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The po~ibili~ ~ bilim~n ~ n  ~ffme t~ough ~ d  b i l ~ e ~  ~ i ~ e s t i g ~  ~ lipo~mes ~epa~d  from 
~ p f l m i ~ p h m p h a f i ~ h d ~ e  (DPPC), egg pho~hat i~khol i~  ~gg PC) ~ 22 m~e ~ e n t  c h o ~ o l ,  
and a ~ d  exUa~ ~ep~ation ~om Nl15 ne~o~mtoma c ~  ~ p o ~ m ~  w e ~  ~ e ~ d  ~ ~ r n f l i ~ e d  
~ m ~ n  and boyle  or human serum flbumi~ and ~ m ~ n  efflux ~to an exo~nom sdufion of human 
serum flbumin was m e m ~ .  E ~ u x  from DPPC Hpo~m~ was fignificantly ~gher above the phase 
~anfifion ~ m ~ m ~  ~an bdow ~ This ~ a n ~  was ~ n ~ m  on ~ e  lipid undergo~g a ~h~e Uanfition 
and codd not be a~oun~d for by 6 K change ~ ~ m ~ .  Ma~mum ~ m ~ n  efflux from e ~  
P C - ~ d ~ r ~ l  lipo~mes was ~und ~ ~pevd on ~ e  relati~ ~ m f l  and e~emf l  ~bumin pool~ 
~g~s t ing  an equilibrium dis~bufion ~ bilimbin between t~em. The~e obviat ions  ~ m o n s ~ a ~  that 
~ f im~n can ~ f f u ~  f ~ d y  t~ough these lipid membranes. 

Bfl~ubin ~ a bile pigment produced by the 
catabolism of hemoprot~ns. Under c e ~ n  clini- 
c~ condition~ bifirubin can be tofic to the cenU~ 
nervous sys~m of the newborn infant [1]. While 
the mechanism of cytotoxidty has not yet been 
compl~dy duddate& numerous studied have 
demon~ra~d that the acti¼fies of severe mem- 
brane bound enzymes are di~urbed as a result of 
bifirubin binding to the hpid re~ons of cdlular 
and inuacdlu~r membranes [2]. Whi~ much wcrk 
has been done rdating to the nature of bfl~ubin 
binding to fipid bflayers, the mechanism of bb 
~rubin Uanspo~ through the membran~ if in fact 
it e n ~  the cell, rem~ns undea~ In this stud~ we 
investigated the possibility that bi~rubin can pass 
through phospholipid bi~yers by fimple diffufion 
alone. 

* To whom correspondence shoed be addressed at: U ~ v ~ -  
f i~ of Alben~ Department of Pe~atfi~, 2C300 W ~ r  
MacKen~e Heath Sdenc~ Cent~, Edmonm~ Alben~ 
Canada T6G 2B7. 

Our experiment~ modal ~vCved measuring 
efflux of trifia~d Nhru~n from fiposomes ~to  
which it had been incorpor~ed. Three typ~ of 
fiposom~, dif~fing ~ thdr fipid compositions, 
were prepared with an in~rn~ s~ufion of bifiru- 
bin and bo~ne ~rum ~bumin (BSA). An ~ m p t  
was then made to extract this bfl~ubin from the 
intact fiposom~ ~to  an exogenous s~ufion of 
human serum ~bum~ (HSA). HSA has a m~ch 
higher a f f i ~  for bil~u~n than BSA [3], and this 
• ffe~nfi~ a f f i ~  represents the 'dri~ng force' 
for bifirubin efflux. 

Tfifiated b~rub~  was extracted from bile cA- 
~cted from Spragu~Dawley rats into which the 
precursor ~amino[3~(n)-3H]~vulinic a~d (New 
En~and Nu~ea~ had been i~ec~d [~. [3H] Bi- 
firub~ was purified from the bile as described by 
McDonagh [5], and was found to cont~n more 
than 98% bfl~ubin IXa by HPLC Obsorpfion at 
454 nm). Bo~ne serum ~bumin and human serum 
~bumin we~ obt~ned from S~ma (fraction V, 
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essentially fatty add  flee). Bilirubin-~bumin solu- 
tions of varying molar ratios were prepared in 0.05 
M Tfis buffer to a f in~ bilirubin concentration of 
115 #M, and a pH of 8.3. 

The three types of liposomes were prepared 
f rom:  d ipa lmi toy l -DL-a-phospha t idy lcho l ine  
(Sigm~ Grade 1, approx. 99%, cry~alline, syn- 
thetic); L-a-phosphatidylcholine from eggs (Sigma 
type XI-E, approx. 99%) with 22 mole percent 
choles~rol (Sigm~ Chromatography grad~; and a 
fipid extract preparation from Nl15 mouse neuro- 
blastoma cultures. Nl15 fipid extracts were pre- 
pared as described by Bligh and Dyer [6], and 
found to cont~n 21.6 mole percent cholesmrol 
relative to to t~  hpid [7,8]. 

Chloroform solutions of these fipids were pre- 
pared to cont~n 62.5 #mol of phosphatidylcho- 
fine. In each case, 6.0 nmol cholesteryl [~4C]o~ate 
(New England NudeaO was included as a marker 
to determine fiposom~ in~gfity, and 32 nmol 
butyla~d hydroxytoluene was added as an anti- 
oxidant which did not appear to affect the per-  
meabifity of the bHayers. These solutions were 
then evapora~d in vacuo for 4 h. The dried hpid 
was then dispersed with the bilirubin-~bumin 
solution to a phospholipid concen~afion of 4.2 
~M by agitating for two minutes at room tempera- 
ture (or 50°C for DPPC dispersionO. The multi- 
lamellar hposomes were collected by centfifuga- 
tion at 10 000 × g and washed four times with Tfis 
buffer (pH 8.3). All operations were performed 
under dim red fight to prevent photoisomefizafion 
of bifirubin IXa. All aqueous solutions were 
satura~d with N 2 gas. 

Having prepared the fiposomes, samples were 
taken for an~yfis of bihrubin uptake. It was ob- 
served that when the lipid was dispersed with a 
solution of bHirubin and BSA in a molar ratio of 
1 : 1, incorporation of bifirubin by the fiposomes 
was as high as 385 nmol bifirubin per mmol of 
phospholipid at pH 8.3. As consecutively greater 
molar equiv~en~ of BSA were included in the 
disperfing solution (keeping bifirubin con~anO, 
incorporation of bHirubin into the fiposomes de- 
creased greatly. It was found, howeve~ that at 
bifirubin : BSA molar ratios of 1 : 8 or ~ss, biliru- 
bin uptake rem~ned constant at a minimum v~ue 
of 16.6 ± 0.5 nmol per mmol phospholipid. These 
resul~ were interpreted to reflect a partition of 

bifirubin b~ween the aqueous Mbumin and the 
phospholipid bHayer~ As the ratio of Mbumin to 
bihrubin increases, this partition shi~s towards 
the Mbumim and bilirubin di~olufion into the 
forming bHaye~ is minimized. Henc~ it was as- 
sumed that at bifirubin: BSA ratios of 1 : 8 or less, 
~rtually N1 the bilirubin taken up by the lipo- 
somes was bound to Nbumin mo~cules in inmrnN 
aqueous solution. 

DPPC, egg PC~hNes~rol ,  and Nl15 fipid ex- 
tract fiposomes were prepared with a solution of 
bihrubin and BSA in a molar ratio of 1 :8  and 
then incubated in a Tr i~buf~red 20.0 #M solu- 
tion of HSA. Egg PC-choles~rol, and Nl15 lipo- 
somes were incuba~d at 37°C. DPPC liposomes 
were incubated above (43°C) and b~ow (37°C) 
the gd-liquid crystalline phase ~an~tion mmper~ 
ture for DPPC veeries (41~°C [~). At spe~fied 
time in~rvM~ aliquots of each suspension were 
taken, the fiposomes spun down, and the super- 
natant anNyzed for [3H]bifirubin by liquid s~nfig 
Ntion counting. In additiom samples of the super- 
natant were extrac~d with chloroform/methanol 
(2:1,  v /v)  and bifirubin content was demrmined 
by HPLC (absorbance at 454 nm). This was neces- 
sary to confirm that tritium counts in t~e HSA 
extraction media represen~d intact bil~ubin IXa, 
and not unknown decompo~fion products. 

As can be seen in Fig. 1, it was po~ ib~  to 
extract most of the bifirubin from DPPC fipo- 
somes above the gel-liquid cry~Nfine van~t ion 
~mperature within 15 min. In contras~ bilirubin 
efflux ~om DPPC fiposomes at 37°C, below the 
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phase tranfition temperature, was comparativdy 
very ~ow and reached a maximum of only 8% 
a~er 2 h. This fipid phase dependent efflux ap- 
pears to be configent  with a modal of simple 
diffufion of bili~ubin through the bilayer. 

It can Mso be been in Fig. 1, that bilirubin 
efflux from egg PC-choles~rol and Nl15 fipid 
extract fiposomes was fimilar to that from the 
DPPC fiposomes in the fiquid-crystNhne state, 
Nthough the initiN rate of efflux and the maxi- 
mum bifirubin efflux were somewhat less. Fu~he~  
more, the efflux profiles from the egg PC- 
c h o ~ e r o l  fiposomes and the Nl15 fipid extract 
fiposomes were visually supefimposabl~ demon- 
suating the usefulness of lhe egg PC-cholesterol 
system as a modal to replace expenfive cellular 
lipid extracts. 

In M1 cases, the fraction of cholesteryl 
[~4C]oleate detected in the extraction medium did 
not exceed 0.5% of that incorporated into the 
hposomes. This demon~ra~s  that the fiposomes 
were stabS, and that the bHirubin el flux was not 
the result of fiposomN breakage and the forma- 
tion of smN~r fipid structures. MeasuremenU of 
bilirubin efflux made by HPLC were very fimilar 
to those made by fiquid sNntillafion countin~ 
confirming that the tritium counts in the extrac- 
tion medium did in fact represent b~irubin IX~. 

The modal described above for investigating 
bifirubin movement across fipid bHayers, involves 
measuring efflux of bilirubin from fiposomes into 
which it has been incorporated. Therefore it was 
imperative to demon~rate that the bilirubin ini- 
tially ' incorporated' into the fiposomes was in fact 
in aqueous solution within the fiposom~ This was 
espeNNly so fince various ~udies have shown 
bihrubin binding to fipids in veficular suspenfiom 
Nther through rdat iv~y sUong ionic interactions 
between anionic bifirubin and the polar head 
groups of various phospholipids [10-12], or as 
aggrega~s of bilirubin and  incorporated into the 
apolar reNons of the bHayer [12,13]. Ex~action of 
bilirubin bound to liposome membranes in such a 
way would not demon~rate  bilirubin diffusion 
across fipid bilayers per se. 

As mentioned above, we are confident that 
with the bilirubin: albumin molar ratios used to 
genera~ the fiposomes, bilirubin binding to, or 
dissolving in the bHayers was minimized, and that 
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the bifirubin was stabifized in ~ r n ~  aqueous 
s~ution. N e v e n h d ~  we found th~  it was possi- 
ble to examine fiposom~ membrane p ~ m e a ~ f i f f  
to b ~ r u ~ n  with a m~hod  in w~ch the i~tial 
~acement  of bifirubin ~ the fiposome was not 
impo~ant.  In this approack we ~ m p m d  to 
demon~ra~  ~ the ma~mum b ~ u ~ n  efflux 
from the fiposom~ actually reflects an eq~-  
fibrium d~tfibufion of bifirubin b~ween internal 
and exmrn~ ~bumin po~s.  Taken togethe~ the 
quantity of ~ b u m ~  (bin~ng capadty), as well as 
the ffpe of ~bumin (bin~ng affi~ty), determine 
the b ~ d ~ g  potent i~ of ~ther ~bumin s~ution. 
P r o ~ n g  th~  the hposom~ are permeab~ to 
bilirubin, ~mring the ~ n ~ n g  potenti~ of ~ t h ~  
the inmrn~ or e ~ n ~  ~bumin po~s  would be 
expe~ed to dicit a shi~ ~ the fin~ ~ r i b u f i o n  of 
the ~firubin b~ween these lwo po~s.  

This is confistent with the f i n i n g  that the 
ma~mum amount of b ~ r u b ~  that co~d  be ex- 
tracted from egg P C ~ h ~ m r ~  fiposom~ was a 
function of the quantiff  of HSA ~ the extraction 
me~um. When the fiposom~ were incubated ~ 
Tfis buffer without HSA, ~ss than 1% of the 
~mrnalized bil iru~n co~d  be recovered. As the 
amount of exmrn~ HSA was ~crease~  the ma~-  
mum b~rubin  efflux ~so increased. 

To examine lhe ~ c t  of i n ~ r n ~  ~bumin ~n 
ma~mum efflux, lh~e  types of egg P C ~ h N ~ r N  
l ~ o s o m ~  were prepared, Nf~r ing oNy in the 
in~rnN Nbumin po~.  Type 'A' hposom~ were 
p~pared  with an ~ r n N  bNrubin:  BSA ratio of 
1 : 8; ~p e  'B' wilh a bflkubin : BSA ratio of 1 : 12; 
and ffpe 'C'  with a bifirub~ : HSA ratio of 1 : 8. 
Incorporation of bifiruNn into the three ~pes  of 
f iposom~ was measu~d and found to be the 
same, var~ng by ~ss than 3 percent. These h p ~  
somes were then ~ c u b ~ e d  at 37°C ~ a Tris- 
buffered HSA s~ution (2.0 ~M), and Nfirub~ 
efflux measu~d at spedfic time ~ r v N s  as b ~  
fore. 

BNruNn efflux ~om ~pe  'A' and 'B' l ip~ 
somes is compared ~ Fig. 2A. Efflux from ffpe 
'A' f iposom~ reaches a ma~mum of 35% com- 
pared to 27% for type 'B' fiposomes. It can be 
seen that in ,eas ing  the amount of ~ r n N  N- 
bumin rdafive to a e~ernN N h r u b ~  has the 
effect of redudng Nfi rub~ efflux out of the l~o-  
somes. A fimilar comparison is made in Fig. 2b 
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Fi~ 2. Efflux of [3H]bilirubin ~3H]Br) from egg PC-cho~s~rol hposomes prepared: (A) with intern~ bilirubin : BSA m~ar ratios of 
1 : 8 (~) (Type 'A') and 1 : 12 (~) (Type' B~ and (B) with in~rn~ bihrubin : BSA (~) (Type 'A') and bilirubin : HSA (~,) (Type ' C3 in 
molar ratios of 1:8 at 37°C. Each point represents the average of fix separate d~erminations, and the ~andard error of the mean 
was not fignificant in each in~anc~ 

between efflux from type 'A '  fiposomes and type 
' C '  fiposomes. Bilirubin efflux from fiposomes 
containing HSA (which has a higher affinity for 
bilirubin than BSA), was ~gnificantly less than 
from fiposomes containing the same molar quan- 
tity of BSA - -  efflux from type ' C '  liposomes 
reaches only 24% compared to 35% for type 'A '  
liposomes. 

The fact that bihrubin is in equifibfium be- 
tween the internal and external albumin pool~ 
appears to be estabfished by the observation that 
altering the binding potential of ~ther  pool resul~ 
in a shift in the maximum bilirubin efflu~ Yet, if 
bifirubin were mer~y  in ~mple  equihbrium be- 
tween internal and external albumin pools, one 
would expect that it should be pos~ble to make 
calculations about the ~eady-~a te  d~tribution of 
bifirubin given the rdative ~zes and types (or 
binding potential) of both albumin pools. In fact, 
no such equation was pos~bl~ As can be seen in 
Fig. 1, even when external HSA was in consider- 
able excess to internal BSA (30:1), only 60% of 
the bihrubin could be extracted from egg PC- 
cholesterol fiposomes after 2 h of incubation. Fur- 
ther increases in external HSA had a minimal 
effect on the maximum efflux. Even if the hpo- 
somes were then pelleted and resuspended in fresh 
HSA, only a small fraction of the remaining bi- 
firubin could be recovered. 

One posf ib~ explanation to account for this 
observation is that the bifirubin may have been 
loading up in the fipid b i h y e ~  in a way that was 
not completely reverfib~. Eriksen et ~. [12] have 
repor~d  the formation of bihrubin aggregates 
cont~ning small amounts of phospholipid in the 
apolar regions of veficular bHayers. The dissolu- 
tion of these aggregates was found to be incom- 
plete even under favourable conditions. In the 
present study, it was observed that maximum bi- 
hrubin efflux under any given set of condition~ 
varied with the compofition of the hposom~ It 
was found that maximum efflux was fignificanfly 
higher ~ o m  hposomes prepared from egg PC 
~ o n ~  than it was when increasing proportions of 
cholesterol were included in the fiposomes. This 
seems confi~ent with the finding of Nagoaka and 
Cowger [10] that the indufion of 5% cholesterol in 
DPPC fiposomes fignificanfly increases the a ~ o d -  
ation constant for bilirubin (as determined by a 
static fluorescence quenching method), over that 
of hposomes prepared from DPPC ~one.  

If this hypothefis of bifirubin loading in the 
membrane is valid, bifirubin would be expected to 
be d~tfibuted proport ionatdy between intern~ 
and e x ~ r n ~  ~bumin  pools, as well as the fipid 
b~ayer itselL Whatever comphcating factors exist, 
howeve~ they do not negate the observation that 
varying the intern~ and e x ~ r n ~  ~bumin  pools 



effects the fin~ ~ f i b u f i o n  of bifirubin. These 
l inings  suggest lh~  ~ r n ~  and ex~rn~ al- 
bumin po~s are exerting comp~itive ~f luenc~ 
for bifiru~n ~ n ~ n ~  and t~s  fact necesfitates the 
movement of ~firu~n across the fiposome ~ h y ~ ,  
qualitativdy s u b ~ a n f i ~ g  the hypo~esis th~ ~ -  
firub~ can pass through these various membrane 
sy~ems by fimp~ ~ffufion ~on~  

T~s  work w ~  supposed by gran~ from MRC 
to D~ Da~d Sc~ff  and D~ Mark L Poznansk~ 
App~dation is ~ven to Mrs. K~hy Peterson for 
her sec~tafi~ asfi~anc~ 
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