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Light-Microscopic Demonstrat ion of Drug-Induced 

Ultrastructural changes in liver cells upon administra- 
tion of various drugs to animals have been described by 
several workers. Among the effects observed was the 
formation of myelin bodies (= multilamellated bodies, 
MB) in the cytoplasm of hepatocytes and other liver 
cells. Histochemical evidence indicates that MB are 
derived from lysosomes and contain mainly phospholip- 
ids I. The drugs eliciting this phenomenon include chlo- 
roquine i, triparanol 2, 3, erythromycin 4, clilldamycin 4 the 
diazafluoranthene derivative AC-35795 and several oth- 
ers 3, 6. The presence of MB in the liver, in all these cases, 
was demonstrated with electron microscopy. 

Bodies or organelles which consist of shells or mem- 
branes in concentrical or eccentrical arrangement present 
the typical Maltese cross birefringence of sphaerulites in 
polarized light, i.e. a black cross .(corresponding to the 
two planes of polarization) which separates 4 bright 
quadrants on a dark background. As judged from ultra- 
structural findings, drug-induced MB possess such a struc- 
ture and should therefore  be expec ted  to p resen t  Maltese 
cross birefr ingence be tween  crossed polarizers.  Indeed,  
using polar iza t ion microscopy,  cy toplasmic  inclusions 
w i th  t he  opt ical  p roper t ies  of sphaerul i tes  were easily 
de tec tab le  in fresh l iver t issue af ter  t r e a t m e n t  w i th  MB- 
inducing drugs. 

Experimental.  The p resen t  s t u d y  is concerned wi th  the  
effects of t r iparanol ,  chloroquine,  and mepacr ine  in the  
liver. The th i rd  compound  has no t  been descr ibed so far 
as elicit ing MB fo rmat ion  in the  l iver by  electron micros- 
copy. Of par t i cu la r  in te res t  is the  s t rong fluorescence of 
mepacr ine  7, which  pe rmi t s  its intracel lular  local izat ion 
wi th  f luorescence microscopy.  

Myelin Bodies in the Liver of Rats 

Male albino ra ts  weighing abou t  100 g, f rom the  r an d om-  
ized ou tbred  Fi i l l insdorf  stock, received 2 to  4 vary ing  
da i ly  doses by  s t o mach  tube  of the  drugs suspended  in 
5% gum arabic;  control  ra ts  ob ta ined  the  suspending  
solut ion alone. 24 h af ter  the  last  appl icat ion,  the  ra t s  
were killed, some small  pieces of l iver t issue squashed  
be tween  slide and cover  slip and  such p repara t ions  
inspec ted  be tween  crossed polarizers.  For  f luorescence mi-  
croscopy, BG 12 (Schott)  was used as a p r imary  filter, and  
a Zeiss f i l ter  53 as secondary  barr ier  filter. 

Results and discussion. Squashed  l iver f r agment s  f rom 
control  ra t s  possessed only isotropic  inclusions in the i r  
hepa tocy tes .  In  ra ts  t r e a t ed  wi th  one of the  3 drugs, the  
cy top l a sm of hepa tocy tes  and o ther  l iver cells con ta ined  
in addi t ion  b i ref r ingent  inclusions which  p resen ted  Mal- 
tese cross conf igura t ions  (Figure 1). The doses of the  
drugs requi red  to  ob ta in  th is  effect  are l is ted in the  Table 
which  also p resen t s  a s emi q u an t i t a t i v e  evalua t ion  (0 = 
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Fig. 1. Part of the cytoplasm of squashed rat hepatocytes showing 
birefringent inclusions with simple or composite Maltese cross. 
Mepacrine 4 • 400 mg/kg. Polarized light. • 2300. 

Fig. 2. Same as Figure 1 with fluorescence microscopy. The bire- 
fringent inclusions are strongly fluorescent. Some inclusions are out 
of focus and therefore not visible. • 2300. 
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negat ive ;  4 = m a x i m u m  effect) of the  amoun t  of MaItese 
cross inclusions. The  Table  demonst ra tes  a clear dose- 
effect re la t ionship;  at  m a x i m u m  manifestat ion,  v i r tua l ly  
each cell contained ex t remely  large amounts  of birefrin- 
gent  bodies in its cytoplasm.  These presented ei ther a 
clear-cut  s imple Maltese cross, or were of composi te  
s t ructure  wi th  the  Maltese cross dis tor ted to var ious  
degrees (Figure 1). The la t te r  apparen t ly  represent  
mul t icentr ic  MB which were f requent ly  observed wi th  
electron microscopy ~-a,5. In  par t icular ly  clear cases, a 
l imi t ing membrane  surrounding the  birefr ingent  inclusions 
was discernible. 

Two lines of evidence indicated t h a t  these birefr ingent  
inclusions represent  MB and conta in  large amounts  of 
phospholipids:  1. Af ter  s tanding for several  hours, tube-  
like extrusions emerged from the  inclusions of fresh tissue 
preparat ions  which, in suitable cases, even tua l ly  gained 
the  extracel lular  space f rom injured cells and formed 
tor tuous  birefr ingent  'myel in  tubes '  showing slow move-  
ments.  Their  format ion  s t rongly suggests t ha t  MB inclu- 
sions conta in  large amounts  of polar  lipids. 2. In  small  
pieces of l iver  stained in an alcoholic solution of Sudan 
black 13 and embedded in glycerine jelly, the  inclusions 
were l ight-  to dark-blue stained, showed bronze-coloured 
birefringellce wi th  Maltese cross, and dichroism in 
l inearly polar ized light,  These opt ical  features have  been 
found to be typ ica l  for phosphotipids a. Birefr ingent  buds 

Semiquantitative evaluation of the induction of MB in the rat liver 
by the three drugs 

Single dose 
{mg/kg) 
(dosage group) 

2 3 4 

E s t i m a t i o n  of t he  inc idence  of h e p a t i c  MB 

Drug and No. of doses 

Triparanol Chloroquine Mepacrine 
(4x) (4><) (2x) 

1600 . . . .  4 4 4 

800 3 3  - 4 4 4  3 4 4 4  

400 - 3 4 4  3 4 4 4  3 4 4 3  

200 2 3 4 2  1 2 3 2  2 2 3 3  

100 2 2 1 2  2 1 0 0  2 0 0 1  

50 1 0 0 1  0 0 0 0  

Contro ls  0 0 0 0  0 0 0 0  0 0 0 0  

4 doses (triparanol, ehloroquine) or 2 doses (mepacrine) were given 
orally to 4 rats in each dosage group (column 1) at daily intervals. 
24 h after the last application, the effect in the liver cells (= fre- 
quency of inclusions with Maltese cross birefringence) was evaluated 
semiquantitatively for each rat (0 = negative; 4 = maximum 
observed effect) (columns 2, 3, and 4). A dash indicates that the 
animal died before the experiment was terminated. 

or l:ubes wi th  the  same optical  propert ies  m a y  emerge f rom 
such fragments .  

Of par t icular  interes t  are the  MB induced by  mepa-  
crine, which has a marked  aff ini ty  to lysosomes v. I t  was 
found tha t  the  Maltese cross inclusions presented the  
typ ica l  green fluorescence of mepacr ine  (Figure 2). 
Chloroquine- induced MB were also fluorescent.  These 
facts suppor t  the  view t h a t  MB are secondary lysosomes, 
and also suggest t ha t  the  inducing drug is accumula ted  in 
these bodies. 

Prolonged t r e a t m e n t  of rats  wi th  the  drugs used elicit- 
ed also Maltese cross inclusions in a large number  of o ther  
organs. This  agrees wi th  electron microscopic f indings of 
several  authors  2,a,6,9 and fur ther  confirms the  iden t i ty  
of MB wi th  Maltese cross inclusions. Several  reports  
recent ly  described the  drug- induced format ion  of foam 
cells in the  lungs of l abora tory  animalsl~ ul t ras t ruc-  
rurally,  foam cells are character ized by  the  occurrence 
of MB in their  cy top lasm 10,12. The three drugs ment ioned  
and several o ther  compounds  elici t ing MB in the  l iver  
also induced foam cells in the  lung of rats  18. I t  thus  appears  
t ha t  MB format ion  in var ious organs represents  manifes ta-  
t ions of the  same generalized cytopathologica l  mechanism 
which results in a 'd rug- induced lipidosis'~, lo. The  
findings repor ted  here show t h a t  this  pathological  
condi t ion can be visualized ve ry  s imply  and rapidly  by 
l ight-microscopy.  

Zusammen[assung. Sekund~re Lysosomen mi t  mul t i -  
lamellArer Myel ink6rper-St ruktur ,  die ill der Ra t t en lebe r  
nach Behandlung mi t  verschiedenen Agenzien (z.B. 
Triparanol ,  Chloroquin,  Mepacrin) induzier t  werden 
k6nnen, sind aufgrund ihrer Mal teserkreuz-Konf igura t ion  
im polar is ier ten Licht  l ichtmikroskopisch nachweisbar.  
Mit  f luoreszierenden Subs tanzen  (Chloroquin, Mepacrin) 
zeigen die Malteserkreuz-Einschli isse im Zyfioplasma star- 
ke Fluoreszenz,  was auf ihre Akkumula t ion  in den 
Myel ink6rpern hinweist .  Nach  lgngerer  Behandlung  
t re ten  Myel ink6rper  such  in zahlreichen andern  Organen 
auf und induzieren unter  anderem die Bi ldung von  
Schaumzel len in der Lunge. 
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E n h a n c e m e n t  and Deact ivat ion  of S o m e  M i c r o s o m a l  Glycosy l  Trans ferases  1 

The ac t iv i ty  of uridine diphosphoglucuronyl  trans-  
ferase and numerous  other  hepat ic  microsomal  enzymes 
is enhanced by  p re t r ea tmen t  of animals  wi th  pheno- 
barbi ta l  or wi th  o ther  microsomal  enzyme inducers 2. 
More recent ly  m a m m a l i a n  l iver  microsomes have  been 
found to conta in  also uridine diphosphoglucosyl  trans-  
ferase capable  of t ransferr ing the  glucose moie ty  to such 

endogenous substrates  as estrogens a, or bi l i rubin 4-6 or 
an exogenous substrate  such as p-nitrophenol~,8. 
Addit ional ly,  l iver  microsomal  prepara t ions  also conta in  
glycogen synthetase  which sediments  toge ther  wi th  
par t icu la te  glycogen and glucuronyl  transferase~,l~ 
Glucosyl transferase ac t iv i ty  in microsomes is much  
lower than  tha t  of the  l a t t e r  enzymeS, L In  this s tudy  


