t ieulum is moderate ly  dilated. 



J. MELDOLESI et al. : Liver and Hear t  Lesions Induced by Amanit in  229 

Fig. 9. Mouse hear t  24 hours after injection of 200 gamma/kg of amaniiin.  Two cardiac cells 
surround a large capillary which shows a considerable endothelial edema and a few pinoeytic 

vesicles. / myofibrils; M mitochondria 

Fig. 10. Mouse heart  24 hours after injection of 200 gamma/kg of amanitin.  Inside a cardiac 
myocell, par t  of a vacuole (V) wi thout  a delimiting membrane is noted 
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Fig. 11. Mouse heart 24 hours after injection of 200gamma/kg of amanitin. Edematous 
myocells, with myofibrils interrupted and widely separated are evident. Near tile cellular 

surface there is a clear space free of organelles 

Fig. 12. Mouse heart 6 days after injection of 200 gamma/kg of amanitin. The myofibrils 
are disordered and interrupted. The s~rcoplasmic reticulum is dilated 
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Rather frequently interruptions of 
the plasma membrane are observed. 
Through them apparently normal cyto- 
plasmic organelles are extruded into 
the interstitial space (Figs. 13). 

Skeletal Muscle. In  the quadriceps 
muscle, moderate and infrequent endo- 
thelial swelling may  be noted only on 
the first day following treatment.  
After 3 and 6 days no noteworthy 
alterations are observed. 

Discussion 

I t  is assumed tha t  the mouse MLDs0 
of alpha and beta-amanit in are respec- 
tively about 350 and 400 gamma/kg 
(T. WIELAND, 1964). However, the 
various strains of mice present a certain 
variability of response (T. WIELA~D 
and O. WIELAND, 1959). In  the course 
of preliminary experiments we establi- 
shed tha t  our strain is particularly 
resistant, since the minimum dose of 
our alpha and beta-amanitin mixture 
able to kill half of the injected mice 
was about  600 gamma/kg. The doses 
of toxin utilized in this s tudy (100--200 
and 400 gamma/kg) must  therefore be 
considered able to produce elective 
lesions. 

The toxic symptoms produced by 
amanit in are evident some days after 
administration of the poison (T. WIn- 
LAND and O. WIELAND~ 1959). In  the 
liver, however, ultrastructural  lesions 
are already present after a few hours. 

FIuME and LASCI-II (1965)a t  the 
15th hour observed exclusively nude- 
olar lesions in hepatocytes. Recently 
this finding has been confirmed by 
biochemical researches (FIuME et al., 
1966; FIUME and STI~e]~, 1966). Fig. 13. 5Iouse heart 6 days after injection 
However, the nucleo]ar lesions seem to of 200 gamma/kg of amanitin. A myocell 
be very fugacious, since we observed with i n t e r r u p t e d  plasma membranes is evi- 

dent (arrows). Mitochondria are present in 
tha t  24 hours after the administration the interstitial space 
of the poison only a very few hepatic 
cells exhibited them. By contrast, lesions are present at the vascular pole of 
the hepatoeytes, in the endothelial and in Kupffer  cells. The vascular localization 

16 Virchows Arch. path.  Anat. ,  Bd. 342 
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of the lesions is also present in the subsequent phases of the intoxication, when 
the lesion involves most of the cells. 

However, the alterations of the vascular portion of the hepatocyte are not 
specific. Swelling and /usion o/the sinusoidal microvilli were first observed in 
allergic hepatitis (STnINER, 1961) and then in various other pathologic condi- 
tions (LA~]~ and BAxE~, 1966; HffBNE~, 1964; t~OVILL~n, 1965; BASSI and 
BERNELLI, 1964; I~OUILLER et al., 1965; MrNIO and GAt~DIOL, 1965). Large 
vacuoles delimited by a single membrane continuous with the plasma membrane, 
which are similar to those we observed, rapidly appear in animals exposed 
to low O~ pressure (OuD]~A, 1963) and in acute hepatic ischemia (HANzON, 
1960; HOBNER, 1961; H O B ~  and BERNItAI~D, 1961; BAss~ and BERNELLI, 
1964; B~Ewv, R and HEATH, 1965). They rapidly disappear when the animals are 
brought back to normal conditions (Ht~BNE~ and BEI~NtIARD, 1961). Similar 
vacuoles have also been observed in allyl-alcohol intoxication (Ht~]3Nv,~, 1964). 
The presence of these vacuoles in amanitin intoxication can not be at tr ibuted 
to an acute alteration of the hepatic circulation, since they arc present also 
many  days after injection of the toxin. Interruptions o/ the plasma membrane 
have also been observed in various pathological conditions. However, severely 
altered cells in either necrotic (ABBOT and JI~Zl~QUEL, 1962) or pre-necrotic phase 
(HA]~NNI, 1964) were involved. An ultrastructural  pat tern  analogous to the one 
we observed is found only in several familial icteric syndromes where a congenital 
weakness of the vascular pole of the hepatocyte is admit ted (SIMON and VAno- 
NI~a, 1963; !V[INIO et al., 1965a and b). In  both cases the hepatocytes, while 
presenting interruptions of the membrane,  appear only slightly altered and the 
cytoplasmic organelles present in the extraeellular space have a normal aspect. 

As far as the heart  is concerned, the earliest alterations found involve the 
capillaries. The edema o/the endothelial cells, together with diminished or absent 
pinocytosis, leads one to believe tha t  the continuous metabolic exchanges taking 
place between the capillaries and the interstitial space are profoundly altered. 
The consequent deficit in oxygen and nutritional materials may  play a r61e 
in the origin of the myoeellular lesions. In  this regard, it is interesting to 
note tha t  mitochondrial alterations similar to those produced by amanitin 
were observed in the frog heart  exhausted "in vitro".  On the basis of bio- 
chemical findings these results were at tr ibuted to blockade of energy metabolism 
(I~u et al., 1964). I t  may be hypothesized that  amanitin also induces deple- 
tion of ATP in the heart, as it definitely does in the liver (O. WIELA)TD, 1965; 
T. WIELAND and 0. WIELAND, 1959). 

The most evident myocellular alterations, i.e. intracellular edema and rupture 
of the plasma membrane,  were observed only at a later period. These, however, 
do not seem to be the consequence of the previous damage to the capillaries. 

In  fact, the morphological affinity between the endothelial and myocellular 
alterations leads one to think tha t  probably, in both cases, they are due to direct 
amanitin action. I t  is possible tha t  the mushroom poison, which is carried by the 
bloodstream, would first a t tack the endothelia and successively exercise its noxious 
action on the heart-cells. 
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The myofibrillar alterations are probably not caused by a single mechanism. 
The edema may produce the widely separated myofibrils, while the disorder of 
the myofilaments, which occurs later, may be related to the possible lack of 
ATP and consequently to a deficit of energy available for contraction (CLEME~TI 
et al., 1963). 

The finding of vacuole8 within the myoeell is difficult to interpret. Similar 
findings have already been noted in myocardial infarction (CL]~M]~TI et al., 
1964), in the heart of animals poisoned with tetanus toxin (PELoSI et al., 
1966) and in degenerating myoblasts (AuBEI~-TRoMA]r, 1966). In all these eases 
the vacuoles were surrounded by membranes. In the vacuoles that  we observed 
a delimiting membrane was not always evident, thus making it impossible to 
establish whether they are zones of localized endoeellular edema or the morpho- 
logieM expression of a phenomenon by which the cell isolates useless or toxic 
materials (PI~LOSI et al., 1966). 

The endoeellular edema we observed may be the expression of disturbance 
of ion-exchanges within the cell and between inside and outside the cell itself. 
In fact, a lowering of the Na/K ratio is probable in the heart, since it has been 
observed in the liver of amanitin-treated mice. 

There is certain amount of doubt as to whether the interruption of the plasma 
membrane, which we observed both in the liver and in the heart, is really present 
"in vivo", or if the membrane is interrupted only after the death of the animals, 
during fixation and embedding of the tissues. I t  is not possible to give a definite 
answer to this question. In the present study the interruption of the plasma 
membrane has been very frequently encountered in specimen fixed with different 
methods (osmie fixation or double fixation with glutaraldehyde and osmium 
tetroxide). The frequency and the reproducibility of thes finding seem to suggest 
that,  even if these interruptions were to take place only during tissue processing, 
they would still indicate that  the plasma membrane is affected by the poison. 

The absence of lesions in the skeletal muscle, in contrast with the results of 
previous light microscopical observations (T. WIELANI) and O. WIELA~J), 1959), 
is probably related to the relatively low doses of amanitin used by us. The 
serious cardiac alterations and, on the other hand, the absence of muscular altera- 
tions provide a further indication of the different reaction of the two contractile 
tissues. 

The results we obtained suggest that  in amanitin poisoning the plasma mem- 
brane both of the liver and heart cells is severely injured. 

This conclusion seems to correlate well with previous morphological and bio- 
chemical investigations by T. and O. WIELAND. According to their results, the 
Amanita phalloides toxins would exercise their noxious action not by interference 
with one or more enzymatic systems, but rather by damaging the structure and 
function of the biological membranes (T. WI]~LA~D, O. WI~LA~'D, 1959; O. WIn- 
LA~D, 1965). 

On the other hand this interpretation agrees also with clinical data. In fact, 
electrocardiographic signs of anomalies of membrane depolarization and repolari- 
zation have been observed in subjects affected by  amanitin poisoning (BoNNEL, 
1955). 

16" 
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