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q u i r e d  to r e t a r d  d e v e l o p m e n t  m a y  be g rea te r  t h a n  t he  
2 0 - 2 5 %  obse rved  in F igure  2 a n d  rep l ica te  expe r imen t s ,  
since those  m e a s u r e m e n t s  were m a d e  on  t he  n o n - r e t a r d e d  
e m b r y o s  in the  t r e a t e d  dishes. In  e i the r  case, b y  t he  s imple  
c r i t e r ion  of ongoing  d e v e l o p m e n t  the  a m o u n t  of respi ra-  
t i o n  n o r m a l l y  found  in these  em br yos  would  seem to  be  
g rea te r  t h a n  t h e y  ac tua l l y  require .  

The  obse rved  25-fold rise in cont ro l  e m b r y o n i c  oxygen  
c o n s u m p t i o n  m a y  be due  to m i t o c h o n d r i a l  g r o w t h  or to  
e n h a n c e d  ac t i v i t y  of p re -ex i s t ing  mi tochondr i a ,  or bo th .  
The  re la t ive  c o n t r i b u t i o n  of these  two m e c h a n i s m s  re- 
ma ins  to  be clarif ied b y  fu tu re  exper iments ,  inc lud ing  
d i rec t  m e a s u r e m e n t s  of m i t o c h o n d r i a l  t i t res .  Since there  
is r o u g h l y  a 3-fold increase  in the  e m b r y o ' s  t o t a l  ' non-  
yolk '  cy top l a smic  vo lume  by  th i s  t ime  (day 9)6, a n  a t  
least  c o m p a r a b l e  3-fold increase  of m i t o c h o n d r i a l  t i t r e  
(or size) m i g h t  be  expected .  Mi tochondr i a l  concen t r a t i on ,  
or  specific mass,  m a y  also increase  du r ing  deve lopmen t .  
I f  not ,  t h e  m i t o c h o n d r i a  m u s t  be a b o u t  7- to  8-fold more  
ac t ive  a t  these  l a t e r  stages.  The  l a t t e r  resu l t  would no t  
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be  surpr iz ing,  however ,  in v iew of  the  r e sp i r a to ry  ac t iva -  
t i o n - b y - h o m o g e n i z a t i o n  resu l t  of SPIEGELMAN and  STEIN- 
BACH 7 on  ea r ly  e m b r y o s  of t h i s  species, a l t h o u g h  t h a t  ob- 
s e r v a t i o n  m a y  be an  a r t i f a c t  of increased  oxygen  access. 

Summary, H i g h  doses of c h l o r a m p h e n i c o l  (4.5 and  
9 raM) d i rec t ly  i n h i b i t e d  r e sp i ra t ion  in con junc t i on  w i th  
a n  u n u s u a l  c leavage  a n o m a l y  (b las tomere  refusion) in  
e m b r y o s  of the  frog, Rana pipiens. Lower  doses (2.1-3 raM)  
did  n o t  af fec t  r esp i ra t ion  or  c leavage  and,  when  added  
later ,  d id  n o t  d i rec t ly  affect  r e sp i r a t ion  or d e v e l o p m e n t  
a t  a n y  t e s t ed  stage.  Con t inuous  i n c u b a t i o n  in t he  l a t t e r  
doses, however ,  d id  even tua l ly ,  b y  d a y  6 or  7, p roduce  a 
para l le l  r e t a r d a t i o n  of e m b r y o n i c  d e v e l o p m e n t  and  of 
r e s p i r a t o r y  d e v e l o p m e n t  r e l a t ive  to  controls ,  sugges t ive  
of impa i r ed  m i t o c h o n d r i a l  biogenesis.  A lower  con t inuous  
dose (0.9 raM) affected n e i t h e r  r e sp i ra t ion  nor  develop-  
m e n t  a t  a n y  stage.  
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R e s p i r a t o r y  Inhib i t ion  and Revers ib le  F u s i o n  of 

Cleaving  embryos  of Rana pipiens can  be  induced  to  
undergo  b l a s tomere  refus ion  by  t r e a t m e n t  w i th  chlor-  
a m p h e n i c o l  or rotenoneX, 2 As obse rved  ex te rna l ly ,  
b l a s tomere s  of 16 32 cell e m b r y o s  reun i te  in to  unc leaved  
m o u n d s  of i r regular  size and  r a n d o m  d i s t r ibu t ion ,  usua l ly  
connec t ed  b y  br idges  of va r ious  sizes. The  br idges  are 
unde r l a in  b y  surface coa t  l ined tunne ls ,  seen in his tological  
sect ions  as p i g m e n t e d  eyelets,  sugges t ing  t h a t  the  br idges  
arose b y  ex te rna l  fus ion of adjacenk b las tomeres .  The  
whole ne twork  of ex t e rna l ly  obse rved  unc l eaved  m o u n d s  
t ends  to form a single c o n t i n u u m  in severe cases, a l t h o u g h  
ch lo r amphen i co l  s tops shor t  of ob l i t e r a t ing  all cleawLge 
furrows.  W i t h  ro tenone ,  m e m b r a n e  b r e a k d o w n  is m u c h  
more  extens ive ,  usua l ly  r e t u r n i n g  the  e m b r y o  to a one- 
cell appearance ,  and  the  effect  is i r revers ib le  excep t  
occas ional ly  a t  the  lowest  doses. W i t h  ch lo ramphen ico l ,  
on t he  o the r  hand ,  d rug  r e m o v a l  al lows t he  m o u n d s  to 
rec leave and  tile e m b r y o s  to  resume normal - look ing  devel-  
o p m e n t  to  h a t c h i n g  and  beyond .  

The  c o n t r i b u t i o n  of t he  p resen t  i nves t iga t ion  is to  
a sce r t a in  b y  h is to logica l  ana lys is  t h a t  the  inh ib i to r -  
t r e a t e d  b l a s tomeres  do indeed  re-fuse, r a t h e r  t h a n  s imp ly  
fail t o  fuse in t he  f i rs t  place deeper  inside the  e m b r y o  
followed b y  regress ion or r e l axa t ion  of incomple te  
c leavage  furrows. W e  conf i rm t h a t  t rue  r e fus ion  - r eun ion  
of comple t e ly  s epa ra t ed  b l a s tomeres  - does a c c o m p a n y  
the  ful ly  revers ib le  effect  of ch lo ramphen ico l ,  as was  
a l r eady  ind ica ted  p re l imina r i l y  for the  i r revers ib le  effect  
of r o t e n o n e  ~, 2. We  t h u s  ver i fy  t h a t  t he  two  drugs  p roduce  
iden t ica l  effects as regards  b o t h  i n t e rna l  m o r p h o l o g y  and  
t he  course of t he i r  et iology.  In  addi t ion ,  we h a v e  sough t  
to  f u r t h e r  t he  e luc ida t ion  of t h e  b iochemica l  m e c h a n i s m  
of refus ion b y  assessing the  d e v e l o p m e n t a l  effects of two 
o the r  p e r t i n e n t  inh ib i tors ,  t henoy l t r i f l uo r ace t one  and  
cyc loheximide .  

The  si te  of ac t ion  of t he  inh ib i to r s  p roduc ing  b l a s t o m e r e  
fusion is suggested b y  t he  h i g h  dose of ch l o r am phen i co l  
r equ i red  (above 3 m M )  and  b y  the  s imu la t i on  of t he  
effect  b y  ro t enone  and  b y  t he  L-three i somer  of chlor-  

Frog  B l a s t o m e r e s  

a m p h e n i c o l  1. D- b u t  no t  L-ch loramphenico l  a t  low doses 
(10 aM)  inh ib i t s  m i t o c h o n d r i a l  p ro t e in  syn thes i s  in 
e u k a r y o t e s  3,4, A t  ove r  100-fold h ighe r  concen t ra t ions ,  
b o t h  D- and  L-ch loramphenico l  d i rec t ly  i nh ib i t  r e sp i ra t ion  
a t  t he  level of s tep  1 N A D H  dehyd rogena t i on ,  w i t h  a 
c o n c o m i t a n t  i nh ib i t i on  of n o n - m i t o c h o n d r i a l  p ro t e in  syn-  
thesis4-% Only  these  h igher  doses p roduce  b l a s tomere  
fusion and  only  those  doses of ch lo r amphen i co l  (4.5 m M  
and  higher)  p roduc ing  b l a s t o m e r e  fusion inf luence res- 
p i r a t i o n  du r ing  cleavage,  while  s h g h t l y  lower doses 
(3 m2Vl and  less) do n e i t h e r L  R o t e n o n e  also specif ical ly 
inh ib i t s  r esp i ra t ion  be tween  N A D H  and  f lavoproteinS,  a t  
doses c o m p a r a b l e  to  those  p roduc ing  b l a s tomere  fusion 1 
F u r t h e r m o r e ,  r o t enone  b inds  to m i t o c h o n d r i a  i r rever-  
s ibly s, which  would  expla in  t he  fac t  t h a t  i ts  c leavage  
effect  is no t  revers ib le  while  t h a t  of ch lo ramphen ico l  is 
revers ible .  

"When N A D H  ox ida t ion  is i n h i b i t e d  b y  ch lo ramphen ico l  
or ro tenone ,  t he  o the r  b r a n c h  Of t he  r e sp i r a to ry  cha in  
(succinate  p a t h w a y )  is p r e s u m a b l y  sti l l  func t iona l .  Th i s  
p r e s u m p t i o n  is re inforced b y  the  f ind ing  t h a t  the  genera l  
c leavage  r e t a r d i n g / a r r e s t i n g  effects  of r o t e n o n e  were 
pa r t i a l l y  a l l ev ia ted  b y  s i m u l t a n e o u s  add i t i on  of sod ium 
succinate~.  The  b l a s t o m e r e  fusion effect, however ,  was  
n o t  p r e v e n t e d  b y  succinate .  This  d i s c r epancy  agrees w i t h  
expec t a t i on  in v iew of t he  fac t  t h a t  a comple te  r e sp i r a to ry  
i n h i b i t o r  (cyanide) and  an  uncoup le r  (d in i t rophenol )  
p roduced  c leavage r e t a r d a t i o n  or a r re s t  b u t  d id  no t  a t  
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Nuclear and syncytial counts on embryos reared in saline (control) 
or irt 18 m M  chloramphenicol (CAP) from 0.7 to 7 h post-fertilization, 
at which tinle the inhibitor medium was replaced by fresh saline 

Age (h) Control 

Nuclei 

CAP 

Syncytia Nuclei Syncytia 

2.5 2, 2, 2 2, 2, 2 2, 2, 2 2, 2, 2 
3.5 4, 4, 4 4, 4, 4 4, 4, 4 4, 4, 4 
4.5 4, 6, 8 4, 4, 8 4, 4, 8 4, 4, 8 
6 8, 16, 16 8, 12, 16 4, 8, 8 4, 8, 8 
6.5 16, 16, 31 13, 16, 16 12, 16, 16 8, 16, 16 
7 - - CAP removed 
7.5 32, 32, 32 16, 32, 32 8, 16, 16 2, 7, 8 
8 - - 8, 16, 16 4, 6, 10 
9 66, 67, 72 32, 64, 68 16, 16, 16 8, 12, 12 
10 65, 74, 88 64, 66, 72 12, 16, 38 12, 14, 27 
11 76; 112,127 74, 108,116 33, 64, 66 32, 47, 59 

At a given time point, nuclear and syncytial counts are from the 
same 3 complete, serially reconstructed embryos. 

a n y  dose p roduce  b l a s t o m e r e  fusion 1. (Ano the r  comple te  
inh ib i to r ,  azide, p roduced  c leavage  a r r e s t  a n d  was n o t  
r e p o r t e d  to  p roduce  a n y  o t h e r  c leavage  a n o m a l y  9). Since 
p a r t i a l  b u t  n o t  comple te  r e s p i r a t o r y  i nh ib i t o r s  p roduced  
refusion,  t he  effects of a n o t h e r  pa r t i a l  r e s p i r a t o r y  i n h i b i t o r  
were assessed to  d e t e r m i n e  w h e t h e r  b l a s t o m e r e  refus ion 
is somehow due  to  pa r t i a l  r e s p i r a t o r y  i nh ib i t i on  per  se. 
Thenoy l t r i f l uo roace t one  [4, 4, 4- tr i f luoro-  1- (2-thienyl)-  1, 3- 
b u t a n e d i o n e ]  b locks  m i t o c h o n d r i a l  e lec t ron  t r a n s p o r t  b y  
specif ical ly i n h i b i t i n g  succinic dehydrogenase l~  n b u t  
p e r m i t s  e lec t ron  flow t h r o u g h  t he  N A D H  branch .  

Inh ib i tor  results. Thenoy l t r i f l uo roace tone  (Baker)  d id  
n o t  p roduce  b l a s t o m e r e  re fus ion  a t  a n y  dose t e s t e d  (90% 
n o r m a l  c leavage  a t  1 V214), I t  d id  p roduce  o r d i n a r y  
c leavage  a r r e s t  fol lowed b y  cytolysis  a t  h ighe r  doses 
(100% a r res t  a t  doses a b o v e  10 ~M).  T he  s tage of a r re s t  
was  progress ive ly  ear l ier  t h e  h igher  t he  dose 12. Thus ,  th i s  
p a r t i a l  i n h i b i t o r  resembles  t h e  comple te  inh ib i to r s  cyan ide  
a n d  d i n i t r o p h e n o l  in  i ts  d e v e l o p m e n t a l  effects, r a t h e r  
t h a n  r o t e n o n e  a n d  ch lo ramphen ico l ,  sugges t ing  t h a t  i t  is 
t h e  N A D H  b r a n c h  specif ical ly  t h a t  is i nvo lved  in t he  
refus ion  effect, r a t h e r  t h a n  ' pa r t i a l  r e s p i r a t o r y  i nh ib i t i on '  
in  some genera l  sense. 

A n o t h e r  i n h i b i t o r  r e l e v a n t  to  e luc ida t ing  t he  mecha-  
n i sm  of b l a s t o m e r e  refus ion  ha s  been  t h o r o u g h l y  t e s t ed  
for c leavage  effects. Cyc lohex imide  is a we l l -known in- 
h i b i t o r  of n o n - m i t o c h o n d r i a l  p ro t e in  syn thes i s  4 W e  h a v e  
cons i s t en t l y  fa i led to  r e p e a t  a n  earl ier  o b s e r v a t i o n  of v e r y  
e r ra t i c  b l a s t o m e r e  refus ion fol lowing cyc lohex imide  
t r e a t m e n t  ~ a n d  conclude  t h a t  t he  ear l ier  resul t s  were 
inval id ,  or a t  leas t  no t  reproduc ib le  enough  to affect  ou r  
conclus ions  a b o u t  t h e  fusion mechan i sm.  N u m e r o u s  more  
r e c e n t  t e s t s  on  t h o u s a n d s  of e m b r y o s  a n d  two  sepa ra t e  
lots  of cyc lohex imide  (Sigma a n d  Calbiochem) h a v e  
fai led to  p roduce  a single case of b l a s t o m e r e  fusion. 
I n s t ead ,  cyc lohex imide  v e r y  cons i s t en t ly  p roduced  t he  
s ame  s p e c t r u m  of resul t s  as KCN, d in i t ropheno l ,  and  
thenoy l t r i f l uo roace tone .  U n i f o r m  c leavage  a r r e s t  a t  
p rogress ive ly  ear l ier  s tages  w i t h  inc reas ing  dose was 
p roduced  in all  e m b r y o s  b e g i n n i n g  a t  a dose of 14 ~ M  
cycloheximide ,  w i t h  a n  a b r u p t  d i sappea rance  of p o t e n c y  
a t  11 and  7 v M ,  each  of wh ich  doses a l lowed 98% n o r m a l  
c leavage.  

Histological  analyses.  These  were based  p r i m a r i l y  on  t h e  
t e c h n i q u e  of ser ial  r e c o n s t r u c t i o n  of whole  e m b r y o s  1 w i t h  
m a j o r  a t t e n t i o n  be ing  pa id  to  t he  n u m b e r  of comple t e ly  

s epa ra t ed  s y n c y t i a  pe r  embryo ,  i.e., t h e  n u m b e r  of con t inu -  
ous  n e t w o r k s  of m e m b r a n e - e n c l o s e d  c y t o p l a s m  regardless  
o f the  n u m b e r  of nuclei  and  b l a s tomer i c  lobes m a k i n g  up  
each  syncy t ium.  A smal l  sub jec t ive  er ror  i n h e r e n t  in 
these  n u m b e r s  arose f rom s e m a n t i c  ambigu i t i e s  over  
occas ional  b l a s tomeres  s epa ra t ed  b y  w h a t  m a y  h a v e  been  
e i the r  u n p i g m e n t e d  (regressing?)  m e m b r a n e s  or no  
m e m b r a n e s .  These  were usua l ly  scored as n o n - m e m b r a n e s .  
(The poss ib i l i ty  t h a t  all ' r eun i t ed '  b l a s tomeres  recorded 
be low were st i l l  s epa ra t ed  b y  l igh t  microscope- invis ib le  
m e m b r a n e s  is h igh ly  un l ike ly  because  s u c h  :invisible 
m e m b r a n e s  would  h a v e  to  h a v e  been  t o r t u o u s i y  fol lowing 
t he  i n t e r d i g i t a t i n g  con tou r s  of t he  dense ly  packed  yolk  
p la te le t s  of t he  egg, a b e h a v i o u r  w h i c h  to  our  knowledge  
is n e v e r  obse rved  of o the r  p l a s m a  m e m b r a n e  systems) .  
His to logica l  a n d  embryolog ica l  m e t h o d s  employed  and  
sources  of frogs a n d  inh ib i t o r s  were  as p rev ious ly  de- 
scr ibed 1, excep t  t h a t  all  e m b r y o s  were chemica l ly  
dejel l ied 13 before  i n h i b i t o r  i ncuba t ion ,  and  some his to-  
logical  sect ions  were s t a ined  w i t h  ca rmine  a n d  ani l ine  
b lue  r a t h e r  t h a n  h e m a t o x y l i n  a n d  eosin to d i f fe ren t i a te  
cell m e m b r a n e s .  Fo r  p h o t o g r a p h i c  i l lu s t r a t ions  of t he  
i n t e r n a l  progress ion of b l a s tomere  refus ion  see LAMY and  
MELTON 1 a n d  MOUNTS 12. 

The  Tab le  shows t h a t  c h l o r a m p h e n i c o l - t r e a t e d  embryos  
w e r e  less cel lular  t h a n  t h e i r  cont ro l s  f rom 6 h onward.  
More  i m p o r t a n t  is t h e  d e m o n s t r a t i o n  t h a t  t h e  n u m b e r  of 
s y n c y t i a  in t r e a t e d  e m b r y o s  decreased  du r ing  t h e  course 
of t he  effect. Th i s  i n t e rna l  b l a s t o m e r e  fusion a n d  inferred 
m e m b r a n e  b r e a k d o w n  para l le led  e x t e r n a l  obse rva t ions  
of t h e  r eun ion  of b l a s tomeres  in to  i r regu la r  mounds ,  b o t h  
processes  be ing  m o s t  severe  in  7- to  8-h-old embryos .  
Nuc lea r  d iv is ion  was Mso a r r e s t ed  or  r e t a r d e d  b y  6 h 
pos t - fe r t i l i za t ion .  

The  Tab le  also t races  t h e  course of t he  reversa l  of t he  
refus ion  effect  fol lowing ch lo ramphen ico l  r e m o v a l  a t  
s even  hou r s  pos t - fe r t i l i za t ion .  No te  t h e  t i m e  lag before  
rec leavage  occurs :  t h e  m o s t  severe  b l a s t o m e r e  fusion is 
n o t  r eached  u n t i l  a f te r  d rug  r e m o v a l  in  th i s  expe r imen t .  
The re  was a n  a p p r o x i m a t e l y  s imi lar  lag before t he  renewal  
of nuc lea r  division.  A t  16 h pos t - fe r t i l i za t ion  (not  shown) 
t h e  e x - t r e a t e d  e m b r y o s  were v e r y  h igh ly  cellular,  b u t  sti l l  
s o m e w h a t  less so t h a n  t h e i r  con t ro l s  (for h is to logical  
i l l u s t r a t ion  see MOUNTS12). These  e m b r y o s  c o n t i n u e d  to  
deve lop  a p p a r e n t l y  n o r m a l l y  a n d  h a t c h e d  in to  sw imming  
t adpo le s  a t  a p p r o x i m a t e l y  t h e  same  t i m e  as t he i r  controls  
a b o u t  5 days  la ter .  

I n  add i t i on  to  t he  d e m o n s t r a t i o n  of t r ue  b l a s tomere  
refus ion  a n d  i ts  r eversa l  in  c h l o r a m p h e n i c o l - t r e a t e d  
embryos ,  we h a v e  comple t ed  t he  s imi la r  h i s t ome t r i c  
d e m o n s t r a t i o n  of b l a s t o m e r e  refus ion  in ro t enone  t r e a t ed  
e m b r y o s  r epo r t ed  in  p a r t  ear l ier  1, 2. To  s u m m a r i z e  these  
resu l t s  1, ~ for t he  crucia l  per iod  of m a x i m u m  refusion,  t he  
decrease  in t h e  ave rage  n u m b e r  of s y n c y t i a  in  0.5 ~ M  
r o t e n o n e  t r e a t e d  e m b r y o s  d u r i n g  less t h a n  1 h was 
d r a m a t i c  - f r om over  10 to u n d e r  3 syncy t ia .  A t  7.2 h 
pos t - f e r t i l i za t ion  t h e  n u m b e r s  of s y n c y t i a  in  3 t r ea ted ,  
e x t e r n a l l y  typica l ,  ser ia l ly  r e c o n s t r u c t e d  e m b r y o s  were 
10, 10, and  11; a t  7.5 h, 5 t yp i ca l  e m b r y o s  f rom t h e  same 
i i sh  h a d  3, 6, a n d  5 s y n c y t i a ;  a t  8.0 h, 4 such  e m b r y o s  

9 S. SPIEGELMAN and F. MOOG, Biol. Bull. 89, 122 (1945). 
10 S. STREICKMAN and Y. AvI-DoR, Biochim. biophys. Acta 216, 262 

(1970). 
11 A. L. TAPPEL, Biochem. Pharmac. 3, 289 (1960). 
12 p. MOUNTS, M.S. Thesis, Univ. of Pittsburgh (1973). 
la C. G. MELTON and R. P. SMORUI, J. exp. Zool. 187, 239 (1974). 
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had  2, 3, 4, and  1 syncyt ia .  Controls  dur ing  the same 
per iod (3 embryos  per  t ime  point)  averaged 21.3, 32, and 
30.3 syncyt ia ,  respect ively.  

This  repor t  effect ively es tabl ishes  t h a t  t rue  refusion Of 
b las tomeres  occurs in ch loramphenicol -  and ro tenone-  
t r e a t ed  embryos ,  p r e sumab ly  accompanied  by  m e m b r a n e  
disassembly,  and t h a t  i t  is reversible if the  inhib i tor  is no t  
an irreversible mi tochondr ia l  binder .  This  sys t em is now 
a t t r ac t ive  for explor ing the  metabol ic  l inkage be tween  
respi ra t ion  and m e m b r a n e  biogenesis  and  pe rhaps  for 
d i f fe ren t ia t ing  be tween  m e m b r a n e  synthes is  and main-  
tenance .  

Summary. Rotenone  and  high doses of chloramphenicol ,  
b o t h  of which specifically inh ib i t  e lec t ron t r a n s p o r t  be- 
tween  N A D H  and f lavoprote in  in the  resp i ra to ry  chain,  
caused fully separa ted  Rana pipiens blas tomeres  to  re- 
fuse, as shown by syncy t ium counts  on embryos  recon- 
s t ruc ted  f rom serial sections.  W i t h  chloramphenicol ,  the  
effect  was comple te ly  reversible:  re-cleavage and normal  
d e v e l o p m e n t  followed drug removal .  The b las tomere  

fusion effect  was no t  p roduced  by  the  succinic dehydro -  
genase-specif ic  r e sp i ra to ry  inhibi tor ,  thenoyl t r i f luoro-  
acetone,  nor  by  a non-mi tochondr i a l  prote in  syn thes i s  
inhibi tor ,  cycloheximide,  b o t h  ot which  ins tead p roduced  
s imple arres t  of cleavage.  
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Tubuloret icular  Structures  in Hepatic  Endothel ia l  Cells in a Case of Mal ignant  
M e l a n o m a  Liver Metastas i s  

Tubuloret icutar  s t ruc tures  have  been descr ibed in 
several  human  diseases, name ly  viral, neoplas t ic  and 
connect ive  t issue diseases* a. They  have  been ident i f ied 
in the  hepat ic  sinusoidal  endo the l ium by  KOVACS et  al. 4 
in a case of sys temic  lupus e ry thematosus .  To our 
knowledge there  are no o the r  references concerning their  
presence in h u m a n  liver endothel ia l  cells. The unk n o w n  
significance of these s t ruc tures  and the  con t roversy  
regarding their  re la t ionship  to diseases make  t h e m  an 
in te res t ing  biological finding. This r epor t  describes the  
presence  of tubulore t icular  s t ruc tures  in the  hepat ic  
endothel ia l  cells in a case of mal ignan t  me lanoma  liver 
metas tas is .  

Methods. A percu taneous  liver b iopsy  was per fo rmed  
by  Menghini  needle in a 48-year-old whi te  man  wi th  liver 
metas tas i s  of a mal ignan t  melanoma.  The pa t i en t  had  no 
clinical or l abora tory  evidence of any o ther  disease, 
such as collagen disease. The f r agment s  were fixed in 
cacodyla te -buf fe red  3% glu tarMdheyde  pH 7.3 and 
pos t f ixed sequent ia l ly  in veronal  ace ta te -buf fe red  1% 
osmium te t rox ide  p H  7.3 and veronal  ace ta te -buf fe red  
0.5 uranyl  ace ta te  p H  5.85. Fol lowing dehydra t i on  in 
ethanol ,  t h e y  were embedded  in E p o n  8126. The u l t ra th in  
sect ions were s ta ined wi th  lead c i t ra te  and examined  on a 
Phil l ips EM 300 electron microscope.  

Results and discussion. Tubulore t icular  s t ruc tu res  were  
f requent ly  ident i f ied wi th in  the  hepat ic  s inusoidal  
endothe l ium.  They  p resen ted  20 22 n m  d i a m e t e r  
b ranched  tubules  associa ted wi th  di la ted c is ternae of the  
endoplasmic  re t iculum.  The tubu la r  ar rays  appeared  
identical  in d imens ions  and locat ion to s t ruc tures  describ-  
ed by  o thers  in tumors ,  collagen and viral diseases2, 7, s. 
No tubulore t icu lar  s t ruc tures  were found, e i ther  in the  
t u m o r  cells or in the  hepa tocy tes .  

Despi te  the  accumula ted  l i tera ture  concern ing  these  
s t ructures ,  the i r  na tu re  and pathological  significance, 
remains  unsolved.  Their  ubiqui tous  presence in a va r i e ty  
of cell types  and diseases wi th  unre la ted  ae thiology 

1 U. HEINE, J. KONDRATIGK, I). V. ABI,ASttl, G. R. ARMSTRONG and 
A..J. DALTON, Cancer Res. ,31, 542 (1972). 

2 B. G. UZMAN, H. SAITO and M. KASAC, Lab. Invest. 24, 492 (1971). 
3 C. C. TISttER, H. ]3. KELSO and R. R. ROBINSON, Ann. intern. 

,~[ed. 75, 537 (1971). 
4 K. KOVAGS, E. HORVATIf and R. 1". WARREN, J. Ain. tiled. Ass. 

219, 510 (1972). 
a M. T. SILVA, F. CARVALUO-GUERRA and M. M. MAGALIt~ES, Ex- 

perientia 2d, 1074 (1968). 
a j .  H. LVFT, J. biophys, biochem. Cytol. 9, 409 (1961). 
7 A. P. ALVES DE MATOS, Experientia .30, 1465 {1974). 
a j.  R. BARINGER and J. F. GRIFFITH, Science 163, 1336 (1969). 

Fig. 3. Higher magnification of a tubuloreticular structure shown in 
Fig. 1. Tubuloreticular structure within a sinusoidal endothelial cell. Figure 2. 


