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packed m e m b r a n e  system.  Giant  mi tochondr ia  were ob- 
served, however ,  in rare instances.  As shown in Figure  3. 
g iant  mi tochondr i a  can appear  wi th in  an otherwise  
normal  cell conta in ing  normal  mi tochondr ia  Such giant  
mi tochondr i a  m a y  have  d iamete r s  2 or 3 t imes  in excess 
of normal  mi tochondr ia ,  and  lack the  dense  mi tochondr ia l  
ma t r i x  character is t ic  of th is  cell. Al though  it appears  t h a t  
the  n u m b e r  of crys tae  are no t  increased and t h a t  the  
in ternal  m e m b r a n e  sys tem remains  in tac t  in g ian t  mito-  
chondria ,  a degree of degenera t ive  vacuol iza t ion  is 
appa ren t .  

Discussion. Crystal l ine s t ruc tures  are no t  commonly  
observed in par ie ta l  ceils of any  species. The only p revmus  
repor t  of cy toplasmic  crystal loids  in par ie ta l  cells was 
t h a t  of WINBORN and  BOCKMAN 4. These inves t iga tors  
observed in t r ami tochondr i a l  crysta ls  in h a m s t e r  parietal  
cells, inclusions which appeared  to be degenera t ive  by-  
p roduc t s  of the  mi tochondr ia ,  and  which were con ta ined  
wi th in  a sect ional  area of mi tochondr ia l  size. In  addi t ion,  
HELANDER 11 recent ly  repor ted  the  appearance  of crysta l -  
line s t ruc tures  in the  secre tory  p roduc t  of par ie ta l  cells of 
weanl ing rats ,  a mate r ia l  wh ich  was  p resen t  in t he  in t ra -  
cellular canaliculi  and lumen of t he  fundic  glands. 
Al though  the intracel lular  crystal l ine mater ia l  observed 
in the  case of the  ferret  m a y  be the  same as t h a t  previous ly  
repor ted  4, we have  no evidence of it  ar is ing f rom mito-  
chondria .  I n t r ami tochond r i a l  crystal loids  have  also been 
repor ted  in o ther  cell types  1~4.  Crystal  con ta in ing  cells 
of the  mouse large and small  in tes t ine  have  been  re- 
por t ed  ~5 bu t  such cell t ypes  are p r e sumab ly  of mig ra to ry  
origin 16. The crystal l ine mate r ia l  observed in the  ferret  
par ie ta l  cells is p robab ly  d i s t inc t  f rom the  oxyphi l ic  sub- 
s tance  no ted  m a n y  years  ago by  ZI1V[MERMANN 17, and  
considered as a precursor  of hydrochlor ic  acid. Indeed,  it  
is cur ren t ly  held t h a t  hydrochlor ic  acid is no t  stored,  and  
is fo rmed wi th in  the  m e m b r a n e  sys t em of the  in t ra-  
cellular canaliculus.  

Giant  mi tochondr i a  have  no t  been repor ted  previously  
in par ie ta l  cells. The normal  in tegr i ty  of the  par ie ta l  cell 
i l lus t ra ted in Figure  3, as well as t he  convent iona l  
appearance  of mos t  of the  mi tochondr ia ,  suggests  a pleo- 
m o r p h i s m  of mi tochondr i a  in th is  cell. Such en la rgement  
of mi tochondr ia ,  observed here  in an un t r ea t ed  ferret,  has  

no t  previous ly  been no ted  in our l abora tory  in ferrets  
t r ea t ed  by  a va r i e ty  of ulcerogenic drugs ~8 

Rdsumd. On d6crit  deux rares var ia t ions  s t ructurel les :  
cristalloides cy top lasmiques  intracellulaires et  mito-  
chondr ies  g6antes, observ6es dans  les cellules marginals  
de la muqueuse  gas t r ique du furet.  Les cristalloides cyto-  
p lasmiques  son t  p r o b a b l e m e n t  en r appor t  avec la d6- 
g6n6ration mitochondriel le ,  et  les mi tochondr ies  g6antes 
sont  un caract6re  aber rant .  
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Effect  of A c r i f l a v i n  on  the  M i t o c h o n d r i a  of the  Rat  

Studies  of the  last  few years  have d e m o n s t r a t e d  t h a t  
the  an t i t rypanoc ida l  drug acrif lavin provokes  a l tera t ions  
of the  n l i tochondr ia  in yeas t  1, ~ and  of t he  k ine top las t  and 
mi tochondr i a  in members  of the  family T rypanosomat i -  
dae3-~. To our knowledge no s tudies  have  ye t  been per- 
fo rmed on the  effect  of th is  drug  on the  fine s t ruc ture  of 
m a m m a l i a n  cells. This fact  induced  us to  f ind out  if acri- 
f lavin could provoke  in a h igher  species mi tochondr ia l  
modif ica t ions  similar  to those  repor ted  in unicellular 
organisms.  

Th i r t y  male ra t s  of the  Wis t a r  s t ra in  were in jec ted  i.p. 
wi th  10 mg/kg  body  wt. of neu t ra l  acr if lavine (Brit ish 
Drug Houses  Ltd.) .  The dose was chosen af ter  a pre-  
l imina ry  t es t  of toxici ty .  Groups  of 5 animals  each were 
killed a t  1, 2, 4, 6, 12 and 24 h af ter  the  in ject ion of acri- 
flavin. As controls  2 non- in jec ted  animals  were used for 
each group. Samples  of liver, hea r t  and k idney  were f ixed 
in 1% osmium te t rox ide  in p h o s p h a t e  buffer  and  pro- 
cessed for the  e lect ron-microscopic  s tudy.  Th in  sect ions 

were s ta ined wi th  u ran ium aceta te- lead ci trate,  wi th  lead 
c i t ra te  alone or wi th  po tass ium pe rmangana te .  

In  t he  animals  belonging to the  4 and  6 h groups, t he  fine 
s t ruc tu re  of the  p a r e n c h y m a l  cells of the  liver, k idney  and 
m y o c a r d i u m  did no t  show al tera t ions  and  appeared  nor- 
mal  according to  cur rent ly  accepted  morphologic  criteria. 
The only  modif ica t ion  found consis ted in the  appearance  
of clear areas w i th in  the  mi tochondr ia l  mat r ix .  These 
electron-lucid zones were app rox ima te ly  circular in shape 
and measured  210 nm in mean  diameter .  Wi th in  the  clear 
areas th ick  f ibers f rom which emerged  th in  fibrils were 
f requen t ly  seen. The fibers s ta ined heavi ly  wi th  uranium.  
In  a l t e rna te  sect ions s ta ined wi th  lead alone, or wi th  
po tas s ium pe rmangana te ,  the  fibers were ha rd ly  apparen t :  
General ly  only one electron-lucid zone was seen per  mito-  
chondrion,  bu t  occasionally mi tochondr i a  wi th  2 clear 
areas were  observed.  The general  morpho logy  and  the  
af f in i ty  for the  u ran ium sta in  of the  in t r ami tochondr i a l  
f ibers was  s imilar  to  those  repor ted  in o ther  p l a n t  and 
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a n i m a l  species  a n d  cons idered  to  be m i t o c h o n d r i a l  
DNA~,  8. T h e  n u m b e r  of D N A - c o n t a i n i n g  m i t o c h o n d r i a  
was  va r i ab le  for each  organ.  The  m y o c a r d i u m  and  t he  
l iver showed  a h ighe r  inc idence  t h a n  t he  k idney .  In  t he  
h e a r t  m u sc l e  ceils up  to  5% of the  m i t o c h o n d r i a l  profi les  
p r e sen t ed  D N A  fibers,  a n d  in the  h e p a t o c y t e s  as m a n y  as 
10% of t h e  m i t o c h o n d r i a  showed  DNA.  In  t he  r e m a i n i n g  
g roups  a n d  in the  con t ro l  an imals ,  t he  D N A - c o n t a i n i n g  
m i t o c h o n d r i a  were v e r y  scarce and  r ep re sen t ed  less t h a n  
1% of t h e  whole m i t o c h o n d r i a l  popu la t ion .  

A p p a r e n t l y  the  a d m i n i s t r a t i o n  of acr i f lavin,  in t he  
dose e m p l o y e d  in t he  p r e sen t  work,  p rovokes  a m a r k e d  
increase  in t h e  n u m b e r  of m i t o c h o n d r i a  c o n t a i n i n g  D N A  
fibers  in d i f fe rent  o rgans  ot t he  ra t .  A l t h o u g h  wi th  t he  
p r e s e n t  ev idence  t h e  e x p l a n a t i o n  of th i s  fac t  is no t  clear,  
s om e  a l t e rn a t i v e  e x p l a n a t i o n s  could be po in t ed  out .  I t  is 
r a t h e r  diff icul t  to e s tab l i sh  w h e t h e r  the  a p p e a r a n c e  of 
i n t r a m i t o c h o n d r i a l  f i l amen t s  of D N A  cor responds  to a 
sp i ra l iza t ion  and  c o n d e n s a t i o n  of t he  D N A  a l r eady  
e x i s t e n t  in the  m i tochond r i a ,  which  becomes  in th i s  w a y  
visible a t  the  u l t r a s t r u c t u r a l  level, or if acr i f lav in  s t i m u -  

Fig. 1. Heart mitochondrion. A long and thick fiber heavily stained 
with uranium can be seen. • 43,000. 

Fig. 3. Mitochondria of the distal tube of the rat kidney. In both of 
them clear zones containing fibers and filaments are visible. • 44,000. 

la tes  t he  s y n t h e s i s  of new m i t o c h o n d r i a l  D N A ,  r e nde r ing  
it  a ppa re n t .  F r o m  d a t a  repor ted  in unice l lu la r  o rgan i sms ,  
it  a p p e a r s  t h a t  acr i f lav in  p r e v e n t s  t:he rep l ica t ion  of t he  
k ine top l a s t  5,~ a nd  m i t o c h o n d r i a l  6 D N A ,  p roba b ly  by  i ts  
ab i l i ty  to c o m b i n e  w i th  D N A  molecules  wi th  a h igh  
a d e n i n e - t h y m i n e  base  pa i r  c ompos i t i on  9. If t h i s  is also t he  
case for t he  r a t  cells, ac r i f lav in  would  p r e v e n t  t he  
s y n t h e s i s  of new m i t o c h o n d r i a l  D N A ,  a nd  i ts  v i sua l i za t ion  
would  be t he  resu l t  of a c o n d e n s a t i o n  of p r e - e x i s t e n t  
DNA,  una b l e  to repl ica te  owing  to  the  d rug  act ion.  
Accordingly ,  the  increase  in the  n u m b e r  of m i t o c h o n d r i a  
wi th  D N A  fibers  a f te r  acr i f lav in  t r e a t m e n t  would  be t he  
resu l t  of an  inh ib i t i on  of the  D N A  syn thes i s .  

This  fac t  induces  us  to cons ider  the  poss ib i l i ty  of u s ing  
acr i f lavin  as an  ' a n t i m i t o t i c '  d rug  for m i t o c h o n d r i a l  D NA,  
p e r m i t t i n g  t he  d e t e r m i n a t i o n  of the  ' m i to t i c  t i m e '  and  
' m i to t i c  index '  of t he  m i t o c h o n d r i a l  popu la t ion .  S tud ies  
are a t  p r e se n t  in progress  to t e s t  th i s  possibi l i ty .  

Resumen.  La  a d m i n i s t r a c i d n  de acr i f lav ina  p rovoc a  la 
apar ic idn  de un  e levado nf lmero  de m i t o c o n d r i a s  con 
f i l a me n tos  de A D N  en el h igado,  rifidn y miocard io  de la 
ra ta .  Sobre la base  de este hecho  se sugiere que  la acri-  
f l av ina  inh ibe  la r ep roducc idn  del A D N  mi tocondr i a l ,  
haci6ndolo  vis ible  a n i v e l  u l t r a e s t r u c t u r a l .  
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Fig. 2. Liver mitochondrion. An electron-lucid zone containing 
electron-dense filaments may be observed. • 36,000. 
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