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Influence of pH on Distribution of Bilirubin Between Albumin and
Mitochondria.* (30534)

GErArD B. OpELLt (Introduced by H. H. Gordon)
Department of Pediatrics, Johns Hopkins University School of Medicine, and the Harriet Lane
Service, Johns Hopkins Children’s Medical and Surgical Center, Baltimore, Md.

Recent studies from the author’s laboratory
have shown that bilirubin is concentrated
within the microenvironment of mitochondria
when the latter is suspended in isotonic solu-
tions containing 0.08 mM bilirubin. It has
also been found that the association of bili-
rubin with mitochondria is prevented if
the aqueous medium contained equimolar
amounts of bilirubin and albumin at pH 7.4.
Inclusion of competing organic anions which
are bound by albumin increases the associa-
tion of bilirubin with the mitochondria(1).
The present observations report the effect of
changes in hydrogen ion concentration on
bilirubin distribution between albumin and
mitochondria. It has been previously demon-
strated that lower pH values will enhance the
dissociation of bilirubin from albumin(2,3,4).
However, it is not known whether the mito-
chondria will take up the bilirubin dissociated
from albumin in aqueous media of lower pH.

Methods. Mitochondria were isolated by
the differential centrifugation of 10% rat liver
homogenates in 0.25M sucrose as previously
reported(1). The isolated mitochondria were
washed twice by resuspension in 0.25M su-
crose to minimize contamination of lysosomes
and reisolated by centrifugation at 10,000 g
for 10 minutes. The stock suspension of mito-
chondria was prepared in 0.25M sucrose so
that 1 ml of suspension contained the mito-
chondria from 1 g of liver.

The distribution studies were conducted
as follows: 0.4 ml of the stock mitochondrial
suspension was added to 0.5 ml of 0.1M phos-
phate buffers of pH ranges 6.5-7.4. To this
suspension was added 0.1 to 0.6 pmoles of
crystalline human! or bovine$ albumin from
concentrated albumin solutions in 0.15M KCI.
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The suspensions were then made up to 4.8
ml with 0.15M KCl. Finally 0.4-0.5 umoles
of freshly prepared bilirubin in 0.2 ml of
solution, was added. The bilirubin was dis-
solved in 0.05 N NaOH and brought to pH
7.8 with 0.1M phosphate buffer. The tubes
were inverted and allowed to stand in an ice
bucket for 15-30 minutes. The mitochondria
were subsequently isolated by centrifugation
of the tubes at 10,000 g for 10 minutes. The
supernatants were decanted to separate tubes
and the mitochondrial pellets were resus-
pended in 2 ml of a 5% albumin solution.
The bilirubin content of the supernatants and
resuspended pellets was determined by the
modification of the van den Bergh test pre-
viously described(1). The bilirubin recovery
was checked by comparison to a control tube
which contained all the constituents except
the mitochondria. The bilirubin employed
was obtained from Hoffmann-LaRoche and ex-
hibited a molar extinction coefficient of 5.96
X 10* in chloroform at 453 mu. The pH
of the supernatant solution was measured
with a Beckman model GS pH meter and the
osmolality with a Fiske Osmometer. The
protein concentration of the concentrated al-
bumin solutions was determined by a biuret
technique previously used(1).

Results. In all, 15 separate rat liver homo-
genates were studied. Representative values
combined from 4 liver homogenates are shown
in Fig. 1 which illustrates the distribution of
bilirubin between the mitochondrial phase
and the supernatant protein phase of the
suspension at the pH values 7.4, 7.0, and 6.5.
Very little bilirubin is associated with the
mitochondrial phase of the suspension (<20
#g) when the molar ratio of bilirubin to
albumin is less than one, but beyond the 1:1
molar ratio linearly greater amounts of bili-
rubin are associated with the mitochondrial
phase of the suspensions. Fig. 1 also demon-
strates that lower pH values increase the rate
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ADDITIVE EFFECTS OF pH AND SALICYLATE ON
BILIRUBIN DISSOCIATION FROM ALBUMIN
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FIG. 1. Influence of pH on distribution of bilirubin between albumin and mitochondria:
ordinate represents recovery of bilirubin in the mitochondrial phase of suspemsions after
equilibration. Abscissa indicates molar ratio of bilirubin to albumin added to suspension.
Each series of tubes contained 260 ug (0.45 ypMoles) of bilirubin in 5 ml. Albumin addition
was adjusted to give the desired molar ratio of bilirubin to albumin. Regression lines were
fitted by inspection to the points for the series of equilibrations at the 3 pH values.

FIG. 2. Additive effects of pH and salicylate on bilirubin distribution between albumin
and mitochondria. Coordinates as in Fig. 1. Points along left-hand margin of stippled quadri-
laterals represent bilirubin recovery in mitochondrial suspensions when 2.5 pMoles of salicy-
late were ineluded in the equilibrations. Right-hand margin of quadrilaterals represents con-
trol values at the same pH. Each tube contained between 260-280 ug (0.5 yMoles) of biliru-

bin in 5 ml.

of bilirubin association with the mitochondria,
but that the regression lines when extrapo-
lated all intercept the abscissa at about the
1:1 molar ratio of bilirubin to albumin.

A similar series of equilibrations, simul-
taneously performed, also included the uni-
form addition of 2.5 pmoles of sodium sali-
cylate to each tube. The results of these
distribution studies are shown in Fig. 2. The
enclosed stippled areas represent the additive
effect of salicylate to the hydrogen ion con-
centration in increasing the association of
the bilirubin with the mitochondria. Thus
at pH 6.5 at the 1.5:1 molar ratio of bili-

rubin to albumin, salicylate increased by 65
p#g the amount of bilirubin located within
the mitochondrial phase (85 ug to 150 ug),
whereas at pH 7.4 the salicylate only in-
creased the amount by 15 pg (20 ug to 35
pg) for the same molar ratio. Extrapolation
of the regression line describing the effect of
salicylate to the abscissa indicate that at pH
6.5 salicylate would increase the bilirubin in
the mitochondrial phase of the suspensions
below the 1:1 molar ratio of bilirubin to
albumin,

A similar series of equilibrations was done
with bovine albumin and showed a qualita-
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tively similar distribution, but the affinity of
bovine albumin for bilirubin was less than
the human albumin.

The osmolalities of the supernatant fluids
were 285 m Osm/kg of water. The bilirubin
recoveries in the suspension tubes were all
within 95% of the control tube.

Discussion. The concentrations of bilirubin
and albumin used in the present model sys-
tem were selected as representative of the
range of concentrations in interstitial fluid
when the serum concentrations of bilirubin
and albumin are 25 mg/100 ml and 3.2 g/100
ml respectively. This is a relatively common
occurrence in the neonatal period in jaun-
diced infants, and is of concern because of
the neurotoxicity associated with hyperbili-
rubinemia.

The mitochondria were chosen because bili-
rubin rapidly associates with these intracel-
lular organelles in liver after the infusion
of physiologic amounts of bilirubin to intact
animals(5), and in vitro studies with tissue
cultures or homogenates indicate that bili-
rubin is toxic to mitochondria(6,7).

The present study demonstrates that below
a 1:1 molar ratio of bilirubin to albumin
the distribution of bilirubin is confined pri-
marily to the albumin space. However, above
this ratio particularly at pH values less than
7.4, the distribution of bilirubin includes the
mitochondria. The combination of low pH
and the presence of organic anions which
bind to albumin further enhances the associ-
ation of bilirubin with mitochondria so that
less than half of the added bilirubin is
present in the albumin space of the equili-
bration system when the bilirubin to albumin
ratio exceeds 1.5:1. These iz vitro studies
would suggest that in vive more bilirubin
would enter intracellular fluids in the presence
of extracellular acidosis or when albumin is
partially saturated with other organic anions
which compete for the loci on which bilirubin
normally locates.

In contrast to many organic anions bili-
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rubin association with albumin is very sensi-
tive to small changes in hydrogen ion con-
centration in the physiologic pH range(2,8,
9). Organic anions, such as salicylate, which
interfere with the albumin binding of bili-
rubin, are believed to bind to albumin at its
cationic amine groups, particularly the epsilon
amino group of lysine(8,10). These groups
have a pKa of 10, hence by inference, the
sensitivity of bilirubin at lower pH values
suggests that changes in the molecular con-
figuration of bilirubin in aqueous solution
primarily account for the pH sensitivity of
its protein binding to albumin.

Summary. The distribution of bilirubin
between albumin and mitochondria suspended
in isotonic aqueous media was investigated
between the range of 6.5-7.4. It was found
that more bilirubin is associated with the
mitochondrial phase as the hydrogen ion
concentration of the medium increased. Sali-
cylate was additive to the influence of pH
on bilirubin distribution, and the combined
effects of salicylate and pH 6.5 displaced bili-
rubin from albumin even at molar ratios of
bilirubin to albumin less than one.
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