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Ultrastructure of Acute Tetracycline Induced Liver Change 

T e t r a c y c l i n e  induces  f a t t y  m e t a m o r p h o s i s  of t h e  l iver  1, 2. 
Th i s  c an  be  a c h i e v e d  b y  p ro longed  a d m i n i s t r a t i o n  or  b y  a 
s ingle  large  dose 3, 4. I n h i b i t i o n  of p r o t e i n  s y n t h e s i s  s, e a n d  
b l o c k a d e  of o x y d a t i v e  p h o s p h o r i l a t i o n  ~ are  cons ide red  to  
be  t h e  bas ic  m e t a b o l i c  d e r a n g e m e n t s  w h i c h  cause  im-  
pa i red  sec re t ion  of l i p o p r o t e i n s  a n d  a c c u m u l a t i o n  of t r i -  
g lycer ides  in  l iver  cells. U l t r a s t r u c t u r a l  c h a n g e s  i nduced  
b y  t e t r a c y c l i n e  in  l iver  cells h a v e  so far  n o t  b e e n  descr ibed,  
e x c e p t  a sugges t ion  of m i t o c h o n d r i a l  swel l ing in a l iver  
b i o p s y  f rom a p a t i e n t  w i t h  p r e s u m p t i v e  t e t r a c y c l i n e  in-  
t o x i c a t i o n  8. 

T w e n t y - o n e  female  F i she r  ra ts ,  we igh ing  100-150 g 
each,  were g iven  a LDs0 250 m g / k g  t e t r a c y c l i n e  d i sso lved  
in 1 ml  of i so ton ic  sa l ine  in a s ingle  i.p. in jec t ion .  D u r i n g  
t he  e x p e r i m e n t  t h e  a n i m a l s  were on  s t a n d a r d  l a b o r a t o r y  
a n i m a l  food a n d  h a d  free access to  water .  A n i m a l s  were  
sacr i f iced b y  d e c a p i t a t i o n  in g roups  of 3 a t  t h e  fo l lowing 
i n t e r v a l s :  15 a n d  30 rain,  1.5, 3, 6, 12 a n d  24 h a f t e r  t h e  
in jec t ion .  3 con t ro l  a n i m a l s  were  g i v e n  1 m l  of sa l ine  i.p. 
T h e y  were  k i l led  1.5, 6 a n d  1 2 h  a f t e r  t h e  in jec t ion .  
Sma l l  pieces of l ive r  were  i m m e d i a t e l y  f ixed  in  cold  4 %  
g l u t a r a l d e h y d e ,  p h o s p h a t e  bu f f e red  to  p H  7.3 for  24 h a t  
4°C, pos t f i xed  in cold 1% o s m i u m  t e t r o x y d e ,  p h o s p h a t e  
bu f f e red  to  p H  7.3 for  2 h a n d  s u b s e q u e n t l y  d e h y d r a t e d  
in  g raded  so lu t ions  of ace ton ,  a n d  f ina l ly  e m b e d d e d  in  
D u r c o p a n  ' F l u k a ' .  U l t r a t h i n  sec t ions  were  cu t  on  a L K B  
u l t r a m i c r o t o m e ,  c o n t r a s t e d  w i t h  lead c i t r a t e  a n d  u r a n y l  
a c e t a t e  a n d  e x a m i n e d  in a n  O p t o n  9 A  e lec t ron  micro-  
scope. 

T h e  u l t r a s t r u c t u r a l  a p p e a r a n c e  of n o r m a l  h e p a t o c y t e s  
of r a t  9 h a s  b e e n  a d e q u a t e l y  desc r ibed  a n d  ou r  obse rva -  
t i ons  do  n o t  d i f fe r  s ign i f i can t ly  f r o m  these  p r ev ious  re-  
por t s .  15 r a in  fo l lowing t h e  in jec t ion ,  t h e  l ive r  ceils  show no  
u l t r a s t r u c t u r a l  changes ,  a n d  h a v e  t h e  s a m e  a p p e a r a n c e  as  
in  t h e  con t ro l  an ima l s .  A t  30 min ,  c y t o p l a s m i c  a rch i t ec -  
t u r e  d id  n o t  change ,  e x c e p t  for  d i s a p p e a r a n c e  of g lycogen  
granu les  a n d  s l igh t  swel l ing  of m i t o c h o n d r i a .  Th i s  p h e n o -  
m e n o n  was obse rved  t h r o u g h o u t  t h e  en t i r e  lobule.  Swell  
l ing  of m i t o c h o n d r i a  b e c a m e  even  more  p r o m i n e n t  in  t h e  
s u b s e q u e n t  2 e x p e r i m e n t a l  groups ,  r e ached  i ts  m a x i m u m  
a t  3 h a n d  decreased  t he r ea f t e r .  A t  3 h,  m o d e r a t e  d i l a t a -  
t i on  of e n d o p l a s m i c  r e t i c u l u m  a n d  d i s a p p e a r a n c e  of r ibo-  
somes  f rom t h e  m e m b r a n e s  b e c a m e  ev iden t .  Smal l  m e m -  
b r a n e - b o u n d  l ip id  d rop le t s  ( l iposomes)  s t a r t e d  to  a c c u m u -  
la te  in  t h e  c y t o p l a s m ,  b u t  la rger  f a t  d rop le t s  w i t h o u t  l i-  
m i t i n g  m e m b r a n e s  were  a lso seen.  A n  inc reased  n u m b e r  of 
m e m b r a n e  b o u n d  dense  bod ie s  a n d  cy toseg resomes  was  
no t iced .  Al l  t he se  c h a n g e s  were  m o r e  p r o m i n e n t  in  t h e  
e e n t r o l o b u l a r  h e p a t o c y t e s .  A t  6 h t h e  d i f fe rence  b e t w e e n  
t h e  c e n t r o l o b u l a r  h e p a t o c y t e s  a n d  t h e  ceils  f r o m  o t h e r  
p a r t s  of t h e  lobu le  b e c a m e  more  ev iden t .  The  c e n t r o l o b u -  
l a r  l ive r  cells e x h i b i t e d  a m a r k e d  d i l a t a t i o n  a n d  ves icu la-  
t i o n  of endop l a smic  r e t i c u l u m  w i t h  a b u n d a n t  a c c u m u l a -  
t i on  of f a t  drople ts .  I n  t h e  cells f r om t h e  p e r i p h e r y  of t h e  
lobule,  endop l a smic  r e t i c u l u m  was  d i l a t ed  a n d  to  some  
e x t e n t  devo id  of r ibosomes ,  b u t  t h e  f a t  d rop le t s  were  spar -  
se a n d  p r e d o m i n a n t l y  in  t h e  fo rm l iposomes.  Some  of t h e  
c e n t r o l o b u l a r  cells h a v e  u n d e r g o n e  necrosis ,  w i t h  pycno-  
sis of  t h e i r  nuc le i  a n d  c o m p l e t e  d i s o r g a n i z a t i o n  of t h e  
c y t o p l a s m i c  a r c h i t e c t u r e  a n d  d i s r u p t i o n  of organel les .  Fo-  
ci  of  necros is  c o m p r i s e d  usua l ly  3 -4  cells  a n d  were  m o s t  
i r r egu la r ly  s c a t t e r e d  a n d  were  f o u n d  in  b u t  a s m a l l  n u m -  
be r  of a l l  t h e  h e p a t i c  lobules .  Al l  ove r  t h e  tobules ,  b u t  
espec ia l ly  in  ~he c e n t r o l o b u l a r  zones,  t h e  K u p f f e r  cells be-  
c a m e  p r o m i n e n t :  t h e i r  c y t o p l a s m  en la rged  a n d  was  fi l led 
w i t h  large  p h a g o s o m e s  s tu f fed  w i t h  cel lular  de t r i tus .  A t  
12 h t h e  overa l l  p i c tu r e  d id  n o t  bas i ca l ly  change .  A t  24 h 
a l m o s t  al l  cells, e x c e p t  t h e  few necro t ic  ones,  r ega ined  t h e  

Fig. 1. Centrolobular liver cell at 3 h. Swelling of mitochondria and 
dilatation of endoplasmie reticulum which is mostly devoid of ribo- 
somes. Lipid droplets without membrane (L) and with membrane 
(a cluster at arrow). 2 dense bodies and a cytosegresome (C). x 12,923. 

Fig. 2. Centrolobular liver cell at 6 h. Lipid droplets are more abun- 
dant. Pronounced vesiculation and dilatation of endoplasmic reticu- 
lum. x 11,846. 
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Fig. 3. Hepatocyte, periphery of the lobule, at 6 h. Note dilatation of Fig. 4. Kupffer cell at 6 h. Large phagosomes (P) in the cytoplasm. 
endoplasmic retieulum. Liposomes at arrow. × 11,846. x 12,923. 

normal appearance, the increase of fat droplets notwith- 
standing. 

I t  should be noted tha t  no significant changes in the 
appearance of hepatocellular nuclei were seen, the necro- 
tic cells notwithstanding. Intercellular bile canaliculli and 
sinusoids were occasionally dilated. Swelling of microvilli 
on both sides of liver cells was frequently observed, but  
was considered due to glutaraldehyde fixation and was 
encountered in control animals as well. Bile ductular cells 
did not undergo any significant changes. 

The main target  organelle affected by tetracycline is the 
endoplasmic reticulum. Tetracyeline inhibits the binding 
of aminoacyl-sRNA to ribosomes and the protein synthe- 
sis 5. This is in part  reflected in the dilatation of endoplas- 
mic reticulum and the disaggregation of the ribosomes 
from the membranes. Blockade of acceptor protein (apo- 
protein) synthesis leads to inhibition of formation and ex- 
cretion of lipoproteins and acounts for the accumulation 
of fat  in the hepatocytes. The ultrastructurat  changes in- 
duced by tetracycline are in this respect similar to those 
induced by other inhibitors of protein synthesis, such as 
orotic acid x0 or ethionine 11. 

The affinity of tetracycline for mitochondria was de- 
monstrated previously 7, x~. WRUBLE et al. s have considered 
the swelling of mitochondria as the main ultrastructural  
change in the liver biopsy in a clinically suspected case of 
tetracycline toxicity. Our study indicates tha t  binding of 
tetracycline to mitochondria is accompanied by changes 
which could be interpreted as the morphological equiva- 
lent of biochemical derangements. 

As tetracycline accumulates predominantly in centro- 
lobular hepatocytes is, one can assume tha t  only these 
cells are exposed to excessive amounts of the drug and 
therefore undergo irreversible changes. Disruption of liver 
cells and extrusion of damaged cytoplasmic organelles is 
accompanied by increased scavanger ac t iv i ty  of Kupffer 

cells. High concentrations of tetracycline observed in 
Kupffer cells x3 probably reflect in part  their participation 
in evacuating the cellular dentritus containing large 
amounts  of the antibiotic. 

Summarizing our findings, we should like to point out  
tha t  the ultrastructural  findings induced by tetracycline 
correlate and are in full accord with the biochemical data 
reflecting the action of this antibiotic on the liver cells. 
These changes are not specific and are mostly reversible 
within the first 24 h after injection. Focal centrolobular 
necrosis was sparsely encountered but  represents the only 
irreversible change induced by a single large dose of tetra- 
cycline. 

Zusammen/assung, Einmaiige i.p. Gabe von Tetrazyclin 
in sublethaler Dose fiihrt zur Verfettung der Rattenleber.  
Die Dilatation und Vesikulation des Endoplasmatischen 
Retikulums und die Quellung der Mitochondrien sind die 
auff/illigsten, Veriinderungen die der Verfettung der Le- 
berzellen vorausgehen. Diese Ver~nderungen sind unspe- 
zifisch und reversibel. 
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F l u o r i d e - R e s i s t a n t  A c i d  P h o s p h a t a s e  S y s t e m  of  N o c i c e p t i v e  D o r s a l  R o o t  A f f e r e n t s  

Acid phosphatase act ivi ty  in the nervous system is 
mainly, but  not  exclusively, associated with the lyso- 
somes of nerve cells. I t  has been shown by GEREBTZOFF et 
al. 1-s tha t  in Lamina I I  of the posterior column (Rolando 

substance) in the rat  spinal cord, there exists a peculiar, 
conspicuously strong acid phosphatase act ivi ty  difiering 
from the tr ivial  tysosomal localization. This exceptionally 
intense acid phosphatase act ivi ty  of the Rolando substance 


