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Mitochondrial Swelling Induced by Unconjugated Bilirubin in vitro 

B i l i r u b i n  e n c e p h a l o p a t h y  (Kernic te rus)  is usua l ly  
assoc ia ted  w i t h  i r revers ib le  nuc lea r  d a m a g e  induced  in 
t he  b r a i n  b y  u n c o n j u g a t e d  b i l i rub in .  On t he  o the r  side, 
in  a h igh  pe rcen t age  of r a t s  of t h e  G u n n  s t ra in ,  wh ich  
lack g lucurony l - t r ans fe rase  a n d  the re fo re  p r e s e n t  h i g h  
levels of u n c o n j u g a t e d  b i l i r ub in  in t h e i r  blood, ce rebra l  
i t s sue  d a m a g e  is present~,  ~ 

The  m e c h a n i s m  b y  wh ich  u n c o n j u g a t e d  b i l i r ub in  
exer t s  i ts  toxic  effect  is on ly  pa r t i a l l y  known.  Bi l i rub in ,  
in fact ,  uncouples  o x i d a t i v e  p h o s p h o r y l a t i o n  in i sola ted 
m i t o c h o n d r i a  ~ and  inh ib i t s ,  a t  h i g h  concen t r a t i on ,  t h e  
e lec t ron  t r a n s p o r t  in  t he  r e s p i r a t o r y  cha in  in these  
i so la ted  sub-ce l lu la r  par t ic les  ~. Besides,  these  b iochemica l  
changes  are no t  l imi t ed  to  i so la ted  m i t o c h o n d r i a ,  s ince 
b i l i r u b i n  uncouples  ox ida t i ve  p h o s p h o r y l a t i o n  an d  
i n h i b i t s  p ro t e in  syn thes i s  in  cells of E h r l i c h  asci tes  s. 

U n c o n j u g a t e d  b i l i rub in  also induces  s t r u c t u r a l  changes  
in m i t o c h o n d r i a .  I n  fact ,  i t  has  been  d e m o n s t r a t e d  w i t h  
t he  a id  of the  e lec t ron  microscope  t h a t  r a t  l iver  mi to -  
c h o n d r i a  are induced  to swell b y  u n c o n j u g a t e d  b i l i rub in  6. 
Th i s  b i l i a ry  p i g m e n t  suppresses  r e s p i r a t o r y  control ,  
uncouples  ox ida t i ve  p h o s p h o r y l a t i o n  a n d  induces  t h e  
swell ing in m i t o c h o n d r i a  i sola ted f rom r a t  liver,  b o v i n e  
h e a r t  a n d  f rom b r a i n  of chick,  r a b b i t  and  monkey .  The  
swell ing induced  b y  u n c o n j u g a t e d  b i l i r u b i n  is of large 
a m p l i t u d e ,  requi res  energy  a n d  is i r revers ible .  Bov ine  
s e rum a l b u m i n  p r e v e n t s  b o t h  t he  m i t o c h o n d r i a l  swell ing 
and  t he  u n c o u p l i n g  of c y t o c h r o m e - l i n k e d  p h o s p h o r y -  
lo t ion  4. 

S tudies  of t he  mode  of ac t ion  of u n c o n j u g a t e d  b i l i rub in  
on  t he  s t r u c t u r e  a n d  func t ion  of t h e  m i t o c h o n d r i a  h a v e  
been  car r ied  ou t  m a i n l y  on these  i so la ted  par t ic les ,  
whose  biological  response  to t he  b i l i r ub in  can  be ve ry  
d i f fe ren t  f rom t h a t  of t he  whole  cell. The  cell cu l tu res  
c o n s t i t u t e  a su i t ab le  s u b s t r a t e  for t he  s t u d y  of t h e  
ac t ion  of u n c o n j u g a t e d  b i l i r ub in  on  t he  mi tochondr i a ,  as 
t h e y  r ep re sen t  a biological  sys t em free f rom hormonic ,  
nervous ,  c i r cu la to ry  and  immuno log ica l  inf luences.  

I t  the re fore  a p p e a r e d  of i n t e r e s t  to  s t u d y  t h e  m o r p h o -  
logical  b e h a v i o u r  of m i t o c h o n d r i a  of cells cu l tu red  in 
v i t ro  an d  sub j ec t ed  to t h e  ac t ion  of u n c o n j u g a t e d  
b i l i rub in .  Th i s  s t u d y  was car r ied  ou t  b y  m e a n s  of a 
p h a s e - c o n t r a s t  microscope  a n d  also b y  m e a n s  of a n  
i n t e r f e r ence -con t r a s t  microscope.  Th i s  l a t t e r  i n s t r u m e n t  
is an  ex tens ion  of t h e  d i f fe ren t i a l  in te r fe rence  microscope 7 
y ie ld ing  a t  t h e  same  t i m e  a good resolu t ion ,  a good 
c o n t r a s t  an d  a l lowing t h e  o b s e r v a t i o n  of t h e  cell surface.  

Materials and methods. Cell cul tures .  H E p - 2  cells 
(der ived f rom h u m a n  l a ryngea l  ca rc inoma) ,  o b t a i n e d  
f rom A m e r i c a n  Type  Cul tu re  Col lec t ion a n d  ser ial ly  
p r o p a g a t e d  in our  l a b o r a t o r y  b y  ro u t i n e  procedures ,  
were used. The  cells were cu l tu red  a t  37 ~ in Eag le  basa l  
m e d i u m  (Difco) s u p p l e m e n t e d  w i t h  10% i n a c t i v a t e d  
calf serum,  in L e i g h t o n  t u b e s  c o n t a i n i n g  a coversl ip.  

Reagen ts .  U n c o n j u g a t e d  b i l i r ub in  (from galls tones)  
was  suppl ied  b y  S igma  Chemica l  Co., St. Louis,  Missouri,  
USA.  G l u t a r a l d e h y d e  was suppl ied  b y  F i scher  Scient if ic  
Co., Fa i r  Lawn,  New Jersey,  USA. All o the r  r eagen t s  were 
supp l i ed  b y  5{erck, D a r m s t a d t ,  G e r m a n y .  Only  t r ip le  
dis t i l led w a t e r  on  P y r e x  glass a p p a r a t u s  was used. 

Experiments.  T h e  e x p e r i m e n t s  were car r ied  o u t  as 
descr ibed  e lsewhere  s. The  cell cu l tu res  were i n c u b a t e d  
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Fig. 1. A normal HEp-2 cell, with some filamentous mitochondria 
(m). Phase-contrast microscope. • 900. 

Fig. 2. A normal multinucleated HEp-2 cell. Some rod-like mito- 
chondria (m) are visible at the cell surface. NM = nuclear membrane. 
n = nucleoli. Interference-contrast microscope. • 900. 
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w i t h  b i l i r ub in  so lu t ion  a t  37~ for 15, 30, 60 and  180 m i n  
respect ive ly .  Af te r  i ncuba t i on ,  t he  covers l ips  were 
r e m o v e d  f rom the  L e i g h t o n  tubes ,  twice  washed  w i t h  
H a n k s '  BSS,  f ixed in g l u t a r a l d e h y d e  a n d  s t a i ned  as 
r epo r t ed  e l sewhereL The  spec imens  were t h e n  obse rved  
a n d  p h o t o g r a p h e d  w i t h  a Lei tz  O r t h o p l a n  microscope  
equ ipped  w i t h  a He ine ' s  p h a s e - c o n t r a s t  device  or w i t h  a 
N o r m a r s k i ' s  i n t e r fe rence  c o n t r a s t  e q u i p m e n t .  

Some e x p e r i m e n t s  were car r ied  ou t  w i t h  un f ixed  ceils 
in order  to  con t ro l  t he  effect  of f i xa t ion  on  t he  mi to -  
chondr i a l  morphoIogy .  As a cont ro l ,  cell cu l tu res  were 
t r e a t e d  in t h e  same  way,  b u t  b i l i r u b i n  so lu t ion  was 
s u b s t i t u t e d  w i t h  p la in  Eag le ' s  basa l  m e d i u m ,  d i lu t ed  or 
no t  as descr ibed  elsewhere,  a lways  w i t h o u t  calf se rum s. 

Fig. 3. HEp-2 celt after 60 min of contact with bilirubin solution; 
A remarkable mitochondrial swelling (sin) is present. Phase-contrast 
microscope. • 900. 

Results. T h e  con t ro l  cell cu l tu res  show n u m e r o u s  
rod- l ike  m i t o c h o n d r i a  as well  as some r o u n d s h a p e d  
m i t o c h o n d r i a  (Figure  1). The  cells t r e a t e d  for 15 m i n  
w i t h  u n c o n j u g a t e d  b i l i rub in  do n o t  show a n y  mod i f i ca t ion  
in m i t o c h o n d r i a l  morpho logy .  Af t e r  30 ra in  of i n c u b a t i o n  
w i t h  b i l i r ub in  solut ion,  a n  e v i d e n t  increase  in mi to -  
chondr i a l  size appea r s  w h i c h  reaches  i ts  h i g h es t  e x t e n t  
degree a f t e r  60 m i n  (Figures 2 an d  3). Af te r  180 m i n  of 
c o n t a c t  w i t h  u n c o n j u g a t e d  b i l i r ub in  t h e  m i t o c h o n d r i a  
r e m a i n  swollen, w i t h o u t  f u r t h e r  mod i f i ca t i on  in size. 
Mi tochondr i a l  swel l ing is not ,  on  t h e  o t h e r  h a n d ,  e x t e n d e d  
to  all  t h e  m i t o c h o n d r i a  of the  same  cell;  m o s t  of t h e m  are  
swol len b u t  some show n o r m a l  morpho logy .  T h e  s t u d y  
of un f ixed  spec imens  fu rn i shed  t h e  same resu l t s  as t h e  
f ixed cells. However ,  i t  was  poss ible  to  observe  t h a t ,  
a l r eady  a f t e r  15 m i n  of i n c u b a t i o n  a n d  before  t h e  ap-  
pea rance  of swelling, t h e  m i t o c h o n d r i a  no  longer  p r e s en t  
a n y  ac t ive  m o v e m e n t .  

Discussion. T h e  f ind ings  r epo r t ed  in t h i s  p a p e r  show 
t h a t  u n c o n j u g a t e d  b~l i rubin  induces  a m i t o c h o n d r i a l  
swell ing in cells cu l tu red  in v i t ro .  Th i s  p h e n o m e n o n ,  
therefore ,  is n o t  l imi ted  to  t h e  i so la ted  m i t o c h o n d r i a ,  
b u t  t akes  place also in t h e  i n t a c t  cell. Th i s  b e h a v i o u r  is 
s imi la r  to  t h a t  of Ca++ and  p h o s p h a t e s  t h a t  i nduce  
m i t o c h o n d r i a l  swel l ing b o t h  in v ivo  a n d  in v i t ro ,  whi le  
o t h e r  we l l -known swell ing agen t s  in v i t ro ,  such  as L- 
t hy rox ine ,  L-aseorbic acid an d  L-cysteine h a v e  no  effect  
in  v ivo  10. 

T h e  m i t o c h o n d r i a  swollen b y  u n c o n j u g a t e d  b i l i rub in  
h a v e  a r o u n d  shape,  w i t h o u t  r e m a r k a b l e  di f ferences  in 
shape  b e t w e e n  one ano the r .  Th i s  a p p e a r a n c e  is s imi la r  
to  t h a t  of t h e  m i t o c h o n d r i a  swol len b y  Ca++ in v ivo  a n d  
could be due  to  d a m a g e  of t h e  m i t o c h o n d r i a l  m e m b r a n e s .  
On t h e  o the r  hand ,  i t  is k n o w n  t h a t  u n c o n j u g a t e d  
b i l i rub in  b inds  to  t h e  l ipids  of t h e  m i t o c h o n d r i a l  m e m -  
branes ,  wh ich  m i g h t  resu l t  in  a l t e r a t i ons  of t h e  mi to -  
chondr i a l  f unc t i on  1~. 

Th i s  s t u d y  shows, moreover ,  t h a t  u n c o n j u g a t e d  
b i l i r ub in  r ap i d l y  p e n e t r a t e s  in to  t h e  cell, s ince a f te r  
on ly  15 ra in  t h e  m i t o c h o n d r i a  lose t h e i r  m o t i l i t y  an d  
a f t e r  30 ra in  t h e  m i t o c h o n d r i a l  swell ing t akes  place. The  : 
fac t  t h a t  t h e  swell ing is n o t  p r e s en t  c o n t e m p o r a n e o u s l y  
in all  t h e  m i t o c h o n d r i a  of t h e  same  cell is a p h e n o m e n o n  

' c o m m o n  to t h e  m i t o c h o n d r i a l  swell ing induced  in r i v e  
b y  d i f fe ren t  subs t ances  9 a n d  i t  is p r o b a b l y  r e l a t ed  to t h e  
func t iona l  s t a t e  of t h e  m i t o c h o n d r i a  a t  t h e  m o m e n t  of 
p e n e t r a t i o n  of t h e  swell ing agent .  

Riassunto. Gli A u t o r i  h a n n o  s tud ia to ,  pe r  mezzo del 
microseopio  in c o n t r a s t o  di  fase e del microscopio  a 
con t r a s to  di fase in ter ferenzia le ,  le modi f icaz ion i  del la  
morfo logta  dei m i t o c o n d r i  di cellule co l t i va t e  in  v i t ro  e 
so t topos te  a l l ' az ione  del la  b i l i r u b i n a  n o n  con iuga ta .  
Ques to  p i g m e n t o  b i l ia re  induce,  dope  15 ra in  di c o n t a t t o  
con le cellule, la p e r d i t a  del la  mo t i l i t~  m i t o c o n d r i a l e  e 
dope  30 m i n  u n  ev iden t e  r i g o n f i a m e n t o  dei  mi tocondr i .  
Viene  discussa  l ' i n t e r p r e t a z i o n e  dei r i su l t a t i  sul la  base  dei 
d a t i  morfol6gic i  e b ioch imic i  o t t e n u t i  da  a l t r i  A u t o r i  su 
m i t o c o n d r i  isolat i .  
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Fig. 4. HEp-2 cell after 60 min of contact with bilirubin solution. The 
swolieu mitochondria are observable on the cell surface (sin). NM, 
nuclear membrane; n, nueleoli. Interference-contrast microscope. 
• 900. 
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