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Fig.'). l\:rturbations of thc bilirubin-albumin absorption spc·ctru111 as 
mcasun:d by diffcrc·ncc spcctra. A. base line (conditions arc iLknti ca l in 
sa mpk and n.: krenec). B . bilirubin , 4.0 /.lnwl / lilcr in sampk and rdcr­
e nc.: (sample has no albumin, n:krencc has albumin. 8 /.ln10l / litc•r; i.e .. 
the spcctn,111 ,,f unbound vs. bound bilirubin) . C, bilirubin and albumin 
= 10 J.lllWl /l ikr (111olar ratio 1.0). sulfisoxazok (10.(, mg/!Oll ml in 
sa111pk). D. bilirubin and albnmin. 10 /.lnllll/litc·r , amino acids (500 mg/ 
100 ml) in sampk. E. bilirubin . 10 J.llllol /litcr; albu111in, 100 J.lllll>l/liter 
in sa111pk (molar ratio 0.1) and 20 /.ln10l / litcr in rdcn.:ncc (nwlar ratio 
0.5); the· dccrcase at 485 nm is not accompanied by a change in absmb­
anc..: at 410 nm. 

spectrum of biliruhin ( 1, 7. 8) must be made with great caution 
and only under well controlled conditions . 

CONCLUSION 

The results of these studics indicate that certain amino acids 
interact with human albumin inducing slight spectral alterations 
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in the bilirubin: albumin complex. ;\thigh molar ratios of biliru­
bin :a lbumin and in the presence of high amino acid concentra­
tions . displacement of bilirubin uccurs , hut the mai:nitudc: of 
displacement is small. Thus, the administration of J)arentcral 
solutions containing amino acids to sick infants with unconju­
gatcd hyperhilirubincmia would he unlikely to increase the risk 
of biliruhin enccphalopathy. 
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Summar)· 

The elTecls of an emulsified intravenous fat preparation (ln­
tralipid) on hilirubin transport were analp:ed hy cholest,·raminc 
extraction, spectrophotometric anat,·sis, Sc11hadcx gel filtration, 
pl·roxidase assay, bilirubin uptake by n·d hlood cells, and hy 

toxicity in tissue culture (L-929) cells. lntralipid is rnpahlc of 
binding bilirubin, but docs not compete clTcctinl)' with bilirubin 
hound to high affinity sites on albumin. The emulsified fat 
appears to have a higher affinity for biliruhin than for cell 
membranes. Red blood cells hecome coaled with lntralipid, 
resulting in an increased association of biliruhin with the cell 
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surface, hut a dcucasc in pigment adually inrnrporatcd into the 
red cell mcmhranc. In tissue n1lturc experiments, lntralipid 
protected the cells from hiliruhin toxicity. It is rnndudcd that 
lntralipid may enhance the carQing capacity or scrum for hiliru­
hin, and thus exert a protccth·c effect on tissues. 

Speculation 

Emulsilicd fat appears lo interact with scrum hiliruhin not 
hound (or looscl)· hound) to albumin. Higher aflinil)' for hiliru­
hin or lntralipid compared with cellular surface membranes 
suggests that cmulsilicd fat infosions ma)· act as a temporary 
harrier lo entry or hiliruhin into tissues. 

lntravcn()US administration of fat is a potentially useful means 
of supplying calorics to maln()urishcd newborn infants and pa­
tients with severe gastrointestinal ddicicncies (I. (1. 7. 20). 
Premature infants treated with an emulsified fat infusion have 
dc111011stratcd weight gain which closely approximall'd the intra­
uterine growth rate (3. 8. 13). l\lnst newborn infants and prema­
ture infants clear e111ulsificd fat rapidly. although a decreased 
clearance has been noticed in some premature and s111all for date 
newborns (8, 18). Since bilirubin may for111 complexes with 
lipids ( I 0, 11 ). infused fat emulsion could interfere with biliru­
bin transport and binding to plasma albu111in. For these reasons 
we have investigated the effects of fat emulsion on albumin 
binding and on bilirubin distribution between albumin and tis­
sue. 

I\IATLRIALS AND METHODS 

lntralipid (obtained fro111 Cutter Laboratories. Ikrkeley, 
Calif.) is an emulsified fat preparation containing 10% soy bean 
oil. 1.2r:;1 egg phospholipids, 2.25r:{ glycerin. and pyrogcn-frec 
water with an os111olality of 280 1110sm/liter. Various concentra­
tions of Intralipid were diluted in isotonic phosphall' buffer, pll 
7 .4. Bilirubin-albumin solutions were prepared by dissolving 
bilirubin in 0.05 N NaOII. and then 111ixi11g with a solution of 
purified human seru111 albumin (fraction V. Sig111a) or crystalline 
albumin (Cutter). All cxpc·ri111c·nts \\TIT conducted in 0.055 1\1 
phosphate buffer, pl I 7.4, except for tissue culture expcri111ents. 
which wcrc pcrformed in IIEPES-buffered Hanks' solution, pl! 
7 .4, at 3 7°. Crystalline ! "C]bilirubin was prepared by the 
method of Ostrow ct al. ( 12). All cxpcri111e11ts wcre pcrformed in 
subdued light. 

Spcctroplwto111ctric analysis of bilirubin-albu111in and biliru­
bi 11-I ntralipid co111plcxcs \\ ere pcrfor111cd using a Cary 111mlel I (1 

recording spcctrophoto111cter with a high intensity light source. 
Studies were conducted at 27°. 

Cholestyraminc resin binding was performed using a proce­
dure mollified from Schmid et al. (14). Each incubation flask 
contained a solution of bilirubin-albumin at a molar ratio of 2: I, 
including 3 µg l''C]bilirubin (specific activity 2(,.000 dp111/ µg), 
and Intralipid at a final concentration of 1,000 mg/ I 00 ml. A 
prewashed suspcn,ion of buffered cholestyramine or cholcstyra­
minc pretreated with Intralipid (10 mg/100 mg resin) was added 
with constant stirring. Aliquots removed at specified intervals 
\\TIT immediately filtered free of resin and the pigment remain­
ing in solution was measured by counting the radioactivity in the 
clear filtrate. Control incubations contained all co111poncnts with 
the exception of Intralipid, which was replaced by an equivalent 
volume of buffer. Studies of the interaction between bilirubin 
and lntralipid in the absence of albumin were conducted using a 
l''C]bilirubin concentration of 9 111g/ I 00 ml. 

Sephadcx G-25 gel filtration, the peroxidase assay for un­
bound bilirubin, and red cell uptake of bilirubin were performed 
as previously described (9. 19). 

Cell toxicity was evaluated in culturl'd L cells. L-92') cells 
were grown with 5 r;;-, CO, and air in Eagle's minimal essential 
medium containing Hanks' balanced salt solution and 5% fetal 

calf scrum. Cells were harvested by scraping and diluted t,) 100 
cells/ml with medium. One-milliliter aliquots of cell suspension 
were pipetted into 35-111111 plastic Falcon dishes and allowed to 
attach overnight. On the following day, the plates were washed 
three times with I ml l lEl'ES-huffered l lanks' solution, pll 7.4, 
containing I .5 g/ I 00 ml albumin and various concentrations of 
bilirubin, and incubated in the dark at 37°. After a 60-min 
incubation, the cells were washed twice with tissue culture me­
dium and allowed to grow for 3 days. The cells were fixed, 
stained with Gicmsa, and C[)lonics were counted. The plates 
were exposed either to albumin or albumin and bilirubin. with or 
without the presence of I ntralipid. Three test plates were incu­
bated and counted for each set [)f expcri111ental conditions. 
Viabilities were calculated by dividing the mean colony count of 
the bilirubin-cxposcd cultures by the mean colony count of 
appropriate control plates. The mean coefficient of variation in 
counting was 21 r;i. 

RESULTS 

INTERACTION OF BILIRUBIN WITII INTRALll'I[) 

The influence of lntralipid on the absorption spectrum of 
aqueous bilirubin is illustrated in Figure I. Bilirubin forms an 
unstable solution at pl I 7.4 and is thought to have a solubility of 
approximately I /.Lmol/liter (2). The initial biliruhin concentra­
tion was 12.5 µmol/liter; in the absence of lntralipid, the ab­
sorptivity lkclined slowly over a period of hours as colloidal 
bilirubin formed. This process was greatly accelerated in the 
presence (lf very low concentrations of lntralipid (0.12 mg/ I()() 

ml) (Fig. I. BJ. The mixture became turbid over a period of 3-4 
min and. 011 microscopic examination, aggregates of heavily 
stained lipid particles were observed. As the concentration of 
Intralipid increased beyond I mg/ I 00 ml. however. increased 
turbidity was not visually obsnved, bilirubin did not precipitate 
even with shaking (in contrast to aqueous bilirubin). and the 
absorption spectrum assumed the characterbtics of bilirubin 
bound to 111itochondria as reported by l\lustafa and King ( 11 ). 
Greater increase in the lntralipid concentration produced a 
gradual shift in the absorption spectrum approaching that of 
hiliruhin di-..stilvcd in chlurufonn or olive oil. 

Aqueous solutions of bilirubin at pl I 7.4 (no albu111in) were 
rapidly clcan:d ,,f pigment by both pretreated and untreated 
clwlestyraminc resin (Fig. 2). Intralipid. however, inhibited the 
rc111oval of bilirubin from solution. 

l:\FLUFNCF 01-' lNTRALll'ID ON ALBU~tlN BlNlllNG OF Bll IRUBIN 

lntralipid had no detectable effect on the absorption spectrum 
of bilirubin bound to hu111an serum albumin (fraction V) until 
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Fig. 1. Effects of Intralipid on the absurptinn speclrulll of biliruhin. 
Snlutions contained phosphate buffer, pl I 7 .4. and bilirubin, 12 .5 µmol/ 
liter. lntralipid rnnccntration was (A) 0 mg/100 ml. (B) 0.125 mg/100 
ml, (C) l.() m!,'./100 llli, (D) ,1.0 mg/100 ml, (F) 128 mg/llHl ml. 
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Fig . 2. EffL'cts of lntralipid !lll chokstyraminL' L'Xtraction of biliruhin. 
RcprcscntativL' nf six individual cxpc·rimcnts. Solutions contained hiliru­
bin and plrnsphatc buffer. pH 7.4. but no albumin. 

Table 1. lJfi'cts of lntmlipit! 011 alh11111i11 hi11di11g of hi!imhin: 
_______ _________ Sp,·ctm/Jlwto111ctric analysis _ _ __ ______ __ _ 

Ratio of absorhance. 490 11111/ 

4h0 11111 

lntralipid. 34 mg/ 1',1olar ratio . bilirubin­
albumin No lipid I 00 ml Change in ratio 

0 .5 (1.54 0 .53 - 0 .01 
0.8 0. 54 0.57 + 0.03 
1.2 0 .54 0 .59 + 0.05 
2.0 0.53 0.59 + 0.05 

No albumin () .3') 0 .98 +0 .59 
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Fig. 3. Eff.:ct of lntralipid on the unbound bilirubin concentration. 
Solutions contained phosphate buffer. pll 7 .4, albumin 20 J-LlllOl/liler. 
aml various bilirubin concentrations. Pernxidas..: assays were performed 
at 27°. 

the molar ratio of bilirubin to albumin approached l: l . Even 
with a molar ratio 2:1. alt~·rations in the absorption spectrum 
were minimal (Table l ). 

The peroxidase assay was used to detect small changes in 
unbound bilirubin before the molar ratio (biliruhin-albumin) 
rearhed I : I (i .e . . in the bilirubin ronrentration range usually 

observed in cliniral situations) . The cffel'I of lntralipid on the 
unbound hilirubin concL'ntration at various molar ratios of hiliru­
bin to albumin is summarized in figure 3. lntralipid had little 
influence on the concentration of unbound bilirubin until the 
molar ratio of bilirubin to albumin exceeded I: I. after which 
lower unbound biliruhin concentrations were observed in the 
presence of lntralipid . 

Less hilirubin became associated with cholcstyramine resin in 
the reaction mixture in the presence of lntralipid than when 110 

lntralipid was added (Fig. 4). indicating that fat interfered with 
transfer of pigment from albumin to resin. Pretreatment of 
ehokstyramine with Intralipid did not change the affinity of the 
resin for bilirubin. suggesting that the slower uptake of bilirubin 
in the presence of lntralipid was not due to competition between 
lipid and pigmi:nt for binding sites 011 the resin . 

Binding of bilirubin to albumin at a molar ratio of 2: I was 
strongn than binding of bilirubin to emulsified fat. Immediately 
after addition of resin to th..: bilirubin-albumin solution. 10<7, of 
the pigment was remon.:d from solution, compared with 25% 
removed from the buffered bilirubin-lntralipid suspension. As 
seen by comparing Figures 2 and 4. twice as much bilirubin was 
maintained in solution by albumin compared with lntralipid afti:r 
.:rn min of incubation. Albumin and lntralipid in combination 
appeared to havi: an additive effect 011 the ability of bilirubin to 
stay in solution (Fig . 4 ) . 

Analogous results were obtained with Sephadex filtration. 
Rather than causing increased displacement of hilirubin from 
albumin. Intralipid actually decreased the amount of bilirubin 
staining the gel (Fig. 5). A portion of the filtered biliruhin was 
presumably bound to the Intralipid. 
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Fig. 4. Chokstyraminc L'Xtractinn of biliruhin in the presence of 
albumin. Representative of eight individual experiments. 
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LITI T TS OF INTRALll'll l ON BILIRUBI~ TRA NSPO!ff 

In the absence of lntralipid , the amount of hilirubin adsorbed 
hy red cells depended on the hiliruhin-albumin molar ratio in 
pl asma (Fig. Ci). Approximatel y 7 'ir· pf the pigment in the plasma 
was n.:movcd by red cells at a bilirubin to albumin ratio of 0.-l , 
rn111pared 11ith 22% of a molar ratio of I A. lntralipid produced 
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Fig. ~- l11tralipid protection uf tissue· rnllure cells fro111 hilirubi11 
toxicitv. Survival of plated L-'J2<J c·ells was determined by c,n111ti11g cel l 
w lonic·s in treated and rnntrol pl ates 2 days after exposure to bil iruhin . 

a striking incn.:asc in associ a tion of pigm.:nt with r.:d cell s. Thus . 
at th.: lowc·st biliruhin tu albumin molar ratio tested (0.-l ). nearl y 
twi ce as much biliruhin was carried by red cells in thL' prL' Sc' llCt.' of 
lnt ra lipid. This innc·ase in capac·ity of red cells for hiliruhin in 
th.: presence of emulsified fat pcrsisll'd a t all molar ratios tested. 

In cuntrast to results ohtairll'd 11·ith intact red cells. signifi­
ca ntly kss biliruhin remained hound to membra nes isolat ed from 
erythrncyt.:s exposL· d to lntr,ilipid in plasma co 111par.:d 11 ith 
c<lntrnls (Fig. 7). Dencas.:d 111,·111bran.: binding \\'as ohscrY.:d 
throughout the entire ran ge uf hilirubin to albumin molar rati os 
from 0.-l to I .-l. The differelll'L'S can be cxplain.:d by adsorpti o n 
of lntralipid to red cell 111embra11.:s; fat adsorption increased th e 
bilirubin carrying capacity of red cells, but at the same time 
dcncased the amount of pigment ac tually bound to cl'ilular 
c:lcm.:nts. Th.: halo of pig.111cnll'd fat was rc·movc:d by 11ashi11g 
during the proc.:ss of lllL' n1hran L· iso la tion. 

lntra lipid inhib ition of bilirubin uptake by cells was rdkcll'Ll 
in tkcr.:asc·d cellular toxicit y in tissue culture . When plated L 
cells ll'l'l"C incuha tc:d ll'ith Yarious mo lar ratios of biliruhi11-alhu­
mi11 a t concentrations co111parc·d ,1·ith l'iinically obsnvcd va lues 
(3 gfl()( ) ml albumin. 2.:'i-50 mg/l(H) ml bilirubin). lnt ra lipid 
pnll'i,kd urnsidcrahlc prot..:cti,111 frn111 hiliruhin toxicity (Fig.~)­
hfty percent c.:11 d.:,1 th occurr.:d at a hiliruhin alhu111i11 111lll a r 
ratio of ahuut I .J(1 (initi a l cunL·cntration) in the abse nce of 
lntralipid in comparison ll'ith I .h2 in the prescncL' of JOO mg/ 
10() 1111 lntralipid. With an albumin concentration of J g/l(Hl 1111. 
th c:sc hiliruhin values arc L' quivalcnt to total initial bil irubin 
cuncL· ntrations of about. J.:'i 111 g/l ()() ml and ·12 mg/I (I() 1111. 
respectively. The tox ic thre shold occ urred at a biliruhin rnncen­
tration of 2X 111 g/ I 00 in control ce lls and at 33 111g/ I 00 1111 in the 
prL'Sc' ll CL' of lntralipid . /\ t the sa me initial biliruhin cu11cc 11tra­
tio11. the unbound pig111c·nt was cunsistently hmc r in mc·d ia 
co 11 tai 11i11i:: lntralipid . 

DISCUSSION 

lnlralipid binds hiliruhin avidly. hut doc:s rwt interact ll'ith 
all111111in binding siks . As such. it serves as a potential , ·c hicle for 
sc rum transport of bilirubin . an d. ll'ith the tissues tested. lntr;ili­
pid Clllll(lded dfcctivc·ly with ce ll s for the hiliruhin pnol. Our 
results in this r.:spc·ct arc co nsiste nt with the ubsl'l"\'atillns of 
Chan and Schiff(-!), 11 ho rL·porlL'd minimal interaction of lntra li­
pid with albumin binding uf biliruhin as 111casurnl by Scphadcx 
filtrati,111 and r.:d cell upt a ke . 

\\"hl'lhc r lntralipid provides substantial protecti un from kl'l"­
nicte ru s in jaundiced hu1nan nc·unat.:s will tkpend 011 the: clcar­
anc.: of th.: fat partiL-lc s, the clcaranc.: of the free fatty acids 
pn,dun:d by th.: particle hrc·akdmrn. and !hi: fate of lipid-bo un d 
bilirubin during this process. 

Experiments in jaundiced Gunn rats 111av come cl oSL' r to 
elucidating th.:sc p;1k11ti al ly Clllllplcx dkct,· uf .:111ulsificd fat 
infusillns on hilirubin 111ctahuli s111. Rat albumin has a cnnsidcr­
ahly lower affinity for hiliruhin l'lllllpar.:d with human albumin 
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(14) . lknce, po le111ial dkcts of lntralipid or of fatty acids 
dcri vl'd from its constituents i11 1·i1 ·0 011 bilirubi11-alhumi11 associ­
ati,ins should be c.x;1ggera1ed in rats. Injections or infusions of 
lntralipid produced 110 changes in biliruhin kinetics and distribu­
tion in blood and tissues of Gunn r;1ts \\hose total pigment (1lHll 
had been uniformly labeled \\'ith l''Clbilirubin (!()). 

Although free fatly acids arc e kvalc'd in human infants receiv­
ing lntralipid. the kvcls attained \\'ould be unlikely to affect thl· 
binding of hilirubin tii human albumin (:',, I:',, 17), cspl·ciallv 
whl' l1 the fat is administered as a constant rather than pniodic 
infusion(~). 

Slwrt of recom111emli11g lntralipid as s1wcific therapy for hy­
pcrbilirubi11c111ia . our data indicate that lnlralipid docs 1101 i11tcr­
;1ct \\'ith albumin binding of biliruhin and should, therefore. 
exert little influence 011 bilirubin tra nsport when the hiliruhin to 
albumin ratio is kss than unity. 
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Influence of Intravenous Nutrients on Bilirubin 
1--ransport. Iii. Enndsified Fat Infusion 

!\I. I'd. TIIALLR' '"' A ND A. l'l : LGLR 

n.-por/111,,111 "I l'.-tli111rics and Lii·a lfrs<"orch Ccnta. U11i 1·,·rsit_1· "f Caliji,mia, San Frawisco, Ca/iji,rnia, US,\ 

Summar~ 

Infusions and injections of lnlralipid were administered to 
rnngenilally jaundiced rats (Gunn) in whom the total h1HI)' 
hiliruhin pool \\:ts uniform!)· laheled with radioacth·e biliruhin. 
TheSl' isotopic studies indicafrd that lntrali11id treatment had no 
effed on the kinetics of hiliruhiu formation, transport, tissue 
distrihution, and clearance. There were no significant differ­
ences between control and fat emulsion-tn·ated animals in the 
total bilirubin pool, plasma biliruhin pool, hiologic half-life of 
biliruhin, fractional tumo,·er, and ex11onential decline in plasma 
hiliruhin specific activity at stead)· state. llilirubin concentrations 
in blood, plasma, li,·er, kidne)s, brain, adipose tissue, and mus­
cle were unaltered during the coursl· of continuous infusions (111> 
to 24 hr) of lntralipid. These results indicate that lntralipili 

administered in clinil·:Jlly applicable doses aud regimens has 1111 

discernible effects on biliruhin metabolism in jau11dice1I rats. 

S!)eculation 

These experimental procedures and results obtained in unpt-r­
turbed animals pro,·ide a hasis for studies of the effects of 
lntralipid infusion on hilirubin metabolism in 11rl·sence of cxpl•ri­
flll·ntall) induced h)poxia, h)·1wgl)·cemia, metabolic acidosis, 
and stan·ation. 

Tile caloric needs of paliL' lll S requiring parenteral ;ilirnc·ntali,Hl 
can be c(111ve11ie111ly supplied nr s11pplc111e111ed \\'ith infusions of 
emulsified fat (lntralipid (20)) infusnl directly into pcriphc·ral 
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